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ABSTRACT
This study proposes a model for the economic lifespan of a firm that, unlike predecessors
such as the Profit-Maximising Firm (PMF) and the Product-Life-Cycle (PLC) models,
recognises the symbiotic relationship between trading and the resources available to the
firm to allow it to trade. This shift overcomes concerns about the motivation of a firm and
allows the model to be applicable to all types of firms including multi-product firms,
monopolies and non-profits. This study proposes an alternative hypothesis that: the lifespan
of a firm is dependent upon having sufficient Expendable Resources (a combination of
Investment and Trading performance). The latter part of this hypothesis has a subsumed
reliance upon the effects of demand-ceilings and competition to influence the eventual
lifespan of any specific firm.

This model avoids the over-reliance of previous models upon an expected chronologicallybased behaviour of specified variables. Instead, this study proposes a Firm Lifespan Model
(FLM) based on specific variable characteristics in order to classify the lifespan phase of a
firm. This study also proposes an equation that defines the economic forces and their
relationships that dictate the longevity of any specific firm. These innovations enable the
FLM to be more useful than traditional univariate, multivariate and statistical-based models
of predicting failure. The efficacy of the proposed FLM was compared to binary-outcome
predictive conditions for different definitions of resources. This study proportionately
selected 192 firms from a population of 1,919 entities publicly listed on the Australian
Securities Exchange (ASX) on 17 August 2007 for analysis. A total of 14 firms from the
sample were defined to have failed. With better overall results than the applications of
binary-outcome predictive conditions, the FLM successfully classified the period and
circumstances in which 12 of the 14 firms in the sample that failed would occur.
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CHAPTER 1
1. INTRODUCTION AND OVERVIEW
1.1 Introduction and Background
The Profit-Maximising Firm (PMF) is a foundation concept in economics. Critics of
this concept argue that it does not explain all types of firms (such as non-profit and
monopolies, for example) and that firms are not motivated by maximising profit and
have offered alternative motivations. Examples include revenue-maximisation
(Baumol, 1959) and growth-maximisation (Mueller, 1972). Others have suggested
biological models for the growth of a firm (Greiner, 1972; Lyden, 1975; Lavoie and
Culbert, 1978; Adizes, 1979; and Kimberly, 1979). Developed over a parallel timeframe to the PMF model, other trading-based concepts and models such as the
Product Life-Cycle (PLC) were also proposed and empirically tested (Forrestor, 1958;
Buzzell, 1966; Cox, 1967; Polli and Cook, 1969; and Rink and Swan, 1972).

Although all of these were predominantly normative models that were proposed to
explain the behaviour of certain phenomena over time, researchers sought empirical
support for these concepts. The practical uses for strategy development and the
prediction of the demise of the products or supplying firm (if they were empirically
supported) provided compelling incentive to drive the empirical research.
Unfortunately, the empirical evidence was equivocal and these models lost favour and
support. Alternative positive models of predicting growth and failure were also
proposed in parallel to these models. Researchers developed models that were based
on accounting ratios (Beaver, 1966, for example) or statistical comparisons (Altman,
1968, for example) in order to achieve the objective of predicting business failure.
These too, were found to have equivocal empirical support and lacked theoretical
foundation (Balcaen and Ooghe, 2006).
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Most of these models that have been suggested to explain the life-cycle of a firm have
tended to focus on the trading activities of the firm. Given that firms traditionally
operated with one specific product or service (even the PMF model assumes a single
product), it is no surprise that Product Life-Cycle (PLC) efforts pioneered by
exponents such as Forrestor (1958), Buzzell (1966), Cox (1967), Polli and Cook,
(1969); and Rink and Swan (1972), bore striking similarities with the economic PMF
model. Recognising that, on its own, sales was an insufficient explanatory variable for
the lifespan of products and firms other PLC researchers (Randle, 1964; Wilson,
1965; Forrestor, 1968; and Wasson, 1974) modified the model to focus on the
profitability of the product to the point it almost completely replicated the economic
PMF model. Whilst an improvement, even the profit-dependent notion is an
insufficient explanatory variable for firms that have multiple product offerings that
could be across many industries.

The model proposed by this study overcomes these identified issues by focusing on
the level of resources that enable a firm to continue to trade as the main proxy for
determining the lifespan of a firm. Indeed, one of the most fundamental flaws of the
PMF (and other similar versions) is that, although they focus on the profitability of
products to signal the viability of the firm as an ongoing concern, these models define
an extended period of time in the early stages of the lifespan of a product during
which no (or insufficient) revenue is generated and the trading outcome is expected to
be loss-making. This study contends that, the only reason that a period of loss-making
trading could be even possible, is that the firm has a sufficient level of resources at its
disposal which would cover the losses generated until trading eventually (if at all)
provides positive returns.

2

1.2 Hypothesis and Objectives of the Study
To the extent that they have adopted disparate terminology and notations for what are
essentially the same concepts, the social disciplines of economics and accounting
appear to have developed in a state of parallel independence. For example, whilst
economics commonly refer to earnings as Income (Y), accounting conventions define
the same variable as Revenue (R). Although seemingly innocuous, it could be argued
that these disciplines suffer shortcomings as a consequence of this separation.
Accounting, for instance, developed as a system of practices and principles to satisfy
a practical need to record and report the financial transactions of an entity with other
parties without an accepted over-arching theory or underlying hypothesis to guide
their creation. This is in stark contrast with economics which, although blessed with
an abundance of theories and hypotheses, has seemingly been unable to generate
similar practical utilisation by the general business community.

Despite being undoubtedly ambitious and optimistic, this study could be a catalyst for
attempts to link accounting practices to economic theory more directly than has been
evident in the past. At the least, this study could highlight the need for these
disciplines to find some common ground in their language. In fact, harmonising the
terminology between the disciplines could be a simple, and yet powerful, path
towards reconciliation between the two branches of learning. For example, although
this study is founded upon economic concepts, the empirical assessment of this
study’s hypothesis will rely upon financial information that is recorded and reported
utilising accounting terminology and formulae. This not only encourages the use of
accounting terminology and formulaic shorthand in this study, but also illustrates a
potential vehicle whereby economic concepts could find increased practical
application in financial occupations if such a level of consistency were achieved.
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It is anticipated that, an understanding of the economic principles underlying the
model in this study, coupled with the practical application of its concepts could drive
significant practical advancements in long-term budgeting, forecasting and strategic
organisational planning. The likelihood of achieving such benefits is, in turn,
dependent upon the academic merit of the anticipated contributions to current
knowledge and understanding that may be generated by this study. In this regard, it is
believed that this study will contribute towards the development of a holistic
theoretical framework that overcomes many of the deficiencies of previous efforts
that will be identified herein. The identification and clarification of concepts and
assumptions by this study, which have often been implied as fact, but for which the
validity was insufficiently established previously, could further assist the achievement
of this objective.

Consequently, the primary aim of this study is to offer and empirically examine
enhancements to the economic model of a Profit-Maximising Firm (PMF). It is noted
and accepted the models which are the forbearers of the model developed by this
study were proposed (and largely discarded) many decades ago. As such, much of the
literature relating to these models is now very dated. Although those concepts and
models have continued to enjoy regular revivals of interest by researchers, there have
been no identified concerted efforts to suggest a shift from the trading aspect of firm
activities (predecessors) to the resource capacity of the trading firm themselves (as
proposed by this study) in those more recent efforts. It is suggested that this shift in
focus allows the development of a model that would overcome many of the noted
deficiencies of those earlier attempts. For example, the proposed model does not
assume motivation of purpose and is subsequently applicable to every type of firm
(such as non-profits and monopolies).
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Furthermore, although based on an assumption of offering only one product or service
for clarity of explanation, the proposed model is not compromised by situations where
firms offer multiple products and services. Finally, while the original PMF model
indicates how the relevant variables are expected to behave over the lifespan of a firm,
it doesn’t adequately address why it is expected to behave in this way. It is suggested
that the concept of demand-ceilings defined for the model in this study is a key
contributing factor towards a solution to this shortcoming in existing theory. This
study hypothesises that the lifespan of a firm is dependent upon the Expendable
Resources (a combination of Investment and Retained Business Earnings) that the
firm has at its disposal remaining at positive levels. As such, the model is referred to
as the Firm Lifespan Model (FLM).

The focus of previous researchers in the literature was clearly focused on the trading
activities of a firm. This study seeks to change the focus to the resources a firm has at
its disposal. This shift arises from the proposed hypothesis in the study that places a
secondary role on the impact of trading in comparison to the proposed influence of
the resources of a firm. That is, the lifespan of a firm is suggested to be primarily
dependent upon the level of Expendable Resources at its disposal and that this level of
resources is, in turn, dependent upon profitable trading. This concept of Expendable
Resources constrains the overarching structure of the equation used to define the
FLM. In its development, this equation considers the primary economic factors that
impact the Expendable Resources of a firm and, consequently, the implied longevity
of that firm. These economic factors include total available demand (the concept of
demand-ceilings); rates of penetration and competition; outlays for products and
services; the number of products offered; and the levels of investment by external
parties (Debt and Equity) in order to estimate the expected longevity of a firm.
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Although the PMF model is volume-based, it is noted that the similar models
proposed by others are, not only time-based, but also suggest an expected sequence of
life-cycle phases that a product or firm would pass through over its lifespan. The
model developed by this study also utilises time as a variable to demonstrate expected
growth patterns of variables. Furthermore, the model in this study also recommends
lifespan phases that are typical of previous models and consistent with existing
literature. It does not, however, utilise time to define the nominated phases and it does
not possess any expectations that the proposed pattern will be specifically replicated
by empirical evidence. Indeed, while the traditional PMF model does not nominate
life-cycle phases, the FLM in this study defines a lifespan framework for a firm that
consists of a series of phases that are determined by explicit changes in specific
variables.

As the first to put forward this version of the model, this study has adopted a
descriptive approach to test whether there is any empirical evidence to support the
hypothesis. In light of the fact the hypothesis has two parts, the analysis needed to
assess whether the longevity of firms was dependent upon the level of their
Expendable Resources and whether these resources were, in turn, dependent upon the
profitability of those firms. The descriptive approach was selected because the
practicality of classifying firms using the defined characteristics needed to be
assessed. Following this, the association between the level of resources of a firm and
its survival required examination. This analysis would test the efficacy of the model
in determining the risk of failure for a firm. Finally, the second part of the hypothesis
would require formal examination. The existence of multiple objectives for this study
would make it difficult for an approach other than a descriptive one to simultaneously
pursue their assessment in a single study.
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Despite the emphasis that early researchers placed on them for predictive purposes,
the first nominated contribution of this study is to redirect the focus of thought away
from concepts of life-cycles to life-spans. This shift is in recognition that the patterns
displayed by the variables being examined are not as important as the processes that
create those patterns. With this in mind, it is believed that this study identifies the
economic forces that define the different phases of the lifespan of a firm and shape
patterns that variables are expected to display in those nominated phases.
Furthermore, this study proposes specific accounting variables that are believed to
represent the best proxies for the economic forces impacting upon the lifespan of any
particular firm and tested the supportability of this suggestion.

This study contends that, the lifespan and the ability of a firm to withstand these
forces is dependent upon its Expendable Resources, which are, in turn, proposed to be
dependent upon the ability of the firm to generate and retain wealth through trading. It
is noted that all of the variables that previous related studies have examined actually
contribute towards the Expendable Resources variable identified in this study. This
could, therefore, explain the levels of success that they were able to generate (albeit
without the sufficient level of confidence to enable their independence from the
concept nominated by this study). Although most of the resources available to a firm
appear to have been contributed through external debt or equity sources, it is
hypothesised that the most important variable in terms of the longevity of a firm is the
ability to generate its own resources through profitable trading. This ability is,
subsequently, affected by a concept that has been insufficiently explored in the
literature and yet, is theorised to be the most influential in terms of the ultimate
longevity of a firm.
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The concept that is suggested to be so influential, which this study labels as a
‘demand-ceiling’, could be extremely important for general economic theory and, in
particular, the theory of markets and the firm. This provides formal recognition of
how diffusion theory can assist our understanding of the role it possesses in microeconomics. This study will provides a fully developed theoretical framework that
incorporates the nominated innovations and enables the development of a model that
replicates the economic forces that will ultimately determine the lifespan of any
particular firm. Consequently, in addition to exploring various issues that are
inherently related to the pursuit of this study, the over-riding objective of this study is
to determine empirically the level of supportability of such a model and the
underlying assumptions upon which it has been established.

1.3 Outline, Procedures and Major Findings
This study examines the hypothesis that the lifespan of a firm is dependent upon the
level of its Expendable Resources. This proposition has an inherent reliance on the
ability of the firm to trade profitably to both attract the Investment component of the
Expendable Resources and also to maintain and increase the level of those resources
from the Retained Earnings from that trading. There is also a subsumed concept of
demand-ceilings which has been proposed to be the condition that limits the amount
of growth in trading that any specific firm and the market as a whole can achieve. All
of these factors combine to form the FLM proposed by this study as a more
comprehensive and useful alternative to the PMF model. Noting that the proposed
model has predictive expectations about the longevity of a firm, this study seeks to
compare the relative effectiveness of the normative FLM in predicting business
failure to the more traditional type of binary-condition models.
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As the first study to examine the level of empirical support for the proposed model
and its innovations, this study undertook a descriptive analysis approach to assess the
relative performance of the FLM in comparison to binary-outcome predictive
conditions. The binary-outcome predictive conditions developed for this study were
derived from the conditions of the stated hypothesis. These were designed to replicate
the efforts of previous researchers (such as Beaver, 1966) to assess the capacity for
ratios to predict the failure of firms and were applied on both a periodical and
longitudinal basis. Being a retrospective study, this assessment sought to determine
the accuracy of the survival status classification from the conditions rather than any
pre-emptive predictive accuracy. The results from this analysis were then used in a
comparison to the predictive efficacy of the FLM developed in this study.

To provide the data for the comparison, this study selected 198 publicly-listed
corporations on the Australian Securities Exchange from a total pool of 1,919 firms
listed on 17 August 2007. There were 14 firms within the sample that were defined by
this study to have failed. A series of descriptive statistics was generated for a number
of different characteristics that were attributable to the firms that were examined. This
was to provide as much information about the selected subjects of the study as
possible to assist the analysis of the data and inform the discussion and conclusions of
the study. A number of binary-outcome predictive conditions to replicate the
conditions of the hypothesis were developed and applied on a periodical and
longitudinal basis to the data collated. These conditions were designed to classify a
firm as either surviving or failed depending on whether the periodical or longitudinal
value of the level of defined resources were greater than or less than zero. In addition
to the binary-outcome predictive conditions, this study utilised the characteristics of
the proposed FLM to classify the firms selected as subjects into the lifespan phase
they were exhibiting at the time of selection.
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The classifications were made with consideration to the conditions defined for each
lifespan phase of the model. The survival status of each firm was also ascertained
according to the conditions established in the study and the outcomes were compared
to those from the analysis on the binary-outcome predictive conditions. The results
indicated that the traditional hypothesis that firm life-cycle patterns were
chronologically related was not supported by the data collected by this study. It was
also found that the longitudinal application of the binary-outcome predictive
conditions resulted in less classification errors than the periodical application of the
conditions. Overall, however, the FLM correctly classified the most failed firms in
accordance with the hypothesis, with fewer errors and in the period they were
expected.

1.4 Implications
It is acknowledged that there were some limitations in this study that would
encourage further study to ensure that the model is empirically supported in more
diverse populations and geography than what was the remit for this study.
Nevertheless, the findings from this study demonstrate that single-purpose binaryoutcome models or techniques are not very beneficial to analysts and business
managers. Whilst the longitudinal application of binary-outcome predictive conditions
used in this study were more successful than the periodical application of the same
conditions, the large number of Type-II errors will always limit the practical
applications for them and also their reliability for the single-purpose (business failure
prediction) for which they were developed. The model developed in this study,
however, is a prescriptive model and is consequently undiminished by what might be
termed ‘the Type-II errors’ it had identified.
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This is because the model developed in this study is a prescriptive one and not a
single-purpose predictive model. A major advantage for a prescriptive model in this
regard is that the Type-II errors for the FLM in the Regression phase do not diminish
the significance of the findings in the same way as the Type-II errors do for the
binary-outcome models. It may be that further investigation into the non-failed firms
in the Regression phase of the FLM may indicate that the firms identified as being atrisk to fail did, subsequently, fail (sometime after the final date of the data set).
Furthermore, if these firms continued to survive, it may have been because of sound
management in the circumstances and, therefore, confirms that there is a potential
utility of a prescriptive model in preventing failure (or at the least minimising the
natural effects of the Regression phase).

Overall, however, there was enough empirical evidence to support the worthiness of
the FLM and associated theory as subjects for future research. It is noted, for instance,
that no firms selected in the sample had failed in the Gestation Phase of their lifespan.
This is most likely because of the population group (listed firms) that the sample was
selected from rather than an inability of firms to establish a market to sustain growth.
This provides an opportunity for further research in the future. In conclusion, the
FLM appears to provide a practical application and theoretical advancement on the
traditional PMF model. The results (12 out of 14 failures in the Regression phase)
appear to empirically support the concept of demand ceilings. This has significant
implications for the field of economics. A concerted effort on further research on this
concept should assist our understanding of the field of micro-economics and could
provide a better link to macro-economics. Noting that this study has shown empirical
support for the FLM indicates that the equation that defines the model has
implications for micro-economic theory.
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CHAPTER 2
LITERATURE REVIEW AND HYPOTHESIS DEVELOPMENT
2.1 Introduction
It is acknowledged that, although suppliers may be attracted by the potential to
increase their wealth from conducting business through the legal entity of a firm,
there is a significant level of risk associated with satisfying the demand for the goods
and services that they offer. Indeed, the continuous stream of firms that will cease to
operate because they are no longer commercially viable is tangible testimony to the
insecurity surrounding business activity. For example, the Inspector General,
Insolvency and Trustee Service Australia (ITSA) (2006) reported that there were
4,298 business bankruptcies in Australia, for the 2005-2006 financial-year. Given the
negative consequences of business failure for investors, employees, suppliers,
financiers and (ultimately) consumers, their social impact has encouraged a fervent
interest in the avoidance of such outcomes.

It could be that, if business failures could be identified with sufficient warning, then
the detrimental effects of these failures might be limited (or even avoided altogether)
through the implementation of appropriate interventions. Such interventions can only
be possible if the need to do so is recognised with sufficient time for those
interventions to be effective. This requires an understanding of the most critical
variables that affect the longevity of any particular firm. Such insight could enhance
the ability to be able to predict, or at the least identify, the imminent demise of a
business with some level of prior warning to enable interventions to avoid or
minimise potential losses. In light of this possibility, not only is the level of interest in
the prediction and avoidance of business failure inevitable, it is not a new
phenomenon either.
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There have been several different approaches by different fields within the disciplines
of Economics and Commerce. Some have specifically attempted to predict the onset
of business failure through the aid of single-purpose binary-outcome approaches
using financial ratios or multi-variate statistically based models. Others have sought
to utilise different forms of prescriptive models that, whilst predominantly focused on
attempting to explain economic phenomena, have nevertheless been utilised in
attempts to predict business failure. This study extends on these previous efforts by
providing an overarching theoretical framework that was missing in many of these
efforts. This framework forms the basis of the prescriptive model that is proposed by
this study. This model is based on a formal hypothesis (missing from many previous
efforts), defines economic concepts that have driven previous efforts but have not
been formally identified or properly explored and, finally, is expected to better inform
strategy and provide warning of imminent demise.

Although it is not the primary focus of this specific study, it is felt that it is important
to address the work on univariate and multivariate models intended to predict
business failure. This work has developed in parallel to that for models of product and
firm behaviour and can be viewed as attempts to provide a diagnostic tool to measure
the viability of a firm. The development of predictive business failure models will be
examined in Section 2.5 and the pioneering work on prescriptive life-cycle models
will be examined in Section 2.6. These sections will examine the key concepts to the
different models, any factors which are empirically supported and the deficiencies
which have ultimately limited their ability to widely penetrate the mainstream of
accepted practice. The remaining sections in this chapter will address the hypothesis
that arises from the analysis of these different forms of models (Sections 2.7) and
define the key components of this hypothesis (Sections 2.3 and 2.8).
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2.2 Brief Overview
There have been numerous attempts around the world to develop business failure
prediction models (Balcaen and Ooghe, 2006). One major stream of business failure
prediction models has examined the efficacy of financial ratios to predict the failure
of firms. This branch is commonly agreed to have originated with the work of Beaver
(1966). The other main stream of work have examined whether statistical-based
models could assist with the task of predicting the failure of firms and have been
attributed to have commenced with the work of Altman (1968). Unfortunately, the
concentrated effort to develop sole-purpose failure-prediction models has proven to
be unsuccessful (Balcaen and Ooghe, 2006). It can be argued that, the more firms that
are able to avoid their predicted failure, the less successful the sole-purpose failureprediction model used to make those predictions will be (Balcaen and Ooghe, 2006).

In light of this conundrum, it appears that attempting to develop a sole-purpose binary
outcome business failure prediction model is not an optimal objective – no matter
how accurate any resulting model may be. Instead, this study proposes that a
prescriptive model (particularly if it has been developed from a sound theoretical
basis) could be a far more valuable tool for parties interested in the factors affecting
the longevity of firms. This is because, in itself, the knowledge of the probability of
failure cannot provide any significant benefit to those seeking to manage the
operations of a firm into any level of prosperity or extended survival. Such insight can
only provide practical utility if there is an associated understanding of the factors that
are placing a particular firm at serious risk of demise. The management of firms will
not be able to adequately avert (or minimise) any impending disaster through
appropriate interventions unless they are thoroughly cognisant of how such factors
should be suitably identified and managed.
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While the framework and associated model that are proposed by this study are more
aptly classified as being related to the economic theory of the firm, there is a great
deal of synergy with Product Life-Cycle (PLC) theory. Forrestor (1968), for example,
was influential in the development of a prescriptive PLC model that, not only
recognised the influence of changing general economic conditions over time, but also
the possibility that periods of decline did not necessarily herald the imminent demise
of a product. However, it appears that other researchers did not fully comprehend the
dynamic nature of the model formulation processes that Forrestor developed. For
instance, although Cox (1967: p.375) noted that Forrestor was amongst the first to
identify that a PLC model could be used ‘…as a basis for product planning and
control’, the work of PLC pioneers such Buzzell, 1966, Cox (1967), Polli and Cook,
1969 and Rink and Swan, 1979, all relied upon an adherence to a specific growth rate
pattern that even Cox (1967) and Polli and Cook (1969) noted was influenced by
other factors.

The restrictive nature of the PLC model may have been responsible for the
insufficient empirical support for the specific pattern that sales were purported to
follow. Researchers such as Harrell and Taylor (1981) and Theorelli and Burnett
(1981) further highlighted the limitations of this dependence with the conclusion that
growth rates are only one aspect of the PLC. Indeed, researchers such as Forrestor
(1968), Randle (1964), Wilson (1965), and Wasson (1974), had already proposed
modifications to the traditional sales-based model so that it reflected the importance
and effects of the profitability of products on their life-cycle. These adaptations were
proposed because of an intuitive assumption that profit would strongly influence the
motivation of the suppliers to provide the products and required an inherent transition
in focus away from the products and towards the firms that provided them.

15

Despite the instinctive superiority of this adaptation to the theory, this version
generated minimal empirical support and failed to gain popular acceptance. The
dearth of empirical studies on this amended hypothesis should not have been
unexpected. Although the products being supplied by different suppliers might be
indistinguishable from each other, the cost and pricing structures of the different firms
that supply them could be so wide-ranging that profitability can only be determined
from an individual supplier’s standpoint, rather than for a specific product in general.
Irrespective of whether the perspective is from the viewpoint of a product, or supplier,
this notion of holding the life-cycle of a product dependent upon profitability may
have ultimately failed because the cessation of the offering of those products (or the
possible failure of a supplier) do not occur automatically from products incurring
losses.

In fact, the profit-based version of the PLC model actually expects negative outflows
of resources resulting from trading during the early phases of the model. As this
inherently quashes any expectation that the life of a product or firm could be held to
be dependent solely upon profitability, this is an aspect of that version of the model
that early researchers could not adequately reconcile. Nevertheless, this transition in
viewpoint is critical as it will be shown that, while the PLC concept has been a
stalwart for the marketing discipline, the supplier viewpoint is essentially a version of
the model based on the economic assumption of a Profit-Maximising Firm (PMF).
The crucial difference is that, whereas marketing studies concentrated on the products
being supplied, the economic version focuses on the suppliers. Whilst there appears to
be significant similarities between these concepts, there are comparable deficiencies
in the theoretical framework of both models that this study is seeking to resolve.
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With possible ramifications for the economic theory of the firm, this study has
developed a framework and principles that overcome the deficiencies identified in
previous research efforts. For example, although the hypothesis for this study also
links the health of a firm and its associated longevity to a specific variable, it is not
bound to a specific pattern in the same manner that many predecessors relied upon. In
this way, instances where patterns exhibited by variables are divergent from a
prescribed pattern will not automatically weaken the fundamental hypothesis. At the
same time, it also does not preclude the development of a conceptual model that
proposes a specific pattern in order to demonstrate the underlying principles and
concepts that underpin the actual hypothesis. As such, the model developed herein
provides a template of how economic forces are expected to affect the lifespan of a
firm under a strict set of assumptions.

These assumptions and associated model form the prescriptive basis from which the
analysis of actual firms and the lifespan patterns that they exhibit could be explained,
and from which their future prognosis may be predicted. Although the major
assumptions in the template initially assume no changes to key variables over that
time, it is understood (and expected) that variations from the base set of assumptions
will occur in practice. Despite this, it is believed that some of the key features of this
model are inescapable (and, therefore, enable the predictive capacity of the model)
and that the less compromised the variables are for a specific firm, the more likely
that it will exhibit a lifespan that closely resembles the typical representation. While
the pattern itself has some significance, this study does not rely upon a specific
pattern of behaviour of key variables to validate the hypothesis or the Firm Lifespan
Model (FLM) that is proposed.
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Instead, this study contends that, in light of the ability displayed by many firms to
continue to trade in periods where there is a complete absence of profit, there must be
some other variable(s) that enables their ability to continue operating during those
periods. While most efforts that researched PLC and PMF concepts solely focused on
the trading aspect of the operations of a firm, this study proposes that the resource
capacity of a firm is what enables it to trade through periods of losses and
consequently has a more significant influence on the longevity of a firm. As such, this
study formally proposes that the longevity of a firm is dependent upon the level of the
resources that the firm is able to generate. This is an innovation on previous efforts
because previous models and theories focused solely on the trading aspect of the lifecycles of products and firms and did not take into account the resource-capacity of the
firms supplying the products.

It is argued that a prescriptive model that accurately explains how economic forces
are expected to impact the viability and future longevity of a firm will be more useful
in assisting the management of firms. The business failure prediction models
identified earlier rely upon an unspecified hypothesis that firms will fail when the
level of their resources have been fully utilised (Beaver, 1966). While an overarching
theory as to why those models were believed to work was lacking in those previous
efforts, the model proposed in this study explains how economic forces of demand
(including the innovation of demand-ceilings), competition and general conditions of
supply affect the longevity of a firm. The model is the first one of its type to properly
demonstrate the symbiotic relationship between the trading activities of a firm and the
level of resources that allowed it to continue to trade. 1 This aspect also forms the base
of the hypothesis of this study.

1 Financial ratio models and statistical models did not formally address this relationship.
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2.3 Definition of Failure and Life and Implications for the FLM
Noting that the overall aim of the study is to ascertain the level of empirical support
for the proposed lifespan model of a firm, it remains necessary to define critical terms
and statuses in relation to what constitutes ‘life’ for a firm and when can it be
recognised as ‘failed’. Similar to other models proposed for organisational life-cycles,
the model in this study proposes a sequence of phases through which a firm could be
typically expected to pass through over its life journey. As will be examined later,
there are several different ways in which the life of a firm can end. Some of these
scenarios can be voluntary and others involuntary. The interest for this study and for
the proposed model is the scenario where a firms’ life ends as a result the economic
forces of demand and competition being the only ones to impacting the life-cycle of a
firm. This is because of all of the possible reasons for a firm to cease operating,
failure is the only one which properly accords with the hypothesis that underlies the
model. That is, survival is dependent upon the level of appropriate resources.

Consequently, not only is the definition of the term ‘failure’ important for this study,
it is also significant because this single term aligns the FLM concept with previous
efforts in business failure prediction. There has been a great deal more literature
surrounding the definition of ‘failure’ arising from the work in business failure
prediction models than there has been for other models and concepts such as the
Organisational Life-Cycle concepts, for example. Conversely, there have been no
identifiable efforts to formally define the term ‘life’ for an organisation. As a result,
this section will not only attempt to define what the term ‘failure’ means for a firm,
but it will also seek to define what is meant by ‘life’ so that the framework for the
model and this thesis can be better established.
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2.3.1 Definition of Business Failure
Despite the intuitive understanding to the contrary, there is an absence of
homogeneity in the literature surrounding the definition of ‘business failure’. This
deficiency is so prevalent that, in an attempt to formalise such a definition, Pretorius
(2009) unsuccessfully devoted an entire study towards this objective. The most likely
source of this variation was identified by Balcaen and Ooghe (2006: p.72) when they
found that ‘…the definition of failure itself is arbitrary…’ and that, the ‘…criterion of
failure is chosen arbitrarily, whether a juridical definition of failure or a financial
distress definition is used’. It may be that the source of confusion lies with the fact
that failure is often held to be synonymous with insolvent. Under the legal definition
(Australia), a company is insolvent if ‘…it is unable to pay all its debts, as and when
they become due for payment’ (James et al., 2004). This is virtually identical to the
definition of failure provided by Beaver (1966) in his study of the ability of financial
ratios to predict business failure.

The adoption of a legal definition is favoured by many researchers because it has a
clearly defined date of occurrence (for example, Dirickx and Van Landeghem, 1994;
Ward and Foster, 1997; Van Caillie, 1999; Neophytou et al., 2001; Daubie and
Meskens, 2002). There are, however, criticisms of this choice because it doesn’t
necessarily coincide with the failure ‘event’ (Balcaen and Ooghe, 2006). Other
researchers have preferred to use the concept of ‘financial distress’ as their trigger to
classify failed firms (for example, Keasey and Watson, 1991; Hill et al., 1996; Kahya
and Theodossiou, 1996; Doumpos and Zopoudinis, 1999; Platt, 2002). However, it
has been argued that some firms in financial distress do not file for bankruptcy and
others have been found to file for bankruptcy for reasons other than financial distress
(Balcaen and Ooghe, 2006).
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Even for firms that are under financial distress, or meet the legal definition of not
being able to meet it debts when they fall due, the final outcome may not be a
consistently determined outcome. There are a number of different statuses that a firm
could be experiencing as a result of their financial distress. While bankruptcy
certainly remains one possible outcome, a firm could alternatively be, or placed into,
liquidation, receivership or administration. Depending on which one of these
alternatives were resultant, the outcomes for the firm could be very different. The
words ‘insolvent’ and ‘failure’ imply that the operations of a firm have completely
ceased. Whilst this would be true for a business that has been made bankrupt or
subject to liquidation, this would not be the immediate case for a firm that is sent into
receivership or administration. It is quite possible that such firms may trade their way
out of their financial predicament due to special legal powers afforded these two
statuses. The question as to when a firm can be deemed to have failed consequently
remains open to conjecture.

This is a difficult predicament. Failure cannot be predicted if it cannot be defined.
Fortunately, this study has no intention of replicating Pretorius’ efforts. Not only is it
is accepted that any choice of a definition or criterion of failure by this study will be
similarly arbitrary to previous efforts, but it is noted that the structure of the study
hypothesis focuses on what enables a firm to continue to operate. While the focus for
this study is on ‘life’ rather than ‘failure’, it remains an important aspect to be
considered in light of the nature of the hypothesis that will be tested. To this end, and
without accepting it as a formal (widely-recognised) definition, it is believed that to
be classified as failed, a firm will need to be one that involuntarily ceased to operate
and losses to creditors or shareholders were involved.
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Constrained by the elements of this definition, a firm cannot be classified as failed
unless both of the identified conditions have been satisfied. There are, for example,
many circumstances where firms may cease to operate that would not be considered a
failure and the mere cessation of the firm would, in itself, be insufficient grounds for
it to be classified as failed. Examples of such a scenario include the retirement of
sole-traders and the closure of a mine that has exhausted its reserves. These would not
be considered failures because there would normally be no losses to creditors
involved in these instances and, consequently, the second identified definitional
condition would not have been met. Furthermore, it could reasonably be argued that,
for a firm to be classified as a failure, the cessation of firm activities must have been
involuntary. That is, there must be no other way that the firm could continue to
operate even if the owners desired for it to do so.

Conversely, the incurrence of losses without a simultaneous cessation in operations
may also be insufficient grounds for formal classification as a failure. For instance, it
is known that firms will have negative resource flows through unprofitable trading
and yet continue to be able to operate. An example of such a situation occurs in the
period of time when start-up firms expend invested resources prior to generating any
trading revenue. This illustrates that, although firms trading unfavourably are losing
resources provided by external parties, their ability to continue to operate does not
meet the first criteria of the definition and therefore they cannot be classified as failed.
That is, the recognition of losses to creditors as a conditional precursor to failure
would only be applicable if the losses incurred resulted in a permanent inability to
continue to operate. With these conditions in mind, a firm that has been declared
bankrupt or has been liquidated will certainly be deemed to have failed as their
cessation of operations would have met both conditions of the definition.
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In the strictest terms of the interpretation of this definition, any firm that has been
placed in receivership or administration would not be deemed to have failed.
Although the creditors of those firms may have incurred losses (due to special
arrangements with the receivers or administrators) to allow the firm to continue to
operate, the fact remains that such firms have not ceased to operate. Despite this (and
noting that the second condition would not have been satisfied), this study will still
recognise any firm that has entered administration or receivership as failed. This has
been determined because if it were not for the special powers afforded to those that
have taken over the operations of the business, that firm would have certainly been
unable to meet its financial obligations when they were due and, therefore, failed.
Although it may be that a firm in such a predicament could trade out of the scenario it
has found itself in, it will only be because of those special powers and this type of
firm will, consequently, still be deemed to have failed by this study.

2.3.2 Definition of Life
It is imperative that, for any model that purports to represent the lifespan of a firm, the
fundamental concept of ‘life’ must first be defined. Noting that marketers explicitly
drew on concepts from biological sciences ‘…in the attribution of “life” to a
product…’ (Osland, 1991, p. 68), this study seeks to similarly attribute ‘life’ to a firm.
Although defining ‘life’ for biological organisms may be straightforward, this is a
more difficult proposition for completely inorganic entities such as firms. The reason
is that once it has been created, the legal vehicle that represents and formally defines a
firm can lay inactive from trading for decades and could still be deemed to be ‘alive’.
Indeed, it can be argued that the only circumstance for a firm that can be deemed to
be equivalent to biological death (and will leave a firm permanently unable to
continue to trade) is when the resources of that firm have been totally liquidated.
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Despite the obvious connotations, it is important to note that such an event would not
necessarily be the result of a business ‘failure’. There are a multitude of
circumstances that can result in a firm ceasing to operate that would not classify them
as ‘failed’. An example for larger operations is the voluntary winding up of operations
of mining companies when their mines have been exhausted. For smaller firms, an
example would be the retirement of the principals. It could be surmised from these
examples that, in instances where businesses cease their trading for reasons other than
failure, their status would (most likely) have been the consequence of a voluntary
decision. It could reasonably be deduced from this that an implicit feature of the
definition of business failure is that the termination of operations for a firm that has
failed would have necessarily been involuntary. That is, those firms would have no
longer possessed the ability to trade even if this was desired.

Unlike biological organisms, firms are ethereal and, as such, have the ability to morph
into other forms of entities. Balcaen and Ooghe (2006: p.73) note that, ‘…bankruptcy
is only one of a large range of possible endings of the failure process…’ and
‘…failure may result in other juridical exits, such as merger, absorption, dissolution,
or liquidation’. Although mergers, absorptions or acquisitions can be a possible
outcome of failure, there are many other possible reasons that they may occur. It is
important to note that, apart from dissolutions and liquidations, the other outcomes
such as mergers, absorptions and acquisitions will mean that the underlying business
activities that were previously being conducted are still occurring. That is, the actual
business of the original firm will not have ceased and, therefore, while the firm may
not exist in its previous format it cannot be deemed to have ‘died’. As a consequence,
defining whether the ‘life’ of a firm has ceased or not in circumstances where the
underlying operations have been absorbed into another entity is a critical issue for this
study.
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There are other characteristics that could also create definitional issues surrounding
the survival status of a firm. These include, but are not limited to, changes in name,
ownership or operating structure. For example, it could be argued that a firm is
nothing more than a collection of resources under an official name and the firm is no
longer the same firm if the name changes. Similarly, the question could be asked
whether a firm is the same entity if the owner of a sole-proprietor business transfers
the firm to another person. All of these different scenarios demonstrate the difficulty
in, not only ascertaining whether a firm has failed, but also whether in fact it is still
alive or the same entity. Such matters may be the cause for the seemingly
unresolvable impasse towards a universally-accepted definition of failure. It is
possible that Altman and Narayanan (1996) identified a solution to this dilemma,
when they observed that many previous studies relating to business failures
established their hypotheses in such a way that they were seeking to deliberately
predict the less common outcome of failure.

Specifically, it was noted that most pioneering studies in this field were predicated
upon firms being defined to have binary operational status possibilities in that they
were classified as either ‘failed’ or ‘non-failed’. Critically, Altman and Narayanan
(1996: p.2) identified that ‘…all that can be said of the healthy firms is that they were
healthy at the time the sample was taken. It has been found, for example, that some
firms that appear to be Type-II errors by a model (healthy firms classified as failures)
turned out to have failed at a later time.’ It could be argued that, in addition to the
difficulties in defining ‘business failure’, the outcomes identified by Altman and
Narayanan are possible because (taking into consideration the options identified by
Pretorius, 2009 in his analysis of the definition of business failure) there are at least
five different operational statuses for firms.
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It may be that the subtle differences between some of these classifications could have
caused difficulties for previous studies to classify accurately the operational status of
selected subjects when the options have been limited to just two possibilities. The
minimum of five different operational statuses can be defined as follows:

i)

Healthy: Firms that can be classified as healthy are those that appear to
have never been in financial distress and have not demonstrated evidence of
being in decline;

ii) Transformed: Accepting that their status was not necessarily brought about
by financial distress, transformed firms are those that have merged, been
acquired, relocated, or restructured;

iii) Life-support: Any firms that have quite clearly been under financial distress
and that, if not for the intervention of additional capital, or administrators,
for example; would have ceased operations can be classified as being on
life-support;

iv) Turned-around: Firms that can be classified as turned-around, are those that
have been able to demonstrate a period of healthy operations as a result of
the actions and strategies following a period of life-support; and

v) Ceased: Regardless of whether the outcome was voluntary or involuntary,
firms in the ceased category will be those that have totally ceased their
operations. Significantly, only firms that have involuntarily ceased
operations because they were no longer able to finance their activities
should be classed as failed.
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It could be expected that having identified at least five different operational status
possibilities for firms, the hypothesis of this study would be framed in such a way that
it would allow for each of these situations to be considered predictable outcomes.
However, it is noted that four out of the five identified operational classifications
relate to firms that continue to operate and can, consequently, be grouped into a single
classification of ‘surviving’ firms. With this in mind, this study will combine all of
the variations of surviving firms into a single umbrella term of ‘surviving’ rather than
seek to identify the status of firms according to the five identified individual
categories. In fact, it is further recognised that even in the classification relating to
‘ceased’ firms, there are most likely firms in that category that could have continued
to operate if they had wanted to. These revelations encourage the temptation to
replicate the approach of previous efforts and seek to examine binomial outcome
possibilities that emphasise a specific version of a ceased firm (failure).

Instead, the hypothesis of this study is uniquely constructed to adopt the
diametrically-opposed view that the survival of a firm is dependent upon a specific set
of conditions. Although this variation is seemingly innocuous, the impact on the
design and focus of this study is actually quite profound. For example, instead of
attempting to predict a status (failure) that is difficult to define and is easily confused
by different operational variations, this study is seeking to confirm the factors that
ensure the survival of a firm. It is precisely this alternate viewpoint that results in the
hypothesis of this study to have been formulated to state that the life of a firm is
dependent upon a specific variable. The variable that this study has nominated as the
one that is most responsible for business longevity is Expendable Resources. As a
result, this study formally defines a firm to have ‘life’ when its Expendable Resources
are greater than zero and it is able to continue to trade voluntarily.
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If, Expendable Resources are indeed the main variable that allows a firm to have
‘life’, then it could reasonably be inferred that the business operations of a firm would
cease once the level of this variable has been completely exhausted. Importantly, this
hypothesis would not be invalidated from any cessations in business that arises from
causes other than this scenario. Consequently, the analysis of this hypothesis will not
have to substantiate whether every cessation that occurs has been caused by an
absence of Expendable Resources but, only that firms that are currently operating
have sufficient Expendable Resources and that any firm that did not have sufficient
resources was forced to cease operating (failed). It may be that business cessations
due to reasons other than insufficient resources could promote a temptation to modify
the hypothesis to apply only to firms that have failed due to having insufficient
resources with which to continue operations.

Although such an adjustment would most likely strengthen the likelihood of finding
sufficient empirical evidence to support the modified hypothesis, narrowing the
definition in this manner is, ultimately, unwarranted. When a firm ceases operations
(for whatever reason – including voluntary receivership), any remaining resources
that were once under the stewardship of that firm would be divested from that
business and dispersed to other parties (such as creditors and shareholders). From this
point of view, a business that has been taken over, or even subsumed into a merged
entity, would have surrendered all of its resources to the new business entity and,
consequently, could not continue to voluntarily trade. This does not mean that
voluntary cessations of business will be considered failures. It is likely that the level
of resources at the time of a voluntary cessation would be such that the firm could
have continued to operate if the decision to terminate it was not made.
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Consequently, whilst a firm that has voluntarily ceased to operate would no longer be
‘alive’ and the accumulated resources of the firm would have been disbursed, an
absence of losses to creditors in such circumstances would mean that such a firm
could not be considered to have failed. Similarly, an involuntary cessation of
operations for reasons other than the exhaustion of Expendable Resources would not
automatically mean a firm has failed. For instance, it could be reasonably extrapolated
that for many forms of involuntary cessation of a firm’ operations (such as a takeover,
for example), the level of resources at the time of the event would be at a level that
would be sufficient to continue operating – bar the event causing the cessation and
would, consequently, not be considered failed. Therefore, for the purposes of this
study, a firm will be considered to have life if it is actively conducting business
operations (while not necessarily trading in goods and services).

2.3.3 Definition of Lifespan
In biological models, the nexus for living organisms between chronological time and
biological time is virtually indistinguishable. The lifespan of every member of a
particular species is typically held to a maximum time limit. Accordingly, biological
life-cycle models have an inherent reliance on chronological time as the variable that
will classify the various phases and the ultimate length of a lifespan. Therefore, it is
not surprising that attempts to apply similar life-cycle concepts to inorganic
organisms (such as firms) can unduly place a similar expectation on the influence of
time. When this is combined with the fact that data contained within financial
statements are presented in calendar-related time periods, there are natural tendencies
for researchers to utilise time-dependent techniques to assess the validity of life-cycle
concepts when they are applied to firms.
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Previous efforts to specify life-cycles for products, firms and organisations typically
specify a pattern of events or phases that will occur in a systematic order. This
requires any study aiming to test whether the stated pattern, or sequence, is supported
by empirical evidence to rely upon this specific pattern or sequence to be observable
in the data collected. Indeed, this was the objective that pioneering PLC studies had
attempted to achieve. Instead, this study deliberately focuses on the term ‘lifespan’,
rather than the more commonly used term ‘life-cycle’. The word span does not
commit a concept to any specific pattern or sequence but, rather, it defines the length
of existence as the critical factor. This change in terminology allows studies to be
designed to assess whether any critical variable is responsible for determining the
lifespan of a firm, rather than attempting to verify whether an espoused pattern is
empirically supportable. Given this understanding, the lifespan of a firm can be
defined as the period of time that a firm is created until the time that it ceases to exist.

2.4 Reasons for Business Failure
One of the major incentives for researchers examining firms that have failed is the
desire to determine the cause (or causes) of such failures so that they could either be
avoided, or their effects mitigated (Forrestor, 1968). If, firms that possessed the legal
status of bankruptcy could be held to be formally (legally) classified as ‘failed’, then
some insight into the circumstances that brought such a plight into being could be
ascertained from the information provided in their documentation requesting this
status. The Inspector General, Insolvency and Trustee Service Australia (ITSA)
provided a report that examined the bankruptcies granted for the 2006 financial year.
This report summarised the reasons provided as the primary cause of failure for these
bankruptcies into 11 categories (refer to Table 2.1).
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Table 2.1 Reasons for Bankruptcies (Part IV and XI) in Australia for 2006 2
Code

Reason Provided for Bankruptcy

LCA
FPB
ECO
PRE
EDR
LBA
ICD
EIN
GSP
SCO
OCA

Lack of Capital
Failure to Keep Proper Books
Economic Conditions
Personal Reasons
Excessive Drawings
Lack of Business Ability
Inability to Collect Debts
Excessive Interest
Gambling or Speculation
Seasonal Conditions
Other Causes or not Stated
Total

N
393
195
1,399
545
428
537
142
213
49
50
347
4,298

%
9.14
4.54
32.56
12.68
9.96
12.49
3.30
4.96
1.14
1.16
8.07
100.00

Although this is only one source of data and the legal structure of the businesses
(sole-proprietor, private company etc.) cannot be determined from this information, it
is sufficient to indicate that there are too many possible reasons that could be
responsible for the failure of a firm for any form of economic model to be able to
predict why a firm will fail. With eleven categories of causes of bankruptcy in Table
2.1 that need to be considered, it not surprising that the majority of currently
identifiable efforts to predict business failure have avoided trying to predict failure by
the cause. Instead, the majority of identifiable efforts in the field of business failure
prediction appear to circumvent (or ignore) this issue by limiting the prediction
choices to the binary options of ‘failed’ or ‘non-failed’ (Altman and Narayanan, 2003
and Balcaen and Ooghe, 2006). This study proposes that models designed with this
objective have limited usefulness and, consequently, asserts that instead of being
concerned with predicting whether a firm will fail, the interest should be in what
enables a firm to survive or live.

2 It is acknowledged that the categories listed in Table 2.1 are not of an ideal nature. Nevertheless, as they are the

categories provided by the Insolvency and Trustee Service Australia, they are acceptable at this stage of
discussion.
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2.5 Business Failure Prediction Models
The detrimental effects to society resulting from business failures have fueled a great
deal of attention from researchers. The extent of growth in interest in this objective
was highlighted by Balcaen and Ooghe (2006: p.63) with the observation that:
‘…business failure prediction has become a major research domain within corporate
finance…’ where numerous ‘…corporate failure prediction models have been
developed...’ Balcaen and Ooghe summarise these efforts into four broad groupings
of model types. The first group is Univariate analysis models (Beaver, 1966). The
second group is Risk index models (Tamari, 1966; and Moses and Liao, 1987). The
third group is Multiple Discriminant Analysis (MDA) models (Altman,1968; Altman
et al., 1977; Deakin, 1972; Edmister, 1972; Blum, 1974; Deakin, 1977; Taffler and
Tisshaw, 1977; van Frederikslust, 1978; Bilderbeek, 1979; Dambolena and Khoury,
1980; Taffler, 1982; Ooghe and Verbaere, 1982; Taffler, 1983; Micha, 1984;
Gombola et al., 1987; Gloubos and Grammatikos, 1988; Declerc et al., 1991;
Laitinen, 1992; Lussier and Corman, 1994; and Altman et al., 1995).

The fourth group are Conditional Probability models (Ohlson, 1980; Zmijewski,
1984; Swanson and Tybout, 1981; Zavgren, 1983; Gentry et al., 1985; Zavgren, 1985;
Keasey and Watson, 1987; Peel and Peel, 1987; Aziz et al., 1988; Gloubos and
Grammatikos, 1988; Keasey and McGuiness, 1990; Platt and Platt, 1990; Ooghe et
al., 1993; Sheppard, 1994; Lussier, 1995; Mossman et al., 1998; Neophytou et al.,
2001; Charitou and Trigeorgis, 2002; Lízal, 2002; and Becchetti & Sierra, 2002). The
proliferation of numerous alternatives could indicate a lack of consensus as to the
utility (if not validity) of the models proposed to date. In fact, Balcaen and Ooghe
(2006: p.71) warn that ‘…the enthusiasm caused by the overall good (sic) predictive
results of the classic statistical corporate failure prediction models should be
mitigated’ and nominate six areas of concern to support this.
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The six areas Balcaen and Ooghe (2006) identify are i) the assumption of the
dichotomous dependent variable, ii) the sampling method, iii) the stationarity
assumption and data instability, iv) the selection of the independent variables, v) the
use of annual account information and vi) the time dimension. This study has
reviewed their concerns and condensed these issues into three major areas of concern
(whilst simultaneously adding additional considerations not mentioned in their work).
The first of these relates to the selective limitation of predictive options; the second to
the absence of a supporting explanatory theory; the third to deficiencies in the designs
of studies conducted to examine the accuracy of those models; and the last is the
inherent shortcoming of sole-purpose predictive models relating to altered destiny.
The following sub-sections will examine each of these issues in turn.

2.5.1 Selective Limitation of Predictive Options
If the primary purpose of any predictive model were to successfully predict an
outcome, it would follow that it would be easier to argue for the validity of that model
when it is generating higher rates of predictive success. However, such claims need to
be considered in light of the general laws of probability, which dictate that the
likelihood of a successful prediction decreases as the number of possible outcomes to
be predicted increase. Or, the probability of a successful prediction for any endeavour
can be artificially improved by simply limiting the number of possible outcomes to be
predicted. This generates a powerful incentive for the creators of business failure
prediction models to avoid predicting the causes of failure and to limit their predictive
options to the binomial survival status options of ‘failed’ or ‘surviving’. Whether or
not this was an intentional outcome of the efforts to date is irrelevant as the evidence
appears to support the fact that this dichotomous possibility has been pursued by
many business failure prediction researchers as their objective.
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Cybinski (2001), for instance, notes that MDA and Logit Analysis (LA) statistical
failure-prediction models have been founded on the assumption that a dichotomous
dependent variable outcome exists. Despite this, Balcaen and Ooghe (2006; p.18) not
only state that there can be no clear distinction made between failing and non-failing
firms, but also add that ‘…corporate failure is not a well-defined dichotomy.’ Not
only can the population of firms not be clearly separated into binary classifications of
failing and non-failing, but others have suggested additional possible classifications
statuses such as acquisition (Astebro and Winter, 2001). In fact, Balcaen and Ooghe
(2006; p.18) identify that in the very construction of statistical failure prediction
models, ‘…researchers arbitrarily separate companies into a failing and a non-failing
population’.

2.5.2 Insufficient Supporting Theory
Arbitrarily separating firms into dichotomous outcomes such as in the failure
prediction models examined is a much simpler approach than attempting to identify
the causes of failure such as those identified in Section 2.4. This is particularly true if
the model has been developed in an absence of supporting theory. It could be argued
that, in their review of efforts to develop business failure prediction models, Altman
and Narayanan (2003: p.10.2) may have discovered evidence of the inherent incentive
(whether intentional or not) to limit predictive options in this manner, when they
found that ‘…causal studies of failure appear to be comparatively rare’. Instead,
Altman and Narayanan found that ‘…nearly every study contrasts the profile of failed
firms with that of healthier firms to draw conclusions about the coincident factors of
failure’. The models that were developed in this fashion sought to predict business
failure by combining publicly available data with statistical classification techniques.
These findings have significant implications for the ultimate usefulness of the models
that were reviewed.
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Without a supporting theoretical framework that has been tested by a causal study, it
cannot be ascertained whether the successful predictions of a model are anything
other than purely coincidental. It is possible; for instance, that the characteristics
utilised by the models that were reviewed had serendipitous consistency with the
actual causes of business failure and, as a result, ensured a reasonably high rate of
successful predictions. In any case, no matter how successful the prediction rate of
models developed in this manner may be, the lack of an underlying hypothesis to
guide their development renders them of little practical use. The absence of an
adequate understanding of how the selected predictive factors impact the survival
status of a firm would negate any opportunity to influence the destiny of the firms
under scrutiny. Unfortunately, without a theoretical framework to support the
existence of the identified discrepancies between the two groups, the studies that were
reviewed (by Balcaen and Ooghe, 2006) were, in reality, only assessing the frequency
that identified discrepancies occur between non-randomly selected examples of failed
and non-failed firms.

The choice of variables to examine and ratios to utilise were arbitrarily based given
that there has been no apparent relevant theory (Karels and Prakash, 1987; Dirickx
and Van Landeghem, 1994) to support the likelihood of any variables to be the best
predictors of business failure (Scott, 1981). In this vacuum of theoretical support for
the selection of variables, Balcaen and Ooghe (2006; p.37) concluded that there was
no ‘…definite group of good failure predictor variables…’ that could be found in the
empirical literature. It is difficult to expect that the correlation between a failure
prediction models predictions and failure status will have consistent success rates if
the model is not supported by theoretical reasoning (Blum, 1974).
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The studies that have actually attempted to have a theoretical reasoning to support
them have mainly been dependent upon cash flow theory (Beaver, 1968; Blum, 1974;
Gentry et al., 1985b; Aziz et al., 1988; Aziz and Lawson, 1989; Declerc et al. 1990;
Ooghe et al., 1993; and Neophytou et al., 2001). Beaver (1968), in particular,
reasoned that the lifeblood of a firm is the positive liquidity of its assets (resources).
Although this concept is very similar to the hypothesis which this study proposes, it
was not identified as the formal hypothesis of that work and it was not used to assist
the selection of the financial ratios that would be used in the study. Instead, the
selection by Beaver was based on the ‘popularity’ of the financial ratios in the
available literature. Balcaen and Ooghe (2006) argue that, while failure prediction
models need a theoretical framework, there was no accepted general theory for
company failure to that point in time.

2.5.3 Flaws in Previous Methodologies
While the dichotomous nature of the objective and the absence of an overarching
theory make it difficult for previous studies to find significant levels of support, it is
the numerous flaws in design methodologies of the studies in this area that ultimately
result in this scepticism. In their work reviewing 35 years of studies on business
failure, Balcaen and Ooghe (2006) found a number of issues with the design and
methodologies of the studies that they examined and identified six major areas of
concern with this aspect of previous work. The issues they identified were i) the
arbitrary separation of populations; ii) sampling methods; iii) non-stationarity and
data instability; iv) annual account information; v) selection of independent variables;
and vi) time dimension. The arbitrary separation of populations into two broad groups
of failed and non-failed firms when there are was many possible interpretations of
statuses for firms was examined in Section 2.5.1.
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It has been argued that the models developed from this scenario have questionable
predictive outcomes for the likely failure of firms and that the informative value and
accuracy of these models should be questioned (Wood and Piesse, 1987; Cybinski,
2000; Cybinski, 2001; and Balcaen and Ooghe, 2006). When combined with an
absence of an overarching theory to guide the selection of predictive variables
(Section 2.5.2), the lack of clearly defined operational statuses for firms created the
next major flaw in many of those early studies. This flaw relates to the design of
many traditional business failure prediction models and concerns the manner in which
the subjects were selected for the construction and assessment of those models
(Balcaen and Ooghe, 2006). This deficiency was highlighted by Balcaen and Ooghe
(2006: p.78) when they emphasised an observation by Ooghe and Joos (1990) that,
the ‘…classical paradigm is based on the assumption that a random sampling design
is used’.

Balcaen and Ooghe (2006: p.78) further stressed the importance of this observation by
stating that, ‘…if a classic statistical failure prediction model is eventually to be used
in a predictive context, the estimation samples of failing and non-failing firms should
be representative of the whole population of firms’. Despite this, Altman and
Narayanan (2003) observed that most studies relating to business-failure prediction
that they reviewed did not randomly select subjects from a total population but, rather,
researchers had elected to select an equal number of businesses that were already
known to be operating or failed (examples include Beaver, 1966; Altman, 1968;
Deakin, 1972; Blum, 1974; and Taffler and Tisshaw 1977). Balcaen and Ooghe
(2006: p.75) concur with this observation with the statement that, ‘…in the great
majority of classic failure-prediction models, non-random samples of firms with
available annual accounts are used…’ and that, ‘…non-random samples may have
serious consequences for the resulting classical statistical failure prediction model.’
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The issues and implications surrounding the potential selection bias that may arise
from such a sample selection process will mean that the reported accuracy of models
developed in this manner cannot be generalised for whole populations (Piesse and
Wood, 1992). Another related problem is that, apart from questionable representation
of the total population surrounding non-randomly selected subjects, many models that
were developed from such data were then ‘validated’ using that very same data. As
such, these models assessed their predictive prowess in terms of whether they would
have accurately predicted failures that were known to have already occurred (insample prediction). If significant discrepancies were found between the groups that
were subsequently used as the basis of prediction, the ex-post capacity of the models
could be expected to have a much higher predictive success rate than subjects selected
from a random sample of a population with a different distribution. Indeed, Balcaen
and Ooghe (2006: p.72) warn that ‘…before one can really have confidence in the
predictive abilities of a failure prediction model, it needs to be tested on data
subsequent to its construction’.

Altman and Narayanan (2003) reinforced the importance of this concept with the
observation that firms that were currently trading and predicted not to fail in some of
the studies they reviewed, subsequently failed. This finding is noteworthy because the
identified examples of subsequent failures raise the possibility that they could be
empirical evidence that the ex-ante capabilities of the models examined were limited
and, therefore, not supportive of their validity. In light of this, it would have been far
more valuable if the ex-ante predictive accuracy of those models were assessed
through their application to firms that were actively trading and for which their future
survival status was uncertain. Failing that, similar assurances may have been
generated from retrospective studies if the survival status of selected subjects was
unknown prior to their selection.
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Other issues from the selection methods of previous studies include oversampling
(more failed firms than would naturally occur in the observed population). This
creates sample bias that will unnaturally improve the statistical support for a proposed
model (Zmijewski, 1984; and Platt, 2002). Not only could the reported percentage of
correct classifications from the proposed models be misleading as a result of this
approach (Platt, 2002), but the likely success rates will be inherently artificially high.
Another methodological issue identified by Balcaen and Ooghe (2006) that affects the
reliability of previous business failure prediction models and studies is nonstationarity and data instability. It has been argued that models which rely upon
financial ratios or have been developed from a statistical-based methodology rely on
the variable relationships and influences over time being constant (Edmister, 1972
and Zavgren, 1983). In reality, different phases of the business cycle, changes in
competition and corporate strategy, and macro-economic or technological changes are
all factors that will negatively impact these models (Wood and Piesse, 1987).

Indeed, it is stated that when the relations among the variables in a predictive model
are not stable over time, the predictive outcomes of that model may be poor when it is
applied to firms that were not in the original sample (Mensah, 1984). The fourth
major design problem identified by Balcaen and Ooghe (2006) relates to a
dependence on the quality of financial statement information. Issues surrounding
changes in accounting policies over time, manipulation of the variable values by
management, incomplete from relevant information and even a simple issue of
availability (from non-public companies) of the information are all examples of
factors that have been identified to reduce the reliability and value of the information
in financial statements. This study is not going to explore these issues in any great
depth and will only go so far as to agree with the observations of the limitations of the
information provided by published financial statements.
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However, apart from acknowledging that the reliability of this information may be
highly questionable is an issue that must be highlighted, the fact remains that all
studies examining the financial performance of firms through these documents must
accept this risk as there is no better option available. As the selection of independent
variables (the fifth issue identified by Balcaen and Ooghe, 2006) was examined in the
Section 2.5.2, the final issue to raise is that of ‘time dimension’. Balacaen and Ooghe
(2006) argue that classic static statistical failure prediction models that produce a
‘fixed score’ for each firm that is independent of time ignores the fact that
‘…companies change over time’. Attempts (such as Taffler, 1983) have been made to
address this by reviewing the changes in Z-scores for a firm over time. Ooghe and
Joos (1990) argue that the evolution of such model scores can be more informative
about the financial health of a company than single scores. Another major issue from
the static nature of these models is that by generally only assessing one period at a
time to provide an assessment of the ‘risk of failure’, they do not give any indication
of the time to failure (Lane et al., 1986; Luoma and Laitinen, 1991 and Balcaen and
Ooghe, 2006).

2.5.4 The Paradoxes of Unpredictable Events and Altered Destiny
Although some changes in study design may have improved the confidence in the
applicability of the results generated by such models, ultimately (no matter how
statistically accurate they may be) sole-purpose predictive models are inherently
unable to overcome the dual dilemmas of unpredictable events and altered destiny.
There can never be a predictive model that can overcome the dilemma of
unpredictable events. Balcaen and Ooghe (2006: p.73) acknowledged this possibility
with the observation that ‘…some bankruptcies may result from an unexpected event,
such as a natural disaster’ for firms ‘…which did not show any previous indication of
financial distress’.
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There are numerous factors that could be considered unpredictable and may result in
the failure of firms. If firm survival can be influenced by events that cannot be
reasonably predicted, the usefulness of any analytical tool with the sole purpose of
predicting business failure is severely limited. Balcaen and Ooghe (2006: p.73)
recognised that models developed from known business failures could be
contaminated by such failures and ‘…may result in bankruptcy prediction models
with poor forecasting abilities’. If a model whose sole purpose is failure-prediction
expects that a firm is not likely to fail, only to discover that an unpredictable event
shortly thereafter causes the firm to actually fail, then the validity of that model is
immediately cast into doubt. Single-purpose predictive models that suffer this form of
predictive failure cannot be redeemed by an allowance for the fact that the event that
caused the failure was unpredictable. This deficiency will be further magnified if such
models also lack a theoretical foundation supported by a causal study. This is because
models that lack this form of support will not possess the ability to temper results with
the fact that the prediction would have been correct barring the unpredictable event.

In addition to being weakened by their susceptibility to the effects of unpredictable
events, sole-purpose models are particularly exposed to the implications of the
concept of altered destiny. Although it is theoretically possible for a model to
accurately predict every occurrence of business failure, this would necessarily be in
the absence of the application of any preventative measures. If measures could be
taken that enabled the avoidance of an ex-ante predicted failure, such that the business
in question could continue trading, the continued survival status would immediately
invalidate the original prediction of failure. Quite simply, if the validity and
usefulness of a predictive model were being assessed in terms of the level of accurate
predictions it produced, destiny that is altered by interventionist measures arising
from the analysis could result in such a model being dismissed as unsupportable.
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2.6 Prescriptive Models
Forrestor (1968: p.317) questioned what ‘…combinations of characteristics of the
products, corporate policies, and market conditions favor high profitability and rapid
growth…’; and why ‘…do many new companies fail, and on the other hand what are
the characteristics that sustain 30% and 50% annual growth rates in other
organizations…’? The fact that these questions still resonate indicates just how little
progress has been made in this area in the decades that have followed. It can be
argued that, a prescriptive model that accurately explains how economic forces are
expected to impact the viability and future longevity of a firm (i.e. answers the
questions posed by Forrestor) will be more useful in assisting the management of
firms, than single-purpose business failure prediction models. Models that seek to
predict business failure would be more beneficial if those models could assist with
identifying preventative measures to implement and avoid the predicted failure.

It is proposed that this objective would be better aided by a prescriptive model than a
purely predictive model. In addition to being unburdened by the inherent deficiencies
of many current predictive models, a valid prescriptive model could assist in the
avoidance of business failures by enabling measures to be taken that can either limit
the level of the losses sustained, or avoid them from occurring altogether. Business
failures that would have otherwise occurred but were prevented would not naturally
invalidate a prescriptive model as they could a predictive model. While prescriptive
models also have predictive capacity (particularly if they have been well developed),
this is not the sole purpose of their existence and they are, therefore, not overly reliant
on the accuracy of predictions based on their assessments. Utilising the guidance of
principles that have been developed systematically, a prescriptive model can impart
expectations of the future that are likely to occur given the known conditions at the
time of the assessment.
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In other words, prescriptive models provide a prognosis, or expectation of the future,
rather than a prediction. This allows prescriptive models to be less reliant on the
success of their predictions than purely predictive models. For instance, whereas a
predictive model does not allow for the concept of guided intervention, a prescriptive
model is a tool designed specifically to guide such intervention. Although firms that
are assessed as being healthy (viable) by a prescriptive model could still fail as a
result of an unpredictable post-prediction event, the unexpected termination of those
firms would not render a prescriptive model invalid. Furthermore, the fact that
prescriptive models are not bound to only predicting failure or non-failure can provide
other benefits to users that are unattainable from a single-purpose predictive model.
For example, if a model being utilised possessed a supporting theoretical framework,
an analyst could assess whether a predictive failure was a consequence of the model
itself, or the result of an unpredictable event.

In any case, although it is recognised that attempting to limit the effects of business
failure through early diagnosis is a worthy goal, this study is not focused on
developing yet another singularly-oriented predictive methodology similar to those
that have been developed in the past. Instead, this study recognises that it should be
possible to assess the health of a firm and its ability to survive, regardless of its nature
and influences and the impacts of many types of unpredictable events. A major
benefit of an approach such as this is that it eliminates the dilemma of altered destiny.
Where they can be identified, potential failures may be avoided, or at least their
effects minimised, without the invalidation of a prescriptive methodology that was
utilised to identify their impending occurrence. Any action that staves off a failure
that would otherwise occur (particularly if informed by an analytical methodology)
would actually justify the merits of the model that was employed.
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As such, this study will seek to provide a theoretical framework that establishes what
is assumed to enable a firm to continue to trade. Utilising this as the foundation, it is
sought to develop a diagnostic tool that can be used to assess the ongoing viability of
a firm. The development of an empirically supported prescriptive model would enable
an informed prognosis of the likely foreseeable future of any firm that is to be
examined. Furthermore, such a model may also inform possible strategies and
interventions (and their likely success) that would improve the health and future
prospects of that firm. It is proposed that an understanding of what enables firms to
not fail will be much more valuable than a model that simply seeks to predict the
likely outcome between two options of survival or failure (without any indication of
timeframe). As a consequence, this study will favour adopting a prescriptive
methodology over a predictive one. The process of establishing such a model will
begin by exploring the merits and shortcomings of previous efforts to develop
prescriptive models.

2.6.1 Sales-Based Prescriptive Models for Products
Identifying the factors that are responsible for a firm being able to continue trading
should be the paramount objective for any attempt to develop a useful prescriptive
business-survival model. It could be argued that, in terms of the viability of a firm, the
most important of these potential variables is revenue. Although it has not been
directly linked to the viability of firms, the possibility that the ability of a firm to trade
were actually dependent upon sales has been indirectly explored through a great deal
of research on a concept known as the Product Life-Cycle (PLC). The PLC concept
referred to in this study is a time-dependent prescriptive model of sales. It contends
that, a product (as a genre rather than individually) has a demand life-cycle that
follows a distinguishable pattern of identifiable phases that are fundamentally
classified according to the rate of growth in their level of sales.
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The PLC is essentially a simplistic diffusion model that proposes a specific adoption
pattern that sales growth is assumed to follow (refer to Figure 2.1). The pattern begins
slowly during the introductory period, followed by a sharp increase during the growth
period that is subsequently followed by a levelling out during the maturity phase and
an eventual negative rate of growth during the decline period. Acknowledging that
subsequent versions were proposed which incorporated phases of renewal, this is the
traditional S-shaped representation (first attributed to Forrestor, 1958) that has
become synonymous with the PLC concept. The underlying assumptions of the
traditional model can be summarised formally as follows:

i) a product’s demand life cycle is dependent upon its sales; and

ii) sales follow a distinguishable pattern of identifiable phases.

Figure 2.1 Traditional Generalised Product Life-Cycle Model
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Although pioneers such as Cox (1967) and Polli and Cook (1969) concluded that the
empirical evidence they examined largely supported the PLC hypothesis, the concept
failed to generate significant support in disciplines other than marketing and
management and organisational theory. This may be because the products examined
did not exhibit life-cycle patterns that conclusively conformed to the one that was
specified by assumption ii) of the traditional hypothesis. It was instead found that,
given that different products will have different rates of acceptance, susceptibility to
competition, supplier vagaries and so on; few products conformed to the theorised
singular pattern. In fact, a number of researchers identified different possible lifecycle patterns for various types of products. For example, Lilien, et al (1992: p.513)
reported that Buzzell (1966) identified ‘...a scalloped life cycle pattern, ...representing
a succession of life cycles based on the discovery of new product characteristics, new
uses, or new markets’.

A study by Cox (1967) supported this variation with the finding of six typical patterns
for ethical drugs, of which a cycle-recycle pattern was the most common. This was
subsequently extended further with Lilien et al. (1992) highlighting that Rink and
Swan (1979) identified empirical evidence of 12 types of product life-cycle patterns.
This myriad of identified patterns is enough to ensure that analysts seeking to apply
the concept in any practical application are unable to rely on a singular pattern to
assist their contemplations. If, for example, the sales of a product were displaying the
characteristics of a decline phase, the critics of this concept could argue that an
analyst could not be certain whether the decline was terminal or simply a temporary
phase in a ‘scalloped’ pattern. In other words, the usefulness of the traditional concept
in any practical application would be severely limited if it had not adequately
addressed the causes of the patterns displayed.
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To this effect, Lilien, et al. (1992: p.515) reported that ‘Harrell and Taylor (1981) and
Theorelli and Burnett (1981) concluded that growth rates were only one aspect of the
product life-cycle, and factors such as innovation, economic cycles, competition and
supply constraints affected the life cycle as well’. Unfortunately, the fixation of early
researchers upon a predetermined pattern of activity instead of the causes driving the
outcomes rendered this model a descriptive one rather than a prescriptive one. Despite
this, it could be well worth considering that the discrepancies from the generalised
model may not be an indication of an invalid concept but, rather, evidence that the
course of destiny was altered by interventionist activities or other factors altogether.
Intriguingly, this criticism simultaneously embodies both the Achilles heel and the
great promise of the PLC concept. Whilst the latter was not recognised by its
detractors, it was certainly foreseen by one of its founders, Forrestor (1968: p.55) who
stated that, a benefit of a model is to ‘…make controlled experiments possible.

The effects of different assumptions and environmental factors can be tested. In the
model system, unlike real systems, the effects of changing one factor can be observed
while all other factors are held unchanged’. Consequently, if it were accepted that the
prescribed simplicity of the generally-espoused pattern was established for a
(theoretically) perfect world economy, then the existence of different shapes would be
expected for any factors that differ from the perfect world assumptions. It should be
kept in mind, for instance, that the very purpose of the marketing discipline is to alter
consumer behaviour to the benefit of those supplying goods and services. In fact,
Lilien, et al. (1992: p.517) noted that Wind and Claycamp (1976) and Dhalla and
Yuspeh (1976) are amongst those that ‘…feel that the product life-cycle concept is a
dependent variable, determined largely by marketer action, rather than an independent
variable to which firms should adapt their marketing programs’.
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It could be expected that if, demand was left to natural consumption behaviours, then
the prescribed PLC pattern could very well be the norm for every product supplied.
However, the interventions promoted by marketing theory often influence unnatural
consumption behaviours and, as a result, it could be expected that this would alter the
actual pattern of sales over time from the originally prescribed archetype. If, for
example, instead of abandoning a product exhibiting signs of decline, a series of
regular marketing campaigns were implemented to influence consumer demand for
the product (refer to Figure 2.2), a scalloped pattern of sales would not be an
unreasonable expectation. This could explain why products can seemingly experience
a number of revivals. Although it would not be a simple exercise, it could be possible
to design a study that sought inferential support for the existence of a perfect world
economy prescriptive PLC model. However, this would only be worthwhile if sales
were the sole variable that the lifespan of a business was dependent upon. It is
questionable, however, whether product sales can be held to be solely responsible for
the operational survival of a firm.

Figure 2.2 Model of Effects of Sudden Advertising Increase on Sales

Source: Reproduced from Forrestor (1968: p.189)
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2.6.2 Profit-Based Prescriptive Models for Products
It has been shown that there is no single diffusion pattern that, given the myriad of
factors that can affect sales, can be relied upon to assess how likely a firm is to fail
from a sales-only perspective. In fact, the ability of sales-based lifespan models to
assess longevity is limited by the reality that the complete absence of any sales will
not, in itself, cause a business to fail. Indeed, upon creation, a firm could avoid failure
indefinitely if it does not trade at all. Furthermore, the traditional assumption that any
positive growth in sales will extend a product’s life-cycle cannot overcome the
paradox from a suppliers’ perspective created by selling products at a loss. Although
selling a product at a loss could significantly increase the level of sales of a particular
product by making it more affordable, such a course of action will only cause
suppliers financial hardship that will be expected to expedite a product’s demise, in
terms of it being offered to the market.

Cox (1967) inadvertently supported this concept with his examination of ethical
drugs. Throughout history, mankind has suffered from ailments from which ethical
drugs have provided relief. Consequently, as long as there is a disease for which an
approved drug claims to alleviate its symptoms or even cure, then that drug should
generate some level of sales and, therefore, a life-cycle according to the PLC
hypothesis. Despite this, Cox (1967: p.378) found that only 41.5 per cent of ‘...754
products [ethical drugs] studied reached commercial birth...’ This means that nearly
60 per cent of products designed to relieve human suffering never commenced a lifecycle according to the traditional hypothesis. If ever a product would be expected to
generate sales, it would be an ethical drug designed to alleviate human suffering, and
it is, therefore, surprising that the majority of the products Cox examined were never
supplied commercially.
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The contention can be made that these products were not supplied because it would
not have been profitable for the suppliers to do so. If this is correct, and around 60 per
cent of those products never commenced a sales life-cycle because they were
expected to be unprofitable, this would provide strong empirical evidence that the
life-span of a product is not dependent upon its sales, but on its profitability. Evidence
to support this proposition can be gleaned from the work of Polli and Cook (1969:
p.397) who found that the ‘...life cycle is closely related to the theory of adoption and
is essentially a demand model, while actual sales depend on both demand and supply.
Hence, the life cycle applies best to those products where sales are not significantly
affected by variations in supply conditions’ [Italics added]. Polli and Cook (1969:
p.400) emphasised this point in their conclusion where they stated ‘The goodness of
fit found in this study depends most heavily on...the relative influence on demand as
compared with supply factors on sales, with the model showing its best performance
where demand factors are dominant [Italics added]’.

In spite of these misgivings, Polli and Cook (1969: p.399) found ‘...that 44 per cent of
all products exhibited a sales behaviour essentially consistent with the life-cycle (at
the .05 confidence level)’. This result would have been significantly stronger with the
removal of the restriction that the observed data must follow the life-cycle stages
exactly. Even Polli and Cook (1969: pp.386-387) state that, while ‘...the relationship
between the life cycle and the theory of adoption provides a plausible rationale for the
life-cycle model, the choice of a logistic curve between the introductory and early
maturity periods is an unnecessary restriction’. The concept of product life-cycles
being dependent upon profitability, of which an example is depicted in Figure 2.3,
was examined by others such as Randle (1964), Wilson (1965), Forrestor (1968) and
Wasson (1974).
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However, this work did not gain any more widespread support than the sales-only
based model, even though Randle (1964: p.46) argued that, ‘...as every product has a
sales life-cycle, it also has a profit life-cycle which starts down when sales are still
high or even increasing’ and that ‘…it is a more sensitive barometer, and its prewarning of decline gives planning time’. Despite this acknowledgement, there have
been no identifiable studies conducted to assess whether the lifespan of products are,
indeed, more dependent upon profitability. The lack of studies from this point of view
is not unexpected. It would be quite difficult to examine the lifespan of a product
based on profitability. For example, Dickinson (2008: p.3) noted that ‘…there is a
void in empirical research with respect to the relation between life-cycle and future
profitability because it is difficult to find a proxy that captures life-cycle at the firm
level’.

The task of assessing the profitability of a product that is being supplied by numerous
individual firms in geographically diverse markets would be an impossible task for a
researcher to assess. Whilst overall sales for any individual product might be
determined by obtaining the revenues from all of the firms that supply the product
(providing they are not multi-product firms), this task would not be able to be
replicated for the profits for a product. It is quite probable that the profit-dependent
notion did not replace the sales-only PLC concept (at least from an empirical
viewpoint) because expenses (the other variable in the profit equation) can only be
determined by reference to specific suppliers. That is, every supplier will have
different structures and, therefore, different levels of expenses – for the same product.
This is further complicated by the fact that, when a product ceases to become
profitable for one firm, it does not preclude other firms from successfully supplying
the product at a profit – especially if they have more efficient structures.

51

Figure 2.3 A Profit-Modified Version of the Product Life-Cycle

Source: Lilien, Kotler and Moorthy (1992: p.513)

2.6.3 Supplier-Oriented Prescriptive Models
In parallel to the development of the PLC concept, attempts were being made to apply
similar life-cycle concepts to the firms that were supplying the products and services.
In addition to efforts that attempted to similarly apply biological models of growth
over time, others have sought to challenge the long-held economic assumption of
profit-maximisation with alternative theories such as growth-maximisation, or have
ignored profitability altogether and merely sought to use a proxy such as cash-flow
for the organisational life-cycle. For various reasons, none of these alternatives have
been able to offer solutions that completely satisfy critical inquiry from both a
theoretical and empirical standpoint. The following sub-sections will briefly examine
these attempts in order to illustrate how this study aims to advance the understanding
of this particular field of inquiry.
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2.6.4 Biological Models of Growth for Firms
Organisational life-cycle (OLC) models proposed by researchers such as Greiner
(1972), Lyden (1975), Lavoie and Culbert (1978), Adizes (1979) and Kimberly
(1979) sought to utilise the same stages applied in the PLC model to describe the lifecycles of businesses over time. In fact, although the number of stages proposed has
ranged from very few, up to as many as ten, the most widely nominated stages are
identical to those that have been nominated for the PLC and are closely correlated to
the commonly understood biological phases of living organisms. Unlike the
counterpart efforts for products under the PLC concept, however, as noted by Miller
and Friesen (1984: p.1161), the ‘…overwhelming proportion of this literature is
conceptual rather than empirical’.

These theoretical discussions, and the few existing empirical studies for OLC models,
have been concerned with identifying the organisational structures, managerial
processes and various other indicators to identify the nominated phases of the OLC
model. Greiner (1972), for example, nominated five phases that were brought about
by different types of crises. Although the biological phases nominated are intuitively
appealing and despite the possibility that different life-cycle phases may well be
characterised by periods of crisis, it is more likely that the events that create the crisis
are more influential than a notion that is not easily identified and lack the
characteristic of simple measurement. However, it was recognised by Miller and
Friesen (1984) that, whereas the PLC concept utilises changes in the rate of sales to
identify the different life-cycle phases nominated, the OLC concept had lacked the
benefit of a similar, simple and uniform proxy, to readily enable the recognition of the
nominated phases.
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2.6.5 Growth-Maximisation Models for Firms
Another avenue of thought in relation to models of suppliers’ challenges the
fundamental economic assumption that firms are motivated by profit-maximisation.
Mueller (1972: p.199), for example, noted that the ‘…most formidable of these
[alternative theories of motivation] appears to be the hypothesis that managers
maximise the growth in absolute size of the firm’. Mueller (1972) attempted to link
the life-cycle of firms to the motivation of their owners or to the managers entrusted
with their operation. Although it is noted that there now exists an extensive literature
on alternative objectives to firm behaviour, this study will not pursue the examination
of this stream. This is supported by Mueller’s (1972: p.199) finding that, there was an
‘…inability of its proponents to produce empirical evidence that allows one to
discriminate between the growth and profit motives of managers’.

Furthermore, whilst accepting that the underlying motivation of the proprietors or
managers can undoubtedly impact the lifespan of a firm, it is unlikely that the variable
that ultimately determines the longevity of a firm is within the control of either of
these vested interests. Assuming that there would be little variation in the motivation
of vested interests in the activities of a firm over time and that the life-cycle of a firm
is dependent upon this motivation, there would be no evidence of variation in the
growth of a firm over time and, yet, even Mueller (1972) indicates that there is an
expected pattern of growth that is not constant. In fact, Mueller (1972: p.201)
proposed that the life-cycle of an innovating one-product profit-maximising firm
would follow ‘…the familiar S-shaped growth pattern…’ and that the firm ‘…which
came into existence to exploit the profit potential in a given idea, expires once all of
that potential has been exhausted’.
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This study acknowledges that the underlying motivation of the parties with vested
interests (such as the investors, for example) is the most likely variable responsible
for the initial creation of a firm. It is also accepted that these motivations (in addition
to the motivations of others such as management) will also influence the ongoing
operations of those entities to the extent that this is within the control of the specified
parties. Recognising that these motivations would, most likely, be unwavering over
the life of a firm, this study proposes that any pattern that contradicts that hypothesis
would support the notion that once created, the life-cycle of a firm is, in fact,
influenced by variables that are outside the control of those parties with vested
interests in the firm.

2.6.6 Profit-Maximisation Models for Firms
If profit were defined as resources generated by an activity in excess of the costs
incurred by the activity, then it would make intuitive sense that the primary way for
an entity to increase wealth is by providing a product or service profitably. Given this,
it would be preferable to examine the level of a product’s wealth contribution (profit)
over time (as well as the factors – revenue and expenses – that determine profit), from
the point of view of an individual supplier. This is, although only a slight distinction
from the earlier work of those that examined product profitability, a significant
variation. This is because the examination is no longer focused on the product being
supplied, but rather on the entity that supplies it. Discussion in earlier sections further
underscores the logic for this study to focus efforts on the suppliers rather than their
products. This is particularly true given that it is the individual cost structures of the
suppliers that will determine their ability to supply a product at a price supported by
the market.

55

In light of this, it could be argued that profitability is the variable that ultimately
determines the viability or otherwise of a firm. Indeed, one of the fundamental
economic assumptions relating to theory of the firm is that they are motivated by
profit-maximising objectives. Russell and Wilkinson (1976: p.123) utilise traditional
microeconomic terms to define profit (Equation 2.3) as the outcome of gross revenue
(Equation 2.1) less gross outlay (Equation 2.2).
R( p,v ) = p ⋅ q = p ⋅ f (v )

(2.1)

Where:
R = gross revenue;

p = price of commodity;

v = commodity used in the production process; and
q = amount of product produced.

n

O(w,v ) = ∑ w iv i

(2.2)

j=1

Where:
O = gross outlay;

w = fixed hourly wage rate;

n = number of commodities;
w i = the i th hourly wage rate used in the production process; and
v i = the i th commodity used in the production process.

n

n

j=1

j=1

π = ∑ piqi − ∑ piv i
Where:

π = profit.
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(2.3)

In essence, the profit-maximising condition assumes that a firm will trade in a
particular market for as long as it proves to be profitable to do so (refer to v˜ i in Figure
2.4). The profit-dependent condition proposes that the lifespan of a product, and also
that of the firm that provides it, will end when that product ceases to be profitable.
Russell and Wilkinson (1976) define this condition in Equation 2.4.
Max v (R( p,v)) − O(w,v))

(2.4)

However, despite its intuitive superiority, this profitability concept is subject to a
deficiency that is similar to that which exists for the sales-only concept. In this case,
the weakness is that, as depicted by the introduction phase in Figure 2.3, this concept
allows for a period where the supplier of a product will initially incur losses until the
point identified by v˜ i in Figure 2.4.

Whilst it is possible for firms to be immediately profitable, the general expectation
would be that a firm would take some time after inception to achieve profitability.
This would be particularly true if that firm has been created specifically to provide
one product or service that has yet to be developed. If a firm can continue trading
during periods of losses, then it not only raises the question of how this is possible, it
immediately renders the hypothesis that the ability of a firm to trade is solely
dependent upon profit as unlikely. The microeconomic model of a profit-maximising
firm (as depicted by Figure 2.4) appears virtually indistinguishable from the model
that was proposed for the modified PLC concept in Figure 2.3. The major difference
between the two models is that, whereas the PLC concept is time-based, the profitmaximising firm model is volume-based (dependent upon the value of vi).
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Figure 2.4 A Microeconomic Model of a Profit-Maximising Firm

Reproduced from Russell and Wilkinson (1976: p.155)

The variables within the Profit-maximising Firm Model are listed as follows:
R(p,•,v −i )

= the revenue curve which is a function of Equation 2.1;

O(w,•,v −i )

= the outlay curve which is a function of Equation 2.2;

Π(p,w,•,v −i )

= the profit curve (as an output of the revenue (R) and outlay (O)
curves) 3;

vi

= the break-even value of v i ;

vÝi

= the level of v i that would generate the optimum level of profit;
and

v˜ i

= the level of v i beyond which no further surpluses can be generated
(maximum level of profit).

3 The vertical distance between the revenue and outlay curves determines the value for the profit curve.
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2.6.7 Cash-Flow Prescriptive Models for Firms
It may be that the concepts that underlie the PLC can be utilised to more feasibly
explain the life-cycle of firms, than other propositions. For instance, though not
specifically referring to the PLC concept, even Mueller (1972: p.200) hypothesised
that the life-cycle of a ‘…one-product profit-maximizing firm…’ would follow the
‘…familiar S-shaped growth pattern…’. Having postulated that the fortunes of a oneproduct business will be inextricably linked to the fortunes of that product, it would
naturally encourage the belief that the life-cycle of a firm would adopt similar stages
and exhibit an identical pattern to that hypothesised for the PLC. Unfortunately, this
concept cannot be universally applied to all firms because there are numerous firms
that simultaneously offer more than one product and those products could reasonably
be expected to be in different lifespan phases.

Regrettably, financial information in publicly available documents is usually
aggregated and renders life-cycle assessments of a multi-product firm, based solely on
the life-cycle stages of its product offerings, almost impossible for an external analyst.
Dickinson (2008: p.3), for instance, noted that, in the case of multi-product firms,
‘…a firm’s performance is an aggregation of all of its product offerings, each with a
distinct product life cycle stage…’ and that, as a result ‘…firm level life cycle stage
may not exist or be difficult to assess because it is a composite of many overlapping,
but distinct product life cycle stages’. This was recognised in earlier literature, with a
model proposed by Wilson (1965) identifying that both the continued extension of the
lifespan of a firm and growth in revenue and profits actually relied on expanding
product offerings (refer to Figure 2.5).
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Figure 2.5 A Multi-Product Version of the Product Life-Cycle
Introduction
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Source: Wilson (1965: p.16)

Regardless of whether the variable in question is sales or profit, any scenario where
data can be heavily aggregated would make it extremely difficult to envisage how
traditional PLC style life-cycle models could be utilised to predict the future
performance of multi-product firms. Some researchers have attempted to resolve this
issue with the argument that it is neither sales nor profitability that dictates firm
survival but, rather, the level of cash flows that a firm can generate. Dickinson (2008),
for example, attempted to overcome this complexity by favouring cash-flows over
profit-contributions and not aligning those cash-flows specifically with the fortunes of
a product but, rather, the firm as a whole. Although earlier versions of this concept
adopted similar life-cycle phases as the sales and profit concepts (refer Figure 2.6),
Dickinson (2008) adopted an approach that had been pursued by others, such as Gort
and Klepper (1982), where life-cycle phases are classified according to the industry as
a whole.

60

Figure 2.6 Cash-Flow Based Corporate Life-Cycle

Source: Blacksacademy.net (2003)

It is felt, however, that adopting an industry-based classification methodology would
significantly dilute any benefits that may be associated with utilising cash-flows as
the determinant variable in the lifespan of a firm. It is, for example, intuitively
inappropriate to use the methodology of classifications devised by Gort and Klepper
(1982), which were intended for an industry as a whole, to classify the life-cycle
stages for the individual subjects that were examined by Dickinson (2008). Even if
the information related to cash-flows could greatly assist the prediction of the
magnitude of future performance, it is difficult to appreciate how any approach that
utilises industry-wide assessments to classify life-cycle stages for individual firms
could be considered appropriate given that, even Dickinson (2008: p.7) noted ‘…the
life cycle stages of individual firms within an industry vary…’.
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It would be more suitable, for instance, for any conclusions or assessments that were
made by researchers on the basis of the outputs of an investigation utilising an
industry-based methodology, to be deemed to be predictive only of the industry in
general, rather than the individual constituents of that industry. Inferences that are
made to specific firms under such an approach could only be considered
‘circumstantially’ indicative for the individual firms selected for examination. This
belief is strengthened by the knowledge that a blanket industry-wide assessment is
compromised by any situation in which firms within a specific industry have
diversified offerings. That is, a firm may simultaneously offer industry-relevant
products that are in one life-cycle phase whilst trading in other products from a
different industry in a different life-cycle phase. It may be, in these circumstances,
that the products from one industry will be counter-balancing the effects of the
products from the specific industry under examination.

In any case, although it is accepted that the use of cash-flow information is a different
approach, its proponents ultimately fail to identify why cash could be a more
legitimate proxy for the representation of the life-cycle of a firm than either profit or
sales. In fact, there are studies that have compared the relative predictive capabilities
between cash-flow information and profitability variables and have found that there is
little difference between cash-flow and accrual information in terms of their ability to
assist assessments relating to life-cycle stages and future performance. This could not
have been made any clearer than the conclusion made by Aharony, et al. (2004: p.2),
for example, who found that ‘…the power of the cash flow information set to explain
concurrent return on the firm’s equity is not significantly different from that of the
accrual accounting set’.
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2.7 Expendable Resources Hypothesis
In a similar fashion to the biological models of a firm life-cycle, the underlying
hypothesis of this study has been informed by the life-cycles exhibited in nature
(Osland, 1991). It is understood, for example, that living organisms have life-cycles
that are largely governed by genetic blueprints and their ability to sustain life through
nutrients (Malthus, 1798). In addition, it is further acknowledged that biological
organisms are also at severe risk from unpredictable external influences, such as
accidents, illness or predators. Although not a living organism, it has been postulated
that, just as every living organism will have a biological life-cycle, every legallydefined business vehicle will experience an equivalent form of life-cycle. With this in
mind, and although others have considered alternative proxies to classify firm lifecycles, this study mirrors the underlying biological factors to form the view that the
lifespan of every firm is dependent upon its genetic blue-print (initial investment
endowment) and its ability to sustain life through nutrients (profitability).

If a firm lifespan were, indeed, dependent upon the level of resources at their disposal,
it would be reasonable to expect that a firm will be able to continue trading so long as
it has a sufficient level of resources to enable it to do so. If this hypothesis is valid, the
fundamental question that will need to be answered first is what are the resources that
enable the continued operations of a firm? It could be argued, for example, that, at the
time of inception, every firm will commence their lifespan without any resources that
were self-generated. This inherently necessitates the utilisation of resources that were
provided by sources that were external to the business entity itself. Depending upon
the conditions that were associated with the resources provided to the firm, that
funding would be classified as either debt or equity based contributions.
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Instruments of debt are provided at a very real cost (interest and repayment of
principal) that reduces the profitability and resource availability over the life of the
debt instrument. Given this, it could reasonably be extrapolated that a true profitmaximising firm would be free of any form of debt instruments over its lifespan (to
avoid the loss of resources to interest repayments). This proposition could be
countered, however, with the argument that a firm is a wealth-maximising entity for
the investors and that, if the firm could generate returns greater than the net cost of
debt, then this would be the preferable means of funding for an investor seeking to
maximise their own return on investment. The latter scenario becomes more palatable
for managers (particularly of publicly-listed firms) when their performance is, as is
often the case, assessed via an earnings per-share ratio. This is because the values for
this measure would be better for the same level of income, whereas debt involves an
increasing ratio-to-equity. This form of performance criterion (particularly in low
interest rate periods) greatly encourages managers to increase the level of debt to fund
growth.

Unfortunately, given that this funding source is not as flexible as equity if earnings
are not sufficient to meet repayment obligations, a higher level of debt has a much
higher risk of inducing failure. An alternative option to fund resource growth (if
possible) is the utilisation of equity-based sources. Whilst recognising that this will
lower the risk of the failure of a firm (by reducing fixed interest/principal repayment
outlays), it is also acknowledged that this source could involve distilling the
ownership and returns to existing shareholders. As a consequence, not only will
managers naturally prefer not to utilise this source of funding, their shareholding
employers will also be disappointed at seeing the value of their investment diluted.
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There is, despite an acknowledgement that this form of finance is absent in the initial
stages of the lifespan of most firms, a third option for financing commercial
operations for which the benefits are often overlooked. 4 Accepting that some
shareholders may be motivated by maximising the level of their dividend returns, the
source in question is the earnings retained from the profits generated by trading. The
superiority of retained earnings arises from the fact that they are business-generated
resources that have been re-invested to allow the firm to earn additional revenue from
those resources at no real cost. 5 This maximises the earning potential of that firm and,
ultimately, the total value of the overall investment of the owners. Unlike debt-funded
resources, Retained Earnings do not have associated borrowing costs that reduce
overall profitability and, unlike equity-funded resources, they do not lower the returns
per share. In fact, this funding source actually increases the calculated returns per
share.

Despite the apparent superiority of internally generated resources over both debt and
equity-financed resources, there has not been an identified study to date on the effects
of internally-generated wealth on the lifespan and growth of firms. The importance of
Retained Earnings is magnified by the fact that this source is a direct outcome of the
trading operations of a firm. The answer to this apparent vacuum in research may lie
with the observation that the models and concepts depicted by Figures 3 and 4
inherently assume that losses incurred in the early stages of life-cycles must be
utilising resources obtained from other sources to enable continued trading. It can be
further inferred from this line of reasoning that the lifespan of a firm would be
dependent upon having a sufficient level of those resources to enable it to continue to
meet its obligations.
4 This is probably because the ultimate ownership of those resources is considered to rest with the proprietors
(equity) and, therefore, is usually not considered as a separate source of funding.
5 Although Retained Earnings do have an opportunity cost, and time value.
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Regardless of the significance of the level of resources at a firms’ disposal,
profitability from the supplier’s viewpoint remains important. It has been proposed by
this study that, although the continued existence of a firm may be reliant on its level
of resources, the level of those resources is, in turn, assumed to depend on that
entity’s ability to generate, maintain and increase those resources through profitable
trading. Both the influence of the level of the resources of a firm and its profitability
on the longevity of a firm are, consequently, combined to formulate the basic premise,
or hypothesis, of this study. That is:

The lifespan of a firm (λ) is dependent on its level of resources (Z) (H0: λ ≠ Z > 0
and H1: λ ≠ Z > 0) and its ability to generate, maintain or increase the level of its
resources through profitable trading.

2.8 Definition of Resources
Noting that the hypothesis of this study states that the life of a firm is reliant upon a
variable termed ‘resources’, it follows that this term should also be defined and
explored. The specific question that needs to be answered is; which resources can
be identified as the wealth that firm longevity is assumed to depend upon? In
attempting to answer this question, this study draws on existing accounting
principles that state that a firm is an entity in its own right and separate even from
the owners of that firm. This distinction is vital when trying to assess whether the
wealth that is critical is the wealth that is contributed from either internal or external
sources – such as this study is seeking to examine. This is particularly important
given that, to date, there have been no known studies that have attempted to assess
the significance of internally-generated wealth to longevity.
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It can be argued that, given the nature of the equation it represents, the purpose of
the balance sheet is to record the assets (or resources) of a firm and the sources of
their contribution to a firm. As such, it could be reasonable to expect that all of the
resources that a firm has at its disposal are the Total Assets reported in a balance
sheet. There are, however, many firms that generate income from resources that are
never reported on a balance sheet. Service-based industries such as accounting
firms, for example, derive most of their income from their employees and yet none
of their staff will be listed in their balance sheet as assets. If an accounting firm, for
example, doubled their staffing complement, the amount of income it could
generate might double as well (assuming sufficient income inflows for the
increased capacity). In terms of the resources at its disposal to service demand,
none of this growth would appear in the firm’s balance sheet.

Similarly, non-human capital (such as plant and equipment, for example) are quite
often leased (operating) rather than owned outright and yet they perform the same
function in earning revenue for the firm. The existence of resources that are not
reported in the balance sheet could have presented a problem for a definition of
resources that could be readily identifiable from financial statements. In reality,
however, the use of non-balance sheet resources is reflected through the income
statement by recognising their associated costs as expenditure. As a result, their
contribution towards wealth creation is rightfully acknowledged and accounted for in
the financial statements of a firm through the profit and loss statement. The essential
difference between the two types of resource utilisation (balance sheet or off-balance
sheet) relates to the implications of their disposal. In times of financial distress, a firm
can limit the extent of deficits incurred by relinquishing resources that are not owned
outright by a firm (where legally able to).
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In comparison, most balance sheet resources can be converted into resources that
could finance the continuing operation of firms incurring deficits. 6 The resources that
are the focal point of the hypothesis of this study are, consequently, those that a firm
can utilise to enable continued trading. In light of the previous discussion concerning
the convertibility of resources, it could be inferred that the resources the lifespan of a
firm is defined to be dependent upon are all of the resources reported in the balance
sheet. It is not questionable that all resources listed as assets in the balance sheet of a
firm are under the stewardship of that firm. Notwithstanding this, it is not
automatically true that the unhindered ownership of those assets is attributable to that
firm. At their very inception, there is no ability whatsoever for any firm to have
generated resources of its own accord. Consequently, all assets that a firm commences
operations with would have been provided to it by outside parties, such as the
proprietors of the firm (equity), or through some form of borrowing from other parties
(debt).

Bishop, et al (2000: p.337) define equity to consist ‘…primarily of ordinary shares.
These differ from debt securities in that they are residual claims rather than
contractual claims, having the lowest priority when it comes to claims to a firms’
income and assets’. Equity also has ‘…no maturity date so are outstanding as long as
the firm continues to operate’. Bishop, et al, (2000: p.336) define debt as representing
‘…a contractual claim on the firm committing the firm to fixed periodical payments
over a defined period of time’. In other words, it is well understood that resources
provided to a firm through debt arrangements have very strict conditions attached to
them and ultimately not only have to be repaid, but they also come at a specific and
identifiable cost to the firm that curtails the overall level of profit-maximisation of
that firm.
6 This is based on the assumption that the resources that are converted are not essential for continued trading.
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2.8.1 Use of Accounting Variables and Concepts
In a similar manner to non-balance sheet resources, the wealth provided to a firm by
debt sources also allow that firm to generate income through the utilisation of those
assets. However, as the resources contributed to a firm by debt sources must
ultimately be repaid and are, in truth, owned by outside parties, the value of such
assets must be deducted from the total resource value at the disposal of the firm. This
is in recognition that these resources should not be utilised to fund trading losses.
Further guidance on the definition of resources can be derived from the laws and
conventions of accounting. The accounting treatment and reporting of business
transactions has a significant impact on the definition of resources for this study. This
is because it is intended to obtain the information that will be utilised to examine the
hypothesis of this study from reports prepared under these doctrines. Consequently, it
is felt that it is imperative to examine these practices in an endeavour to generate
insights into the definition of resources.

According to Chambers and Dean (1986: preface), ‘…accounting is the recording and
periodical summarising of the financial consequences of the interactions of a person
(legal or natural) with the rest of the world…’ and, despite Mitchell and Granof
(1981: p.1) describing accounting as ‘...a dynamic discipline in which principles and
procedures are constantly being challenged and refined…’, the rudiments have not
altered since Pacioli formalised the system in the 15th Century. Accounting doctrine
defines five categories into which all financial transactions are classified. These are
Assets (A), Liabilities (L), Proprietorship (P), Revenue (R) and Expenses (E). These
categories are combined into two fundamental equations that are designed to describe
the financial position (Equation 2.5) and trading performance (Equation 2.6) of a firm.
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The outcome of Equation 2.6 is termed the trading result (profit or loss) and is
identified in Equation 2.6 as the variable ‘ π ’. This variable is not specifically defined
as one of the fundamental major categories in accounting and is, therefore, the only
‘inferred’ variable in accounting doctrine.
A=L+P

(2.5)

π =R−E

(2.6)

It can be argued that these equations express the two parts of the hypothesis in this
study. The first part of the hypothesis that a firm is dependent upon its resources can
be held to equate to the financial position (or accounting balance sheet) Equation 2.5.

The second part of the hypothesis that a firm is also dependent upon its ability to
maintain or increase the level of those resources, can be argued to equate to the
trading-related Equation 2.6. Traditionally considered as being very independent, it is
easily overlooked that these equations are actually inter-connected. This is because

()

the Proprietorship variable (P ) is, in fact, a combination of Introduced Capital Cˆ

and Retained Earnings (π r ), the latter of which is a residual of trading (R − E ) over
time (t ). 7 If the variable P in the balance sheet (Equation 2.5) is amended to highlight
this relationship, all five classifications (and two current equations) can be combined
into a single equation as follows:
T


ˆ
A = L + C + ∑ (R − E)
t1−n



(2.7)

7 The accent on the variable introduced capital ( Cˆ ) is not traditionally associated with this variable in the
accounting literature. It has been added for the purposes of this study so as not to confuse this variable with the
traditional economic variable of consumption ( C ) that will be also referred to in this study.
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Having previously identified that debt-funded resources must ultimately be repaid in
their entirety, modern accounting practices reflect the external party ownership of
those resources by presenting balance sheet information in a format that is referred to
in accounting doctrine as Net Assets. This concept is represented by the following
equation:
P = A−L

(2.5a)

In a similar vein to Equation 2.6, the variables in Equation 2.5a can also be reorganised so that all of the variables of the trading and balance sheet equations can be
depicted within the one equation. Whilst also recognising that their capital
contribution is a separately-identifiable element, the resulting Equation 2.6a states
that the owners will ultimately gain the benefit of any profitable trading (as well as
bear the brunt of any unprofitable trading). Equation 2.6a, or the Expendable
Resources Equation, defines the resources that a firm is able to expend in periods of
deficit whilst remaining operational.

T


ˆ
A − L = C + ∑ (R − E)
t1−n



(2.6a)

If assets are formally defined to either belong to the debt or equity providers and, if
Equation 2.3a is the final form of the equation that defines a firm, then no resources
are defined to belong to the firm. Fortunately, however, the accounting principle of
separation provides further guidance in this respect. Godfrey, et al. (2000: p.91) held
that entity theory ‘...starts with the fact that the company is a separate entity with its
own identity’.
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Godfrey et al, (2000: p.91) additionally noted that Martin (1987) identified the two
related assumptions ‘… embodied in the notion of an accounting entity…’ as:
1. Separation. For accounting purposes, the enterprise is separated from its
owners.
2. Viewpoint. Accounting procedures are conducted from the viewpoint of the
entity’.
Godfrey et al, (2000: p.93) also argue that ‘…owners and creditors are seen simply as
equityholders, providers of funds…which is embodied in the Equation ‘Assets =
Equities’. Godfrey et al, (2000: p.94) further argue that:
‘Paton believes that the Equation is the most logical expression of the financial
condition of the firm. Equities represent rights or claims on the assets of the
entity. Creditors have a specifically determinable claim and shareholders have a
residual claim on the assets in case of dissolution. From the standpoint of the
entity, however, creditor and shareholders are providers of funds. Shareholders
have no claim to any particular asset, not even to the income of the company’.

Therefore, based on the theoretical arguments of separation and viewpoint, the claims
by the owners and creditors against the assets must be offset against those assets with
neither laying (direct) claim to any wealth generated by the entity on its own accord
(Retained Earnings). Regardless of the ultimate ownership; however, if the concepts
of separation and viewpoint were extended to their logical conclusion, it could be
argued that entity-generated wealth (or Retained Earnings) would be the only
resources that actually belong to the business. These are the only resources that a
business generates of its own accord and have not been directly contributed to the
business by way of borrowing from any external party.
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With this in mind, the trading component of proprietorship should be transferred to
the left-hand side of the equation. Although this will separate the trading and resource
mix functions again, the resulting Equation 2.8 will provide the ultimate expression of
the entity concept by representing the value of resources that can be totally
attributable to the firm and simultaneously embody the two assumptions that underlie
the hypothesis of this study.

T

∑ (R − E) = A − (L + Cˆ )

(2.8)

t1−n

If the survival status, or life (λ ), of a firm was dependent solely upon its ability to
self-generate resources (profitability), then it could be expected that a firm would fail
if the left side of its representative Equation 2.8 ever fell below zero. However, it is
understood that few firms will be able to be immediately profitable and will,
necessarily, initially trade in deficit. In theory, a firm can trade in deficit until the
whole value of its assets (A) has been expended fully. In practice, the creditors of that
firm

(L) would seek to have their interests protected well before this occurs.

Therefore, the only other option capable of financing trading deficits is introduced
capital (Cˆ ) . This variable represents the only resources that a firm can expend fully
through cumulative trading losses and yet remain solvent. Consequently, it could be
stated that the survival (or life) of a firm depends upon its accumulated trading and
introduced capital being greater than zero (Equation 2.9).
T

ˆ

λ = ∑ (R − E ) + C  > 0
 t1−n
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(2.9)

Despite the importance of Equation 2.8, it does not supersede Equation 2.9. This
recognises that, for most firms, self-generated resources will not usually exist for
some time after the gestation phase and, therefore, the impact of Introduced Capital

(Cˆ ) on the ability to continue trading cannot be overlooked. Furthermore, Equation
2.9 was developed from Equation 2.8 as it states that a firm can only continue to
operate so long as the resources that it can utilise to trade through periods of deficit
have not been exhausted. This encapsulates the part of the hypothesis stating that the
lifespan of a firm is dependent upon its expendable resources, and has been defined to
equate to Introduced Capital (including Reserves) and Retained Earnings.

2.9 Conclusion
This chapter has identified that there is a need to understand the financial life-cycle
of a firm and how the interaction of economic concepts and forces will impact the
longevity of that firm. The limited focus of many previous efforts to focus on
attempting to only predict the demise of firms was also explored. Ultimately, it was
concluded that a prescriptive model (the Firm Lifespan Model) would be far more
useful than a simple binary-outcome prediction model. It was also identified that
previous hypotheses about what was the most substantial determinant of the
longevity of a firm were insufficient to adequately explain the financial evolution of
a firm over its lifespan. This study proposes that the missing aspect to those earlier
efforts is the lack of acknowledgment of the influence of resources on firm
longevity and also proposes a model to illustrate this importance that is tested in
this study.
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CHAPTER 3
BINARY-OUTCOME FIRM SURVIVAL PREDICTIVE CONDITIONS
3.1 Introduction
Previous efforts in the field of business failure prediction were dependent upon
single-purpose binary-outcome models to make the predictions. These models were
based on the concept that the operating status of a firm was a binary option of
surviving or failed. Some of these efforts utilised accounting ratios because it was
considered that they would indicate the imminent exhaustion of the resources that the
operations of a firm were assumed to be dependent upon (Beaver, 1966). Others (such
as Altman, 1968), employed an approach where statistical classification methods were
applied to direct comparisons of surviving and failed firms (Balcaen and Ooghe,
2006).

Chapter 2 identified a number of reservations about the utility of sole-purpose binaryoutcome predictive models. In particular, these included the selective limitation of
predictive options (Chapter 2.5.1), insufficient supporting theory (Chapter 2.5.2) and
the paradoxes of unpredictable events and altered destiny (Chapter 2.5.4). In response,
this study proposed that a prescriptive model (such as the Firm Lifespan Model that
will be developed in Chapter 4) would have greater utility because it would be less
susceptible to these same issues. Although the hypothesis of this study has two parts,
it is the main contention of the hypothesis that the lifespan of a firm is dependent
upon the level of Expendable Resources that the firm has available. It is the intention
of this study to assess the supportability of the overall hypothesis and by utilising the
prescriptive model developed by this study in Chapter 4. In turn, given that it will be
the first time that the model itself will be assessed, the efficacy of the proposed
prescriptive lifespan model will be compared against more conventional binaryoutcome conditions.
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For this comparison of approaches to be most reliable, the binary-outcome conditions
that will be used for comparison must be related to the resource capacity of the firms
being assessed. As such, it will be necessary to specify the binary-outcome conditions
and how they relate to the different concepts of resources that will be used in the
comparison. Given that many of the predictive variables utilised by previous efforts
were not specifically related to the resources of a firm, it is considered that an analysis
of the construct of the models of previous efforts and how they relate to the specific
hypothesis of this study is necessary. Consequently, although this chapter will briefly
examine those efforts, this study will not specifically employ the identical models and
methods they utilised for the comparison in this study.

Following this review of previous efforts, this chapter will develop binary-outcome
predictive-condition models for the different concepts of resources (identified in
Chapter 2) that may be the most relevant to the longevity of a firm. These models will
be based on the direct relationship between the level of the different definitions of
resources and the binary-outcome operational status possibilities of surviving or
failed. Noting that the first part of the hypothesis states that life will be dependent
upon the level of resources, these conditions will not be expanded to include other
possible variables such as Revenue, Expenses or Profit. These conditions will be
developed such that static (single period of time) and longitudinal aspects will be
considered. It will be the predictive conditions developed in this chapter that this
study will utilise to compare the both the supportability of the hypothesis and also the
efficacy of the prescriptive firm lifespan model in comparison to the specified binaryoutcome conditions.
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3.2 Financial Ratios as Predictors of Failure
It was noted in Chapter 2 that many predecessors to this study utilised traditional
accounting ratios or statistical-based methods to ascertain whether a firm would be at
risk of failure. Therefore, it could be expected that this study would utilise the same
tools as those studies as a direct comparison of the efficacy of the model proposed by
this study. In their examination of the models that had been developed to the time of
their analysis, Balcaen and Ooghe (2006) identified that there were numerous such
studies that utilised many different variations of those two types of models. This study
contends that, while there may have been implied hypotheses in those studies
surrounding the mechanisms by which they were expected to be successful, the
absence of an overarching theory to guide their utilisation was duly noted.

The theory and logic developed in this study to support the creation of the proposed
Firm Lifespan Model could certainly be used to sift through those earlier models for
relevance to the hypothesis of this study. It may even be possible that the binomial
predictive conditions proposed in this study could be identical to those used in
previous studies. Despite these possibilities, the hypothesis of this study is very
specific about the proposed relationship between the level of the resources of a firm
and its longevity. Furthermore, this study has identified that there are at least four
different notions of what the most relevant definition of resources could be. As such,
the binomial predictive conditions to be used for the comparison to the FLM would
need to specifically replicate the hypothesis conditions identified in this chapter. The
commonly accepted ratios that have been used in the past for attempting to predict the
failure of firms have not been developed to consider different definitions of resources.
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It is noted, for instance, that whilst they were initially developed as a means of
assisting the measurement of the financial performance of businesses, Beaver (1966)
utilised accounting ratios as a means of predicting the failure of firms. Although the
ratios selected for his study ‘…were based on their frequency of appearance in
nineteen financial-statement analysis texts’ (Beaver, 1966: p.78), a series of
propositions were nevertheless provided by Beaver (1966) to defend the selection of
ratios from a theoretical standpoint. These propositions were, in turn, based on the
statement that the ‘… firm is viewed as a reservoir of liquid assets, which is supplied
by inflows and outflows’ (Beaver, 1966: p.80). This statement was extended by
Beaver (1966: p.80) such that the ‘…solvency of the firm can be defined in terms of
the probability that the reservoir will be exhausted… (i.e., failure)’. While there was
no specific hypothesis expressed by Beaver, these statements could be restated or
interpreted to state that the viability (life) of a firm depends on the level of its
resources that enable it to trade.

The inflows and outflows (predominantly trading but also influxes from shareholder
investment) determine the levels of those resources. It appears, therefore, that Beaver
(1966) was attempting to ascertain whether financial ratio-analysis would provide
empirical evidence to support the hypothesis that the life of a firm is dependent upon
the level of ‘liquid’ resources and its ability to adequately maintain the level of those
resources. Unfortunately, because this hypothesis was not expressly stated, the ratios
chosen were not screened for the purpose of directly testing this hypothesis. Instead,
the ratios selected were chosen by the extent to which they were promoted in the
literature of the time. There was an inferred (and possibly valid) expectation that the
ratios selected would adequately proxy the relationships of the four identified
definitions of resources with the probability of failure.
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Having noted the binomial nature of failure (a firm is either surviving or failed), the
work that Beaver and others that followed pursued with ratios only helped to identify
the likelihood of a firm about to fail based on a specific measurement at one point in
time. While taking the same measurement over time (as Beaver, 1966 did) would
provide a trend that could indicate a direction in the level of ‘health’ and viability of a
firm, it doesn’t assist an analyst with understanding the underlying causes of the
situation. For example, are there too many competitors entering the market? Have the
costs of production caused the firm to become less sustainable? Is the declining level
of resources only a manifestation of the fact that the firm is in a start-up phase and
expected during this time? Not being able to assist with answering these questions is
what ultimately results in accounting ratios and statistically-based models having
limited use for the purposes of failure-prediction and management of the operations of
a firm.

3.3 Concepts of Resources and Binary Incidences of Failure
The base hypothesis of this study that the lifespan of a firm is dependent upon the
level of its Expendable Resources could be argued to be a binary outcome statement.
If the level of these resources is greater than zero, then the firm should be able to
continue to operate (survive). If the level of these resources is less than zero, then the
firm should have ceased operation. Although the defined-dependency may be
different to previous efforts, this survive/fail possibility is the binary-outcome
condition that is at the very heart of all previous efforts of predicting business-failure.
It is only natural, therefore that this study compares the proposed prescriptive models
ability to predict survival/failure in comparison to simple binary-outcome condition
models. As a result, this chapter will define binary-outcome models in an effort to
establish a baseline for the assessment of the FLM proposed in this study.
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At the heart of this analysis is the expectation that the binary proposition between a
status of survival and failure is adequately related to the hypothesis that this outcome
is dependent upon an adequate level of appropriate resources. Consequently, it is
expected that there should be no instances of involuntary cessations as a result of an
inability to trade in circumstances where firms had resources that were defined to be
sufficient to enable continued trading. This Chapter will, therefore, seek to propose
binary-condition models for each of the different concepts of resources that were
identified in Chapter 2. This will allow the study to determine if the specified concept
of Expendable Resources has any greater predictive capacity than the other
definitions. This will also form the baseline for the analysis of the FLM.

3.4 Binary Model Examination of the Hypothesis
If the longevity of non-biological entities such as firms is not restricted by a
chronological time limit, then it is possible for any particular firm to have a lifespan
that ranges from an extremely short period of time to possibly never ending. The
inanimate nature of firms intuitively renders the use of time-based analytical
methodologies inappropriate and simultaneously neutralises the predictive capacity of
chronological time assessments. This observation indicates that, far from being an
influential variable, the chronological timeframe of the lifespan of a firm is more
likely to be a dependent variable that is the outcome of the interactions of some other
independent variable(s). This forms the underlying hypothesis proposed in this study
that specifies that the source of this influence on longevity is resources. This can be
formally stated as the period of time that a firm can survive for (tn) is defined by the
length of time in which the resources ( Z ) of that firm are greater than zero (Equation
3.1).
T

t n = ∑ (Z > 0)
i=1

80

(3.1)

It is important to note that Equation 3.1 is almost identical to the concept contained
within the first part of the hypothesis of this study, as expressed by Equation 3.2,
which defines the survival, or life ( λ ), of a firm is dependent upon the level of its
resources being positive.

λ = (Z) > 0

(3.2)

The critical difference between these viewpoints is that, whilst Equation 3.1 focuses
on the length of time a specific variable displays a certain characteristic, the formal
hypothesis (Equation 6.2) is concerned with the binary possibilities of that
relationship (that life is dependent upon positive resources) at any one point in time.
Although the distinction between the two statements in Equation 3.1 and 3.2 is subtle,
this difference has a far-reaching influence upon the design of the study to be
performed and it is, therefore, critical that the two statements are not confused during
the design phase. While the examination of both statements would be based on the
same characteristic for the same independent variable (the level of resources), the
different focus on outcomes should require different analytical methodologies to be
performed.

For example, whereas the time-based perspective of Equation 3.1 would naturally
encourage a tendency to utilise time-series based methodologies, the examination of
the proposition described by Equation 3.2 (which defines binary outcomes of singular
events) would benefit from examination through binary response techniques, for
instance. It should be noted that, because Equation 3.1 requires the independent
variable to exhibit the same characteristic for the entire lifespan of a firm, the
individual time periods in this relationship are not autonomous.
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The examination of Equation 3.1 would, therefore, necessitate a pool of subjects for
which the length of their entire lifespan is known. This may result in a non-randomly
selected sample that could limit the value of the study outcomes. The relationship
expressed by Equation 3.2, however, has no reference to time periods at all and as a
binary proposition, allows every period of data to be examined independently of each
other. As such, the examination of Equation 3.2 would not require the selection of
firms for which data over their entire lifespan (to that point) is available in the same
manner that was identified for the assessment of Equation 3.1, and the selection pool
for subjects for the examination of Equation 3.2 should, consequently, be less affected
by shortcomings associated with non-random selection.

If the hypothesis of this study has any substance, it would be expected that it would
not be possible for a firm to continue operating when the appropriate form of
resources at its disposal have been exhausted. Based on the definitions and issues that
were established and identified in Chapter 2; the formal hypothesis of this study was
formulated to state that the survival, or life ( λ ), of a firm could continue so long as
the level of appropriate resources is positive ( Z > 0 ). This hypothesis can be formally
expressed as follows:

H0 : λ ≠ Z > 0

and

H1 : λ = Z > 0

Although the statement itself is relatively simple (and seemingly straightforward),
there were a number of definitional issues that were generated by possible variations
in various terms in the statement.
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In particular, although this study proposed that the most influential form of firm
resources on their longevity was Expendable Resources, the mere existence of other
definitional forms of resources raised the possibility that these other forms may, in
fact, be even more influential. In order to eliminate the possibility that other
definitions of resources may be more responsible for firm longevity than the form of
resources defined by this study, the analytical approaches adopted for the analysis of
this hypothesis should be applied to the different definitional forms of resources that
were proposed. Consequently, the study hypothesis will need to be examined and
formally expressed from the viewpoint of each notion of resources with the conditions
and approach that will be described in the sections that follow.

3.4.1 Total Assets as the Definition of Resources
The first definitional concept of resources that may be responsible for the longevity of
a firm are its Total Assets (A) (refer to Equation 2.7) and can be expressed thus:

Hypothesis, Part 1, Resources Notion 1 (Total Assets):

H 0 : λ ≠ A > 0 and H1 : λ = A > 0

This version of the hypothesis statement is a very simple binomial statement. If the
value of the Total Assets of a firm is greater than zero, then that firm should be
surviving. Conversely, if Total Assets have been completely exhausted, then that firm
should have failed. With this in mind, the firms that will be assessed by this study will
be subjected to the very simple analysis of comparing the value of Total Assets with
their survival status. Unlike the other definitions of resources, there will never be a
situation where the level of Total Assets of a firm will be negative.
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3.4.2 Retained Earnings as the Definition of Resources
The second notion of resources that will be examined by this study is the level of firm
Retained Earnings (as expressed by Equation 2.8). This form of resources is the only
one that has been defined by this study to have been generated by the firm itself.
Although the hypothesis of this study contends that the survival of a firm is dependent
upon the level of resources that enable it to continue to trade, the Retained Earnings
definitional version of resources has a secondary level of significance because it is the
end product of the trading component of the activities of a firm. In other words, this is
the variable that represents the trading component (or the second branch of the
hypothesis) of the symbiotic relationship defined by the overall hypothesis. The
T

notion that Retained Earnings:

∑ (R − E) or π r is the definition of resources that the
t1−n

life of a firm can be held to be dependent upon can be expressed thus:

Hypothesis, Part 1, Resources Notion 2 (Retained Earnings):

H 0 : λ ≠ π r > 0 and H1 : λ = π r > 0

In a similar vein to the Total Assets condition identified in Section 3.4.1, the
condition relating to Retained Earnings is also a binomial statement. If this
definitional version of resources is responsible for the survival of a firm, then it would
be expected that, when these resources of a firm have been exhausted, the firm would
have failed. Unlike the Total Assets definitional version of resources, it is possible for
the level of Retained Earnings to be negative. A firm can have a negative level of
Retained Earnings but still have a positive level of overall resources because the Total
Asset value for such a firm will be greater than the negative level of Retained
Earnings.
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The fact that Retained Earnings can be negative but, the level of a firms’ overall level
of resources can still be positive, creates two possible ways to examine this version of
the hypothesis. The first of these viewpoints is the simple approach that a firm will
survive if the level of Retained Earnings is greater than zero and it will fail if the level
is less than zero. The second viewpoint is that because Total Assets represents all of
the available resources that a firm can liquidate to meet its obligations, a ratio can be
determined which indicates the proportion of Total Assets that the level of the
Retained Earnings of a firm represents. This notion contends that, so long as the
overall level of Total Assets is larger than any level of negative Retained Earnings,
then that firm will be able to continue to operate and survive. Because the level of
Retained Earnings can be assessed as a ratio of Total Assets but, also independently,
both approaches will need to be considered in this study.

3.4.3 Net Assets as the Definition of Resources
The third notion of resources is also the legal definition of solvency. Noting that, for a
firm to be solvent it must be able to meet its debts and obligations as and when they
fall due (James et al, 2004), the third notion of resources is the Net Assets of a firm.
This level of resources is determined by deducting the debts and obligations of a firm
(Liabilities or ‘L’) from the Total Assets of the firm (A). This relationship is formally
be expressed by the Net Assets Equation 2.5a. Alternatively, it can also be identified
by the single accounting variable of Proprietorship ( P ). This variable represents the
value of resources that is left for the owners (proprietors) once the obligations to other
parties have been met and equates to the value of Net Assets. Consequently, this
version of the hypothesis can also be expressed in the following format:

Hypothesis, Part 1, Resources Notion 3 (Net Assets):

H 0 : λ ≠ P > 0 and
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H1 : λ = P > 0

In a similar fashion to the Retained Earnings notion of resources, the Net Assets value
can also report negative values. However, unlike the Retained Earnings variable, any
situation where the Net Assets value is negative should automatically mean that the
firm has failed. In instances where the Net Assets are negative it will mean that the
firm will be unable to meet its obligations and debts when they fall due and as such
will meet the legal definition of insolvent. In addition to the notion that any event
where the Net Assets of a firm fall to a value that is equal to, or less than zero, and
such a firm will be expected to have failed, the Net Assets value can also be converted
into a ratio of Total Assets.

3.4.4 Expendable Resources as the Definition of Resources
The final notion of resources to be considered (as defined by Equation 2.9) is the
version that is proposed by this study as being ultimately responsible for the longevity
of any firm (Expendable Resources). Although it is almost virtually identical to the
Net Assets version of the hypothesis, this notion is different insofar that it excludes
variables such as Reserves and other similar equity variables that may be part of the
overall value of the Proprietorship variable. This is because it is considered that it is
only the direct support of the owners (through Introduced Capital or Cˆ ) and the direct
influence of the outcomes of trading over time (Retained Earnings or π r ) that are the
most influential for the survival of a firm. In essence, these equate to the two branches
of the hypothesis. The first component (Retained Earnings) represents the trading
component of the hypothesis. This is the mechanism by which the ability of the firm
to maintain or increase its Expendable Resources is enabled. The contribution to
Expendable Resources from Introduced Capital is entirely dependent upon the
benevolence of the proprietors.
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Given the legal definition of insolvency, it would be expected that in order to avoid
bankruptcy, a firm would need to ensure a minimum level of resources that would at
least equate to the level of debt that needs to be repaid. Consequently, the only level
of resources that enable a firm to avoid bankruptcy through times of negative trading
is the level of Introduced Capital and any positive levels of Retained Earnings that the
firm may have previously accumulated. This is the reasoning by which the concept of
Expendable Resources was arrived at and, consequently, it is a combination of these
two variables that are defined by this study to represent the Expendable Resources
T

∑ (R − E ) + Cˆ  of a firm (or XR) and can be expressed in the following manner:
 t1−n


Hypothesis, Part 1, Resources Notion 4 (Expendable Resources):

H0 : λ ≠ X R > 0

and H1 : λ = X R > 0

3.5 Longitudinal Aspects to the Binomial Predictive Conditions
Section 3.4 identified binomial predictive conditions to help define the proposed
relationship between the level of different definitions of resources and business
failure. The format that they have been expressed to date has been on the basis that a
firm could be expected to have failed if the level of those resources has been
exhausted at any one specific point in time. There is no consideration in these
conditions for what may have occurred prior to the exhaustion of those resources and
nor for what may have occurred after that event (bar the expectation of a cessation of
activities). This is the strictest interpretation of the hypothesis statement that life is
dependent upon the level of a firms resources not being exhausted. This is an either/or
proposition and provides little in the way of a potential warning period of impending
failure.
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For this reason, it is proposed that in addition to the periodical binomial predictive
conditions of survival, this study will also examine the overall trend in growth rates of
the different forms of defined resources. It may be that a measureable decline in the
level of the defined resources over a period of time could be more beneficial in
indicating the onset of failure than a measure that simply indicates the point of failure
has arrived. Consequently, this study will also utilise longitudinal conditions to
determine whether this form of the binomial predictive conditions could be more
beneficial than the periodical versions previously defined in this chapter.

3.5.1 Longitudinal Total Assets Binomial Predictive Condition
Section 3.4.1 formalised the possibility that Total Assets could be the definition of
resources that might be most responsible for the longevity of a firm. It proposed a
binomial proposition that so long as Total Assets were greater than zero, then a firm
would be able to continue to survive. This section considers the possibility that a
longitudinal change in the value of Total Assets could be a more sensitive barometer
of the survival status of a firm than a simple periodical analysis of this relationship.
Noting, for example, that the value of Total Assets for any firm can never be negative,
it may be that a decline in the value of Total Assets over time may be a forebear of
financial distress and potential failure. As such, this study will also examine the
possibility that a firm will be able to continue to survive so long as the longitudinal
change in Total Assets remains positive. This version of the hypothesis can be stated
as follows:

Hypothesis, Part 1, Resources Notion 1 (Longitudinal Change in Total Assets):
H0: λ ≠ ΔA > 0 and H1: λ = ΔA > 0
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3.5.2 Longitudinal Retained Earnings Binomial Predictive Condition
The possibility that Retained Earnings could be the definition of resources that might
be most responsible for the longevity of a firm was raised in Section 3.4.2. While that
section identified a periodical binomial statement of this relationship, this section
explores the possibility that a longitudinal change in the value of Retained Earnings
could be a more sensitive barometer of the survival status of a firm. As such, this
study will also examine the possibility that a firm will be able to continue to survive
so long as the longitudinal change in Retained Earnings remains positive. The notion
T

that a longitudinal change in Retained Earnings ( ∑ (R − E) or π r ) is the definition of
t1−n

resources that the life of a firm can be held to be dependent upon can be expressed
thus:
Hypothesis, Part 1, Resources Notion 2 (Longitudinal Change in Retained
Earnings):
H0: λ ≠ Δπr > 0 and H1: λ = Δ πr > 0

3.5.3 Longitudinal Net Assets Binomial Predictive Condition
The third definition of resources that was raised as the one possibly responsible for
the longevity of a firm was Net Assets (Section 3.4.3). This section proposes that
evidence of a decline in the level of Net Assets over time could better indicate the
onset of the failure of a firm than a simple periodical assessment of the suggested
relationship. Consequently, this study will also examine a longitudinal change in the
Net Assets binomial predictive condition as follows:

Hypothesis, Part 1, Resources Notion 3 (Longitudinal Change in Net Assets):
H0: λ ≠ ΔP > 0 and H1: λ = ΔP > 0
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3.5.4 Longitudinal Expendable Resources Binomial Predictive Condition
The final definition for which a longitudinal binomial predictive condition will be
utilised is the Expendable Resources version. Similar to the Net Assets definition of
resources, it is expected that evidence of a decline in the level of Expendable
Resources over time could better indicate the onset of failure for a firm than a simple
periodical assessment of the proposed relationship. As such, this study will also
examine a longitudinal change in the binomial predictive condition of Expendable
Resources as follows:

Hypothesis, Part 1, Resources Notion 4 (Longitudinal Change in Expendable
Resources):
H0: λ ≠ ΔXR > 0 and H1: λ = ΔXR > 0

3.6 Chapter Summary
This study has noted that, although a new lifespan model has been proposed to
explain the longevity of firms, the efficacy and supportability of the model would
need to be tested against that of the more traditional approaches that have been
available. It was noted that previous efforts utilising accounting ratios did not have
formal hypotheses to guide their selection and consequently did not have any logic to
support the expectations of their success in predicting the failure of firms. In order to
provide a meaningful comparison to the outputs of the FLM, this chapter has
proposed a series of binomial predictive conditions that specifically relate to the
expectations of the hypothesis. These conditions have been developed, and will be
utilised, from two different chronological viewpoints. The first will be the periodical
relationship between the conditions and the state of firm survival and the second will
be a longitudinal review of the changes in those conditions over time.
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CHAPTER 4
A PRESCRIPTIVE FIRM LIFESPAN MODEL (FLM)
4.1 Introduction
This chapter will propose and develop a comprehensive prescriptive model of the
lifespan of a firm based on the hypothesis developed in Chapter 2. It could be
expected that any practical application of the prescriptive Firm Lifespan Model
(FLM) proposed herein would utilise the variables that would be reported in the
financial statements of a firm and would, consequently, report that information with
the labels traditionally reported in the financial statements for those variables. As
such, it will utilise variables and formulae that are derived from accounting theory,
doctrine and practice. Although this chapter will offer specific equations for the
various curves of the model, the patterns proposed by the prescriptive model are
merely a conceptual representation of how the curves would be expected to behave
over time if all of the underlying assumptions do not vary over the lifetime of a firm.

It would be more likely, however, that variations to many of those base assumptions
could be expected to occur over the life of any specific firm. A framework, such as
the one developed in this study, establishes a baseline that should enable a better
diagnosis of the current state and a more accurate prognosis of the likely outcomes of
any variations in base assumptions. At the very least, this allows the ability to model
the effects of changes to assumptions and thereby enable an analyst reviewing a firm
to more accurately assess actual performance and future prospects in light of those
changes. A performance outcome that would traditionally be classified as poor could,
in fact, be determined to be exceptional in the circumstances, when variations to base
assumptions are taken into account. This is the main benefit of a prescriptive model in
comparison to a simple binary-outcome predictive model.
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Business failure prediction models based on accounting ratios or statistical-based
models were founded on an inferred hypothesis that life was dependent upon the level
of their Expendable Resources (liquid resources by Beaver, 1966). Their major
failing, however, was that they did not possess an overarching theory of what was
causing firms to exhibit the ratios or indicators that they were about to fail. Other
models that sought to explain the lifespan of a product, or firm, had overarching
theories but the proposed models were not sufficiently empirically supported. This
study proposes a model that has a specified hypothesis, defines the symbiotic
relationship between trading and the level of the resources of a firm, specifies the
characteristics of key variables that define the phases of the proposed firm life-cycle
and provides the equation that identifies and explains the effect of demand-ceilings on
the longevity of a firm.

The patterns of the trading variables and the phases defined are virtually identical to
those of previous PLC and Firm Life-Cycle models. The significant difference to
previous efforts is that it introduces a second panel that identifies how the level of the
resources of a firm will be affected by that trading over time and – most importantly –
can place the financial distress on the viability of a firm that has been assumed by
other efforts. The model assumes a phase where there will be no trading revenue
generated and the outflows of expenditure will be funded by the level of Expendable
Resources available to that firm (Gestation phase). Once a firm commences to
generate trading revenue, it is defined to have entered an Early-Main-Life phase
(EML). This phase will continue until all of the resources expended in the Gestation
phase have been recouped. The point where this occurs is the Lifespan-Break-Even
point (LSBE).
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From this point on a firm enters a phase during which the trading profits that attracted
the investors to invest in the firm will occur. This is the Later-Main-Life phase
(LML). Although it is not highlighted in the prescribed example of the model, the
concept of demand-ceilings and increasing levels of competition from other firms and
other similar products and services (or methods of delivery to consumers such as
online stores, for example) will combine to influence the longevity of a firm. Over
time, it will become increasingly difficult for a firm to penetrate the remaining market
to reach every available consumer and the rate of growth in revenue will taper off
(addition of diffusion model theory and specified concept of demand-ceilings to the
model). An assumed lag in the ability of a firm to reduce the level of its production
and supply costs in the face of the declining rate of growth in sales will impact the
profitability of a firm. The model assumes that, eventually, the margins of trading will
be squeezed to the point where the gross profits only just cover the fixed costs of the
firm.

This point is the Lifespan-Equilibrium point (LE) and this marks the end of the LaterMain-Life phase. The LE is the point where maximum possible profit (for the life of
that firm) has been achieved by the firm. This is the equivalent of the MR=MC point
of the profit-maximising model of a firm. Although a firm in this position will begin
to fight hard for market share by aggressive discounting, staff lay-offs and other
forms of reductions in fixed cost burdens, the FLM assumes that it doesn’t (only for
the sake of completeness and to illustrate what a non-altered firm life-cycle would
look like). It will be impossible for a single firm to stop competitors to continue from
entering a ‘full market’. New entrants will continue to enter the market and they will
take market share off existing firms (once all available non-repeat demand has been
satiated).
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This will happen because the new firms may offer nothing more than something
different (a different brand, for example), or may provide increased levels of
convenience. This is the significance of the concept of demand-ceilings. Once the LE
point has been reached, the model assumes that a firm will enter a life-cycle phase of
decline. This is the Regression phase in the model and is the last phase suggested by
this study. The continued erosion of the level of revenue that a firm had been
generating will cause that firm (that continues to trade beyond this point without
sufficiently reducing expenditure) to incur losses that erode previously accumulated
profits and expendable resources. If this situation of accumulating losses continues to
the point where the level of Expendable Resources is exhausted, the firm will fail.
Although the FLM assumes that the variables will behave consistently over time and
will have very smooth patterns during those life-cycle phases, the risk of failure will
exist during every single phase of the lifespan of a firm.

If, governments completely outlaw the product (asbestos and leaded petrol, for
example) that a firm is trading in (unpredictable event), that firm could find itself in
an unexpected position where it exhausts its available resources in a life-cycle phase
that isn’t expected (EML or LML, for example). Furthermore, if a firm has a policy of
providing full dividends during the LML phase, then its ability absorb the competitive
pressures during decline will not be maximised and will, therefore, have a higher risk
of failure during that phase than a firm which has a policy of retaining their profits.
The power of the prescribed lifespan model is that it clearly identifies the critical
points for managers to identify and prepare for. It also identifies the most critical
variable (Expendable Resources) that a firm needs to monitor to allow it to maximise
profitability and viability.

94

This model can also be beneficial and applicable to non-profit firms. Their revenue
(including donations) will have demand-ceilings and they will face competition from
other firms and other causes. In addition to the model structure, key concepts and
overall depiction, the remainder of this chapter will explore the economic principles,
theories and concepts that underlie the expected behaviours of the variables contained
in the prescribed FLM. As such, this chapter will explore the critical factors that are
expected to combine to define and influence the patterns of the various curves of the
FLM variables and how they influence the longevity of a firm. Once the economic
theory of why the model is expected to work has been examined (Sections 4.2 to
4.10), this chapter will summarise the structure of the model and how these forces are
expected to interact to result in the prescriptive FLM proposed herein.

4.2 Demand
Although most firms are economic entities that operate with the objective of
achieving profitable returns for their owners or investors, they are created with the
purpose of satisfying the needs and wants of consumers. The economic term demand
is used to describe consumer levels of desire for the goods and services that are used
to satisfy their needs and wants. A need is an item that is essential for survival.
Examples of needs include food, drink and shelter. A want is an item that is not
essential to daily life, but is still desired by consumers. Depending on circumstances,
however, it can be difficult to distinguish between a need and a want. The difficulty is
created by an element of want in the satisfaction of needs. That is, although there is
no choice involved in the requirement to satisfy needs, there is considerable choice in
how they are satisfied and in what quantity. For example, shelter can range from a
cave in the side of a mountain to a huge palace (including all possibilities in between).
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4.2.1 Purchasing Power, Income and Consumption
The example of variations in satisfying the need for shelter in the previous sub-section
illustrates how there can be a component of over-satisfying a need with an element of
want. The manner in which consumers actually satisfy their needs and wants and the
extent to which this over-compensation is possible is restricted by their ability to
obtain the goods and services they require. In a capitalist economy, this ability is
almost entirely determined by the purchasing power that consumers possess. The
concept of purchasing power is almost, but not quite, the equivalent of the traditional
economic concept of disposable income that Gordon (2006: p.38) defined to equate to
‘…personal income minus personal income tax payments’. Income tax payments are
an example of the economic concept of leakages.

In addition to other forms of leakages, there are other factors that economists term as
injections that not only influence the economy in general, but also determine the
ultimate level of consumer purchasing power. In this model, all income received is
expended (no leakages or injections). This, in turn, becomes income for those that
receive the funds from the expenditure and the cycle continues. Without unnecessarily
complicating matters at this stage with injections and leakages; the basic version of
the economic principle of the circular flow of income (as expressed by Equation 4.1)
would state that (in a balanced economy) consumption in a given period of time
would equate to the level of available income (Gordon, 2006, p.26).

Yt = Ct
Where:
Yt = Income in time t ; and

Ct = Consumption expenditures in time t .
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(4.1)

Although the major component of purchasing power is provided by income, this study
will continue to use the term purchasing power. This is predominantly because
income is not the only source of funds that a consumer can access which can affect
the level of their purchasing power (Ψ). Despite this, it is recognised that these
additional sources of purchasing power are, in reality, a trade-off of future incomerelated purchasing power for current purchasing power. Given this, the definition of
purchasing power (at this stage) recognises that the sole determinant of a consumer’s
purchasing power is their income. This can be expressed in the following manner:
Ψt = Yt

(4.2)

It should be clarified that, although income has (to date) been defined to equate to
purchasing power in Equation 4.2 and to consumption in Equation 4.1, they are
distinctly-separate concepts and should not be confused as being equivalent.
Purchasing power represents what a consumer is able to purchase and consumption
refers to what a consumer actually purchases. In light of previous discussions, if an
economy were in a completely balanced state (as depicted by Figure 4.1), the
following would apply:

Ψt = Yt = Ct

(4.3)

Figure 4.1 A Balanced Economy
p

Ψt = Yt = Ct

q

0
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It needs to be recognised that, although purchasing power represents the total value
that consumers can utilise to make purchases, the actual level of purchases (or
consumption) they make, could take a different value. There would, in an economy
that is affected by leakages and injections, be additional variables introduced to
represent their influence on that relationship. In the interests of this study remaining
focused on the overall objective, however, these aspects will not be explored herein.
With the understanding that these concepts are related (and it is possible that they
could equate), the relationship in Equation 4.1 could be restated such that
consumption (C ) occurs at a rate of 100 per cent of income (Y ) as follows:

C = 1.0(Y)

(4.1a)

However, it is known that consumption could be more (or less) than income and can
include sources of purchasing power that is not specifically income. Therefore, rather
than relating it solely to income, consumption (C ) would be better described as some
fraction (c ) of purchasing power (Ψ) in the following manner:

C = c (Ψ)

(4.1b)

This is similar to the traditional economic concept of the marginal propensity to
consume. Gordon (1984: p.64) defines this as, the ‘…amount by which consumption
expenditures increase for each extra dollar of disposable income…’ This component
of consumption is called induced consumption and only differs from Equation (4.1b)
as defined by Gordon (1984) by the substitution of purchasing power

(Ψ) for

disposable income (QD ) and is illustrated by Equation 4.1c.

C = c (QD )
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(4.1c)

However, given that disposable income is defined to be income less income taxes, the
traditional definition is deemed inappropriate for the model in this study. This is
because the level of expenditure (consumption) can also be influenced by borrowing,
investment or savings. Equation 4.1b is based on an assumption that consumption is
proportional to purchasing power. It is quite possible, however, that if the needs of
every human were identical, their consumption might be autonomous

(C )

and,

therefore, a fixed level of their purchasing power. In these circumstances,
consumption could be described as follows:

C=C

(4.1d)

In reality, there would be elements of both Equations 4.1b and 4.1d, whereby some
part of consumption is autonomous (relating to the needs of a consumer) and another
component will vary in relation to the level of a consumer’s purchasing power
(relating to the wants of a consumer). It was also identified earlier that, depending on
the level of their individual purchasing power, there could also be an element of want
in the actual satisfaction of needs that a consumer might factor into how much beyond
the minimum autonomous consumption level they are prepared to venture. These
factors are currently recognised in traditional economic models (for example, Figure
4.2). Indeed, Gordon (2006) defines the consumption function as a combination of an
autonomous component of consumption (Ca ) that does not depend on household
disposable income and a fraction of each dollar of disposable income (c (Y − T )) such
that the following linear equation applies:

(4.1e)
Where:

Ca > 0

and

0 < c ≤1
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Figure 4.2 An Economic Model of Income and Consumption
$

c(Y-T)
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CBE

CBE = Equilibrium consumption

It is noted that not only can purchasing power (Ψ) be substituted for the disposable
income element of Equation 4.1e, it is also recognised that the traditional
representation of the consumption function should be modified to compensate for a
definitional oversight. A consumer can only spend resources that they can access and,
as a result, the fixed proportion of their consumption is going to be in some way
related to these resources. As a consequence, the marginal propensity to consume
should take into account that these resources have already been lost to the remaining
purchasing power of the individual and the induced proportion of consumption
should, therefore, be for any resources that are incremental to this fixed proportion of
expenditure. Accordingly, this study recognises that the basic consumption function
(ignoring leakages and injections) would be better described (and depicted in Figure
4.3) as follows:
(4.4)
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Where:
C = Consumption;

C = Fixed level of consumption; and
c = ratio of discretionary consumption

And where:
C >0

and

0 < c ≤1

Figure 4.3 A Modified Economic Model of Income and Consumption
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The concepts of income and consumption also have a microeconomic perspective that
requires examination for the purposes of this study. Income is usually a product of the
quantity (q) traded of a resource multiplied by its earning rate (p). If labour were used
as an example (as described by Equation 4.5), the income generated for a specific
time period (t ) would be determined by the value of labour (p) times the hours of
labour (q) contributed, where A represents the asset or resource contributed (in this
case, labour).
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Yt = (pA ⋅ qA )t

(4.5)

If income is calculated in accordance with Equation 4.5 and it has been stated that
purchasing power is determined by income, then Equation 4.5 can also be defined as
representing purchasing power as follows:

Ψt = (pA ⋅ qA )t

(4.6)

In a similar vein to income, the consumption side of the Equation can be similarly
expanded into the number (or quantity) of units consumed (qc ) and the price charged
per-unit consumed (pc ) for a particular period of time (t ), thus:

Ct = (pC ⋅ qC )t

(4.7)

If Equation 4.7 were held to be representative of total consumption, then it would be
interpreted as assuming that every good or service has the same price. Of course, this
is not the case and it could, therefore, be read to be defining the consumption of a
specific product or service and that the total consumption in an economy would be the
sum of all of the purchases of different products and services in the following manner:

T

N

Ct = ∑ ∑ pc qc

(4.8)

t =1 n =1

4.2.2 Available Purchasing Power
If income and consumption are (in general) always a product of price and quantity,
then the potential market for any particular product or service in terms of the
maximum number of units that could possibly be sold (given a particular price) could
be ascertained as per Equation 4.9.
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Ψ 
Qt =  t 
 p

(4.9)

Where:
Qt = maximum quantity of possible sales at time t;

Ψt = purchasing power for time t; and

p = unit price of product or service. 8

The actual number of units of a particular product consumed will, most likely, be less
than the theoretical maximum possible as defined by Qt . This is because consumers
will spread their purchasing power over a range of goods and services depending on
their individual prices and perceived relative importance. 9 Therefore, in order to
ascertain the level of funds available to be spent on one particular product (or the
available purchasing power, Ψ A , for a specific product), the value of consumption of
other goods and services ( C o ) must be deducted from the total consumer purchasing
power ( Ψ ). The equation for Available Purchasing Power can be expressed as
follows:
ΨtA = Ψt − C o t

(4.10)

Given the effect of available purchasing power, the maximum quantity of a specific
product that could be demanded, can be calculated using Equation 4.11.
 ΨtA 
Qt =  
 p 
P

(4.11)

Where:
QtP = Maximum quantity possible for a specific product at time t; and
ΨtA = Available purchasing power for a specific product at time t.
8 To date, the economy has been defined as perfectly competitive and price is assumed to remain constant. The
effects of the consequences of changes to price will not be explored in this study as to do so will, again, distract
from the overall objective.
9 It must be remembered that, although it is far more likely that funds will be spent on a variety of different
products, each product still has the potential to receive all available funds.
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The actual consumption of the product or service for which the above analysis was
performed could be described as being a fraction of this value – less than, or equal to
unity (otherwise, the original estimate of QtP , was determined inaccurately). This
could be expressed as follows:
Qtc = c(QtP )

where 0 < c ≤ 1

(4.12)

Where:
Qtc = Actual quantity consumed of a specific product at time t; and

c = Proportion of consumption of the specific product at time t.

4.3 Relevance of Diffusion Models
Income (as expressed in Equation 4.5) is a linear model that does not consider the
impact of time as a variable. It is purely an illustration of the end product of the two
variables of price and quantity with an inferred infinite range of possibilities.
However, whenever income (Y ) for a specific business is discussed in an accounting
context, it will normally be in direct relation to the total sum of the outputs of prices
and quantities for goods and services traded in specific periods of time. Furthermore,
it was earlier shown that the behaviour of income over time is actually dependent
upon the effects of the diffusion process for that specific business (or product). As
identified earlier, this study does not consider the pattern of diffusion to be as critical
for the success of the model espoused herein as it may have been for previous efforts.
Consequently, rather than attempting to ascertain which diffusion model would be the
most appropriate for all cases (if any), it is the process of diffusion that ultimately
influences the model developed in this study.
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Lilien, et al. (1992: p.461) define the diffusion process as ‘…the spread of an idea or
the penetration of a market by a new product from its source of creation to its ultimate
users or adopters’. In an economic context, diffusion models have been developed as
a means of explaining (and thereby assisting the prediction of) the take-up rates and
growth of new products by the market. The pioneering PLC concept, for instance, is
essentially a diffusion model that prescribes an expected pattern of the take-up of
sales in terms of either the quantity (or the total value of revenue generated) of a
particular product over time. In light of this, the revenue variable of the lifespan
formulae that was developed earlier (specifically Equation 2.8), could be modified to
reflect the influence of the diffusion process on the lifespan of a firm.

Revenue (the accounting nomenclature for income) is fundamentally a function of
price (p) and quantity (q). With price assumed to remain constant over time (purely
for the purposes of simplicity at this stage) the diffusion process component of the
Equation will refer to the take-up of a product by consumers in terms of quantity. The
Revenue variable (R) in Equation 2.8 can therefore be amended (such as in Equation
4.13) to reflect both the diffusion of quantity

(q)

via the variable Ω, and the

recognition of price (p). Given that, Ω represents the diffusion of the quantity of a
product, it would be substituted by the diffusion function of choice (the most relevant
for that firm or industry) when that has been determined or estimated. The remainder
of the variables from the accounting equation are maintained in the modified version.

T

∑ (Ω(p) − E)) = A − (L + Cˆ )
t =1
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(4.13)

4.4 Diffusion Models and Demand-Ceilings
Noting that, the equations for Income (Equation 4.1), Purchasing Power (Equation
4.2) and Consumption (Equation 4.4) express perfectly linear relationships, it would
be simple to assume that they are not limited by any maximum value. In reality, there
are constraints to the maximum levels that each one of these variables can achieve.
Considering the labour example provided earlier, the income (Y ) that one person can
generate through their labour is limited by the maximum number of hours that they
can possibly work. This concept is depicted by Figure 4.4, which illustrates that if the
earning rate of the worker is $ p per hour and the maximum number of hours that the
worker can perform for a week is q , then the maximum income that worker can
possibly earn for that time period is Y . It is theoretically possible (as depicted by the
broken portion of the Y curve in Figure 4.4) for the worker to earn more income. In
reality, however, this is unlikely given there is a maximum amount of possible hours
that the worker can contribute.

Figure 4.4 Maximum Income Concept
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In line with this observation, some of the concepts that were identified by diffusion
model pioneers (such as Fourt and Woodlock; 1960 and Bass; 1969) also have
important implications for the model espoused herein and economic theory in general.
The most important of these (as it is the one that ultimately has the most influence on
diffusion models) is also the one to be least investigated adequately. All sales-related
diffusion models, no matter the functional form that they prescribe, have an inherent
assumption that the level of sales for any particular product cannot be infinite. There
is, therefore, an implicit assumption that there is a ceiling to the level of sales any
product that any business could expect to generate. This concept could be best
described as a demand-ceiling. This notion of limits, or ceilings, can be refined
further, with the assistance of existing diffusion theory concepts.

Diffusion models of sales are often based around the limits to levels achievable as
determined by the potential of population. That is, once every relevant person in a
given population had availed themselves to a product, no more further sales could be
possible. Even products that require regular purchases (such as necessities) can only
be a function of regular purchases per capita multiplied by the total relevant
population. Diffusion model pioneers Fourt and Woodlock (1960: p.464) proposed an
exponential market penetration model (Figure 4.5) that is fundamentally based on
such a concept. They found that many market penetration curves that they examined
approached ‘…a limiting penetration level of less than 100% of all households and
frequently far less’. They derived a formula based on their observations as follows:
Qt = rQ (1− r) t−1

Where:

r = rate of penetration of untapped potential (a constant); and
Q = total potential sales as a fraction of all buyers.
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(4.14)

Figure 4.5 Fourt and Woodlock Diffusion Model
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There could be some confusion as to whether the term ‘population’ refers to the actual
number of people within an economy, or merely to those within the populace that are
able to make any purchases. It was established earlier, that every human must satisfy
basic necessities of existence such as food, drink and shelter. This refers to the
autonomous level of consumption ( C ) as determined by every member of the
population and relates to needs. Given that every member of the population will
require the satisfaction of their basic needs or they will perish, those without direct
purchasing power (children and the unemployed for example) will be reliant on the
purchasing power of others to enable their survival. This process will be
accomplished either through personal generosity or through some form of
interventionist impost by governments. As a consequence, the value of C for the
economy, as a whole, will not be negative in relation to purchasing power.
Furthermore, the diffusion of needs-based consumption will be a strict product of
population.
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4.5 Demand-Ceilings and the FLM
In the time since their model was first proposed, the majority of debate and
development regarding diffusion models has generally concentrated on the rate
(which Fourt and Woodlock, 1960, identified in their Equation as ‘ r ’) and pattern of
market penetration. Although this work can assist the development of prescriptive
failure prediction models, it is nowhere near as important as the demand-ceiling itself
in terms of predicting the ultimate longevity of products and businesses. Noting that,
for example, Fourt and Woodlock (1960) identified it in their model as the parameter

Q and referred to it as ‘total potential sales’, every product life-cycle and diffusion
model to date has assumed that there are no further possible gains once a demandceiling is reached.

If, the maximum available level of sales cannot be maintained once it has been
achieved, then the only other possible scenario is that sales that are generated by the
business in question will decline. In light of this, it could be taken that any sign of a
slowing in the rate of growth in sales would be the best indicator of the likely and
impending demand-ceiling that will most likely be achieved. With this in mind, (and
having identified that the function defined by Fourt and Woodlock (1960) is a
simplistic diffusion model for a particular product) their equation could be substituted
for the variable ‘ Ω’ in Equation 4.13 as follows:
T

∑ (rQ (1 − r) (p) − E ) = A − (L + Cˆ )
t −1

(4.13a)

t =1

The parameter ‘ Q ’ in the diffusion Equation that was developed by Fourt and
Woodlock (1960) can be further altered so that it represents the maximum quantity
possible, given a certain price and the Available Purchasing Power (as defined by
Equation 4.9), in the manner of Equation 4.15.
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Q = r Ψt (1− r) t −1
 pc 




(4.15)

In light of this, Equation 4.13a could now be amended to reflect the adjusted Q from
Equation 4.15 as follows:
 Ψ 

t −1
t
(1 − r) (p) − E) = A − L + Cˆ

c
t =1 
T

(

∑ r p

)

(4.13b)

The relationship expressed by Equation 4.13b, represents the adoption of a criticallyimportant concept in the development of a model designed to reflect the lifespan
potential of a particular firm. The incorporation of a diffusion model for sales that has
an in-built maximum capacity of demand (through the demand-ceiling) into the
formula defining the operations of a firm has substantial implications for the
maximum expectations of growth for that firm. The reason that this addition is so
important is because this, in turn, has important implications for the life expectancy of
that particular firm. If it is accepted that there is a limit to the possible level of sales
that any particular firm can make for any specific product, then any influences that
alter the ability of that firm to achieve, or maintain, that level of sales, will result in
that firm entering a period of decline in their sales. It is intuitively expected that this
would, subsequently, have dire implications for the future operations of that firm.

Accounting and economics traditionally examine the behaviour of income and
consumption in terms of the relationship between the two variables of price and
quantity. The traditional view of this relationship, as depicted by Figure 4.4, is that
the interactions between the two variables (p and q) will result in a linear curve for the
resulting output of income. Although there is no disputing this particular view of this
relationship, the outcome becomes different when time is introduced as an additional
element to consider.
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The work of diffusion model pioneers (such as Fourt and Woodlock, 1960) identified
that, although the relationship between the two variables of price and quantity would
remain linear (assuming no changes to price over that time-frame) at any single point
in time examined, the pattern depicted by the outputs of that relationship over time
could take any shape whatsoever. Without the concept of a demand-ceiling, there
would be absolutely no reason to assume that there would be any flattening in the
pattern of sales over time. If there is no ceiling to demand, then the level of sales that
could be achieved could (as depicted by Figure 3.4) be infinite and, therefore, the
pattern of sales over time for any product for any firm could be linear in nature.
Instead, the work of diffusion pioneers (including the PLC researchers) has shown
that the subjects that they have examined all appear to have some limit to their sales –
regardless of the patterns that they have exhibited. If (ignoring that there is no
evidence to support a singular pattern of diffusion) the unit sales of a particular
product were expected to follow a diffusion pattern (such as that depicted in Figure
4.5), then the resulting income (or revenue) curve over time would be expected to
follow the same trajectory as the relevant diffusion pattern (refer to Figure 4.6).

Figure 4.6 Fourt and Woodlock Diffusion Model Based Income Curve
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4.6 Market Penetration and Competition
It has been argued that a flattening of a Revenue curve (R) will occur, even in the
absence of competition, as a consequence of a demand-ceiling and the difficulty of
satisfying consumers on the fringes of the demand-boundary. Fourt and Woodlock
(1960: p.464) found evidence to support this, when they noted that ‘…successive
increments of gain declined’ in the market penetration curves that they examined.
However, as well as establishing the maximum level of sales that can be achieved
overall, demand-ceilings will combine with the forces of competition to further affect
the suppliers operating in a particular market. For example, Rodrigue (2009) proposed
a version of the traditional product life-cycle model (Figure 4.7) that identified that
the life-cycle for the initiating firm could be influenced by the life-cycles of
competitors.

Figure 4.7 Competition and the Product Life-Cycle

Source: Rodrigue (2009).
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This notion dictates that, given an overall demand-ceiling, the greater the level of
competition any particular firm faces, the lower its current or potential market share
will be. For example, if there is only one firm in the market for a particular product it
will have a potential market share of 100 per cent of Q for that product. If a second
firm then enters the market, that potential share will fall by whatever proportion the
competitor now occupies. Although this can still be thought of as potential market
share (as customers can always be attracted away from the competitors), such a result
will usually only occur from the implementation of a strategy or intervention to the
status quo of conditions the market is operating within (a price reduction for
example). For this reason, at this stage of explanation, any sales (potential or actual)
that are lost to competitors are assumed to be permanently lost.

New firms will nearly always make some level of sales, as it is too difficult for one
firm to satisfy every single available customer. As such, each entry into the market
will either take away potential, or actual, sales from existing firms. This will combine
with the actual demand-ceiling ( D ) in such a way that, as time progresses, sales will
become increasingly difficult to procure and the revenue curves will flatten until all
firms reach their effective demand-ceilings ( D e ). Once a firm has reached its effective
demand-ceiling any additional entries to the market will result in an erosion of that
entity’s revenue. When this occurs, the revenue curve will turn downward. This
would occur regardless of the continued demand for that product at the same level as
that which existed from the outset. Wherever there are multiple firms operating in the
same market, competition will create effective demand-ceilings for the firms
operating in that market that would be lower than the actual demand-ceiling. This is
because the lost sales potential will mean that no single firm will be able to reach the
actual demand-ceiling on their own.
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4.7 Competition and the Effects on Diffusion
The Fourt and Woodlock (1960) model represents a sales pattern for a firm that will
have little trouble penetrating the market in the initial stages. In fact, it predicts that
most of the potential market will be satisfied very early in the cycle. It assumes that
the only reason that penetration tapers off as it nears the demand ceiling is that it
would be increasingly difficult to satiate the fringes of the total potential market.
Examples of reasons for this phenomenon include remoteness and lack of awareness.
Without discounting previous efforts, this study will propose a diffusion model that is
more relevant to the context of this study (the lifespan of firms), as it will take into
account other variables defined to influence the diffusion of sales for a particular firm
in a specific market that has not been previously utilised.

It could reasonably be argued, for example, that most new products will experience
difficulty penetrating the market in the early stages of introduction. Reasons for this
include competition for purchasing power share with existing products and a lack of
general awareness in the marketplace for the existence of the new product. A
simplistic function that would be representative of an initially slower market
penetration can be expressed thus:

Ω = mt 2

Where:
Ω= The diffusion of the product quantity;

t = time; and

m = the market penetration rate of a business; and ( 0 ≤ m ≤ 1).
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(4.16)

The rate of market penetration according to Equation 4.16 will, after an initial period
of slow growth, thereafter quickly accelerate through the market without slowing as
the firm nears a demand-ceiling. Although this pattern is possible, it would be more
realistic to expect that penetration will slow down as the level of sales nears the
demand-ceiling. Equation 4.16 should, therefore, be adjusted to reflect the slowing
down of the rate of penetration as the firm approaches the demand-ceiling. Another
feature that is not factored into the Fourt and Woodlock (1960) model (as their model
is from the perspective of the product, rather than from the suppliers) is any reference
to the effects of competitors. Equation 4.16 could, consequently, also be modified to
allow due consideration of the effects of competition which, when combined with the
demand-ceiling, would result in an expected flattening of the rate of penetration of the
market by the firm being analysed.

To reflect this accurately, the adjustments would ensure that competition would be
expected to penetrate the market at a faster rate than the initiator firm. This
assumption is based on the premise that, regardless of the market share of individual
competitors, the number of competitors will also increase. Equation 4.16 could,
therefore, be amended such that the market penetration of competition could be
deducted from the penetration rate of the example firm. In order to take into account
the expectation of competition increasing as other suppliers realise the maturity of the
market for that product, this rate would be included in the Equation at a rate that is
faster than that of the initial firm. Equation 4.16a is an example of how these
adjustments could be incorporated.
Ω = mt 2 − ct 3

Where:

c = market penetration rate of competitors ( 0 < c ≤ 1 and m + c ≤ 1)
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(4.16a)

4.8 Time Lags
Although instant demand is quite possible, it is more reasonable to assume that a
pioneer firm will find it difficult to generate immediate sales for a new product.
Consequently, a firm can be expected to experience a lag in time from the point of
inception to the generation of any sales. This period of time would equate to the
gestation period for that product. It could also be expected that, there would be an
additional period of time after a pioneer begins generating sales, before competitors
will be able to generate any sales of their own. Equation 4.16a should, therefore, be
further modified to reflect any time lag during the gestation phase of the initiator firm
and also allow for any additional lag until imitating suppliers follow suit, as depicted
by Equation 4.16b.
Ω = m( t − gl ) 2 − c(t − c l ) 3

(4.16b)

Where:

gl = gestation time-lag of firm being examined; and
c l = time-lag delay for influence of competition.
It would be expected that, for most products, c l will be greater than gl .

4.9 Diffusion and Available Purchasing Power
Having identified that the maximum quantity of a particular product is determined by
the available purchasing power for the product, Equation 4.16b could be further
amended so that the diffusion calculations could not exceed this maximum value. This
is achieved by incorporating Equation 4.9 into Equation 4.16b. Including these
modifications, the complete Equation from a business perspective for the diffusion of
quantity can be expressed as follows:

 ΨA 
Ω = (m(t − gl ) 2 − c(t − c l ) 3 ) t 
 pu 
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(4.17)

4.10 Revenue Curves
Previous sections described the creation of a diffusion model for the quantity of a
particular product that a firm may be offering. The resulting Equation 4.17, only
needs to be modified slightly for it to describe the diffusion pattern of the revenue
curve. This can be achieved by either multiplying the entire Equation 4.17 by the
product price (p) – as depicted by Equation 4.18 – or the division of the available
demand by the price does not need to occur (Equation 4.19).

 ΨA 
R = p (m(t − gl ) 2 − c(t − c l ) 3 ) t 
 pu 


(4.18)

or

R = (m(t − gl ) 2 − c(t − c l ) 3 )Ψ A t

(4.19)

The curve in Figure 4.8 labelled ‘ R ’, represents the pattern of sales diffusion (in
currency terms) for a specific firm being analysed (usually the market initiator) as
defined by a diffusion equation, such as Equation 4.18 or 4.19. The dashed line in
Figure 4.8 identified as D e demonstrates the Effective Demand-Ceiling for that firm
and intersects with the R curve at its maximum. The curve in Figure 4.8 identified as
‘ N ’, demonstrates the influx of new competition over the same time period. The final
curve, identified in Figure 4.8 by the notation ‘ U ’, represents the untapped available
market potential. The U curve begins at the Actual Demand-Ceiling (identified by the
dashed line marked ‘ D ’) and is shown to be declining over time as the initiator firm
and its competitors satisfy the available demand.
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The U curve has been included in this Figure for illustrative purposes only as it
would be expected that, in practice, D could only be estimated rather than accurately
quantified. Once the untapped potential market (U ) has been fully satiated, the
introduction of additional competition (N ) will result in growth flattening out and R
will eventually begin to decline. As depicted in Figure 4.8, this process is, of course,
only possible through the recognition of the concept of a demand-ceiling. This study
has identified that, at any one point in time, 100 per cent of the Actual DemandCeiling for a product ( D P ) is comprised of the revenue of a specific firm (R), the
revenue of its competitors (N ) and the untapped potential market (U ). This can be
summarised as follows:
DP = R + N +U

(4.24)

Because a demand-ceiling is a fixed value at any one point in time, it would be
expected that the entire value of the demand-ceiling ( D P ) at the time of invention of a
new product would equate to a completely untapped market (U ). The values for R
and N at this time would therefore be zero. As the Revenue curve (R) for the initiator
business increases over time, it would also be expected that the value of U would
reduce at an identical rate such that the overall value of the demand-ceiling is not
exceeded at any one point in time. Although it is possible for the initiator firm to
reach the demand-ceiling value for a product once U has been exhausted, it is more
likely that competitor firms (N ) will be attracted to the market by the success of the
initiator firm and will either take potential (U ) or actual (R) sales from the initiator
firm.
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It is acknowledged that, the influx of any competition into the market for a specific
product or service will, inevitably, result in an expectation that the rate of growth of
the R curve for the initiator firm will flatten faster than it otherwise would. In
addition, it is recognised that the demand absorbed by the additional competition will
result in the maximum level of sales that the initiator firm can achieve being lower
than the maximum possible level ( D ). The level of revenue that an initiator firm can
actually achieve will be limited by a combination of any Untapped Demand (U ) that
they will be unable to influence and the level of available demand that is absorbed by
competitors. This lower level of maximum demand that can be achieved by the
initiator firm was identified in Figure 4.8 as their effective demand-ceiling ( D e ).

Figure 4.8 A Firm Lifespan Revenue Diffusion Model
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4.11 Supplier-Specific Influences
The formulation of the Equations developed so far, have only taken into account how
demand specific factors, such as the diffusion process and revenue curve, for
example, influence the life-span of a firm. It was identified, however, that from a firm
life-span perspective, it is vital that other issues specific to the suppliers must also be
taken into account. The equations developed to date will, therefore, need to be
modified in order to accurately portray these supplier-specific influences. This
process can begin by amending Equation 4.14 so that the shorthand version of the
revenue curve it contains is substituted for the complete revenue curve (Equation
4.18) as follows:
T



∑( p(m(t − g )
t =1



l

2


 ΨA 
− c(t − c l ) 3 ) t  − E  = A − L + Cˆ
 pu 


(

)

(4.20)

The variable E in Equation 4.21 symbolises the expenses that a specific supplier will
incur to provide their products for market consumption. It can be generalised that
every firm will incur expenses that are a combination of those that are autonomous to
the activity that generates the income and those that vary in direct proportion with
trading. These are the fixed (Ft ) and variable (Vt ) costs of a firm for each period of
operation. In a similar vein to the development of the revenue curve, the variable
denoted as E can, therefore, be expanded such that the additional elements it
summarises can be made similarly transparent as follows:
E t = Vt + Ft

(4.21)

The variable Vt in Equation (4.21) can be further expanded to reflect that it is a
function of the variable cost

(v ) multiplied by the quantity of the product

manufactured (q) for time t (Equation 4.21a).
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E t = v(q) t + Ft

There are now two variables – price

(p)

(4.21a)

and variable cost (v ) – that have been

identified to have a direct relation to the level of sales activity. With the difference
between these variables providing a gross profit margin for each unit sold, Equation
3.18 can be modified to reflect this relation thus:
T

∑ (Ω(p − v ) − F)) = A − (L + Cˆ )

(4.22)

t =1

The diffusion Equation 4.17 developed in this study can now be substituted into
Equation 4.22 as follows:

T



∑(m(t − g )
t =1



l
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 ΨA 
− c(t − c l ) 3 ) t (p − v ) − F) = A − L + Cˆ
 pu 


(

)

(4.23)

The left-hand side of Equation 4.23 represents the resources that a firm generates of
its own accord over its entire lifespan. The right-hand side of the Equation represents
the resources that are provided by external parties. Circumstances have already been
identified in which the left-hand side of Equation 4.23 can be negative and the firm
can still be viably trading. However, the equation will better reflect the goals and
objectives of this study if it is altered to reflect viability expectations, as per Equation
4.24.
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(4.23)

Equation 4.23, therefore, represents a mathematical model of the hypothesis of this
study.
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4.12 Base Assumptions of the FLM
Accepting that variations will occur in practice, it remains important to specify the
baseline assumptions of the FLM. Whilst recognising that any change to these
assumptions could alter the initially predicted lifespan of a firm, the initial
assumptions of the conceptual base representation of this model are as follows:

i)

There are no changes to key economic factors over the life of a firm
(government interventions and interest rate changes, for example);

ii) There are no changes to factors, such as prices or cost of materials over the
life of a firm;

iii) The baseline firm is the innovating firm for the product or service that is
being offered;

iv) There are no entry or exit barriers to a market;

v) A firm is assumed to be trading in only one product or service;

vi) Changes in growth rates are a product of the diffusion characteristics of
sales and the effects of increasing competition for market share;

vii) All self-generated wealth is retained by the firm;

viii) All firms are assumed to commence operations with a zero level of selfgenerated resources; and

ix) The

combined

influence

of

increased

competition,

technological

advancement and (most importantly) demand-ceilings, will push a firm into
a position it will enter a decline phase and possibly fail.
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4.12.1 Assumption I – No Changes in Key Economic Factors
This model (at least initially) assumes that there will be no changes in the key
economic factors that have been defined by the model to determine the lifespan of a
firm over the whole period of its lifespan. Examples of this include – but are not
limited to – constant rates of interest and government policies. This assumption
allows a baseline lifespan to be established given all of the factors known at the time
of the initial modelling and predictions. The effects to the predicted lifespan of a firm
from any changes to the key economic factors can then be modelled and assessed.

4.12.2 Assumption II – No Changes in Pricing or Supply Costs
In a similar fashion to the reasoning established for Assumption i, this model also
initially assumes that there will be no changes in the prices that will be charged for
the products and services offered by a firm and, nor will the costs of production
change over the lifespan of the firm. Again, this assumption allows a baseline lifespan
to be established given all of the factors known at the time of the initial modelling and
predictions. The effects to the predicted lifespan of a firm from any changes to the
pricing of products and services of costs of supply can then be modelled and assessed.

4.12.3 Assumption III – The Baseline Firm is also the Innovating Firm
This model is based on the assumption that the firm for which the baseline lifespan is
being determined is the innovating or initiating firm of the product or service to
market. Even if a firm is not the initiator and is even entering a mature market, it is
expected that such a firm will incur a gestation phase similar to that which is proposed
in the model. It is also expected that such a firm will have a much lower EffectiveDemand-Ceiling because the only market share it will generate will likely be taken
from other firms already in the mature market.
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4.12.4 Assumption IV – No Barriers to Entry or Exit to Market
The baseline for the expected lifespan of a firm assumes that there will be no barriers
to entry or exit to any particular market. This assumption allows for the curves in the
baseline model to be smooth over time because the flow of new competitors and their
effects will be constant. In reality, the growth rates of competitive entries will be
heavily affected by any barriers to entry or exit from the market.

4.12.5 Assumption V – Initiator Firm is Only Offering One Product or Service
Similar to previous efforts (such as for the PLC), the FLM assumes that a firm is
supplying only one product or service. Unlike the PLC, however, the FLM only
makes this assumption for simplicity to demonstrate the concepts behind the model.
This chapter does illustrate how the model copes with firms that have multi-product
offerings. Because the individual life-cycles of each product or service being offered
will vary (due to differences in demand-ceilings, diffusion rates and market
saturation, for example), a single model that would be appropriate for every
individual multi-product firm will not exist.

4.12.6 Assumption VI – Revenue Growth is a Product of Diffusion and Competition
The rate of growth in revenue over the life over a firm will initially be dependent
upon the ability of the firm to satiate the demand available throughout the market for
that product or service. As the market becomes more familiar with the product or
service, competitors will be attracted by the success of the initiator and begin to take
up the market that the initiator hasn’t yet taken up or absorb some of the demand that
the initiator firm has attracted. The will initially slow the rate of growth in revenue
and eventually flatten and reverse the growth.
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4.12.7 Assumption VII – All Self-Generated Wealth is Retained
In order to illustrate how the influx of trading-generated resources (Retained
Earnings) benefits the longevity of a firm, it is assumed that all self-generated wealth
is retained over the life of the firm. It is understood that, while this will not be a
common practice, firm managers will nevertheless need to consider that any level of
dividends will increase the vulnerability of a firm to failure during the decline phase.

4.12.8 Assumption VIII – Firms Commence with Zero Self-Generated Resources
Although firms will commence their lifespan with some level of assets, they could not
have generated those assets on their own accord because they cannot commence
trading until they have actually been created. As such, any resources a firm
commences its lifespan with must have been contributed by either the owners or debt
sources or a combination thereof. For this reason, the time horizon axis in the model
that commences at zero is also titled the origin point and the origin level of resources.

4.12.9 Assumption IX – Competition and Demand-Ceilings Eliminate Profits
The level of demand for any particular product or service in any market will depend
on many factors. This level of demand will, however, have a finite value. The limit to
demand can be termed a demand-ceiling where, once this maximum level is achieved;
there can be no further sales for those products or services. This can change because
of an increase in the ability of consumers to purchase the products or services and also
because other factors may allow the demand-ceiling to increase beyond that which
naturally exists (marketing and exporting, for example). Once all available demand
has been satiated, the continued entry of additional firms into the market will erode
the market share of existing firms and will place pressure on the profitability of those
firms. This will continue until a firm reaches its Effective-Demand-Ceiling (the
market demand-ceiling is the sum of all firms Effective-Demand-Ceilings).
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4.13 The Firm Lifespan Model (FLM)
The prescribed general form of the FLM is depicted in Figure 4.9 and it clearly
illustrates (in Panel 2 of Figure 4.9) the addition of the Resources panel to versions
from previous models. This figure illustrates the symbiotic relationship between the
trading and resources of a firm over its lifespan. Although the FLM depicted in Figure
4.9 is specific in its sequence of phases and specified patterns displayed by the
variables, the FLM has no expectation for the lifespan of any particular firm to
conform to the specific patterns and phases depicted. In fact, it is possible that some
firms may completely bypass some phases. While patterns and phases that differ from
those prescribed by the FLM may occur in its practical application, this would not
invalidate this model if the change in pattern conforms to the expected outcome from
a change to those assumptions. In addition, regardless of any eventual pattern, the
most critical points of any lifespan will not be expected to alter for any firm – no
matter how many variations to the original assumptions are realised.

In sequential order, the lifespan phases nominated for the FLM (depicted in Figure
4.1) are identified by specific characteristics associated with the charted variables and
are i) Gestation; ii) Early-Main-Life; iii) Later-Main-Life; and iv) Regression. The
Gestation phase commences with the creation of the firm and ends when the firm
begins to generate trading revenue. The Early-Main-Life phase commences with the
generation of trading revenue and ends when the value of resources lost during the
Gestation phase have been recouped – the Lifespan Breakeven (LSBE) point. The
Later-Main-Life phase commences with the LSBE and ends when the maximum
Effective-demand-ceiling is reached (maximum level of sales). The Regression phase
commences at the peak level of trading revenue and ends with the cessation of the
firm.
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Gestation Phase

Figure 4.9 A Firm Lifespan Model

Figure 4.9 is a graphical depiction of Equation 4.23 of the FLM

The various shorthand variables within the FLM are listed as follows:
R

= Revenue Curve

E

= Cost Curve

π

= Profit Curve

LSE

= Lifespan Equilibrium point

Cˆ

= Introduced Capital

πr

= Cumulative-Trading Curve

λ

= Lifespan Curve

LSBE = Lifespan Break-Even point

127

4.13.1 The Panels of the FLM
The first panel of the FLM depicts the trading activity of a firm and the second panel
represents the resources functions. Although the FLM could be presented in a singlepanel format, the preferred portrayal is to separate the key variables into two different
(albeit related) panels. This would provide clarity and ensure consistency with the
hypothesis by separating the trading and resource-mix functions. The first panel
would chart those variables that contribute to self-generated resources over time
(trading). The positive inflow of resources that a firm generates of its own accord will
generally consist of revenue and will be represented via a Revenue curve (R). The
negative outflow of resources for a firm would, predominantly, consist of expenses
and will be represented by a Cost curve (E ). The difference between these two, over
time, reflects the net contribution of resources generated by a firm and will be
depicted through a Profit curve (π ).

The second panel represents a significant innovation on previous versions of
product/firm lifecycle/span models. On the initial assumption that generated resources
(profit) are 100 per cent retained by the firm, this second panel charts the cumulative
retained wealth contribution level over time through the Cumulative-trading-curve

(π ). Recognising that the π
r

r

curve is determined by the cumulative level of π over

time, it is understood that this curve represents the resources that the firm has
generated and retained on its own accord. 10 Arguably, in terms of assessing the future
prognosis of a firm, the most vital of all of the curves is the Lifespan-curve ( λ ),
which would also be depicted in the second panel of the model. The λ curve is
derived by the addition of the π r and Capital introduced by the proprietors ( Cˆ ) over
time.
10 This would equate to the Retained Earnings of an actual firm.
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4.13.2 Panel Axis
As it is a time-based model, despite time being assumed to not be an influential
variable, the horizontal axis in each panel of the FLM represents time. The point
where the horizontal line intersects with the vertical axis of each panel of the model
represents the commencement of a firm. This is the origin point and is signified in the
model by the zero point of the horizontal axis. The further to the right of the origin
point, the older the firm would be represented in the model. Although it is not
commonplace for an axis to be dual-purpose, the horizontal axis of the FLM performs
an additional function of indicating the time-line of the life of a particular firm. This
additional utility is generated from the underlying hypothesis of this model, which
assumes that the most important factor that influences the length of the lifespan of a
firm is its level of resources.

One of the critical assumptions in this regard is that all of the resources that a firm
commences operations with would have been provided to it from external parties and
are, therefore, offset by the obligation to repay them. Subsequently, the level of selfgenerated resources at the origin point is assumed to be zero and, consequently, in
addition to representing the passage of time, every point along the horizontal axis
represents a zero level of self-generated resources. As it is the resource by which all
other resources are valued, the vertical axis of the FLM is labelled to indicate the
levels of the charted variables in terms of currency. Consistent with normal
accounting practices, any non-monetary resources (i.e. physical items) are
incorporated into the model at their currency-equivalent value. Unlike the horizontal
axis, there is no other special significance attached to the vertical axis in this model.
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4.14 The Phases of the FLM
This section will identify the various phases of the FLM. Although it has been stated
that the model does not require every phase to eventuate for every firm, this section
will, nevertheless, examine each phase in the sequential order that they would be
expected to occur in the archetypical lifespan of a firm that would experience every
phase. In addition to identifying the sequential order of the phases, this section will
also define the characteristics of each phase and how an analyst would be able to
classify the lifespan phase that a firm is experiencing based upon some key trigger
points. As such, the chapters that will describe the overall plan and methodologies
that will be proposed for this study will utilise these characteristics to classify the
lifespan phases of the firms that will be selected for analysis.

4.14.1 Gestation Phase
Depicted as the first phase in Figure 4.9, the Gestation phase commences at the origin
point and concludes when the firm first generates trading income. It must be noted
that revenue earned from sources other than trading, will not disqualify a firm from
being classified as being in gestation. This is in recognition that a firm may be
capable of generating income from multiple avenues whilst simultaneously not yet
actively trading in the core activity for which the firm was established. There is an
expectation that, whilst accepting the possibility that other forms of income could be
generated, the lack of trading income during the Gestation phase (by definition) will
cause the slopes for the lifespan and cumulative lifespan curves to be negative during
this time as a consequence of net outflows of resources from operations during this
period. 11

11

This does not preclude income from other sources during this time period. Such income could result in the
gestation period having positive resource inflows to the lifespan. However, because the assumption for the
conceptual lifespan is that the only source of income is from trading one product or service, the strict definition of
this period precludes any income during this time period.
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Noting that the Gestation phase will conclude at the moment in time when a firm
commences to generate trading income, it is expected that the resource outflows
during this phase will be negative from a lack of trading income. Given this, the firm
proprietors would be the most likely financier of the activities in this phase. Funding
provided by the owners of a firm has less stringent conditions than debt-sourced
finance and, given that the owners ultimately benefit from profitable trading, it is in
their best interests to allow the firm to survive this period. This should never be taken
to infer that the pattern depicted in the example in Figure 4.9 would be the same for
every product or firm. In fact, different firms may have completely different curves
for exactly the same product and it is possible this phase could be bypassed
altogether.

4.14.2 Early-Main-Life Phase
The point in time that indicates that a business has migrated from the Gestation phase
into the Main-Life period of its lifespan is signalled by the commencement of trading
income. The resources that are contributed to the firm through all forms of revenue
will have a positive effect on the lifespan curve of that firm. This positive influx of
resources will help to arrest the negative slope of the profit curve that is expected to
occur in the Gestation phase and will begin to slow and counteract the accumulating
deficits from that period. The maximum amount of net resources outflow from this is
depicted in Figure 4.9 by the lowest point of the π r curve. This would be the
equivalent point in time that the R and E curves are expected to intersect for the first
time (break-even trading point). If a firm generates sufficient profit, the resources
invested during the Gestation phase (manifested in the lowest point of the lifespan
curve during the Gestation phase) will be recouped.
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The point in time that the level of resources of a firm returns to its original level
(origin) is the lifespan break-even point (identified in Figure 4.9 as LSBE). The LSBE
represents the point in time that a firm manages to fully recoup the resources that
were expended during the Gestation and Early-Main-Life phases. The achievement of
LSBE, and the end of the Early-Main-Life period, are both signalled to have occurred
when the cumulative-trading curve intersects the origin line. This is the first critical
lifespan point that needs to be addressed by the owners, management and analysts
when monitoring the progress of (and planning for) the future of a firm. Management
would need to take considerable care to limit the length of the period of time it takes
to reach LSBE and the overall negative outflow of resources during this time. As such,
a firm will be classified as being in this phase if it has started to generate trading
income, but has not yet reached the lifespan break-even point.

4.14.3 Later-Main-Life Phase
As a firm establishes itself in the market, it would be expected that the concepts
described earlier, in relation to demand-ceilings, diffusion and competition, would
take effect and growth in the level of trading revenue will become increasingly
difficult to achieve. Having commenced at the point where it has attained LSBE, the
Later-Main-Life phase of the lifespan of a firm is defined to cease at the maximum
level of trading revenue that it can achieve (effective demand-ceiling). The complete
Main-Life phase of a firm lifespan is consequently defined to commence at the point
when trading revenue is first generated and ends when the firm achieves the
maximum level of revenue attainable. A distinction is made for the Early-Main-Life
period of the Main-Life phase only to highlight the LSBE. There is no guarantee that
any firm will actually achieve a situation of LSBE.
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4.14.4 Lifespan Equilibrium Point
Once a firm has reached a status where the trading revenue it generates exceeds the
level of costs it is incurring, there is an expectation that there would be a tapering off
in the level of growth in trading revenue; possible increases in costs (or at least a
stabilisation to Fixed Cost levels); or a combination thereof, that would cause a firm
to (eventually) reach a point where their trading activity no longer contributes towards
the level of resources of the firm. The point in time this occurs is signalled when the
revenue curve and cost curve of a firm intersect for the second time and is the second
critical point in the lifespan of a firm. This is the lifespan equilibrium point that is
identified by LSE in Figure 4.9 (equating to point v˜ i in the profit-maximisation model
in Figure 2:4). If a firm continues to trade beyond this point it will begin to lose
resources that it accumulated previously.

4.14.5 Regression Phase
The Regression phase is the final period of the FLM and commences at the point
where trading revenue reaches its maximum level (effective demand-ceiling) and ends
either when the firm is dissolved, or when the tradable resources of the firm have
been extinguished through continued negative trading. Given this, a firm LSE position
can also be referred to as the divestment point. Signifying the peak of wealth
contribution and represented by the highest point of the π r and λ curves in Figure
4.9, continued trading beyond the divestment point will only result in the loss of
previously created wealth. Consequently, it would be expected that any flattening in
the growth of the revenue, profit or lifespan curves would forewarn a firm of reaching
the impending equilibrium point well in advance. This should provide significant
warning of the requirement to either implement strategies that will extend the life of
the firm, or will enable a well-prepared exit strategy.
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Noting that the commencement of the Regression phase will be identified by the
achievement of a maximum level of trading revenue by the firm being examined, a
firm will be classified as being in this phase if trading income is exhibiting negative
rates of growth. This needs to clarified to ensure that, even if recycles (up and down
swings in revenue) are occurring, a firm will need to display an overall negative
growth in trading income to confirm that it is in a Regression phase and not merely
experiencing a temporary anomaly that has caused the growth of trading income to
turn negative. Consequently, it is acknowledged that, given the possibility of
anomalous results, the Regression phase is the only phase of the FLM that must be
confirmed retrospectively. The trigger point for every other phase is immediately
identifiable as they occur and will not be prone to similar ambiguity.

4.15 The FLM Curves
The major components of the FLM were established in the previous section. This
section will endeavour to explain the various curves of the model in greater detail.
Although, for example, the previous chapter explored the factors that influence the
Revenue curve of the model, the nature of this curve and its relevance for the FLM
will nevertheless be re-examined. In addition to the Revenue curve, the FLM contains
Cost, Profit, Cumulative-trading and Lifespan curves and, as such, these will also be
examined in this section. It is important to reiterate that the shapes of the various
curves that will be reviewed in this section are merely conceptual representations of
how these variables would be expected to behave if all of the assumptions of the
model were to remain constant over the entire life of the firm they will be
representing.
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4.15.1 The Revenue Curve
Originally nominated by PLC proponents as the variable most likely to be responsible
for the longevity of the firms that supply products generating sales, the first curve of
the FLM that will be examined will be the Revenue curve (R). Revenue is a product
of quantity (q) and price (p). The Revenue curve depicts the end product of this
relationship over the lifespan of a firm. The FLM depicts a specific pattern for R over
the lifespan of a firm. This pattern is dictated by the diffusion of sales for a firm over
that time. The abbreviated recognition of this diffusion process is noted by the
variable Ω in Equation 4.24 that indicates R is a product of price (p) x the diffusion
( Ω) of the quantity of the product.

R = p(Ω)t

(4.24)

The major factors that affect the diffusion process and, subsequently, the pattern of
the Revenue curve are; i) customer demand, ii) competition; and iii) the ability to
supply the product. For example, the faster a firm satiates the available demand for
their product (or penetrates the market), the steeper the Revenue curve will be during
that period.

Although it is acknowledged that a firm can attract customers away from competitors,
it has been assumed that this can only result from an action that changes the basic
assumptions of the model (e.g. lowering the price) and, as such, is not considered as a
factor in this stage of the development of the model. It must be noted that, even if the
pioneer firm was able to achieve the overall maximum demand-ceiling for a product
on its own accord, the eventual continued introduction of competition will cause the
initiator’s revenue to fall.
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Consequently, the strategic priority for pioneer firms at the time of introduction is a
very difficult balance between trying to maximise the speed of diffusion ( Ω) into the
market whilst, simultaneously, attempting to limit the ability of competitors (N ) to
flow into the market. The difficulty of this task arises from the fact that promoting a
product as widely as possible to maximise the rate of market diffusion will,
unfortunately, simultaneously signal the market opportunity to potential competitors.

4.15.2 The Cost Curve
The Cost curve (E ) merely charts the expenses incurred by a firm over time. 12 If
expenditure varies according to changes in volume, it will be classified as variable v.
However, if it is invariant to changes in volume, it will be classified as fixed, or F.
Apart from the influence of the fixed-cost component, the Cost curve will
predominately mirror the shape of the Revenue curve. This is in light of the fact that
the variable costs will be influenced by the same diffusion pattern of sales as revenue.
Consequently, the relationship that underlies the Cost curve can be expressed thus:

E = v (Ω)t + Ft

(4.25)

4.15.3 The Profit Curve
Given that an underlying assumption of this study is that a firm is seeking to increase
its level of wealth, the changes to business-created wealth over time are charted in the
FLM via the Profit curve (π ). This curve simply depicts the net operating outcome of
trading over time as determined by subtracting negative influences (the cost curve)
from positive influences (the revenue curve), as follows:

π t = Rt − E t

(4.26)

12 Expenditure that is not a direct expense of trading would usually be of a capital nature and represents a

reorganisation of the resources of the business and would therefore not appear in any of the curves of this model.
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In light of the discussion of the Revenue and Cost curves, it is recognised that the
relationship expressed by Equation 4.26 can be modified (Equation 4.26a) in a
manner that reflects how the diffusion pattern of those curves will also dictate the
shape of the Profit-curve.

π = (( p − v )Ωt − Ft )

(4.26a)

4.15.4 The Cumulative Trading Curve
It was identified that the value of resources that are contributed by any external party
(including the owners) will be offset by the obligation to repay the contributing party.
The net value to the level of the resources of a firm from these sources would,
therefore, be zero. With this understanding (and ignoring the ultimate ownership
thereof), the level of resources that a firm generates of its own accord is determined
by the accumulation of trading outcomes over time. The cumulative value of this
activity is represented by the Cumulative-trading curve (π r ), which corresponds to
the accumulation of the Profit-curve over time and is expressed as follows:
T

π r = ∑ π t1−n

(4.27)

t =1

4.15.5 The Lifespan Curve
Combined with a shift in emphasis away from products to the firms themselves, the
Lifespan-curve ( λ ) is a feature that was not defined in any previous business-related
prescriptive models and represents one of the key contributions to current knowledge
in this field. It is the most important curve of the firm lifespan model given that this
study proposes that if λ reaches zero at any point in time, the lifespan of that firm
should have terminated.
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With expectations that trading outcomes will be negative during the Gestation phase,
it has been hypothesised that the ability to continue trading in that period would only
be possible so long as the contributions from the proprietors have not been exhausted.
As such, the Lifespan-curve equation will represent the addition of introduced capital
( Cˆ ) to the π r curve equation thus:

λ = Cˆ + π r

(4.28)

The elements that have been defined to dictate the lifespan of a firm were elaborately
defined in Equation 4.23. In line with the previous discussion, however, this equation
can now be simplified as follows:

λ = A−L

(4.23a)

λ=P

(4.23b)

Or, alternatively:

It needs to be recognised that the lifespan relationship identified in Equation 4.23b is
representative of the lifespan of a firm at its most consolidated level. It takes into
account, not only the specific factors that are hypothesised by this study to determine
the eventual lifespan of a firm, but also any transactions that have been incurred of a
non-trading nature that will influence the financial status of the firm (but may not
necessarily affect the eventual longevity of that firm).It is further acknowledged that,
for the purposes of simplicity and clarity of concepts, it has so far been assumed that
firms would only be trading with one product or service to offer.
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In reality, it is understood that this will not be the case and that most firms will, in
fact, be simultaneously operating with multiple product offerings at different stages of
their individual life-cycles. As a result, the detailed equation for the lifespan curve can
be modified to reflect the possibility that a firm can have multiple products, as
follows:
T

N

λa = Cˆ + ∑ ∑
i=1 j =1

(((p − v )Ω)− F )

(4.29)

Where:

λa = Multi-product lifespan curve; and
n = the number of products that the firm is trading in from 1 to n , where n is the
total number of products.

4.16 Chapter Summary
This chapter has built on the work of pioneers that have examined concepts such as
the PLC, PMF and other such models designed to explain the life-cycle of products
and the firms that supply them. Major contributions to those efforts can be
summarised as follows:
i)

Adopted the concept of lifespans instead of life-cycles;

ii)

Incorporated a second panel to emphasise the symbiotic relationship
between the trading and resources components of a firm;

iii) Defined an equation that formalised the symbiotic relationship between
the trading and resources components of a firm; and
iv)

Included the effects of economic concepts such as diffusion, demandceilings, purchasing power and competition to describe how they interact
to determine the longevity of a firm.

The resulting model that has been developed will be empirically examined to
ascertain the supportability of these concepts.
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CHAPTER 5
AIMS AND HYPOTHESIS
5.1 Study Benefits
One of the major potential benefits of this study is that it may help to harmonise the
disciplines of accounting and economics. While it is accepted that this goal is too
grand for one study to achieve, it is hoped that this study may spark more effort
towards this objective. It is also possible that the work in developing the prescriptive
model proposed in this study has filled some gaps in existing theory. These
advancements in theory may also allow researchers to better focus their designs of
binary-outcome predictive models such that they have a theoretical basis to support
their development and application. However, the most important potential benefit of
this work is to improve the understanding of the factors that may result in a firm
failing. This could help management to identify potential risks and better manage the
resources of their firms so that they will be better placed to withstand the impact of
those risks and avoid, or minimise the effects of potential failure.

5.2 Study Hypotheses
The efficacy, reliability and accuracy of single-purpose binary-outcome business
failure prediction models were examined in Chapter 2.5. It was concluded that such
models might not be as useful as prescriptive business-related models. In turn,
different forms of previous attempts to develop prescriptive business-related models
were also examined in Chapter 2. However, due to a combination of theoretical
deficiencies and/or a lack of sufficient empirical evidence that would encourage
widespread critical acceptance, were similarly rejected. Despite this, it was noted that
several concepts from these efforts contained meritorious elements that were most
likely responsible for the levels of empirical support that they did achieve.
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Some of these concepts were adopted and combined with a number of other features
that were inadequately explored by previous efforts (such as the concept of demandceilings, for example) to form the basis of the prescriptive Firm Lifespan Model
(FLM) developed in Chapter 4. The development of this model included the
advancement of a hypothesis of a dependency upon Expendable Resources and
replacing the limiting nature of life-cycle patterns with the less restrictive concept of a
lifespan. In short, this model and its associated theory are based on the notion that, the
creation of a firm and its ability to continue to exist is entirely dependent upon its
capacity to generate appropriate resources through trading over time. If empirically
supported, the FLM could enable an analyst to accurately predict potential failures
and, more importantly, provide sufficient advance warning to enable the prevention,
or minimisation, of the effects of such failures.

It is apparent from the available literature that, the concept of a sales-dependent
Product Life-Cycle (PLC) was condemned to failure by restricting its hypothesis to a
singularly-explicit pattern. Formulating the statement in this manner would result in
the conclusion that the hypothesis was unsupportable if the level of sales (for any
product being examined) did not conform to the defined pattern. Indeed, the number
of studies examining this hypothesis that found that many products did not exhibit the
specified pattern ensured that the theory failed to gain any widespread popular
support. Importantly, PLC proponents did not realise that their model was prescriptive
in nature. If they had, they would not have been holding the hypothesis dependent
upon the shape of the curve. Instead, they would have stated that the shape
represented typical traits to expect in an environment with no major changes in
conditions. The concept’s proponents would have been better served to attempt to
relate the hypothesis to the factors that caused the shape.
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Identification of the key characteristics that influence sales patterns would provide
more meaningful insight than attempting to constrain a model in the manner that the
PLC concept did. This, not only recognises that patterns can change over time with
changes in any of the key variables, but also that (ultimately) the shape of any curve is
not as important as the determinants of the shape. The pioneer efforts were focused
heavily on the products being supplied and were very demand-oriented. This study
switches the emphasis from demand (the product and its sales) to supply (a firm). In
fact, this study does not preclude multiple products (including products of a totally
different nature to each other) from being offered at the same time by a supplying
entity. Although meritorious in concept, attempts to state that a product’s life-cycle
was dependent upon profitability also failed to capture widespread support.

Whilst the difficulty of aggregating different supplier information was most likely
responsible for this lack of support, this hypothesis (as it stands) would fail to address
adequately the existence of many cases for which products are still supplied – even
though they are supplied at a loss. This study has established the more plausible
rationale that the longevity of a firm is related directly to their level of wealth in
resources. The fundamental premise that underpins this work is that firms can only
operate if they have sufficient resources with which to continue to trade through
periods of losses. Consequently, all firms will be held accountable to the same
proposition, with no need to identify exceptions (such as not-for-profit organisations,
for example) that are often excluded by other hypotheses (such as profitmaximisation, for example). Although this overcomes any reliance upon profitability
in general, the second part of the hypothesis states that any expansion of the resources
of a firm will depend upon its ability to increase, or at the very least maintain, the
level of those resources.
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Sales and profitability (or surpluses for non-profit organisations) have been identified
as the mechanisms by which firms create, maintain and increase their wealth and,
although they are related significantly to the main hypothesis, they are almost
incidental to the main part of the hypothesis. These underlying assumptions are
formalised in the study hypothesis as follows:

i)

The lifespan (λ) of a firm is dependent upon its Expendable Resources
(XR), or
H0: λ ≠ XR > 0 and H1: λ = XR > 0; and

ii)

The firms’ ability to maintain, or expand, those resources through
profitable trading.

5.3 Study Aims and Objectives
Although the disciplines of accounting and economics examine what are essentially
the same phenomena (albeit from different perspectives), there have been no
identifiable efforts that have attempted to harmonise these disciplines at a core level
of understanding. Regardless of whether or not there is sufficient empirical evidence
to support the Firm Lifespan Model (FLM) proposed by this study, the inclusion of a
number of economic principles into the traditional accounting equation in Chapter 4 is
already an advance in this objective. A rationale that is founded in economic theory
that explains the expected relationships over the life of a firm could be very beneficial
in advancing the theory of accounting and assisting the formulation of professional
policy surrounding accounting practices. This study could be the catalyst for more
concerted efforts in this regard if (as it is hoped) it provides important insight in
relation to the fundamental questions that have been postulated herein.
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Advancing on previous efforts on the Product Life-Cycle (marketing) and the ProfitMaximising Firm (economics), this study has proposed a model that has incorporated
concepts from marketing and economics into accounting equations using accounting
variables to explain the lifespan of a firm (FLM). Unlike the models of previous
efforts, the FLM incorporates the economic resources that enable a firm to trade and
illustrates the expected behaviours of key variables to economic principles directly
affecting that firm over time. It explains the symbiotic relationship between the
trading activities and the resource capacity of a firm and provides life-cycle phase
classification characteristics that are independent of time. This study will aim to
determine if there is sufficient empirical evidence to support the model that has been
proposed. The FLM proposed by this study utilises specific characteristics in key
variables to classify the lifespan phase that a firm is exhibiting. As such, the
overriding objective of this study is to ascertain whether there is sufficient empirical
evidence to support the FLM that has been developed in Chapter 4.

The second aim of this study is to ascertain whether the two branches of the
fundamental hypothesis of this study are supportable. The final objective of this study
is to compare the efficacy of the FLM in determining the risk of failure of a firm in
direct comparison to very basic static versions of binary-outcome predictive
conditions that were developed in Chapter 3. Whilst not direct versions of the
business failure prediction models promoted by predecessors, these conditions have
been specifically designed to replicate the underlying hypothesis of this study
(missing from previous efforts) and, consequently, are more relevant in this case.
Noting that the two parts of the hypothesis present as separate, albeit intrinsically
related, testable statements, the questions explicitly linked to the formal hypothesis of
this study and also summarise the main objectives of this study can be stated as
follows:
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i)

Is the lifespan of a firm dependent upon its Expendable Resources?; and

ii) What influence does profitability have in relation to the level of
Expendable Resources?

In addition, accepting that it is implicit rather than unequivocally stated, the following
question will also require examination to fully test the underlying theory behind the
construction of the formal hypothesis:

iii) Is the FLM empirically supportable?

Consequently, this study will aim to better understand the subjects selected and
attempt to identify any potential issues that may affect the conclusions of this study.
This aim will be pursued through the use of descriptive statistics. This study will also
aim to determine whether the reliance of previous concepts on chronological time has
any bearing on the survival of the firms selected for this study. The third objective of
this study is to ascertain the extent to which the survival of a firm may be dependent
upon the level of their resources (the first branch of the hypothesis). The final
objective of this study is to attempt to determine which source of funding is primarily
responsible for the continuing survival of the firms being assessed (the second branch
of the hypothesis).
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CHAPTER 6
STUDY DESIGN
6.1 Introduction
Much of the research on single-purpose business failure prediction models have been
criticised for the design of their studies (detailed in Chapter 2). These criticisms
involved issues relating to their overall approach; absent hypotheses; time dimension;
supporting theory; model development; construction of populations; sampling
method; selection of variables; or selection of data that were employed by those
studies (Balcaen and Ooghe, 2006). Consequently, the design of this study has taken
measures to avoid attracting similar criticism to those studies. Noting that a
hypothesis has been proposed (refer to Chapter 5) and the model that will be tested
and associated theory have been developed (refer to Chapter 4), the adopted measures
for testing will be identified in the sections that follow.

6.2 Study Design and Setting
With the objectives of this study that are specified in Chapter 5 in mind, this study
considered the experimental and causal-comparative methods of testing hypotheses as
the two main approaches that this study might adopt. However, given the constraints
of time and the inability to control the variables to be examined by this study, it is
recognised that an experimental process would be inappropriate for the examination
of the study hypothesis. 13 It was further appreciated that a causal-comparative
approach could be similarly difficult to implement because of the complexity of the
model proposed and the different aspects contained within the one hypothesis. It was
subsequently determined that since this would be the first time that this hypothesis,
associated theory and resulting prescriptive model would be formally examined, this
study would benefit from a descriptive approach.
13 It is understood that the subjects under analysis might have a lifespan that could surpass that of any researcher
hoping to examine this hypothesis.
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This was based on the notion that such an approach could explore the level of
empirical support for these concepts in a manner that might encourage further
research (if warranted). It was acknowledged that such an approach would be reliant
upon the analysis of historical data and that this could be subject to varying degrees of
interpretation and conjecture that may cloud the outcomes of this study. This is
particularly true in relation to the assessment of the predictive ability of this work.
Any conclusions drawn from the results of this study in relation to the predictive
capacity of the hypothesis must be tempered by the fact that such an assessment
would be based on historical data and is, therefore, essentially retrospective. The
challenge for this study was to design a process that would simultaneously test the
individual propositions that were identified, and yet remain consistent enough for the
validity of the overall hypothesis to be adequately reconciled.

As such, it was felt that the analysis of the hypothesis and model would be aided by
adopting a descriptive approach for the analysis. This assessment will commence with
a review of the general characteristics of the selected study sample to gain an
understanding of the possible implications for the overall findings (as specified in
Section 6.3). This will be followed by a two-part examination of the hypothesis
statement. The first is an assessment of the hypothesised relationship between
resources and firm longevity using the binary-outcome predictive models (developed
in Chapter 3 and as specified in Section 6.10) and the Firm Lifespan Model
(developed in Chapter 4 and as detailed in Section 6.11). The study will subsequently
examine the second part of the hypothesis statement that the level of resources of a
firm is dependent upon the profitability of the firm (Section 6.12). The following
sections will specify the sample selection, variables, data collection and the
procedures and methodologies that will be employed to make these assessments.
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6.3 Sample Selection
An inherent temptation when developing business failure prediction models is to
select subjects from a pool of firms that are known already to have failed. Although a
theory can be developed from arbitrarily selected samples, the level of confidence in
the widespread applicability of the findings of studies conducted in this manner would
be severely diminished. This was identified by Balcaen and Ooghe (2006: p.75) who
noted that, although the ‘…classic paradigm is based on the assumption that a random
sampling design is used’, the reality is that in most cases they were not. Balcaen and
Ooghe (2006: p.75), refer to Zmijewski (1984) and note that, if ‘… the estimation
samples are non-random, it might be expected that the parameter estimates are biased
and that the overall ex-post classification accuracy is different from the ex-ante
predictive performance’.

Balcaen and Ooghe (2006: p.76) also note that over-sampling ‘…of failing firms is
very likely to result in an overstatement of the ex-post accuracy of the model because
of an understatement of the misclassification error rate for the over-sampled failing
group of firms.’ Ooghe and Joos (1990), as quoted in Balcaen and Ooghe (2006:
p.75), suggested that, ‘…if a classic statistical failure prediction model is eventually
to be used in a predictive context, the estimation samples of failing and non-failing
firms should be representative of the whole population of firms.’ Balcaen and Ooghe
(2006: p.75), further identify that ‘…it is pointless to build a highly accurate model
for the available data when the model is likely to be inaccurate for failure prediction
in new cases.’ In light of the implications that these observations have for the future
usefulness of this study, the subjects to be examined to test the underlying hypothesis
of this study must be selected with this goal in mind.
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If, the selected subjects are representative of the total population and this study is able
to demonstrate that failed and non-failed firms exhibit behaviour that is consistent
with the hypothesis, then the results of this study will have an increased level of
confidence in the ex-ante predictive capabilities for all firms. Furthermore, extending
the analysis to firms that have not yet failed could generate valuable data about the
ability of successful firms to generate and retain wealth and, at the same time, should
more accurately relate to testing the hypothesis that life would depend on positive
levels of resources. Consequently, although this study will focus on firms that are
predominantly going concerns, it is anticipated that the population from which
potential subjects will be drawn will contain at least some firms that have failed. This
should ensure that any failed subjects that are selected should be in a more
representative proportion of the rate in which they actually occur.

In light of this, and despite the hypothesis being held to apply to firms globally, it was
considered that the most appropriate pool of subjects for this study to examine would
be the firms that are listed on the Australian Securities Exchange (ASX). This was on
the understanding that the reliability and general applicability of the findings of this
study will improve if the selected subjects are a proportion of a known total
population. In any case, many of the firms listed on the ASX would be trading
concurrently in other parts of the world and would, therefore, contribute towards
demonstrating that (if supported) the hypothesis would be applicable to all firms.
However, this will need to be tempered by the recognition that the sample base
chosen will not include examples of the full business entity spectrum (private
companies, trusts and partnerships, for example). This will need to be kept in mind
when reviewing the findings of the study.
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It may well be, for example, that any findings in this study are only reflective of firms
that are listed on a specific stock exchange and do not, necessarily, apply to other firm
structures. Although this shortcoming is acknowledged, it is somewhat offset by the
recognition that all of the information required for this study from the ASX subject
pool is publicly available and eliminates difficulties in obtaining data from firms that
may not want to contribute to this study. 14 This, not only eliminates other issues that
arise from having selected subjects that are non-compliant, but also it takes into
account the resource constraints and other limitations surrounding the capacity of this
study that will necessitate the selected population pool to be of a manageable size.
Furthermore, whilst they may have changed over the timeframe examined, all of the
firms listed on the ASX are subject to the same strict reporting requirements and
conditions.

This framework should engender greater confidence that the financial statements for a
particular year for the firms selected were all prepared under the same guidelines and
that the data for all variables examined should be consistently reported. This should
further enhance the comparability of the data that could otherwise be compromised by
extending the sample to firms listed in other parts of the world. In light of the
population selected for examination, the subjects for this study will be chosen from
the on line database at www.morningstar.com.au (MDD), which contains information
for firms that are, or have been, listed on the ASX. 15 Noting that the subjects within
this database are grouped into various categories as defined by the ASX, it was
decided to select subjects in proportion to the industry category within which they
were classified as at 17 August 2007.
14 It is also more difficult, expensive and time-consuming to obtain the relevant information for non-listed
companies and partnerships.
15 This data source changed from www.aspectfinancial.com.au during the data collection process (with 29
subjects remaining). It was decided to continue with the original sample list and collect the data that was
available for the remaining companies.
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The categories and the number of firms they contained are identified in Table 6.1 and
provide a total possible subject population size of 1,919 firms. The sample size for the
study was selected to be ten per cent of that population (192 companies). A
probability-sampling scheme with a systematic sample and a random start (in subject
selection) were employed in order to ensure that every firm had an equal opportunity
for inclusion and that the subject selection was a representative cross-section of the
total population. 16 It was believed that, although every firm would have had an
increased chance of being selected if the sample had simply been selected randomly,
the chosen method would provide a better representation of the overall pool of
subjects and, therefore, produce a more insightful outcome for the study.

17

Table 6.1 ASX Listed and Sample Firms by Category (17/08/2007)

Code

Category

EGY
MAT
IND
DCO
SCO
HCA
FIN
INT
TEL
UTI

Energy
Materials 18, 19
Industrials
Consumer Discretionary 20
Consumer Staples
Health care 23
Financials
Information Technology 23
Telecommunications
Utilities 23
Total

Frequency
Listed
Sample
Businesses Businesses
NP
NS
202
20
597
60
200
20
173
18
59
5
165
17
329
33
128
13
38
3
28
3
1,919
192

% of
Total
NP
1.04
3.12
1.04
0.94
0.26
0.89
1.72
0.68
0.16
0.16
10.01

% of
Total
NS
10.42
31.25
10.42
9.38
2.60
8.85
17.19
6.77
1.56
1.56
100.00

Note: Refer to footnote 16

16 The selection will start from the third-listed business as determined by the random number generator function
from Microsoft Excel.
17 This resulted in the stratified sample sizes, per category (NS) listed in Table 6.1.
18 Some companies (BRM, CGA, PSD, TQH and JGL) were split into two as they were ‘revived’ or ‘re-listed’ as
different entities.
19 Details for CCC were obtained from the company’s website, as no records for the business in the study time
period were available from the main database.
20 The reports available in the database for one company (SFC) from its previous incarnation that ceased in 1987
were illegible. Therefore, the analysis of this company commenced at the next available set of accounts (1991).
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As a consequence of this selection process, it is noted that (with 31.3 per cent of the
sample) the Materials (MAT) classification was by far the largest ASX industry
category to contribute to the overall sample. As such, not only does this single
classification represent a materially significant proportion of the sample, but the
nature of this industry in comparison to others with a more traditional consumer
goods type of focus could combine to heavily (and unduly) influence the outcome of
the study. Another general observation that can be made relating to the sample firms
(albeit this time a more positive one), is that the majority of the subjects selected for
examination were actively trading at the time of selection. As a result, any
conclusions that may be derived by this study in relation to the hypothesis could be
considered more representative of the total population of (ASX-listed) firms, than if
only failed firms were selected for examination.

6.4 Variables Identified for Analysis
The previous sections of this chapter detailed the design of this study, the methods to
be employed to examine the hypothesis and the manner in which the subjects to be
selected to test the hypothesis would be chosen. The first part of the hypothesis of this
study defines the lifespan of a firm to be dependent upon the level of its disposable
resources (as defined by Equation 3.5). 21 The second part of the hypothesis states that
the level of disposable resources is, in turn, dependent upon the firm being able to
maintain or increase the level of those resources through profitable trading (which is
defined by Equation 3.4, see again footnote 21). Noting that the variables they contain
are almost identical, this study will consequently utilise Equations 3.4 and 3.5 as the
foundation for determining the variables that will be examined and, as such, form the
basis of those variables listed in Table 6.2.


T

21

Equation 3.4:



∑ (R − E) = A − (L + Cˆ ) and Equation 3.5: λ = ∑ (R − E ) + Cˆ  > 0
T

 t1−n

t1−n
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In addition to those specified in the formulae, there are variables that are inferred by
those equations that have been included for selection for reasons that are specific to
this study. The Operating Profit (πo) variable, for example, is necessary for this
analysis because, although the base model assumes that 100 per cent of profits
(operating) are retained by firms, in reality, leakages such as distributions to
shareholders and taxation charges will result in a less-than-maximum retention of
wealth generated by a firm (Retained Profit, πr). It should be noted that, in terms of
predictive ability, this study places significantly greater importance on the Operating
Profit variable than the Retained Profit variable, as it is more indicative of the impact
that the economic forces of demand and competition are having on the firm being
examined.

It is proposed that any factors that result in a Retained Profit figure that is different
from Operating Profit will be a consequence of variables that are not directly related
to the economic factors that are determining the viability of the firm. Examples of this
would include amounts transferred to Reserves and items of income and expenditure
that have been classified as ‘Extraordinary’. In a similar vein, there is a greater
emphasis on Trading Income than Total Income. The reasoning behind this decision is
that, whereas Total Income includes revenue from investment-related activities (for
example), Trading Income represents the wealth-building activities for which the firm
was actually established and, therefore, a better indicator of the impact of demandrelated influences. It is precisely for these reasons that Trading Revenue is the
variable that has been defined to determine the changes in the lifespan phases of
firms.
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Table 6.2 List of Variables
Code
πr

Label

Description

Retained Earnings

The resources actually generated and retained
within the firm.

P

Net Assets

The resources remaining once Liabilities are
deducted from Total Assets.

XR

Expendable Resources

The resources contributed by the owners ( Cˆ ) and
generated by the business (πr).

A

Total Assets

All of the resources available to the firm.

L

Total Liabilities

The value of resources contributed by debt
providers and ultimately owned by them.

Cˆ

Introduced Capital

The value of resources contributed by the owners.

RT

Total Revenue

Includes income from every activity.

Rt

Trading Revenue

Limited to income that is directly attributable to
activities related to trading.

E

Expenses

Limited to expenditure related to trading activity.

πo

Operating Profit

Calculated by deducting E from R t .

ϖ

Reserves

Funds set aside for specific purposes.

6.5 Additional Data Requirements
In addition to the data obtained for the variables identified in Section 6.4, a host of
supplementary information in relation to the selected firms that may not be directly
obtained from financial statements will be required in order to effectively conduct this
study. Examples of this information include being able to identify the stock exchange
listing category, chronological age, survival status and lifespan phase of each selected
subject. Wherever possible, this information is ascertained from the MDD. The
following sub-sections will identify the additional categories of information required
and also clarify any issues relating to these categories that have been considered.
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6.5.1 ASX Industry Category
It was acknowledged in Chapter 2 that, over its complete lifespan, a firm could
completely change the industry within which it had chosen to participate in. As such,
it is possible that the ASX category that firms may have been listed in could have
changed over time. With this in mind, the stock exchange listing category that
subjects will be assigned to will be the category in which the subject was classified in
on the sample selection date of 17 August 2007.

6.5.2 Chronological Age
Accepting that a firm is not a biological entity, the ability to recognise a life-cycle
milestone by a chronological time marker is not optimal. The equivalent of a
biological ‘birth’ for a firm will be held to be the date of incorporation (given that the
subject population of this study are incorporated businesses). As such, the
chronological ages of each subject will be calculated by deducting the date that the
firm was initially incorporated from the date of the most recent year of available
information.

6.5.3 Lifespan Phase
It was acknowledged in the development of the model in Chapter 4 that the FLM was
not constrained by any obligation for firms to have experienced every phase of the
lifespan cycle. As such, each firm that is selected for analysis will be classified in
terms of the lifespan phase it is exhibiting in the last period of available information.
The phases would be identified and classified according to the lifespan phase
definitions established in Chapter 4 and summarised as follows:
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Gestation Phase: No matter how many years a firm may have been incorporated
for, it will be classified as being in the Gestation phase if there has been no
trading income generated during that time. This will not preclude a firm from
generating income from any other source during this time and still being
classified as being in this phase.

Early-Main-Life Phase: To be classified in this phase, a firm must have started
to generate trading income but at the same time not have generated sufficient
profit to ensure that any losses accumulated during the Gestation phase would
have been expunged.

Later-Main-Life Phase: To be classified in this phase, a firm would have
generated sufficient surpluses to pass expunge any losses incurred during the
Gestation and Early-Main-Life phases. Furthermore, the Revenue curve must
still be exhibiting signs of continued growth. Any firm satisfying these
conditions will be classified as being in this phase.

Regression Phase: To be classified in this phase, a firm would have been
generating sufficient Trading Revenue but the level of this revenue has peaked
and the growth in revenue has turned negative. Even if there are signs that the
revenue may have shown cyclical signs of improvement (positive growth), so
long as the overall trend in revenue is negative, then the firm will be classified
as being in this phase.
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6.5.4 Survival Status
It is noted that, although firm survival is comparatively easy to identify, Chapter 2
demonstrated that firm demise is a considerably more difficult concept to define. For
instance, it was identified that some firms could cease to operate for reasons other
than an inability to continue trading in their own right. There may be, for example,
instances where the closure of the firm was entirely voluntary or the firm itself was
created for the sole purpose of enabling a specific project and is disbanded at the
completion of the project. There are other circumstances that can result in firms no
longer operating as they once did that may not be voluntary and would not constitute
a formal cessation of firm, yet not be interpreted as a failure. Examples of this can
include compulsory acquisitions or takeovers and mergers. Situations such as these
could cloud the outcome of a test between the association of survival and resources,
given that those firms could have continued trading – notwithstanding the event that
brought a cease to trading.

In the scenarios proposed, a firm would no longer be able to continue to trade as the
same entity it was previously because the original entity would no longer have any
resources to enable it to continue trading. Importantly, this means that a cessation of
business that is not a result of failure will not invalidate the unmodified hypothesis.
Whilst not requiring any changes to the hypothesis, scenarios such as these were
considered in the design of the methodology for this study. This identified the need to
address how this study should deal with the assets of a firm that had ceased (for
whatever reason). Specifically, consideration was given to introducing an additional
year of data that consisted of only zeros for all variables for instances where a firm
had ceased operating in the format that it had previously.
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This treatment would indicate that the firm had ceased trading and that all resources
had been dispersed to other parties. While the logic of such an approach appears to be
reasonable, it was ultimately considered to be an unsatisfactory option for this study.
This conclusion was derived on the basis that it would be inappropriate to introduce
data that was not obtained from an independent data source (even if the data could
reasonably be inferred). Instead, it was decided that the most appropriate way to treat
firms that ceased to trade for reasons other than failure, would be merely to note that
the firm had ceased to operate in that format and that (if found to be the case) the last
published annual accounts indicated that it could have continued if the cessation did
not occur. This treatment would ensure that the data used to examine the hypothesis
would remain completely independent and would neither inadvertently dismiss, nor
support, the hypothesis of this study.

It was also identified in Chapter 2 that many reasons for business cessation are the
outcome of unpredictable events and cannot be classified as failures. Consequently,
and significantly, this study is not concerned with testing the notion that cessations
only occur when there are no more resources to enable continued trading. The specific
condition identified in part one of the hypothesis statement clarifies that, rather than
testing the possibility that all cessations are an end result of insufficient resources, this
study is concerned with whether cessations occur in all cases where stores of specific
resources are exhausted (which would support the notion that survival depends on
these resources). This, not only ensures the possibility that cessations in operations
may occur as a result of other influences is not excluded, but it also ensures that there
is no need to focus excessively on whether a cessation is a failure or not. Therefore,
for the purposes of this study, a firm that is actively trading at the time of selection
will be classified as surviving.
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In any instance where a cessation of trading operations arise from circumstances
where a firm is acquired or merges with another firm, it could be argued that where
there were once two firms and now there is one, one of them must have ceased
operations. Nevertheless, this study will take the approach that any firm that is
delisted or has ceased operations for any reason other than identifiable failure
(including mergers or compulsory acquisitions) will be classified as surviving. The
classification of a firm as ‘failed’ will only be made if it is deemed that the firm
would have no longer been able to have continued to trade of its own accord if it so
desired. To qualify for this classification, a firm must be found to have been bankrupt
or receivers/administrators have been appointed. Although the latter situation allows a
firm to continue trading and, in fact, may continue to survive indefinitely after the
appointment of said receivers/administrators, this trading would only have been
possible through special legal powers that it would have otherwise not been afforded.

6.5.5 Different Concepts of Resources
Based upon the definitions and issues that were established and identified in Chapters
2, and 4, the first part of the formal hypothesis of this study assumes that the
probability of survival, or life ( λ ), for a firm, will be positive so long as the level of
appropriate resources is greater than zero ( Z > 0 ). It would be expected that if this
part of the hypothesis has any substance, then the operations of a firm would be
forced to cease as soon as the resources controlled by the firm have been exhausted.
Unfortunately, definitional issues surrounding the predictive condition of resources
(Z) complicate the examination of this part of the hypothesis. It was identified in
Chapter 2, for instance, that there are at least four different concepts of resources that
may be responsible for the hypothesised relationship.
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The four concepts of resources that this study will consider for assessment are Total
Assets; Net Assets; Retained Earnings and Expendable Resources. While this study
hypothesises that the most influential concept is Expendable Resources, the identical
analytical methodologies are to be applied to all four concepts of resources in order to
ascertain whether this assertion can be empirically supported. In light of this, the tests
and analysis that will be conducted to test the hypothesis of this study will be
replicated for all four definitions of ‘resources’. It is anticipated that this process will
assist to identify which of the four concepts, if any, may be the most influential to the
survival of a firm. As such, the application of the procedures and methodologies in
this study will be replicated for all four concepts of resources nominated by this study.

6.5.6 Type-I and Type-II Errors
A large part of the analysis in this study is dependent upon the binary-outcomes of
blunt binomial expectations of predictive conditions. Consequently, the validity, or
supportability, of these binary-outcome conditions will be assessed in terms of the
number of classification errors that occur from the application of the predictive
conditions to the data. For the purposes of this study, therefore, a Type-I error in the
analysis will be determined to have occurred if a binary predictive condition was not
transgressed and a firm has failed despite being expected to have continued to
survive. Furthermore, a Type-II error in the analysis will be determined to have
occurred if a binary predictive condition was transgressed and a firm has continued to
survive despite being expected to have failed. These are summarised in Table 6.3.

Table 6.3 Summary of Type-I and Type-II Errors
Predictive Condition Status

Type I Error

Predictive Condition Transgressed
Predictive Condition Not Transgressed

Type II Error
Surviving

Failed
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6.6 Extraneous Variables
It could be argued that this study has failed to consider the influence of many other
variables that, in turn, influence the variables that determine the resources of a
business. Examples include the quality of management, market expectations,
government and legal considerations, and so on. Whilst important, these additional
variables will not be directly considered by this study because it is believed that their
effects have already manifested in the actual values of the variables that are the focus
of this study. For example, in their deliberations concerning the provision of resources
to the subjects being examined, equity markets will most likely have considered
variables such as the quality of management. For the purposes of this specific study,
therefore, it is considered that there is no need to expand the variables for the
influence of extraneous variables such as management if they have not been directly
identified in the equations of this study.

6.7 Data Collection
The data for this study will be (as much as possible) extracted from the digitised
copies of financial statements for the selected subjects that are stored in the MDD.
The first available set of accounts stored in the MDD for each selected firm will be
considered the base year for each firm in the sample pool. There is a possibility that,
due to any number of reasons, the collection of financial statements in the database
for each subject may be incomplete. As such, the period that is selected as the base
may not necessarily equate to the very first period of operation for the firms chosen.
For every succeeding period until the year that the sample was selected (2007), every
set of financial statements within the database that are available for that firm will be
utilised in the analysis of the hypothesis of this study.
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As financial statements traditionally present the current year of information in
comparison to the previous period, the two periods of data from the one set of
statements will be utilised. This recognises that, although accounting procedures and
standards can change over time, at least the information for two years at a time would
have been prepared under the same accounting principles. Commencing with the first
available financial statements (2004/2005, for example), the next set of financial
statements that will be chosen will be the ones containing the following two years in
the sequence (2006/2007, for example). This process will continue as stated unless
there is only one more year to follow in the sequence, in which case the final period
of the next set of financial statements would be utilised. The data that will be
collected from the selected financial statements will equate to the variables
specifically identified in Table 6.1 and all efforts to obtain the other data to be
collected will be from the various pronouncements and statements also stored within
the MDD.

6.8 Methodologies and Procedures
The formal hypothesis and objectives of this study were specified in Chapter 5. The
selection of the population to be examined; the selection process for the subjects to be
selected; the variables to be examined were defined; and the process for the selection
of the subjects were all detailed in Section 6.1 to Section 6.7 of this chapter. The
remaining sections of this chapter will detail the methodologies and procedures that
will be adopted to examine the hypothesis of this study and pursue the objectives that
have been defined. The process for generating descriptive statistics for the selected
subjects will be defined in Section 6.9. This will be followed by the process for
examining the first part of the hypothesis using binary-outcome predictive conditions
(Section 6.10) and the FLM (Section 6.11). Finally, Section 6.12 will detail the
analysis for examining the second part of the hypothesis.
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6.9 General Descriptive Statistics
This study will generate a broad spectrum of general descriptive statistics to gain a
deeper appreciation of the data collated for the selected subjects and also better
inform the conclusions. For example, it will be important to establish an
understanding of the relative characteristics of the various firms in terms of their:
chronological ages; sizes; and their operational (survival) statuses. In addition to a
general examination of the subject pool as a whole, further analysis of these
characteristics will be conducted by different sub-groupings of the subjects. This
more detailed analysis should assist the identification of any skewing of the results by
any particular characteristic or sub-group. The characteristics of the sub-groupings
are: ASX industry category; survival status; lifespan phase; and the levels of the
different concepts of resources. Without such an analysis, it would be difficult to
ascertain whether the collated data is representative of the entire population or if
phenomena specific to sub-classifications are responsible for influencing the overall
data.

6.9.1 Method and Procedures for Descriptive Statistics of the Sample
The descriptive statistics for characteristics that are categorical in nature (lifespan
phase and survival status, for example) will consist of simple cross-tabulation
assessments. For characteristics that are numerical in nature (and the analysis is better
suited), the descriptive statistics will include information such as the maximum
(Max.), minimum (Min.), mean (M), median (Med.) and standard deviation (SD). The
methodology that will be employed is specified as follows:

i) The subjects for analysis will be selected in accordance with Section 6.3;
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ii) Utilising the criterion established in Sections 6.4 to 6.7, the data that will be
used for the descriptive statistical analysis for these characteristics will be
ascertained from the final available year of data for each subject (expected to
be 2007 as this is the sample selection year of the retrospective study);

iii) The survival status of the selected subjects, in the final year of assessment,
will be ascertained according to the criterion established in Section 6.5.4;

iv) The information collected will be classified according to various
characteristics and, where applicable, a range of descriptive statistics will be
applied to the selected subjects according to the following:

(i) Chronological ages by the overall subject selection, by ASX category,
and by survival status (a comparison of means test will also be
conducted for the chronological ages by survival status);

(ii) Sizes – in terms of the four different definitions of the level of resources
the firms possessed for the overall subject selection, by ASX category
and by survival status; and

(iii) The operational (survival) statuses of the sample firms by ASX category.

v) The outcomes will be summarised and reported in Chapter 7. The results will
be critiqued, analysed and discussed in Chapter 8. Any conclusions from this
analysis will be provided in Chapter 9.
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6.10 Analysis of Hypothesis Part 1 – Binary-Outcome Predictive Conditions
This Section prescribes the method and procedures for using the binary-outcome
predictive conditions developed in Chapter 3 to examine the first part of the
hypothesis proposition that the life of a firm will be dependent upon its resources
being greater than zero. This process will commence with a simple review of the
incidences of resource-exhausted cessations that may occur in relation to the different
notions of resources that were identified in Chapter 2. It is hoped that this could
establish any prima-facie evidence for the existence of the hypothesised resourcesreliant relationship and, if valid, assist the identification of the most influential
concept of resources for the survival of firms. Although chronological time has been
dismissed by this study as an influential factor in terms of affecting the lifespan of
firms, it is felt that life-cycle concepts are so inextricably entwined with this variable
that some analysis should be performed with the consideration of time.

Consequently, with the purpose of analysing the relationship between resources and
life over time, the analysis of the outputs of these predictive conditions will be
performed from two different chronological viewpoints. On the assumption that the
proposition is of a binary nature (either the condition is met and the business is
surviving or it is not), the first viewpoint is an examination of the variables for each
individual period. The second viewpoint will be based on a longitudinal perspective.
This is, in turn, founded on the assumption that examining the hypothesised
relationship in relation to changes in the predictive conditions over time will ensure
that expected periodical deficits (negative Retained Earnings in the Gestation phase,
for example) could be balanced out. This analysis overcomes the issue of time
dimension that some previous efforts of business failure prediction models were
criticised for (Chapter 2.5).
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With at least four different concepts of resources that the first part of the hypothesis
could be dependent upon, the first step will be to determine if there is empirical
evidence to support one concept above the others as the most influential. To this end,
this study will determine if there is prima-facie evidence to support one concept over
the others through simple cross-tabulation of survival status data and associated
general descriptive statistics. This will be performed with the expectation that, if the
binomial proposition of a status of ‘survival’ or ‘failure’ is adequately related to the
level of resources, then there would be no instances of involuntary cessations as a
result of an inability to trade (where firms had resources that were sufficient to enable
continued trading). The methodology and procedures for the application of the
predictive conditions on a periodical basis are described in Section 6.10.1 and the
longitudinal application of these conditions in Section 6.10.2.

6.10.1 Method and Procedures for Periodical Assessment of Binary-Outcome
Predictive Conditions
The following specifies the procedures and methodology that will be employed to
assess the relationships between the different concepts of resources specified in this
study and the binary outcomes of survival or failure (on a periodical basis) that were
identified in Chapter 3:

i)

The subjects for analysis will be selected in accordance with Section 6.3;

ii)

The data for the relevant variables and additional requirements for each
available year of information for those selected firms will be identified and
collected (as prescribed in Sections 6.4 to 6.7);
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iii)

An assessment will be made for every firm selected as a subject, relating to
the survival status of that firm in each period of available data according to
the criterion established in Section 6.5.4;

iv)

An assessment will be made as to whether the level of each specified
definition of resources in each period of data for every firm selected is
greater than, less than, or equal to zero;

v)

A frequency table will be prepared in which the number of firm-years of
survival (Ns) and failure (Nf) occurred where the level of defined resources
were above zero ( ≥ 0 ) will be compared to the number of firm-years of
survival (Ns) and failure (Nf) where the levels of resources were below zero
( < 0 ) for each concept of resources;

vi)

If the data supports the hypothesis, it would be expected that there would
be a significantly higher proportion of failures occurring when the level of
defined resources are less than zero than when the level of defined
resources are greater than zero. The binary-outcome predictive condition
that would be expected to have the most predictive power in relation to the
hypothesis will be the predictive condition of the concept of resources that
has identified the most periods where failures occurred when the level of
resources for that concept are less than zero. The number of periods where
firms are still surviving when the predictive condition has been
transgressed will also be taken into account.
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vii)

The results generated for the summary will be subsequently assessed using
2 × 2 Tables to generate a series of relevant statistical assessments; and

viii)

The outcomes will be summarised, critiqued and analysed in Chapter 7.
The discussion of these results will be detailed in Chapter 8 and any
conclusions will be provided in Chapter 9.

6.10.2 Method and Procedures for Longitudinal Assessment of Binary-Outcome
Predictive Conditions
The following specifies the procedures and methodology that will be employed to
assess the relationships between the different concepts of resources specified in this
study and the binary outcomes of survival or failure (on a longitudinal basis) that
were identified in Chapter 3:

i)

The subjects for analysis will be selected in accordance with Section 6.3;

ii)

The data for the relevant variables and additional requirements for the first
and final year of information for those selected firms will be identified and
collected (as prescribed in Sections 6.4 to 6.7) and a calculation of the
longitudinal change over this time-frame will be made;

iii)

An assessment will be made for every firm selected as a subject, relating to
the survival status of that firm in the final period of available data
according to the criterion established in Section 6.5.4;

iv)

An assessment will be made as to whether the longitudinal change in the
level of each specified definition of resources for every firm selected is
greater than, less than, or equal to zero;
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v)

A frequency table will be prepared in which the number of firms that were
surviving (Ns) or failed (Nf) where the longitudinal change in the level of
defined resources were above zero ( ≥ 0) will be compared to the number of
firms that were surviving (Ns) or failed (Nf) where the longitudinal change
in the levels of resources were below zero ( < 0) for each concept of
resources;

vi)

If the data supports the hypothesis, it would be expected that there would
be a significantly higher proportion of failed firms when the longitudinal
change in the level of defined resources are less than zero than when the
longitudinal change in the level of defined level of resources are greater
than zero. binary-outcome predictive condition that would be expected to
have the most predictive power in relation to the hypothesis will be the
binary-outcome predictive condition of the concept of resources that has
identified the most failures when the longitudinal change in the level of
defined resources for that concept are less than zero. The number of firms
that are still surviving when the predictive condition has been transgressed
will also be taken into account;

vii)

The results generated for the summary will be subsequently assessed using
2 × 2 Tables to generate a series of relevant statistical assessments; and

viii)

The outcomes will be summarised, critiqued and analysed in Chapter 7.
The discussion of these results will be detailed in Chapter 8 and any
conclusions will be provided in Chapter 9.
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6.11 Analysis of the Hypothesis Part 1 – Firm Lifespan Model (FLM)
This study developed a prescriptive model of the economic forces that have been
deemed to influence the lifespan of any particular firm (Chapter 4). An empirical
assessment of the supportability of this model will assist the assessment of the main
hypothesis and the subsidiary questions that were raised in Chapter 5. This analysis
will commence with the generation of descriptive statistics to the data set from a
series of different aspects of the FLM. These will include the lifespan phases by
chronological ages by lifespan phase; the levels of different resources by lifespan
phase; and key trading variables by lifespan phase. Whilst the Trading Income and
Operating Profit were designated by this study as being more critical to the longevity
of a firm, this section will also examine the Total Income variable. This is because it
is the form of revenue that analysts are traditionally mostly interested in and also
because, by definition, there would be no Trading Income in the Gestation phase and
it would only be starting to appear in the Early-Main-Life phase.

The descriptive statistics from the point of view of the FLM will be followed by an
assessment of the extent to which the FLM is consistent with the hypothesis. This
process will begin by determining the extent to which any failures of firms align with
the lifespan phases of the model where they were most expected to occur. This will
also be followed by the application of the binary-outcome predictive conditions to the
data collected for the subjects by lifespan phase. This will help to determine whether
any failures are, not only occurring in the expected lifespan phases, but also that they
are occurring because the firms have breached the conditions of the hypothesis. That
is, that the failure of a firm has occurred because they have exhausted the resources
that have been postulated to enable survival. This analysis will be performed for all
four concepts of resources that have been examined by this study.
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6.11.1 Method and Procedures for Descriptive Statistics of FLM
The descriptive statistics for FLM characteristics that are categorical in nature
(lifespan phase and survival status, for example) will consist of simple crosstabulation assessments. For characteristics that are numerical in nature (and the
analysis is better suited), the descriptive statistics will include information such as the
maximum (Max.), minimum (Min.), mean (M), median (Med.) and standard deviation
(SD). The methodology that will be employed is specified as follows:

i)

The subjects for analysis will be selected in accordance with Section 6.3;

ii) The data for the relevant variables and additional requirements for each
available year of information for those selected firms will be identified and
collected (as prescribed in Sections 6.4 to 6.7);

iii) Using the criterion established in Section 6.9, the data for the descriptive
statistical analysis will be gleaned from the last available firm-year of data for
each subject. Given that this analysis will be retrospective, it is expected that
the final year for the majority of the firms selected will be 2007 as this is the
year the sample group are to be selected from the ASX listings;

iv) Each firm selected for examination will be classified by the lifespan phase that
it is determined to correspond to in their final year of available data according
to the criterion established in Section 6.5.3;

v) An assessment will be made for every firm selected as a subject, relating to the
survival status of that firm in the final year of assessment according to the
criterion established in Section 6.5.4;
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vi) The information collected will be classified according to various
characteristics and, wherever applicable, a range of descriptive statistics will
be applied to the selected subjects according to the following:

a)

Chronological Ages by Lifespan Phase;

b) Different Resource Levels by Lifespan phase; and
c)

Trading Variables by Lifespan Phase.

vii) The outcomes will be summarised, critiqued and analysed in Chapter 7. The
discussion of these results will be detailed in Chapter 8 and any conclusions
will be provided in Chapter 9.

6.11.2 Method and Procedures for Testing the Hypothesis (Part I) using the FLM
The overall aim of this section is to determine whether the expectation that business
failures will occur during the Gestation and Regression lifespan phases is empirically
supportable. It would be expected that if the evidence supports this notion, the
incidences of firms under financial distress should be significantly higher in the
Gestation and Regression phases than in the other phases. To this end, this analysis
will examine the instances of failure (defined in Section 6.5.4) and their rates of
occurrence in relation to the lifespan phases within which they have been defined to
have occurred. The analysis will consist of simple cross-tabulation assessments and
the methodology that will be employed is specified as follows:

i)

The subjects for analysis will be selected in accordance with Section 6.3;

ii) The data for the relevant variables and additional requirements for each
available year of information for those selected firms will be identified and
collected (as prescribed in Sections 6.4 to 6.7);
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iii) Using the criterion established in Section 6.9, the data for the analysis will be
gleaned from the last available firm-year of data for each subject. Given that
this analysis will be retrospective, it is expected that the final year for the
majority of the firms selected will be 2007 as this is the year the sample group
are to be selected from the ASX listings;

iv) An assessment will be made for every firm selected as a subject, relating to the
survival status of that firm in the final year of assessment according to the
criterion established in Section 6.5.4;

v) An assessment will be made as to whether the longitudinal change in the level
of each specified definition of resources for every firm selected is greater than,
less than, or equal to zero;

vi) Each firm selected for examination will be classified by the lifespan phase that
it is determined to correspond to in their final year of available data according
to the criterion established in Section 6.5.3;

vii) A frequency table will be prepared in which the number of firms that were
surviving (Ns) or failed (Nf) for each lifespan phase of the model will be
reported;

viii) A frequency table will be prepared in which the number of firms that were
surviving (Ns) or failed (Nf) for each lifespan phase of the model and classified
by the ASX category will be reported;
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ix) A frequency table will be prepared in which the number of firms that were
surviving (Ns) or failed (Nf) where the longitudinal change in the level of
defined resources were above zero ( ≥ 0 ) will be compared to the number of
firms that were surviving (Ns) or failed (Nf) where the longitudinal change in
the levels of resources were below zero ( < 0 ) for each concept of resources;

x) If the data supports the hypothesis, it would be expected that there would be a
significantly higher proportion of failed firms when the longitudinal change in
the level of defined resources are less than zero than when the longitudinal
change in the level of defined level of resources are greater than zero and that
these would occur in the expected lifespan phases. The number of firms that
are still surviving when the predictive condition has been transgressed will
also be taken into account; and

xi) The outcomes will be summarised, critiqued and analysed in Chapter 7. The
discussion of these results will be detailed in Chapter 8 and any conclusions
will be provided in Chapter 9.

6.12 Analysis of the Hypothesis Part II – Resources Dependent upon Profitability
Any insight that may be gained through the analysis of the second part of the
hypothesis would be valuable – regardless of the outcome of the examination of the
first part of the hypothesis. The incentive to pursue this objective in a single study is
bolstered by the fact that the variables relating to the second part of the hypothesis are
virtually identical to those for the first part of the hypothesis (and are all expressed in
the same units) and are easily identifiable. The main benefit from this analysis is that
it will assist to ascertain the level of influence (if any) that trading has on the funding
mix of the resources available to firms.
174

If the assertion of this study is correct, then profitable trading should see the reliance
on debt and Introduced Capital subsiding over time. On the other hand, unprofitable
trading should result in a diminished ability to continue trading and, therefore, invoke
negative consequences for the lifespan of those firms – unless another source of
finance enables continued operations. In addition to the expectation that the life of a
firm is dependent upon an appropriate level of responsible resources, the hypothesis
of this study asserts that the responsible resources are, in turn, dependent upon the
profitability of the firm.

6.12.1 Method and Procedures for Assessing the Contributing Sources of Resources
In addition to the expectation that the life of a firm is dependent upon an appropriate
level of responsible resources, the hypothesis of this study asserts that the responsible
resources are, in turn, dependent upon the profitability of the firm. It could be
expected that if, this second part of the hypothesis is supportable, then the empirical
evidence of this relationship would manifest in a symbiotic relationship between the
growth in the Total Assets of a firm and the contribution to this growth from the net
trading result. The procedures for this objective will be as follows:

i)

The subjects for analysis will be selected in accordance with Section 6.3;

ii) Utilising the criterion established in Sections 6.4 to 6.7, the data that will be
used for the descriptive statistical analysis for these characteristics will be
ascertained from the final available year of data for each subject (expected
to be 2007 as this is the sample selection year of the retrospective study)
and from the first available year of data;
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iii) The values for the three main sources of resource contribution (Introduced
Capital, Liabilities and Retained Earnings) will be converted into ratios of
Total Assets for the base period and for the final period of data. At all
times, the sum total of these three ratios should equal one (the whole value
of Total Assets);

iv) The ratios for the base period of Total Assets were then deducted from the
ratios for the final period of data to ascertain the changes in the ratios.
Noting that, for each incremental increase in the proportion of one variable,
there must be an equal proportion of decline in another variable(s) to
maintain the overall ratio of one, the sum of the changes in these three
variables will always total zero;

v) The changes for each ratio will be summed and compared and a series of
descriptive statistics of the changes determined; and

vi) The outcomes will be summarised, critiqued and analysed in Chapter 7.
The discussion of these results will be detailed in Chapter 8 and any
conclusions will be provided in Chapter 9.

6.12.2 Method and Procedures for Assessing the Contributing Sources of Resources
over Lifespan Phases
The aim of the previous section is to determine which source of funding was the most
influential for the sample group as a whole. In recognition that the sources of funding
could change over time, the analysis will also assess the contributions of the different
sources of funding for each lifespan phase of the FLM. The procedures for this
objective will be as follows:
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i)

The subjects for analysis will be selected in accordance with Section 6.3;

ii) Utilising the criterion established in Sections 6.4 to 6.7, the data that will be
used for the descriptive statistical analysis for these characteristics will be
ascertained from the final available year of data for each subject (expected
to be 2007 as this is the sample selection year of the retrospective study)
and from the first available year of data;

iii) The values for the three main sources of resource contribution (Introduced
Capital, Liabilities and Retained Earnings) will be converted into ratios of
Total Assets for the base period and for the final period of data. At all
times, the sum total of these three ratios should equal one (the whole value
of Total Assets);

iv) The ratios for the base period of Total Assets were then deducted from the
ratios for the final period of data to ascertain the changes in the ratios.
Noting that, for each incremental increase in the proportion of one variable,
there must be an equal proportion of decline in another variable(s) to
maintain the overall ratio of one, the sum of the changes in these three
variables will always total zero;

v) The changes for each ratio will be allocated to each lifespan phase the firm
has been determined to be in, summed and compared; and

vi) The outcomes will be summarised, critiqued and analysed in Chapter 7.
The discussion of these results will be detailed in Chapter 8 and any
conclusions will be provided in Chapter 9.
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CHAPTER 7
RESULTS
7.1 Introduction to Results
The hypothesis of this study proposed that the lifespan of a firm is dependent upon the
level of their Expendable Resources which were, in turn, dependent upon the
profitability of that firm. This study adopted a descriptive approach to examine the
supportability of both parts of the hypothesis and utilised the design and methodology
detailed in Chapter 6 for this purpose. The analysis began with the collection of data
to understand the characteristics of the subjects selected for examination (refer to
Section 7.2). The first part of the hypothesis was then tested with binomial-outcome
predictive conditions on a periodical and longitudinal basis (refer to Section 7.4) that
were developed in Chapter 3. This part of the hypothesis was also examined using a
prescriptive model (the FLM developed in Chapter 4) that was based on theory arising
from gaps in the literature (refer to Section 7.5). The second part of the hypothesis
was then tested with an analysis of how contributions to the level of Total Assets may
have changed over time (refer to Section 7.6).

7.2 Characteristics of Subjects
This study selected 198 subjects from a pool of 1,919 companies listed on the ASX on
17 August 2007 on a cross-sectional basis from a random start in order to test the
hypothesis of this study. In order to provide a deeper appreciation of the data collated
for the selected subjects and to also better inform the conclusions, this study applied a
broad spectrum of general descriptive statistics in accordance with the procedures
established in Chapter 6. The following sections detail the results from this analysis
by chronological ages (Section 7.3); sizes – in terms of the four different definitions
of the level of resources the firms possessed (Section 7.4); and their operational
(survival) statuses (Section 7.5).
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7.3 Descriptive Statistics – Chronological Age
In accordance with the design and procedures established in Chapter 6, this study
ascertained a series of descriptive statistics surrounding the chronological ages of the
subjects. As specified in Chapter 6.9, this study examined a number of different
aspects of this characteristic. The first of these considerations was the chronological
ages of the overall sample (refer to Section 7.3.1). The next aspect to be examined
was the chronological ages by ASX listing (refer to Section 7.3.2). The final aspect to
be examined was for chronological ages by survival status (refer to Section 7.3.3). In
accordance with the methodology prescribed in Chapter 6, the descriptive statistics
for characteristics that are categorical in nature consist of simple cross-tabulation
assessments and for characteristics that are numerical in nature the descriptive
statistics include information such as the maximum, minimum, mean and standard
deviation.

7.3.1 Chronological Ages by Overall Sample
The chronological ages of the subjects for the overall sample in terms of frequency by
chronological age and percentage of the sample are reported in Table 7.1. The
company with the youngest age of the population sample with zero completed
business-years was Norfolk Group Ltd (NFK) as it was incorporated on 31 May 2007.
At the other extreme, with 143 completed firm-years, Tolhurst Noall Group (ROB)
was the oldest company in the sample. This represented a range of chronological ages
in the selected subjects for the study of 143 years. Despite the large maximum age, 90
per cent of the sample was aged 32 firm-years or less at the time of the study; 80 per
cent of the sample population were aged 21 firm-years or less; 50 per cent were aged
less than nine firm-years; and nearly 30 per cent were aged three firm-years or less.
These results indicate that the overall sample were relatively youthful companies.
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Table 7.1 Chronological Ages of Subjects
Chronological
Age (Years)
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
29
32
34
37
38
40
44
45
52
53
55
58
62
74
85
89
90
98
99
143
Total

Valid
Percent
0.5
8.1
9.1
12.1
4.5
3.5
3.0
4.0
5.1
4.0
2.0
2.5
1.5
1.5
4.0
2.0
0.5
1.0
2.5
2.0
4.5
2.0
2.0
2.0
0.5
0.5
1.5
1.0
1.0
1.5
0.5
1.0
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
100.0

Frequency
1
16
18
24
9
7
6
8
10
8
4
5
3
3
8
4
1
2
5
4
9
4
4
4
1
1
3
2
2
3
1
2
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
198
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Cumulative
Percent
0.5
8.6
17.7
29.8
34.3
37.9
40.9
44.9
50.0
54.0
56.1
58.6
60.1
61.6
65.7
67.7
68.2
69.2
71.7
73.7
78.3
80.3
82.3
84.3
84.8
85.4
86.9
87.9
88.9
90.4
90.9
91.9
92.4
92.9
93.4
93.9
94.4
94.9
95.5
96.0
96.5
97.0
97.5
98.0
98.5
99.0
99.5
100.0

7.3.2 Chronological Age of Subjects by ASX Classification
In accordance with the procedures and methodology prescribed in Chapter 6.9, the
results for the descriptive statistics for the chronological ages of the subjects by ASX
classification are contained in Table 7.2. Despite the large maximum of 143 firmyears, the mean and median for the sample population were only 15.2 firm-years and
8.5 firm-years respectively (refer to Table 7.2). These results suggest an overall
youthfulness of the sample population. It is also noted that the lowest maximum value
by ASX classification was 12 firm-years for the Telecommunications (TEL) and
Utilities (UTI) classifications (refer to Table 7.2). As per Table 7.2, the ASX category
with the largest mean (39.00 firm-years) and median (25.00 firm-years) was
Consumer Staples (SCO). It is noted that this category deals with products that equate
to the economic concept of ‘necessities’. As such, demand for the products of the
firms in this category could be considered to be unwavering over time.

The classifications with the next highest means and medians were the Consumer
Discretionary (DCO), Financials (FIN) and Industrials (IND) ASX categories. These
classifications are also the beneficiaries of offering products that attract strong
consumer demand and could, consequently, be expected to have longer lifespans. The
Consumer Discretionary (DCO) ASX category reported a mean of 20.50 firm-years
and a median of 16.00 firm-years (refer to Table 7.2). The Financials (FIN) ASX
category reported a mean of 20.31 firm-years and median of 11.50 firm-years (refer to
Table 7.2). Finally, the Industrials (IND) ASX grouping reported a mean of 21.57
firm-years and a median of 15.00 firm-years (refer to Table 7.2). These results
suggest that firms that provide products and services that are as close as possible to
the economic demand classification of necessities are the ones enjoying the greater
longevity.
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In addition to the smallest maximum values of 12.00 firm-years, the ASX industry
classifications with the lowest mean values were the Utilities (UTI) and
Telecommunications (TEL) categories (refer to Table 7.2). The Utilities (UTI)
category reported a mean value of 6.25 firm-years and the Telecommunications (TEL)
category reported a mean value of 7.33 firm-years (refer to Table 7.2). The median
firm-year values for the UTI and TEL categories were also at the lower end of the
results reported in Table 7.2 with an equal lowest (to the Health Care category –
HCA) value of 5.50 firm-years for the UTI category and a value of 7.00 firm-years for
the TEL category. Although the maximum values for the Energy (EGY), Health Care
(HCA), Materials (MAT) and Information Technology (INT) ASX classifications were
much larger than those for the UTI and TEL categories, the median firm-year values
of 5.50 (EGY), 6.50 (MAT), 8.00 (HCA), and 8.50 (INT) reported in Table 7.2 for
these categories were also low.

Although it is only one of ten ASX industry categories that were analysed
(comprising 31.30 per cent of the total selected sample and consequently the largest
single proportion of the sample), the Materials (MAT) classification possessed the
potential to significantly influence the outcomes of this study. The kurtosis test
statistic value of 16.04 reported in Table 7.2 for the classification of Materials (MAT)
was clearly the largest of all of the categories and evidently influenced the large
kurtosis test statistic value of 12.49 for the overall sample. With a test statistic value
of 3.24 (refer to Table 7.2), the Materials (MAT) category has also influenced heavily
the skewness value of 3.13 (per Table 7.2) for the overall sample population. With the
largest proportion of the sample, the median age of 6.50 firm-years (refer to Table
7.2) for the Materials (MAT) category has influenced the overall median averages of
the sample of 8.50 firm-years (refer to Table 7.2).
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Table 7.2 Descriptive Statistics of Chronological Age by ASX Classification
Sector N
DCO
18
SCO
5
EGY
20
FIN
32
HCA
19
IND
21
INT
14
MAT
62
TEL
3
UTI
4
Total
198

% of
Total
9.10
2.50
10.10
16.20
9.60
10.60
7.10
31.30
1.50
2.00
100.00

SD* = Standard Deviation

Min.
1.00
3.00
1.00
1.00
2.00
0.00
3.00
1.00
3.00
2.00
0.00

Max. Mean Median
85.00 20.50
16.00
89.00 39.00
25.00
55.00 11.95
5.50
143.00 20.31
11.50
38.00 10.00
8.00
98.00 21.57
15.00
27.00 10.93
8.50
90.00 11.50
6.50
12.00
7.33
7.00
12.00
6.25
5.50
143.00 15.20
8.50
SK** = Skewness

SD*
20.71
40.13
16.23
30.18
8.45
23.41
7.71
13.86
4.51
4.65
20.05

SK**
2.04
0.49
1.91
2.92
2.30
2.10
0.82
3.24
0.33
0.56
3.13

KU***
4.98
-2.71
2.47
9.40
6.40
4.97
-0.36
16.04
NA
-2.48
12.49

KU*** = Kurtosis

7.3.3 Chronological Ages by Survival Status
In accordance with the methodology prescribed in Chapter 6, the final aspect of the
chronological age of the subjects to be examined was by survival status. The results
for this analysis are reported in Table 7.3. The median chronological age for the failed
firms in the sample was 15.0 firm-years (refer to Table 7.3). This is almost double the
median age of 8.0 firm-years for the surviving firms in the sample (refer to Table 7.3)
and the 8.5 firm-years for the sample as a whole (refer to Table 7.3). The values in
Table 7.3 indicate that the failed firms in the sample demonstrated a minimum time to
failure of 8.0 firm-years. There appears to be, when taking into account that the failed
firms in the sample also reported a maximum age of 27.0 firm-years, a comparatively
smaller standard deviation (to the surviving firms), and very low skewness and
kurtosis values (refer to Table 7.3), a consistency in the chronological time leading to
the point of failure for the firms in the sample that failed.

Table 7.3 Descriptive Statistics of Ages – Classified by Survival Status
Survival Status
Surviving
Failed
Total

% of
N Total
Min.
184
92.90 0.00
14
7.10 8.00
198 100.00 0.00

SD* = Standard Deviation

Max.
143.00
27.00
143.00

SK** = Skewness
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Mean
15.19
15.29
15.20

Med.
8.00
15.00
8.50

SD*
20.75
5.47
20.05

KU*** = Kurtosis

SK**
3.05
0.62
3.13

KU***
11.56
-0.18
12.49

In accordance with the methodology and procedures established in Chapter 6.9.1, a
comparison of means test was employed on the information contained in Table 7.3 to
test the statistical significance of the results. The comparison of means test resulted in
a test statistic of zero and the p-level of the two-tailed distribution resulted in a value
of 1.0 (reported in Table 7.4). These results indicate that there is no discernible
difference between the two means reported.

Table 7.4 Comparison of Means Test (Chronological Ages by Survival Status)*
Sample
Variable
size
Mean
Failed
14
15.19
Surviving
184
15.29
t-test assuming equal variances (homoscedastic)
Degrees of Freedom
196
Hypothesized Mean Difference
0
Pooled Variance
375.13
0
Test Statistic
Two-tailed distribution
p-level
1.00 Critical Value (5%)
One-tailed distribution
p-level
0.50 Critical Value (5%)

Standard
Deviation
5.47
20.75

Variance
25.00
400.00

1.97
1.65

* A Comparison of Means Test was also performed assuming unequal variances (refer to Appendix 2) and no
significant differences were also found in that analysis.

7.4 Descriptive Statistics by Levels of Resources
In accordance with the methodology and procedures prescribed in Chapter 6.9.1, a
series of descriptive statistics were obtained for the data collected from the point of
view of a number of different defined concepts of resources. The first series involved
the generation of descriptive statistics for the values for each notion of resources in
comparison to each other for the entire sample (refer to Section 7.4.1). The second
approach generated descriptive statistics for the definitions of resources with the data
grouped by ASX listing classification (refer to Section 7.4.2). The third (and final)
approach involved an analysis of the data categorised by the survival status of the
sample firms and the different definitions of resources to be examined (refer to
Section 7.4.3).
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7.4.1 Descriptive Statistics of Different Resource Definitions
In accordance with the study methodology and procedures prescribed in in Chapter
6.9.1, this section presents the descriptive statistics of the different resources
definitions for the overall pool of subjects. The results for this analysis are presented
in Table 7.5. At $62,343m AUD, the Total Assets definition of resources had the
largest maximum of all the definitions considered (refer to Table 7.5). At $49,084m
AUD, the Retained Earnings definition of resources reported the smallest maximum
(refer to Table 7.5). This pattern was almost completely replicated across the different
statistical categories that are reported in Table 7.5. The Total Assets definition of
resources reported the largest statistic value for every statistical category except for
the Sk and Ku in Table 7.5. Similarly, the Retained Earnings definition of resources
reported the smallest values for every descriptive statistic category.

While the Total Assets and Retained Earnings definitions represented the extreme
outliers for the definitions being compared, the results for the Net Assets and
Expendable Resources definitions were closer to together between those results. It is
noted that, apart from their minimum values (where those for the Expendable
Resources definition was much lower), the Net Assets and Expendable Resources
statistic values are almost (if not actually) identical.

Table 7.5 Descriptive Statistics of Resources Definitions

Resource Definition
Total Assets
Net Assets
Retained Earnings
Expendable Resources
SD* = Standard Deviation

Min.

Max.

Mean

Median

SD*

AUD

AUD

AUD

AUD

AUD

3

6

3

3

1x10

1x10

1x10

1x10

1x106 SK**

KU***

0

62,343

646,916

25,117

4,575 12.69

170.28

-3,885

32,922

301,162

17,961

2,369 13.41

185.02

-348,436

5,558

49,084

-2,182

-10,662

32,922

295,445

16,376

SK** = Skewness

185

462

10.37

114.42

2,350 13.38

185.90

KU*** = Kurtosis

7.4.2 Descriptive Statistics of Different Resource Definitions by ASX Classification
In accordance with the methodology and procedures prescribed in Chapter 6.9.1, this
section reports the descriptive statistics for the different notions of resources from the
perspective of ASX industry classification groupings. The results for this analysis are
contained in a series of tables (Tables 7.6 to 7.9) for each notion of resources. The
results for the Total Assets definition of resources are reported in Table 7.6; those for
the Net Assets definition are in Table 7.7; those for the Retained Earnings definition
are in Table 7.8; and those for the Expendable Resources definition are reported in
Table 7.9.

In terms of the Total Assets notion of resources, the ASX classification that had the
largest maximum value was the Consumer Discretionary (DCO) category ($62.34
billion AUD per Table 7.6). The ASX classification with the largest minimum value
was the Telecommunications (TEL) category ($25.36 million AUD per Table 7.6).
With a maximum reported value of $25.91 million AUD, the Telecommunications
(TEL) category also reported the smallest maximum value of all of the ASX
classifications in the sample (refer to Table 7.6). With a value of zero (the Norfolk
Group Limited), the ASX category with the smallest minimum value of Total Assets
was the Industrials (IND) classification (refer to Table 7.6). The category that
possessed the smallest range of the sample for Total Assets (around $600,000 AUD)
was the Telecommunications (TEL) classification (refer to Table 7.6). Although one
might reasonably expect that the infrastructure required to provide utility services
would be substantial, the minimum level of Total Assets (of $0.6 million AUD) for
the four firms classified as Utilities (UTI) was a surprise (refer to Table 7.6).
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In addition to having the largest number of sample inclusions (62 per Table 7.6), the
Materials (MAT) classification also had the largest ku value (32.42 per Table 7.6) and
indicates some of the influence this category exerted on the results of the analysis. It
was found that, with Total Assets of $62.3 billion AUD, the single selection of
Newscorp as a subject heavily influenced the mean value of $3.92 billion AUD (refer
to Table 7.6) for the Consumer Discretionary (DCO) category (and for the sample
population as a whole). The size of the Total Asset value for Newscorp also heavily
affected the standard deviation ($14.65 billion AUD per Table 7.6), skewness (with a
Sk value of 4.18 per Table 7.6) and kurtosis (with a Ku value of 17.57 per Table 7.6)
of the DCO category. The ASX classification in the sample with the second highest
mean value ($2.76 billion AUD per Table 7.6) was the Utilities (UTI) category. At
$5.49 billion AUD (refer Table 7.6), the standard deviation for the UTI category was
almost a third of the value for the DCO category. Noting that the Sk (2.00 per Table
7.6) and the Ku (4.00 per Table 7.6) for the UTI classification were also much lower
than the values for the DCO category, it indicates that the spread of values for the UTI
category were more even.

Table 7.6 Descriptive Statistics by ASX listing: Total Assets
Min.
Max.
Mean
AUD
AUD
AUD
1x103
1x103
1x103
1,434 62,343,000 3,924,276

Median
AUD
1x103
97,781

SD*
AUD
1x103
14,653,782

SK**
4.18

KU***
17.57

Sector
DCO

N
18

SCO

5

5,181

3,359,600

698,428

57,179

1,487,900

2.23

4.99

EGY

20

2,710

1,925,500

229,291

21,027

536,593

2.54

5.66

FIN

32

1,012

9,518,463

693,733

103,032

1,734,841

4.59

23.04

HCA

19

600

232,844

39,361

15,510

62,216

2.28

4.95

IND

21

0

3,180,027

285,382

87,890

679,357

4.24

18.77

INT

14

44

260,746

56,146

21,602

73,112

1.86

3.99

MAT

62

144

3,689,663

137,633

10,142

547,938

5.55

32.42

TEL

3 25,304

25,913

25,645

25,717

311

-0.99

NA.

UTI

4

616 11,000,749 2,759,449

18,216

5,494,212

2.00

4.00

SD* = Standard Deviation

SK** = Skewness
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KU*** = Kurtosis

In terms of the Net Assets definition of resources, the ASX category that reported the
largest values for the maximum ($32.92 million AUD), mean ($2.02 million AUD)
and standard deviation ($7.73 million AUD) descriptive statistics was the Consumer
Discretionary (DCO) classification (refer to Table 7.7). At $21.50 million AUD, the
Telecommunications (TEL) category had the lowest maximum Net Asset value of the
groupings (refer to Table 7.7). Contrasting this outcome, the Telecommunications
(TEL) category also reported the largest minimum test statistic value of the ASX
classifications examined (at $12.53 million AUD per Table 7.7). With a negative
value of $3.89 million AUD, the ASX category with the smallest minimum value of
Net Assets was the Industrials (IND) classification (refer to Table 7.7). Noting that, a
major condition of one definition of business bankruptcy is negative Net Assets, it
was of interest that six of the ten ASX categories possessed negative minimum values
for Net Assets (refer to Table 7.7). Although it may turn out that those firms were
indeed failed businesses, this cannot be confirmed without further analysis.

The selection of Newscorp as a subject heavily influenced the mean value of $2.02
billion AUD for the Consumer Discretionary (DCO) category (refer to Table 7.7).
This also affected the standard deviation ($7.73 billion AUD), skewness (4.21) and
kurtosis (17.57) of the DCO category (refer to Table 7.7). While the results for the
Materials (MAT) classification for the Net Assets definition of resources were very
similar to those of the Industrials (IND) classification, it is the Kurtosis value of 29.89
(the largest of the sample classifications) that was the most distinguishing result for
this category (refer to Table 7.7). The ASX classification in the sample with the
highest median Net Assets value ($60.13 million AUD per Table 7.7) was the
Financials (FIN) category. This ASX classification group also reported the highest
median Total Assets value of the sample ($103.03 million AUD per Table 7.6).
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Table 7.7 Descriptive Statistics by ASX listing: Net Assets

Sector
DCO

N
18

Min.
AUD
1x103
(363)

Max.
AUD
1x103
32,922,000

Mean
AUD
1x103
2,015,426

Median
SD*
AUD
AUD
1x103
1x103
36,615 7,734,432

SCO

5

1,786

1,880,900

390,390

30,168

EGY

20

2,476

826,943

134,708

FIN

32

803

2,756,384

HCA

19

(1,197)

IND

21

INT

SK**
4.21

KU***
17.77

833,375

2.23

4.99

16,478

283,790

2.12

2.80

240,857

60,132

507,437

4.25

20.51

131,627

26,234

8,120

38,961

1.83

2.40

(3,885)

1,169,907

111,273

37,056

249,842

4.16

18.29

14

(528)

101,432

31,942

16,510

34,809

0.86

-0.58

MAT

62

(225)

1,324,652

62,222

9,545

196,866

5.22

29.89

TEL

3

12,530

21,504

16,591

15,738

4,547

0.81

NA.

UTI

4

(797)

3,787,623

952,227

11,042

1,890,274

2.00

4.00

SD* = Standard Deviation

SK** = Skewness

KU*** = Kurtosis

As the Retained Earnings definition of resources was identified by this study as being
the only source representing resources generated by the firms themselves, the results
are not only disconcerting, but they also raise questions about the notion that firms
have profit-maximising objectives. While some ASX industry categories possessed
negative minimum Net Asset values, every ASX category in the sample reported
negative minimum values for Retained Earnings (refer to Table 7.8). Of these
categories, the Health Care (HCA) classification reported the smallest minimum of all
of the subjects ($348.44 million AUD per Table 7.8). The category for which the
minimum value was not as extensive as the other categories was the Consumer
Staples (SCO) classification (negative $12.65 million AUD per Table 7.8). The ASX
category with the highest maximum ($5.59 billion AUD), mean ($494.85 million
AUD), median ($11.60 million AUD) and standard deviation ($1.47 billion AUD) test
statistic results for the Retained Earnings definition of resources was the Consumer
Discretionary (DCO) classification (refer to Table 7.8).
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There were four ASX categories for which the mean values of the Retained Earnings
definition of resources were negative (refer to Table 7.8). The industry categories
with negative means were the Health Care (HCA – negative $41.69 million AUD),
Information Technology (INT – negative $19.28 million AUD), Materials (MAT –
negative $4.68 million AUD) and Telecommunications (TEL – negative $0.49 million
AUD) classifications (refer to Table 7.8). There were five ASX categories that
reported negative median levels of Retained Earnings. The industry categories with
negative medians were the Energy (EGY – negative $3.78 million AUD), Health Care
(HCA – negative $12.39 million AUD), Information Technology (INT – negative
$7.96 million AUD), Materials (MAT – negative $3.69 million AUD) and Utilities
(UTI – negative $8.42 million AUD) classifications (refer to Table 7.8). Intriguingly,
it is the Health Care (HCA) sector that has the largest (in magnitude) negative
minimum (-$348.44 million AUD), negative mean (-$41.69 million AUD) and
negative median (-$12.39 million AUD) Retained Earnings values rather than the
more probable classification Materials (MAT) (refer to Table 7.8).

Table 7.8 Descriptive Statistics by ASX listing: Retained Earnings

Sector
DCO

N
18

Min.
Max.
AUD
AUD
1x103
1x103
(39,324) 5,558,000

Mean
AUD
1x103
494,854

Median
AUD
1x103
11,597

SD*
AUD
1x103
1,474,133

SK**
3.07

KU***
9.07

SCO

5

(12,652)

187,000

37,743

5,016

84,506

2.10

4.49

EGY

20

(34,024)

512,060

43,485

(3,778)

149,857

2.82

6.93

FIN

32 (136,529)

233,349

16,703

2,301

63,444

1.86

6.83

HCA

19 (348,436)

21,634

(41,692)

(12,392)

86,641

-2.94

9.18

IND

21

(78,297)

154,861

17,114

4,632

48,656

1.04

2.38

INT

14 (185,617)

21,522

(19,275)

(7,963)

51,706

-2.85

9.41

MAT

62

(81,384)

447,404

(4,677)

(3,692)

62,405

6.35

46.79

TEL

3

(21,970)

12,032

(485)

8,482

18,691

-1.66

NA.

UTI

4

(26,967)

256,225

53,103

(8,423)

135,779

1.97

3.89

SD* = Standard Deviation

SK** = Skewness
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KU*** = Kurtosis

The results for the Expendable Resources version of the four definitions of resources
are summarised in Table 7.9). It is noted that this version was promulgated by this
study and proposed as being the most influential for the longevity of firms. There
were seven ASX classifications that had negative minimum values of Expendable
Resources (refer Table 7.9). This was fewer than for Retained Earnings (all 14
categories per Table 7.8) and slightly more than for Net Assets (six categories per
Table 7.7). The industry categories with negative minimum Expendable Resources
values were the Consumer Discretionary (DCO – negative $0.61 million AUD),
Finance (FIN – negative $10.66 million AUD), Health Care (HCA – negative $1.20
million AUD), Industrials (IND – negative $3.96 million AUD), Information
Technology (INT – negative $0.43 million AUD), Materials (MAT – negative $1.99
million AUD) and Utilities (UTI – negative $0.84 million AUD) classifications (refer
to Table 7.9).

Noting that there is only one major variable that differs between the Expendable
Resources and Net Assets definitions, the overall results between the two appeared to
be very similar for most of the measures. Importantly, however, most of the results for
Expendable Resources were smaller than those for Net Assets. This difference may
make the Expendable Resources definition more sensitive to the impending failure of
firms. The ASX category that reported the largest Expendable Resources values for
the maximum ($32.92 million AUD), mean ($2.06 million AUD) and standard
deviation ($7.74 million AUD) descriptive statistics was the Consumer Discretionary
(DCO) classification (refer to Table 7.9). These values were virtually identical to the
statistic values for these tests for the Net Assets definition of resources. At $21.39
million AUD, the Telecommunications (TEL) category had the lowest maximum
Expendable Resources value of the ASX groupings (refer to Table 7.9).
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With a value of $11.55 million AUD, the Telecommunications (TEL) category also
reported the largest minimum test statistic value of the ASX classifications examined
(refer to Table 7.9). With a negative value of $10.66 million AUD, the ASX category
with the smallest minimum value of Expendable Resources was the Industrials (IND)
classification (refer to Table 7.9).

Table 7.9 Descriptive Statistics by ASX listing: Expendable Resources

N
18

Min.
AUD
1x103
(607)

SCO

5

1,526

1,936,500

397,768

23,298

860,254

1.50

3.25

EGY

20

2,049

882,300

128,389

16,843

277,058

2.10

5.64

FIN

32

(10,662)

2,595,169

224,163

44,677

476,782

3.99

19.91

HCA

19

(1,197)

117,693

23,295

7,014

35,673

1.73

4.64

IND

21

(3,964)

1,220,178

107,792

33,946

260,671

3.95

17.42

INT

14

(434)

90,768

30,697

16,040

33,442

0.66

1.94

MAT

62

(1,993)

1,259,380

59,555

9,351

189,793

4.99

29.21

TEL

3

11,552

21,386

16,225

15,738

4,935

0.18

1.5

UTI

4

(841)

3,780,942

950,444

10,837

1,887,009

1.16

2.33

Sector
DCO

SD* = Standard Deviation

Max.
Mean
Median
AUD
AUD
AUD
1x103
1x103
1x103
32,922,000 2,058,171 36,629

SK** = Skewness

SD*
AUD
1x103
7,739,466

SK**
3.82

KU***
15.76

KU*** = Kurtosis

7.4.3 Descriptive Statistics of Different Resource Definitions by Survival Status
In accordance with the methodology and procedures specified in Chapter 6.9.1, the
descriptive statistics by resource definition and survival status are reported in Table
7.10. Apart from Total Assets (which reported a minimum value of zero), the
minimum values for the other three definitions of resources for the surviving firms
were negative (refer to Table 7.10). In fact, the minimum value for the Retained
Earnings definition of resources for the surviving firms was negative $185.62 million
AUD (refer to Table 7.10). Although a very large value, this result was just over half
(53.27 per cent) of the minimum value of Expendable Resources of negative $348.44
million AUD for the failed firms (refer to Table 7.10).
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The minimum value of $0.04 million AUD for Total Assets for the failed firms was
actually larger than the minimum of zero for Total Assets for the surviving firms
(refer to Table 7.10). It is noted that, although much smaller than the maximum values
for the four different definitions of resources of the surviving firms, the maximum
values for the failed firms were still large. The maximum Total Assets value for failed
firms was $711.88 million AUD, $297.05 million AUD for Net Assets, $287.08
million AUD for Expendable Resources and even a positive value of $53.34 million
AUD for Retained Earnings (refer to Table 7.10). Although these results may have
been surprising, the mean and median results for all four definitions of resources for
the surviving firms were much larger than the means and medians for the failed firms
for these definitions (refer to Table 7.10).

Table 7.10 Descriptive Statistics of Resources by Survival Status
Survival
Status
Surviving

Total Assets
N
184
AUD 1x106
Mean
686.20
Median AUD 1x106
25.51
AUD 1x106
Min.
0.00
AUD 1x106
Max.
62,343.00
AUD 1x106
SD*
4,743.80
SK**
12.23
KU***
158.30
Failed
N
14
AUD 1x106
Mean
130.61
Median AUD 1x106
3.61
AUD 1x106
Min.
0.04
AUD 1x106
Max.
711.88
AUD 1x106
SD*
246.90
SK**
2.08
KU***
3.12
Total Sample
N
198
AUD 1x106
Mean
646.92
Median AUD 1x106
25.12
AUD 1x106
Min.
0.00
AUD 1x106
Max.
62,343.00
AUD 1x106
SD*
4,574.80
SK**
12.69
KU***
170.28
SD* = Standard Deviation
SK** = Skewness
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Retained
Net Assets
Earnings
184
184
320.67
55.39
18.31
(1.99)
(0.36)
(185.62)
32,922.00
5,558.00
2,457.11
478.26
12.93
10.04
171.98
106.91
14
14
44.72
(33.80)
0.33
(12.03)
(3.88)
(348.44)
297.05
53.34
84.44
93.34
2.40
-3.34
6.17
12.06
198
198
301.16
49.08
17.96
(2.18)
(3.88)
(348.44)
32,922.00
5,558.00
2,369.35
462.14
13.41
10.37
185.02
114.42
KU*** = Kurtosis

Expendable
Resources
184
321.30
18.05
(10.66)
32,922.00
2,460.93
12.77
169.25
14
40.05
(0.15)
(3.96)
287.08
81.30
2.25
7.21
198
301.41
16.67
(10.66)
32,922.00
2,373.07
13.25
183.84

7.5 Survival Status by ASX Classification
In accordance with the methodology and procedures specified in Chapter 6.9.1, the
firms selected for examination were assigned to the ASX industry classification from
which they were chosen and classified as surviving or failed. The resulting data
presented in Table 7.11 demonstrates that there is a very even spread of the incidences
of failure across all the ASX industry classifications. The classifications with the
equal highest amount of failures of three were the Health Care (HCA) and Industrials
(IND) categories (refer to Table 7.11). These categories also had very similar
percentages of the number of failures in proportion to their total category population.
The percentage for the HCA classification was 15.79 and the percentage for the IND
category was 14.29 (refer to Table 7.11). The ASX classification that had the largest
number of sample firms without a single failure was the Energy (EGY) classification
with 20 firms (refer to Table 7.11). Despite being the ASX classification with the
largest number of subjects selected (60 firms per Table 7.11), the Materials (MAT)
category only contained two firms that were identified as failed, or 3.23 per cent of
that ASX classification (refer to Table 7.11).

Table 7.11 Survival Status by ASX Classification

Sector
DCO
SCO
EGY
FIN
HCA
IND
INT
MAT
TEL
UTI
Total

Failed
N
1
0
0
2
3
3
2
2
0
1
14

Survival Status
Surviving
N
17
5
20
30
16
18
12
60
3
3
184
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Total
N
18
5
20
32
19
21
14
62
3
4
198

% of Total
5.56
0.00
0.00
6.25
15.79
14.29
14.29
3.23
0.00
25.00
7.07

7.6 Part I of the Hypothesis – A Firm Lifespan is Dependent on Resources
The results that have been presented to date have examined the characteristics of the
firms that have been selected to test the hypothesis of this study. This hypothesis
consists of two parts. The first part contends that the survival and, therefore, longevity
of firms are dependent upon a positive level of the appropriate resources. This study
employed two different approaches to test this part of the hypothesis. The first was to
subject the data to binary-outcome predictive conditions. These were developed in
Chapter 3 to replicate the conditions of the first part of the hypothesis. The results of
this analysis are presented in Section 7.7. The second approach was to examine the
collated data from the point of view of the Firm Lifespan Model (FLM) that was
developed in Chapter 4. The results for this analysis are presented in Section 7.8.

7.7 Binary Predictive Condition Analysis of Hypothesis – Part I
The first approach to examining the first part of the hypothesis of this study was to
utilise the binary-outcome predictive conditions developed in Chapter 3 to assess
whether the longevity of a firm may be dependent upon a sufficient level of
appropriate resources. Although this study proposes that the definition of resources
that is most applicable is Expendable Resources. Noting there are other possible
definitions that may be responsible, this study applied the conditions to the four most
likely versions of resources on both a periodical basis and a longitudinal basis. The
periodical application was to determine the level of accuracy in the predictions of the
conditions for every individual firm-year of information as a very strict interpretation
of the condition (Section 7.7.1). The longitudinal application of the predictive
conditions would assess the level of accuracy in the predictions of the conditions
when viewed from the point of view of the changes in the levels of resources over
time (Section 7.7.2).
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7.7.1 Concepts of Resources and Survival Status (Periodical)
The analysis in this section sought to assess which of the various versions of the
definitions of resources considered by this study (if any) is more influential in terms
of enabling the survival of the firms that possess them. In accordance with the
procedures and methodology prescribed in Chapter 6.10.1, the analysis for this
section utilised simple binary-outcome predictive conditions (developed in Chapter 3)
to test the relationship between the values of the different definitions of resources and
the associated survival status of the selected firms. This assessment was made for
every year of available data for every firm in the selected sample. Therefore, for each
version of the definition of resources, this analysis compared the number of years that
firms were successfully operating and the number of periods in which they had failed
and whether they coincided with positive or negative currency values for those
definitions of resources.

The financial data for the variables identified in Chapter 6 for every available year of
information for every selected firm was collected. The sum total of the number of
firm-years of information for all of the firms selected was 1,570. The number of years
that firms had not failed (1,556 firm-years per Table 7.12) far exceeded the number of
years in which they failed (14 firm-years per Table 7.12). This information was
reviewed for each concept of resources of interest in this study (Total Assets, Net
Assets, Retained Earnings and Expendable Resources) and the value of each of these
concepts was classified as being either greater than or equal to zero ( ≥ 0 ) or less than
zero (< 0). The binary operational status of each selected firm for each period was
also determined as either failed or surviving. The variable values and incidences of
failure that were identified and their relationship to the level of each definition of
resources are summarised in Table 7.12.
196

The success of the binary-outcome predictive conditions in correctly identifying
failures based on the defined conditions on a periodical basis varied according to each
definition. The predictive condition for the Total Assets definition of resources had
the highest success rate in correctly classifying the number of years in which the firms
had survived (1,556 years per Table 7.12). However, the nature of the condition also
meant that the Total Assets condition did not successfully predict the failure of a
single firm and reported 14 Type-II errors (refer to Table 7.12). In light of the fact
that there would never be a period where the value of Total Assets would be negative,
this was an expected result. While the Total Assets definition was unable to
successfully predict a single failure, the binary-outcome predictive condition for the
Retained Earnings definition had the highest number of successful classifications of
failed firms of the four definitions (with 11 successful classifications per Table 7.12).

Despite this form of success, however, the Retained Earnings predictive condition
also resulted in the highest number of Type-II errors amongst the definitions of
resources (with 977 Type-II errors per Table 7.12). While the predictive condition for
the Net Assets definition of resources resulted in the second lowest number of Type-II
errors amongst the results (with 49 condition transgressions where the firms had not
failed per Table 7.12), the condition was only able to successfully identify seven out
of the 14 failed firms with a 50 per cent success rate (refer to Table 7.12). In
comparison, the predictive condition for the Expendable Resources definition was
only able to successfully identify one more failed firm (8 per Table 7.12) than the
predictive condition for the Net Assets definition of resources (7 per Table 7.12). This
marginal improvement was, however, at a cost of more than double the number of
Type-II errors that occurred for the Net Assets predictive condition (119 per Table
7.12).
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Table 7.12 Resource Levels and Survival Status
Level ≥ 0

Level < 0
Total

Total

Failed

Surviving

N

Failed

Surviving

N

∑ Total

Resources Concept

Nf

Ns

R>0

Nf

Ns

R<0

N

Total Assets (A)

14

1,556

1,570

0

0

0

1,570

Net Assets (P)

7

1,507

1,514

7

49

56

1,570

Retained Earnings (πr)

3

579

582

11

977

988

1,570

Expendable Resources (XR)

6

1,437

1,443

8

119

127

1,570

7.7.2 Concepts of Resources and Survival Status (Periodical) 2 × 2 Table Analysis
In accordance with the methodology and procedures prescribed in Chapter 6.10.1 and,
in addition to the summary of the analysis of the binary-outcome predictive
conditions on a periodical basis, this study also examined the results from Section
7.7.1 with a 2 × 2 Table analysis. The results for this analysis are reported in Table
7.13 to Table 7.16 and each table represents one of the four definitions of resources
examined in this study. The results for the 2 × 2 Table analysis of the predictive
condition for the Total Assets definition are reported in Table 7.13. With the number
of periods where failure occurred being only 0.89 per cent of the total number of
years (refer to Table 7.13), it is given that the Total Assets notion would achieve a
very high success rate in the prediction of periods of survival (99.11 per cent in Table
7.13). Therefore, for this definition to be useful, it would be desirable for a predictive
condition to be able to successfully predict the very few instances in the sample of
actual failure. However, every failure of a firm within the selected sample was
identified as a Type-II error and, consequently, renders the Total Assets concept of
resources with no business failure predictive capacity. This is supported by the p
value of 1 for the Chi-square, Mantel-Haenszel and Fisher Exact tests in the 2 × 2
Table analysis for the Total Assets concept of resources (refer to Table 7.13).
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Table 7.13 2 × 2 Tables Analysis – Total Assets
Alpha (for confidence interval)
Predictive Condition
Total Assets <0
Percent of total
Total Assets >0
Percent of total
Column totals
Percent of total
Statistics
Chi-square (d.f.=1)
Mantel-Haenszel

5.0%
Failed
Nf
0
0.00
14
0.89
14
0.89
Value
#N/A
#N/A

Surviving
Ns
0
0.00
1,556
99.11
1,556
99.11
p-level
1.00
1.00

Row totals
ΣN
0
0.00
1,570
100.00
1,570

1.00

Fisher Exact p

Commonly utilised as a definition of business solvency, the Net Assets concept of
resources (refer to Table 7.14) was able to successfully classify seven failures more
than the Total Assets notion (refer to Table 7.12). Despite the better success rate in
this regard, the seven correct classifications by the Net Assets predictive condition
nevertheless only represent a 50 per cent success rate in predicting business failures.
This aspect is masked in the statistical results that are reported in Table 7.14. Because
of the extremely large number of periods where the condition correctly classified
firms that were surviving (1,507 per Table 7.14), the overall percentage correctly
classified by this predictive condition was 96 per cent (refer to Table 7.14). It is noted
that this result was affected by the fact that periods where firms had actually failed
accounted for only 0.89 per cent of the total number of periods assessed (refer to
Table 7.14). It is further noted that the p values for the Chi-square, Mantel-Haenszel
and Fisher Exact tests in the 2 × 2 analysis indicate that there is a significant
relationship between positive values of the Net Assets concept and the occurrence of
firm survival (refer to Table 7.14).
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The Yule’s Q result of 0.94 (refer to Table 7.14) also indicated an almost totally
positive association between a positive level of Net Assets in any one period of time
and the survival of a firm during that period. These statistic test results provide a great
deal of confidence that the predictive condition identified for the Net Assets definition
of resources will successfully identify firms that are able to continue trading.
However, in a similar vein to that which was identified for the Total Assets definition,
the utility of a binary-outcome predictive model rests with the ability to successfully
identify the relatively few instances of failure. In this regard, the performance of the
Net Assets condition to only correctly classify 50 per cent of the 14 firms that had
failed in the study sample was not very encouraging.

Table 7.14 2 × 2 Tables Analysis – Net Assets
Alpha (for confidence interval)
Predictive Condition
Net Assets <0
Percent of total
Net Assets >0
Percent of total
Column totals
Percent of total
Statistics
Chi-square (d.f.=1)
Mantel-Haenszel

5.0%
Failed
Nf
7
0.45
7
0.45
14
0.89
Value
88.54
88.49
1.42x10-7

Fisher Exact p
Statistics
Phi-square
Pearson's Contingency
Yule's Q
Percent correct (overall fraction correct)
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Value
0.24
0.23
0.94
0.96

Surviving
Ns
49
3.12
1,507
95.99
1,556
99.11
p-level
0.00
0.00

Row totals
56
3.57
1,514
96.43
1,570

The binary-outcome predictive condition for the Expendable Resources definition was
the second most successful of the measures examined in this study (with 8 successful
classifications per Table 7.12). Although this was one more correct outcome than for
the predictive condition for the Net Assets definition, the number of Type-II errors for
Expendable Resources was more than double that for the Net Assets concept (119 for
Expendable Resources versus 49 for Net Assets as per Table 7.12). It would appear
that the marginal improvement in successful predictive outcomes by the binaryoutcome predictive condition for the Expendable Resources definition came with a
cost of an unacceptable increase in error rates. The cost of the increase in error rates
in comparison to the Net Asset concept results is manifest in the remaining results of
the 2 × 2 analysis. While the overall correct percentage for the Expendable Resources
concept was 92 per cent (refer to Table 7.15), this was less than that of the Net Assets
concept which was 96 per cent (refer to Table 7.14).

Nevertheless, it is noted that the p-values for the Chi-square and Fisher exact tests in
the 2 × 2 analysis indicate that there was a significant relationship between positive
values for the predictive condition for the Expendable Resources concept and the
survival of firms (refer to Table 7.15). With a Yule’s Q value of 0.88 (refer to Table
7.15), this relationship was not as pronounced as that for the Net Assets concept.
Furthermore, the values for the Chi-square and Mantel-Haenszel values for the
Expendable Resources concept, at 45.72 and 45.69 respectively (refer to Table 7.15),
were almost half the values of 88.54 and 88.49 respectively (refer to Table 7.14) for
the Net Assets concept. The results for the Phi-square and Pearson’s contingency for
the Expendable Resources concept (refer to Table 7.15) were also lower than those
for the Net Assets version (refer to Table 7.14) suggesting that the Net Assets
condition has better predictive ability than the Expendable Resources condition.
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Table 7.15 2 × 2 Tables Analysis – Expendable Resources
Alpha (for confidence interval)
5.0%
Failed
Surviving
Predictive Condition
Row totals
Nf
Ns
Expendable Resources <0
8
119
127
Percent of total
0.51
7.58
8.09
Expendable Resources >0
6
1,437
1,443
Percent of total
0.38
91.53
91.91
14
1,556
1,570
Column totals
Percent of total
0.89
99.11
Statistics
Value
p-level
Chi-square (d.f.=1)
1.37x10-11
45.72
Mantel-Haenszel
1.39x10-11
45.69
2.94x10-6

Fisher Exact p
Statistics
Phi-square
Pearson's Contingency
Yule's Q
Percent correct (Overall fraction correct)

Value
0.17
0.17
0.88
0.92

The Retained Earnings binary-outcome predictive condition was the most successful
of the binary-outcome predictive conditions for the four definitions of resources
examined in this study (with 11 successful classifications per Table 7.12). However,
the p value of 0.22 for the statistical tests in the 2 × 2 analysis for the binary-outcome
predictive condition for the Retained Earnings concept indicated that the relationship
between this notion and the reliable prediction of firm survival was not significant
(refer to Table 7.16). In this instance, it is highly likely that the number of years that
this variable exhibited negative values without a resulting business failure was
responsible for this test outcome. Indeed, with 977 instances where the value of
Retained Earnings were negative and the sample firm did not fail, this notion of
resources also has the most significant amount of Type-II errors in comparison to the
other definitions (refer to Table 7.12).
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The very large number of Type-II errors appear to be the cause of the very low overall
percentage of correct values of 38 per cent (refer to Table 7.16) for the Retained
Earnings binary-outcome predictive condition and compares unfavourably to the
results for the Net Assets and Expendable Resources concepts – which were both over
90 per cent (refer to Table 7.14 and Table 7.15). The other test statistic values for Phisquare (0.03), Pearson’s Contingency (0.03) and Yule’s Q (0.37) further support the
low association between the Retained Earnings predictive condition and firm survival.
Consequently, although the binary-outcome predictive condition for the Retained
Earnings concept correctly predicts a greater proportion of incidences of failure than
the other concepts of resources examined in this study, it is the least reliable version
for predicting firm survival (given the significant number of instances where the
values of this concept were negative and the firms continued to operate).

Table 7.16 2 × 2 Tables Analysis – Retained Earnings
Alpha (for confidence interval)
Predictive Condition
Retained Earnings <0
Percent of total
Retained Earnings >0
Percent of total
Column totals
Percent of total
Statistics
Chi-square (d.f.=1)
Mantel-Haenszel
Fisher exact p
Fisher exact p

5.0%
Failed
Nf
11
0.70
3
0.19
14
0.89
Value
1.48
1.48

0.94

Statistics
Phi-square
Pearson's Contingency
Yule's Q
Percent correct (Overall fraction correct)
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Value
0.03
0.03
0.37
0.38

Surviving
Ns
977
62.23
579.00
36.88
1,556
99.11
p-level
0.22
0.22

Row totals
988
62.93
582.00
37.07
1,570

7.7.3 Concepts of Resources and Survival Status (Longitudinal)
The previous analysis examined the predictive capacity of the different notions of
resources when applied to the currency values for every single firm-year of available
data. That analysis treated the information for each period in isolation to all of the
other periods of data for the sample firms and was based on the binary notion that if, a
value for a specific variable met the condition at any period in time and the hypothesis
were valid, then that firm should have failed in that specific instance. In accordance
with the methodology and procedures established in Chapter 6.10.2, this section takes
a longitudinal approach by examining the relationship between the changes in the
values of the different definitions of resources over time and the operating status of
the firms as surviving or failed. The results of the longitudinal analysis of the binaryoutcome predictive conditions are reported in Table 7.17.

The results of the longitudinal analysis of the binary-outcome predictive conditions
indicate that the Net Assets predictive condition was the most effective of the four
definitions in correctly classifying firms that met the conditions defined and failed.
The Net Assets condition correctly identified 11 out of the 14 firms in the sample that
were determined to have failed (refer to Table 7.17). The next most successful
condition was the Retained Earnings predictive condition with ten successful
classifications (refer to Table 7.17). This was followed by the Expendable Resources
definition condition with nine and finally the Total Assets definition condition with
eight (refer to Table 7.17). It appears that the rate of successfully classifying firms
that transgress the predictive condition as failed ranges from 57.14 per cent for the
Total Assets definition condition (8 out of 14 subjects per Table 7.17) to 78.57 per
cent for Net Assets definition condition (11 out of 14 subjects per Table 7.17).
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These results suggest that all of the binary-outcome predictive conditions are
reasonably successful when applied on a longitudinal basis. Furthermore, there is a
variation between the most successful condition and the least successful of only three
classifications. Despite the positive nature of these results, the number of Type-II
errors suggest that the supportability of the hypothesis is either unwarranted, or that
the ability of the predictive conditions to correctly classify the survival status of firms
is more circumstantial. Although the Total Assets predictive condition had the lowest
rate of successful classifications of failed firms (with eight per Table 7.17), it also had
the lowest number of Type-II errors with 20 classifications (refer to Table 7.17). In
contrast, although the Net Assets predictive condition was the most successful at
correctly classifying failed firms, it also had the second highest rate of Type-II errors
with 87 observations (refer to Table 7.17). The Retained Earnings predictive
condition only had one less correct classification of failed firms than the Net Assets
condition but it reported the most Type-II errors of the four conditions (with 96 per
Table 7.17). Despite only being the third best of the group to correctly classify failed
firms in the sample, the Expendable Resources predictive condition produced the
second lowest number of Type-II errors in the group with 66 observations (refer to
Table 7.17).

Table 7.17 Resource Levels and Survival Status (Longitudinal)
Level ≥ 0

Level < 0
Total

Total

Failed

Surviving

N

Failed

Surviving

N

∑ Total

Resources Concept

Nf

Ns

ΔR>0

Nf

Ns

ΔR<0

N

Total Assets (A)

6

164

170

8

20

28

198

3

97

100

11

87

98

198

4

88

92

10

96

106

198

5

118

123

9

66

75

198

Net Assets (P)
r

Retained Earnings (π )
R

Expendable Resources (X )
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The predictive condition for the Total Assets definition was the most successful of the
four definitions in terms of correctly classifying the surviving firms in the sample.
This predictive condition correctly classified 164 surviving firms out of the 184
surviving firms in the sample (refer to Table 7.17). The second most successful
definition for classifying surviving firms was the Expendable Resources definition
with 118 correct classifications (refer to Table 7.17). This was followed by the binaryoutcome predictive condition for the Net Assets definition which had 97 correct
classifications of surviving firms and then, finally, the Retained Earnings definition
with 88 correct classifications (refer to Table 7.17). From a longitudinal perspective,
the predictive condition for the Total Assets definition of resources was the most
successful overall with 172 correct classifications of statuses for the study sample out
of 198 subjects (refer to Table 7.17). This was followed by the Expendable Resources
condition with 127 correct classifications, the Net Assets condition with 108 and
finally the Retained Earnings condition with 98 (refer to Table 7.17).

7.7.4 Concepts of Resources and Survival Status (Longitudinal) 2 × 2 Table
Analysis
In accordance with the methodology and procedures prescribed in Chapter 6.10.2 and,
in addition to the summary of the analysis of the binary-outcome predictive
conditions on a longitudinal basis, this study also examined the results from Section
7.7.3 with a 2 × 2 Table analysis. The results for this analysis are reported in Table
7.18 to Table 7.21 and each table represents one of the four definitions of resources
examined in this study. The results from the longitudinal 2 × 2 Tables analysis for the
predictive condition for the Total Assets definition of resources are reported in Table
7.18 and indicate that the predictive condition for this definition was highly accurate
in correctly classifying the binary survival status of the firms examined in this study.
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The 2 × 2 Tables analysis for the longitudinal analysis of the predictive condition for
Total Assets definition of resources reports an 87 per cent rate of success for correctly
classifying the survival status of the firms examined in this study (refer to Table
7.18). This result arises from eight out of 14 correct classifications of failed firms and
164 out of 184 correct classifications of surviving firms (refer to Table 7.18). This
result may be responsible for the significant p-level values for the Chi-square and
Mantel-Haenszel test statistics of 22.94 and 22.83 respectively (refer to Table 7.18).
The Fisher Exact p for this analysis was also significant at 1.014-4 (refer to Table
7.18). Despite the strong statistical support for this predictive condition, it is noted
that the results were strongly influenced by the rate of successful classifications of
surviving firms as a percentage of the total number of surviving firms (89.13 per
cent). It is noted that the predictive condition for this definition only successfully
classified eight out of the 14 failed firms (at a rate of 57.14 per cent) and was the least
successful condition tested in this regard.
Table 7.18 Longitudinal 2 × 2 Tables Analysis – Total Assets
Alpha (for confidence interval)

Statistics
Chi-square (d.f.=1)
Mantel-Haenszel

5.0%
Failed
Nf
8
4.04
6
3.03
14
7.07
Value
22.94
22.83

Fisher Exact p

1.014-4

Statistics
Phi-square
Pearson's Contingency
Yule's Q
Percent correct (Overall fraction correct)

Value
0.34
0.32
0.83
0.87

Predictive Condition
Total Assets <0
Percent of total
Total Assets >0
Percent of total
Column totals
Percent of total
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Surviving
Ns
20
10.10
164
82.83
184
92.93
p-level
1.67-6
1.77-6

Row totals
28
14.14
170
85.86
198

The longitudinal application of the predictive condition for the Net Assets definition
reported 11 out of the 14 failed firms correctly (refer to Table 7.19) which was the
best result of the four predictive conditions utilised. Despite this level of success, the
longitudinal application of the Net Assets predictive condition was only able to
correctly classify 55 per cent of the overall sample (refer to Table 7.19). This was
influenced by the large number of Type-II errors in this analysis of 87 surviving firms
(refer to Table 7.19) that were expected to have failed due to transgressing the
longitudinal predictive condition for the Net Assets definition of resources. Although
the overall results for the Net Assets predictive condition were not as favourable as
those for the Total Assets predictive condition, the test statistic results reported
significant p-level values for the Chi-square and Mantel-Haenszel analysis of 5.10
and 5.07 respectively (refer to Table 7.19). The Fisher Exact p for this analysis was
also significant at 0.02 (refer to Table 7.19).

Table 7.19 Longitudinal 2 × 2 Tables Analysis – Net Assets
Alpha (for confidence interval)
Predictive Condition
Net Assets <0
Percent of total
Net Assets >0
Percent of total
Column totals
Percent of total
Statistics
Chi-square (d.f.=1)
Mantel-Haenszel

5.0%
Failed
Nf
11
5.56
3
1.52
14
7.07
Value
5.10
5.07
0.02

Fisher Exact p
Statistics
Phi-square
Pearson's Contingency
Yule's Q
Percent correct (Overall fraction correct)
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Value
0.16
0.16
0.61
0.55

Surviving
Ns
87
43.94
97
48.99
184
92.93
p-level
0.02
0.02

Row totals
98
49.50
100
50.50
198

Despite being only slightly different in composition to the Net Assets definition of
resources, the results for the predictive condition for the Expendable Resources
definition were markedly different. Whereas the Net Assets predictive condition
correctly classified 11 failed firms out of the 14 failed firms of the sample (refer to
Table 7.19), the Expendable Resources condition could only correctly classify nine
(refer to Table 7.20). In terms of the number of Type-II errors, however, the
Expendable Resources reported a much lower figure than Net Assets of 66 firms that
were still surviving despite having breached the Expendable Resources predictive
condition (refer to Table 7.20). As a result of this, the overall percentage of correct
classifications for the Expendable Resources definition was 64 per cent (refer to Table
7.20) and higher than the 55 per cent rate for the Net Assets condition (refer to Table
7.20).

Although the overall results for the Expendable Resources predictive condition were
not as favourable as those for the Net Assets predictive condition, the p-level values
of 0.04 for the Chi-square and Mantel-Haenszel test statistic results of 4.47 and 4.44
respectively (refer to Table 7.20) were, nevertheless significant. The Fisher Exact p
result for the 2 × 2 Tables analysis was also found to be significant with a reported plevel value of 0.04 (refer to Table 7.20). With values of 0.15 (refer to Table 7.20), the
Phi-Square and Pearson’s Contingency test statistic values were less than half of those
for the Total Assets predictive condition (refer to Table 7.18). Similarly, the Yule’s Q
result for the Expendable Resources condition was 0.53 (refer to Table 7.20) and
indicated a less positive relationship between the predictive condition and firm
survival than the Total Assets condition (refer to Table 7.18).
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Table 7.20 Longitudinal 2x2 Tables Analysis – Expendable Resources
Alpha (for confidence interval)
Predictive Condition
Expendable Resources <0
Percent of total
Expendable Resources >0
Percent of total
Column totals
Percent of total
Statistics
Chi-square (df=1)
Mantel-Haenszel

5.0%
Failed
Nf
9
4.55
5
2.53
14
7.07
Value
4.47
4.44

Surviving
Ns
66
33.33
118
59.60
184
92.93
p-level
0.04
0.04

Row totals
75
37.88
123
62.12
198

0.04

Fisher Exact p
Statistics
Phi-square
Pearson's Contingency
Yule's Q
Percent correct (Overall fraction correct)

Value
0.15
0.15
0.53
0.64

The results for the 2 × 2 Tables analysis for the longitudinal application of the binaryoutcome predictive condition for the Retained Earnings definition of resources are
reported in Table 7.21. The overall results for this predictive condition were the least
positive of all of the four predictive conditions examined in this section. Despite
having the second highest rate of correct classifications of failed firms of the four
predictive conditions (ten per Table 7.17), the overall rate of correct classifications for
the Retained Earnings predictive condition was only 50 per cent (refer to Table 7.21).
This was the lowest result of all four predictive conditions examined. The number of
firms which transgressed the longitudinal application of the Retained Earnings
predictive condition but continued to survive was 96 (refer to Table 7.21). This result
was the largest of the number of Type-II errors of the four definitions and would have
contributed to the poor overall results for the Retained Earnings predictive condition.
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The overall poor results for the Retained Earnings predictive condition also resulted
in p-level values of 0.16 for the Chi-square and 0.17 for the Mantel-Haenszel test
statistic values of 1.94 and 1.93 respectively (refer to Table 7.21). These results
indicate the lack of a significant relationship between this variable and firm survival.
This conclusion was supported by the p-level value of 0.96 for the Fisher Extract test
(refer to Table 7.21). The Phi-Square value of 0.10 and Pearson’s Contingency value
of 0.10 for the longitudinal Retained Earnings predictive condition (refer to Table
7.21) were by far the lowest of the four predictive conditions examined. This was the
same outcome for the Yule’s Q value of 0.39 (refer to Table 7.21) that further
indicated a weaker association between the Retained Earnings condition and firm
survival than the other conditions examined.

Table 7.21 Longitudinal 2x2 Tables Analysis – Retained Earnings
Alpha (for confidence interval)
Predictive Condition
Retained Earnings <0
Percent of total
Retained Earnings >0
Percent of total
Column totals
Percent of total
Statistics
Chi-square (d.f.=1)
Mantel-Haenszel

5.0%
Failed
Nf
10
5.05
4
2.02
14
7.07
Value
1.94
1.93
0.96

Fisher Exact p
Statistics
Phi-square
Pearson's Contingency
Yule's Q
Percent correct (Overall fraction correct)
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Value
0.10
0.10
0.39
0.50

Surviving
Ns
96
48.49
88
44.44
184
92.93
p-level
0.16
0.17

Row totals
106
53.54
92
46.46
198

7.8 The Firm Lifespan Model (FLM) Analysis of the Hypothesis – Part I
The aim of the analysis in this section was to test the complete hypothesis of this
study by investigating the supportability of the prescriptive Firm Lifespan Model
(FLM) that was developed in Chapter 4. In accordance with the methodology and
procedures prescribed in Chapter 6.11, the analysis commenced by generating
descriptive statistics of the key characteristics of the subjects collated from the
viewpoint of the FLM. The characteristics that were considered are the chronological
ages of the subjects by their lifespan phase at the time of selection (Section 7.8.1); the
different definitions of resources (Section 7.8.2) and trading variables (Section 7.8.3)
applicable to the lifespan phases at the time of selection; the lifespan phases of
selected firms and their survival status at the time of selection (Section 7.8.4); and the
lifespan phases of the subjects selected by ASX listing category and survival (Section
7.8.5).

7.8.1 Descriptive Statistics of Chronological Ages by Lifespan Phase
In accordance with the methodology and procedures established in Chapter 6.11.1, the
subjects selected for examination by this study were classified according to the
lifespan stage they were defined to be in at the time of selection. The chronological
ages of the subjects at this time were also determined in accordance with those
procedures and a series of descriptive statistics were applied to this information and
summarised in Table 7.22. It is noted that the minimum age in the Gestation phase of
zero is in accordance with the expectations of the FLM (refer to Table 7.22). Noting
that a firm could generate Trading Income in its first year of operations, a minimum
value of one firm-year for the Early-Main-Life phase (and therefore bypassing the
Gestation phase) is consistent with the theory of the FLM (refer to Table 7.22).

212

In a similar manner, a minimum of one firm-year for the Later-Main-Life lifespan
phase is possible if the generation of Trading Income in that first period coincides
with no negative Retained Earnings (refer to Table 7.22). A maximum of 143.00 firmyears for the Main-Life phase may be unusual for the sample but it is not an
unreasonable value given the ethereal nature of a firm (refer to Table 7.22). This is in
contrast to the maximum for the Gestation phase of 38.00 firm-years (refer to Table
7.22). This is because it represents a 38 year period of time that a firm has been
trading and yet had not generated any Trading Income. In particular, this can be
compared to the fact that the firms in the Regression lifespan phase that have virtually
completed their entire lifespan only reported a maximum of 37.00 firm-years (refer to
Table 7.22). If chronological time was an influential variable on the lifespan of a firm,
it would be expected that the values for the firm-years in each lifespan phase would
progressively increase. Except for the Regression phase (which were lower than those
for the Later-Main-Life phase), the mean and median values for the lifespan phases of
the model for the population sample were in line with the expectations of a lifespan
that was chronologically-based (refer to Table 7.22). That is, they appeared to
progressively increase.

Table 7.22 Descriptive Statistics of Chronological Age by Lifespan Phase
% of
Life-Span Phase

N

Gestation

56

28.30 0.00 38.00

7.70

3.00

8.57

1.46

4.61

Early-Main-Life

37

18.70 1.00 21.00

7.30

6.00

4.80

1.17

1.47

Later-Main-Life

67

33.80 1.00 143.00 25.61 18.00 29.83

1.78

6.01

Regression

38

19.20 4.00 37.00 15.58 13.50 8.80

0.70

2.56

Total

198 100.00 0.00 143.00 15.20 8.50 20.05

3.11

15.15

*SD = Standard Deviation

N

Min. Max. Mean Med. SD*

** SK = Skewness
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*** KU = Kurtosis

SK** KU***

7.8.2 Descriptive Statistics for Different Resource Definitions by Lifespan Phase
Utilising the procedures and methodology determined in Chapter 6.11.1, the firms
selected for analysis were initially classified according to the lifespan phase they were
exhibiting at the time of their selection. The currency values for the four different
definitions of resources of each lifespan phase were also determined and the resulting
descriptive statistics were calculated and summarised in Table 7.23. It is noted that all
of the descriptive statistic values for the Total Assets definition of resources were
consistent with the expectations for each lifespan phase. That is, the test statistic
values for Total Assets progressively increased for each lifespan phase from the
Gestation phase to the Later-Main-Life phase (refer to Table 7.23). The values for
Total Assets in the Regression phase were lower than those for the Later-Main-Life
phase but, as this phase has expectations of decline and contraction, these values are
consistent with the FLM.

While the pattern of results for the Net Assets definition of resources were also
consistent with prior expectations, the minimum value of negative 3.88 million AUD
in the Regression phase demonstrated an exceptionally steep decline from the LaterMain-Life phase for this variable (refer to Table 7.23). Interestingly, although the
results for the Expendable Resources definition were virtually identical to those of the
Net Assets definition, the minimum of negative 10.66 million AUD in the Gestation
phase was a significant difference between the two variables (refer to Table 7.23).
While the results for the Retained Earnings definition were also generally consistent
with prior expectations, it is noted that the minimum value for this definition for every
lifespan phase (even the Later-Main-Life phase) was negative (refer to Table 7.23).
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Table 7.23 Descriptive Statistics of Resources by Lifespan Phase
Lifespan
Phase
Gestation

EarlyMain-Life

LaterMain-Life

Regression

Total

N
Mean
Med.
Min.
Max.
SD
SK
Kur
N
Mean
Med.
Min.
Max.
SD
SK
Kur
N
Mean
Med.
Min.
Max.
SD
SK
Kur
N
Mean
Med.
Min.
Max.
SD
SK
Kur
N
Mean
Med.
Min.
Max.
SD
SK
Kur

AUD 1x106
AUD 1x106
AUD 1x106
AUD 1x106
AUD 1x106

AUD 1x106
AUD 1x106
AUD 1x106
AUD 1x106
AUD 1x106

AUD 1x106
AUD 1x106
AUD 1x106
AUD 1x106
AUD 1x106

AUD 1x106
AUD 1x106
AUD 1x106
AUD 1x106
AUD 1x106

AUD 1x106
AUD 1x106
AUD 1x106
AUD 1x106
AUD 1x106

Total
Assets

Net
Assets

56
15.91
8.54
0.00
161.02
27.81
4.09
17.95
37
55.06
18.48
1.03
964.35
157.19
5.67
33.49
67
1,794.74
222.77
5.70
62,343.00
7,760.83
7.45
58.39
38
129.31
6.96
0.04
3,689.66
595.53
6.09
37.35
198
646.92
25.12
0.00
62,343.00
4,574.80
12.69
170.28

56
13.52
7.98
0.00
159.52
22.81
5.13
31.32
37
41.24
13.44
-0.36
702.04
115.27
5.53
32.2
67
835.17
78.18
1.79
32,922.00
4,038.15
7.84
63.02
38
36.60
4.45
-3.88
496.52
87.06
4.36
21.84
198
301.16
17.96
-3.88
32,922.00
2,369.35
13.41
185.02

Retained
Earnings
56
-6.50
-1.88
-56.17
28.74
13.23
-1.69
5.87
37
-20.02
-11.32
-179.19
4.63
30.67
-4.23
20.91
67
182.12
18.41
-136.53
5,558.00
779.19
6.06
38.36
38
-36.28
-16.34
-348.44
9.32
63.14
-3.80
16.81
198
49.08
-2.18
-348.44
5,558.00
462.14
10.37
114.42

Expendable
Resources
56
12.03
7.57
-10.66
156.72
22.06
5.27
34.53
37
40.13
13.16
-0.61
697.88
114.52
5.33
31.08
67
838.92
70.65
1.70
32,922.00
4,032.98
7.63
60.94
38
34.56
4.42
-3.96
492.62
86.15
4.26
22.48
198
295.45
16.38
-10.66
32,922.00
2,349.72
13.38
185.90

7.8.3 Descriptive Statistics of Trading Variables by Lifespan phase
In addition to generating descriptive statistics for the levels of different definitions of
resources by the lifespan phases of the selected firms (Part I of the hypothesis), this
section also generated descriptive statistics for key trading variables by the lifespan
phases of the firms (Part II of the hypothesis). The analysis in this section was
performed in accordance with the methodologies and procedures prescribed in
Chapter 6.11.1 and were determined on the currency values of the variables that they
possessed.
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The first trading variable to examined was Trading Income (refer to Table 7.24). In
light of the conditions defined for the classification of the Gestation lifespan phase (in
Chapter 6.5.4), it was no surprise that there were no descriptive statistics for the
Trading Income variable at all during the Gestation phase (refer to Table 7.24). While
it may have been a dramatic decline from the previous Later-Main-Life phase for the
firm involved, a minimum value of zero for the Trading Income in the Regression
phase was also not surprising (refer to Table 7.24). Although Table 7.24reports a
minimum value of zero in the Early-Main-Life phase (which is contrary to the
definitional conditions of the phase), this value has been rounded down (to thousands)
from a minimum Trading Income value of less than $500 (Greater Bendigo Gold
Mines Limited).

Overall, the results for the maximum, mean, median, standard deviation, skewness
and even the kurtosis values for Trading Income by lifespan phase all follow the
pattern stylised in Chapter 4 for the FLM. While the rates of growth for each lifespan
phase have been intuitively anticipated in the literature, the empirical evidence in this
study is consistent with these expectations. It would seem that defining the conditions
of a lifespan phase by specific characteristics rather than time-frames is a more
realistic approach when it comes to entities such as firms.

Table 7.24 Descriptive Statistics for Trading Variables by Lifespan Phase
(Trading Income)
Min.

Max.

Mean

Med.

SD*

% of

AUD

AUD

AUD

AUD

AUD

N

1x103

1x103

1x103

1x103

1x103

SK**

KU***

Life-Span Phase

N

Gestation

56

28.30

0.00

0.00

0.00

0.00

0.00

0.00

0.00

Early-Main-Life

37

18.70

0.00

770,803.00

29,149.20

1,684.46

130,081.73

5.53

32.00

Later-Main-Life

67

33.80

537.00

28,660,000.00

855,741.51

114,840.00

3,584,334.80

7.18

55.74

Regression

38

19.20

0.00

265,397.00

16,977.60

229.04

48,176.27

4.03

20.13

198

100.00

0.00

28,660,000.00

301,020.67

2,063.95

12.38

163.97

Total

*SD = Standard Deviation

** SK = Skewness *** KU = Kurtosis
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2,124,264.47

The second trading variable examined was Operating Profit (refer to Table 7.25).
While negative minimum Operating Profit values for most of the lifespan phases is
consistent with the expectations of the model developed in Chapter 4, the negative
minimum value for the Main-Life phase (-$251.19 million AUD) was contrary to
what may have been expected of the results (refer to Table 7.25). This result was
experienced by Mirvac Real Estate Investment Trust (MRZ) in its final year of
trading. As the trust was voluntarily wound-up in that year, the result may have been
the outcome of an unusual incurrence of expenditure. The positive maximum value
for Operating Profit in the Gestation phase of $12.02 million AUD (refer to Table
7.25) was unusual given that this phase is defined by the absence of any Trading
Income.

It is noted that this result would have been a consequence of non-trading based
income that exceeded the operating expenditure for that period for that firm. Other
than this result, the maximum, mean and median values for Operating Profit by
lifespan phase are consistent with the expectations in the FLM developed in Chapter
4. The mean and median results begin with negative values in the Gestation phase and
reach the peak values in the Later-Main-Life phase before declining again in the
Regression phase (refer to Table 7.25).

Table 7.25 Descriptive Statistics for Trading Variables by Lifespan Phase
(Operating Profit)
% of
Life-Span Phase

N

N

Min.
AUD
1x103

Max.
AUD
1x103

Mean
AUD
1x103

Med.
AUD
1x103

SD*
AUD
1x103

**
SK

3,304.63

0.05

9.75

68,584.08 -4.24

25.51

Gestation

56

28.30

-13.340.69

12,018.45

-1,753.26

-1240.47

Early-Main-Life

37

18.70

-150,004.00

369,155.00

2,334.78

-3,175.17

Later-Main-Life

67

33.80

-251,188.00

4,452,000.00

114,093.92

Regression

38

19.20

-68,430.00

3,496.62

-6,272.05

198 100.00

-251,188.00

4,452,000.00

37,701.48

Total

*SD = Standard Deviation

** SK = Skewness *** KU = Kurtosis
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18,092.00 546,913.44
-2,003.64

***
Kur

7.61

60.88

12,440.71 -3.64

17.68

-771.83 324,260.35 12.99 177.07

The final trading variable examined was Total Income (refer to Table 7.26). It is
noted that, an absence of Trading Income is the condition that results in a firm being
classified as being in the Gestation phase (per the lifespan phase definition in Chapter
4). This does not, however, preclude other forms of revenue generation during this
phase and, consequently, the non-zero test statistic values for Total Income in the
Gestation phase are understandable. The minimum for the Gestation phase was still a
zero (refer to Table 7.26). The minimum of $2.64 million AUD for the Later-MainLife phase was the largest of the lifespan phases as would be expected per the
development of the FLM in Chapter 4 (refer to Table 7.26). The minimum for the
Regression phase of zero was also not unexpected (refer to Table 7.26). The relatively
large maximum for the Gestation phase for Total Income of $29.89 million AUD
could be considered a surprise because the absence of Trading Income would mean
that this income was generated from another source that was still substantial (refer to
Table 7.26). The remaining descriptive statistics for Total Income by lifespan phase
are all consistent with the expectations of the FLM developed in Chapter 4. These
values begin with negative values in the Gestation phase and reach the peak values in
the Later-Main-Life phase before declining again in the Regression phase (refer to
Table 7.26).

Table 7.26 Descriptive Statistics for Trading Variables by Lifespan Phase
(Total Income)
% of

Min.
AUD
1x103

Max.
AUD
1x103

Mean
AUD
1x103

Med.
AUD
1x103

**
SK

***
Kur

4,194.32

6.09

41.26

134,006.74

5.53

32.06

125,285.00 3,584,185.18

7.18

55.70

3.13

12.11

Life-Span Phase

N

Gestation

56

28.30

0.00

29,885.88

1,138.96

194.70

Early-Main-Life

37

18.70

228.16

794,154.00

30,090.89

1,760.35

Later-Main-Life

67

33.80

2,636.11

28,665,000.00

861,888.64

Regression

38

19.20

0.00

265,397.00

23,630.78

198 100.00

0.00

28,665,000.00

304,905.46

Total

*SD = Standard Deviation

N

** SK = Skewness *** KU = Kurtosis
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SD*
AUD
1x103

2,638.98

58,482.74

3,260.57 2,124,589.93 12.37 163.78

7.8.4 Analysis by Lifespan Classification and Survival Status
The Firm Lifespan Model (FLM) was developed in Chapter 4. It was designed to be a
prescriptive model of the economic forces that would impact upon the survival and
longevity of a firm. Furthermore, the model was designed with the two parts of the
hypothesis of this study in mind. For this model to be empirically supported, business
failures should be occurring in the two lifespan phases where a firm is most
vulnerable. These phases are the Gestation and Regression phases. In accordance with
the procedures and methodology prescribed in Chapter 6.11.2, this section provides
the results of the analysis of the survival status of the sample firms by the lifespan
phase they were classified in at the time of selection (refer to Table 7.27). The results
indicate that there were no failures in the sample out of the 56 firms classified as
being in the Gestation phase (refer to Table 7.27). Similarly, there were no identified
failures at the time of selection for any of the 37 firms selected that were classified as
being in the Early-Main-Life phase (refer to Table 7.27). With the largest proportion
of the sample classified as being in the Later-Main-Life phase, only two of the 67
firms in this phase were identified as having failed (refer to Table 7.27). In what could
be considered strong empirical support for the FLM, 12 of the 14 firms that were
classified as failed in the selected sample (and of the 38 in this phase) were classified
as being in the Regression phase at the time of failure (refer to Table 7.27).

Table 7.27 Survival Status by Lifespan Phase Classification
% of
Failed Surviving
Total
Total
% Failed of
Lifespan Phase
Nf
Ns
N
Failed
Total
Gestation
0
56
56
0.00
0.00
Early Main-Life

0

37

37

0.00

0.00

Later-Main-Life

2

65

67

14.29

2.99

12

26

38

85.71

31.58

14

184

198

100.00

7.07

Regression
Total
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7.8.5 ASX Categories by Lifespan Classification and Survival Status
In accordance with the procedures and methodology prescribed in Chapter 6.11.2, the
198 firms in the sample were classified into the lifespan phases that they were defined
to be in at the time of their selection. The firms were further classified according to
the ASX category in which they were listed on the stock exchange. Finally, the 14
firms that were determined to have failed within the sample were also allocated
according to the ASX listing category they were classified in and also the lifespan
phase within which they occurred. The results are reported in Table 7.28. The
resulting data (summarised in Table 7.28) is consistent with the intuitive expectations
of the likely spread of firms (by lifespan classification) given the nature of the
industries they belong to. For example, the inordinately higher proportion of firms in
the Gestation phase for the MAT category (in comparison to the other classifications)
could be expected given the speculative nature of the mining industry that this
category generally represents.

The Materials (MAT) category is of further interest because it is noted that, with 31.31
per cent of the total sample population, it is the largest of the ASX categories in terms
of the number of firms within that category (refer to Table 7.2). This is noteworthy
because it was speculated during the design part of this study that this had the
potential to unduly influence or skew the outcomes of the study. Indeed, there were
36 out of the 62 firms from the MAT category that were classified as being in the
Gestation phase (refer to Table 7.28). This also represents 36 out of the 56 total
sample firms that were classified as operating in the Gestation phase (refer to Table
7.28). When it is also considered that a further 15 of the 62 firms in the MAT category
were classified as being in the Regression phase (representing 39.47 per cent of the
total of 38 firms in this category), it appears that the potential influence of the MAT
category has materialised (refer to Table 7.28).
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Another outcome that may have been expected (given that their products equate to
necessities) was that the majority of the firms within the ASX classifications of DCO
(66.67 per cent) and SCO (80.00 per cent) were found to be in the Later-Main-Life
phases of their lifespan (refer to Table 7.28). This expectation was based on the
understanding that the products for these firms would equate to the economic concept
of necessities and would inherently enjoy sustained demand. Similarly, representing
industries that are acknowledged for their stability, the ASX categories of FIN (71.88
per cent), IND (52.38 per cent) and INT (50.00 per cent) were also classified as being
in the Later-Main-life phase of their lifespan (refer to Table 7.28). At the other end of
the spectrum (noting that the sector was only relatively recently deregulated), the
majority of the firms in the Energy (EGY) category (17 out of the 20 firms classified
in this category) were defined to be in the Gestation or Early-Main-Life phases of
their lifespan (refer to Table 7.28). The results indicate that there was a more even
spread in the lifespan phases of the remaining three ASX categories within the
selected sample (refer to Table 7.28).

It is noted that, although 12 of the 14 firms defined to have failed within the sample
were classified as being in the Regression phase of their lifespan, the firms were
relatively evenly spread amongst the different ASX categories with no one category
reporting more than three firms that had failed in any lifespan phase (refer to Table
7.28). It is also noted that the Materials (MAT) ASX category reported the largest
number of firms that were classified in the Regression lifespan phase. With 15 firms,
or 39.47 per cent of the 38 sample firms in the Regression phase, the MAT category
was once again the category that materially influenced the results (refer to Table
7.28). Only two of the 15 firms within the MAT category that were classified in the
Regression phase had failed at the time that they were selected (refer to Table 7.28).
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As a result, this single category accounts for 13 of the 26 firms (or 50.00 per cent) that
were classified as being in the Regression phase that had not failed at the time of
selection (refer to Table 7.28). It is also noted that there were 36 firms within the
MAT category that were classified as being in the Gestation lifespan phase and had
not failed (refer to Table 7.28).

Table 7.28 Classification of Firms by ASX Sector and Lifespan Phase

Sector
DCO
SCO
EGY
FIN
HCA
IND
INT
MAT
TEL
UTI
Total

Gestation
N
0
0
11
1
5
2
0
36
0
1
56

Nf
0
0
0
0
0
0
0
0
0
0
0

Lifespan Phase
Early-MainLater-MainLife
Life
N
Nf
N
Nf
5
0
12
1
1
0
4
0
6
0
3
0
3
0
23
1
8
0
1
0
3
0
11
0
1
0
7
0
8
0
3
0
1
0
2
0
1
0
1
0
37
0
67
2

Regression
N
1
0
0
5
5
5
6
15
0
1
38

Nf
0
0
0
1
3
3
2
2
0
1
12

7.9 Lifespan Classification, Level of Resources and Survival Status
In accordance with the methodology and procedures prescribed in Chapter 6.11.2, this
section provides the results of the analysis of the survival status of the sample firms
by the lifespan phase they were classified in with an overlay of the levels of resources
they possessed at the time of their selection. The results are presented in Table 7.29
and indicate that there were no firms that had a negative level of Total Assets at the
time of selection for any lifespan phase. Despite successfully identifying every one of
the 184 surviving firms in the sample, this definition was unable to correspond with a
single failed firm (refer to Table 7.29). Consequently, this definition, possessed no
apparent predictive association with the firms that failed by lifespan phase.
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At the other end of the spectrum, there were 129 firms that had a negative level of
Retained Earnings at the time they were selected (refer to Table 7.29). As a result,
only 68 firms in the sample had a positive level of Retained Earnings and could not
account for all of the 184 surviving firms in the sample (refer to Table 7.29). In a
manner similar to the Total Assets definition (but an opposing outcome), this
definition of resources could not be deemed to have any predictive assistance for, or
correlation with, the FLM. There were nine firms that possessed a negative level of
Net Assets at the time of selection and all nine coincided with the lifespan phases that
were identified to contain all 14 failed firms (refer to Table 7.29). Finally, 14 firms
had a negative level of Expendable Resources at the time of selection and 11
coincided with the two lifespan phases where the 14 firms defined to have failed were
actually classified (refer to Table 7.29).

Table 7.29 Survival Status by Lifespan Phase Classification and Level of
Resources
Life-Span Phase
Gestation
Early-Main-Life
Later-Main-Life
Regression
Total

Total Assets

Net Assets

Retained Earnings

Expendable Resources

Surviving

Failed

N>0

N<0

N>0

N<0

N>0

N<0

N>0

N<0

56
37
67
38

0
0
0
0

56
37
66
30

0
0
1
8

3
1
60
4

53
36
6
34

54
36
66
28

2
1
1
10

Ns
56
37
65
26

Nf
0
0
2
12

198

0

189

9

68

129

184

14

184

14

7.10 Analysis of the Hypothesis – Part II
In accordance with the procedures and methodology prescribed in Chapter 6.12.1, this
section aimed to determine whether the level of the resources of a firm are reliant
upon the profitability of a firm (the second part of the study hypothesis). The
proportion of the value of the base Total Assets of each firm that was represented by
the three different funding sources of Retained Earnings, Introduced Capital and
Liabilities were converted into ratios of the base Total Asset value. At all times, the
sum total of these three ratios should equal one (the whole value of Total Assets).
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This procedure was replicated for the values for each firm in the final year of
available information for those firms. The ratios for the base period of Total Assets
were then deducted from the ratios for the final period of data to ascertain the changes
in the ratios. Noting that, for each incremental increase in the proportion of one
variable, there must be an equal proportion of decline in another variable(s) to
maintain the overall ratio of one, the sum of the changes in these three variables will
always total zero. The changes for each ratio were then summed and the results are
presented in Figure 7.1. The results indicate that there was an overall increase of
1,431.44 per cent in the proportion of funding of Total Assets that were contributed
by the business owners through Introduced Capital (IC) (refer to Figure 7.1).

Figure 7.1 Total Changes in Ratios of Funding of Total Assets

In addition to the cumulative results for the changes in the funding ratios of Total
Assets that are depicted in Figure 7.1, a series of descriptive statistics were also for
generated and reported in Table 7.30. It is noted that the mean change in the
proportion of Total Assets funded by Introduced Capital for the sample firms was an
increase of 7.23 per cent (refer to Table 7.38). This increase was offset by a decline in
the mean Retained Earnings ratio of 7.07 per cent and a decline in the mean
Liabilities ratio of 0.16 per cent (refer to Table 7.30).
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Noting that there were 198 firms in the sample, this represents an arithmetic mean of
7.23 per cent increase in IC per firm (refer to Table 7.30). As this would require an
equal overall decrease in the proportion of the funding of Total Assets of the
remaining two variables, Figure 7.1 illustrates that the sum of the changes in
Liabilities was a decline of 31.64 per cent and that the decline in Retained Earnings
was 1,399.80 per cent (refer to Figure 7.1). This represents an arithmetic mean of
negative 7.07 per cent per firm in the sample for Retained Earnings and negative 0.16
per cent per firm in the sample for Liabilities (refer to Table 7.30). It also appears,
from the results in Table 7.30, that the minimum and maximum values for the
changes in the Introduced Capital ratio and the Retained Earnings ratio are directly
inversely related (refer to Table 7.30). In light of the hypothesis of this study, it would
have been expected that a continued increase in the Retained Earnings variable from
profitable trading would have resulted in decreases in the proportion of funding from
Introduced Capital and Liabilities. These results, however, indicate that there is very
little change over the lifespans of the firms in the sample in the proportion of their
funding of Total Assets represented by Liabilities.

Table 7.30 Descriptive Statistics of Changes in Funding of Total Assets

N
Mean
Med.
Min.
Max.
SD
SK
Kur

Δ in RE
Ratio
198
7.07
0.00
- 699.32
29.66
60.53
9.98
105.66

Δ in IC
Ratio
198
7.23
0.05
- 30.44
695.73
59.91
10.04
106.85
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Δ in L
Ratio
198
- 0.16
0.00
- 27.94
8.02
2.33
- 8.90
107.31

In accordance with the procedures and methodology specified in Chapter 6.12.2, this
study also reviewed the changes in the proportional funding of Total Assets by each
source of funding according to the lifespan phases of the firms being examined. The
proportion of the value of the base Total Assets of each firm that was represented by
the three different funding sources of Retained Earnings, Introduced Capital and
Liabilities were converted into ratios of the base Total Asset value. This procedure
was replicated for the values for each firm in the final year of available information
for those firms. The ratios for the base period of Total Assets were then deducted
from the ratios for the final period of data to ascertain the changes in the ratios. The
results were then categorised according to the lifespan phase that each firm had been
classified in at the time of selection and are presented in Table 7.31.

The change in the Retained Earnings ratio during the Gestation phase was a negative
21.74 per cent and negative 15.55 per cent in the Early-Main-Life phase (refer to
Table 7.31). A decline in the Retained Earnings ratio of 1,406 per cent in the
Regression phase was significantly larger than any change in any other phase (refer to
Table 7.31). Accepting that much of the profits during the Later-Main-Life phase of
the firms examined by this study may have been distributed to the shareholders of the
firms in that phase (contrary to a base assumption of the model), the proportion of the
funding of Total Assets during this phase by Retained Earnings nevertheless increased
by 42.56 per cent (refer to Table 7.31).

Table 7.31 Cumulative Change in Proportion of Funding of Total Assets by
Lifespan Phase
Gestation
Retained Earnings Ratio
Introduced Capital Ratio
Liabilities Ratio

-21.74
67.52
-45.78
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Early-MainLife
-14.55
23.01
-8.45

Later-MainLife
42.56
-40.8
-1.66

Regression
-1,406.00
1,381.75
24.26

CHAPTER 8:
DISCUSSION
8.1 Introduction to Discussion
This study has sought to determine the empirical supportability of the main
hypothesis that the lifespan of a firm was dependent upon the level of its Expendable
Resources (developed in Chapter 2). The second part of the hypothesis to be tested
was that the level of these resources was, in turn, assumed to be dependent upon the
profitable trading of a firm (also developed in Chapter 2). This study reviewed the
previous efforts in Product Life-Cycle theory, Organisational Life-Cycle theory,
Profit-maximising theory and business failure models that formed the foundations of
the work in this study (Chapter 2). The main hypothesis was tested utilising binaryoutcome predictive conditions (developed in Chapter 3) that replicated earlier efforts
somewhat, but were more specifically targeted to the variables identified by the
hypothesis. Finally, this study has also sought to test the supportability of the
economic model for the lifespan of a firm that was developed from that hypothesis
(developed in Chapter 4).

To test the hypothesis, it was decided to utilise the firms listed on the ASX as the
population of potential subjects. It was acknowledged that this decision would result
in the outcomes of this analysis not being representative of all of the different types of
business structures and, therefore, could possibly compromise the validity of the
findings to all firms. Despite this, an ability to ensure that the findings of the analysis
could, at least, be applicable to the whole population of the business structure that was
chosen (that is, publicly-listed companies in Australia) somewhat justified the
selection. This study selected 198 subjects from a pool of 1,919 companies listed on
the ASX on 17 August 2007 on a cross-sectional basis from a random start in order to
test the hypothesis of this study.
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The analysis commenced with the generation of a range of descriptive statistics for a
series of key characteristics to gain a better understanding of the sample firms being
examined (these results will be discussed in Section 8.3). In order to test the
supportability of the first part of the hypothesis, this study utilised a number of
binary-outcome predictive conditions to ascertain whether the lifespan of a firm was
dependent upon the level of its resources being greater than zero (these results will be
discussed in Section 8.4). This aspect of the hypothesis was also examined utilising
the Firm Lifespan Model (FLM) (these results will be discussed in Section 8.5).
Finally, the results from the analysis of the second part of the hypothesis (that the
level of the resources of a firm is reliant upon the profitability of the firm) will be
reviewed in Section 8.6.

8.2 Study Limitations
In the design of this study, a number of limitations were identified in Chapter 6.7. It is
accepted, for example, that the sample for this study was only selected from a pool of
firms that were listed on the Australian Stock Exchange. This means that any findings
from the study may only be applicable to one possible operational and legal form of
business structure (excluding forms such as partnerships, sole-traders and non-profit,
for example). The study may also be affected by the absence of service-based firms
and being centred in only one geographical location (Australia). It may well be that
the findings of this study may not be replicated because of geographical, economic
and political reasons, if the sample was selected from the stock exchange of a
different country or if the sample was selected from a population of different business
structures. Whilst these are recognised limitations for this specific study, it also
represents an opportunity for further research using different information from
different business structures and geographical regions.
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This study utilises information that was obtained from the published financial
statements of the subjects. Previous researchers (Beaver, 1966 for example), have
questioned the accuracy and reliability of financial statement information. Whilst
these criticisms may be valid, this limitation applies to every method that relies on this
data for their application and, consequently, does not invalidate the methods
themselves. Another limitation for this study is the low number of identified failures
within the selected sample (only 14 examples at the time of selection out of a sample
of 198). Whilst focused on the survival of business entities, this study required
examples of failed firms to ascertain whether the fundamental hypothesis of the study
was supportable. Such a small sample of failed firms affects the statistical tests that
could help to conclusively ascertain the supportability of this hypothesis.

Furthermore, because the rules for stock exchange listing prohibit the trading of the
shares for firms that are known to have failed, it may well be that this study did not
establish a fair representation of the number of actual failed firms in the population of
listed companies. This is contrary to one of the reasons for selecting this population of
firms for examination. That is, it was argued that limiting the analysis to a known
population of firms would ensure that any failed firms selected for study would be a
more accurate representation of the rate of failure in a given population than pairing
surviving and failed firms would. Whilst not an ideal way to choose a sample for
examination, the decisions in the study design were, however, made to eliminate as
much potential selection bias as possible to ensure that the predictive capacity of the
FLM would be more accurately assessed. The acknowledgement these limitations
identifies possibilities for future research efforts on the concepts identified in this
study.
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8.3 Descriptive Statistics for the Sample
As this study is the first to assess the supportability of the proposed Firm Lifespan
Model, it was important to establish as much insight into the selected firms as
possible. Not only was it essential to establish whether there were any inherent
peculiarities in the sample selected that could unduly influence the outcome of the
study but, it was also an acknowledgement that the sample was only one possible
form of business structure out of many that was being examined. The chronological
age of the sample firms was one important aspect to understand given that previous
efforts examining firm life-cycle concepts were time dependent (refer Section 8.4).
The focus of the study hypothesis on the impact of resources has required an
understanding of the descriptive statistics for the different definitions of resources for
the subjects (refer Section 8.5). The final aspect that was considered was the survival
status of the selected subjects (refer Section 8.6).

8.4 Descriptive Statistics – Chronological Age
Given that time is a critical factor in biological life-cycle models, it was important to
understand if it is similarly influential on non-biological entities, such as firms.
Indeed, it was noted in Chapter 2 that previous efforts focused on firm life-cycles that
inherently relied on time as a key variable in determining the lifespan phase of the
firms and influencing the longevity of those firms. Consequently, the chronological
ages of the subjects selected for this study were an important consideration to be
analysed. As such, the relationship of time to the subjects of this study was viewed
from a number of different perspectives. The first was to review the chronologicallyrelated descriptive statistics for the subjects from an overall perspective (Section
8.4.1). Following this, the chronological characteristics of the sample were examined
by ASX classification (Section 8.4.2) and survival status (Section 8.4.3).
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8.4.1 Observations of the Overall Chronological Age of the Subjects
Given that the hypothesis of this study relates to the longevity of firms, the first
characteristic that was examined was the chronological length of time that each firm
had been in existence at the time of their selection. The results in Chapter 7.3.1
indicated that the overall range of chronological ages for the selected sample was 143
firm-years. This vindicates the decision for the retrospective design of this study
given that, had the firms been selected for examination at the very commencement of
their operations, this study would not have been completed in any single researchers’
lifetime. The results in Chapter 7.3.1 also suggested that, despite the very large
maximum, the majority of the selected sample (with 90 per cent of the sample aged
32 firm-years or less at the time of selection) were relatively youthful. This may
simply be a reflection of the Australian securities market, rather than for all listed
firms in any market. It is acknowledged that these results may be very different for
markets in much older countries.

8.4.2 Observations of Chronological Age by ASX Classification
The results in Chapter 7.3.1 indicated a relative youthfulness for the overall study
sample. These results and conclusion appear to be supported by the descriptive
statistics for the analysis of the chronological ages by ASX category (refer Chapter
7.3.2). For example, the results for the descriptive statistics reported by Table 7.2
show a mean of 15.2 firm-years and a median of 8.5 firm-years for the sample further
support the findings from Chapter 7.3.1 and strengthen the supportability of the
observation of the youthfulness of the overall sample population. Apart from these
findings, it appears that the results for the individual ASX classifications were
reasonably consistent with intuitive expectations for those categories.
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These results appear to confirm, for example, the initial concern of this study that the
Materials (MAT) category possessed the potential to unduly influence the overall
results because of the proportion of the sample it represented. It was noted in Chapter
7.3.2 that the MAT category represented 31.30 per cent of the population and,
consequently, the kurtosis test statistic value of 16.04 and skewness of 3.24 for this
category heavily influenced the overall sample results of 12.49 and 3.13 respectively
(refer Table 7.2). Further evidence of this influence is in the observation that the
median age for the MAT category of only 6.50 firm-years would have heavily
influenced the overall median averages of the sample of 8.50 firm-years (refer Table
7.2). In a similar way that the overall youthfulness of the sample may be driven by the
comparative youthfulness of the Australian market, the preponderance of sample
companies from the MAT sector may also be unique to the Australian ASX given the
heavy reliance of the Australian economy upon the mining and resources sector in
comparison to other countries and economies.

Other categories that reported results that were consistent with intuitive expectations
include the Consumer Staples (SCO), Consumer Discretionary (DCO), Financials
(FIN) and Industrials (IND) classifications. As these categories represent industries
that supply products that can be categorised as human necessities (economic
definition), it is not surprising that they reported the largest results for chronological
ages. These categories reported the largest maximum (143 firm-years for FIN per
Table 7.2), mean and median (39 firm-years and 25 firm-years respectively for the
SCO classification per Table 7.2). Indeed, all of the maximum, mean and median
values for the aforementioned classifications were all similarly at the higher end of
the results for all of the listed categories in Table 7.2.
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Again, consistent with intuitive expectations, the values for the group of categories
that can be classified as necessities are in stark contrast to those for the Utilities
(UTI), Telecommunications (TEL) and Health Care (HCA) ASX industry
classifications. The industries for these categories are either technological in nature,
or subject to levels of fluctuating demand based on rapid changes in innovation (the
research and innovation relating to the TEL and HCA classifications, for example) or
the conditions of the economy (the UTI classification with government deregulation,
for example). With mean firm-years of 6.25 for Utilities (UTI), 7.33 for
Telecommunications (TEL) and 10.00 for Health Care (HCA), these industry
categories are at the lower end of the scale and, relatively and intuitively, the most
youthful of the entire selected sample (refer to Table 7.2).

8.4.3 Observations of Chronological Ages by Survival Status
It could be argued that, with less than 15 per cent of the selected sample older than 25
chronological years (refer to Table 7.1), the firms listed on the ASX may either be
operating in industries that are highly speculative in nature, or the economy is more
competitive than expected. One of the tests that could help determine whether these
scenarios were plausible was the comparison of the chronological ages of the sample
in terms of their classification as surviving or failed (as per Section 7.3.3). On a
prima-facie basis, the results from this analysis appear to contradict this possibility
(refer to Table 7.3). This is because a hypothesis of competitive turbulence would
expect a high level of failures and these results found only 14 of the 198 firms that
were selected for this study had failed. It may be that, rather than providing empirical
evidence of a market that is relatively stable, it is more likely that the low incidences
of failure in the selected ASX firms is a result of the listing rules requiring firms that
were known to have failed to be quickly removed from the active stock exchange.
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This latter proposition is supported by the observation that the median of 15.0 firmyears for the failed firms is almost double for that of the 8.0 firm-years for surviving
firms and the 8.5 firm-years for the sample as a whole (refer to Table 7.3). It might be
expected that firms that were likely to fail would do so in the first few years of
activity as they attempted to generate sufficient share of the market to sustain their
operations. However, the evidence from this analysis appears to contradict this
suggestion. For instance, the values in Table 7.3 indicate that, with a minimum time
to failure of 8.0 firm-years for the sample selected, there is a substantial period of
time preceding failure for firms that were listed on the ASX. This also indicates that
there were no start-up failures within the selected sample of ASX firms that, in
retrospect, may not be surprising in light of the listing rules of the Stock Exchange.

If chronological time were to have a direct influence on the survival of a firm, it
would be expected that there would be a discernible difference between the surviving
firms and the failed firms in the sample in terms of their lifespans. Combined with a
maximum age of 27.0 firm-years for the failed firms, a comparatively smaller
standard deviation, and very low skewness and kurtosis values (refer to Table 7.3),
there appears to be a consistency in the chronological time leading to the point of
failure for firms listed on the ASX. A subsequent comparison of means test
(contained in Table 7.4 and Appendix 2) found that there was no discernible
difference between the two means. These results would suggest that chronological
time is not an influential variable on the survival of a firm. There is not enough
evidence, however, to determine whether these results were only applicable to the
sample on hand – or even an outcome that may only be typical for the ASX.
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8.5 Descriptive Statistics – Levels of Resources
In addition to descriptive statistics collected for the selected sample in terms of their
chronological longevity, this study also determined a series of descriptive statistics
relating to the levels of the different definitions of resources belonging to the sample
firms. The results for these statistics were reported in Chapter 7. The first analysis
involved the determination of descriptive statistics for the currency values for each
notion of resources with the data grouped by ASX listing classification (refer to
Chapter 7.4.1). The second approach involved an analysis of the data categorised by
the survival status of the firms and the levels of the different definitions of resources
examined by this study (refer to Chapter 7.4.2). The third (and final) approach for this
section examined generating the descriptive statistics from the point of view of the
different definitions of resources for the lifespan stages determined for the selected
subjects (refer to Chapter 7.4.3).

8.5.1 Descriptive Statistics of Different Resource Definitions
The statistical characteristics of the currency values for the study cohort that related to
the different definitions of the concepts are reported in Table 7.5. These results
indicated that the Total Assets definition of resources had the largest maximum of all
the resources definitions of $62.34 billion AUD (refer to Table 7.5). At the other end
of the scale, the Retained Earnings definition exhibited the smallest maximum of
$5.56 billion AUD (refer to Table 7.5). Noting that there is essentially one source of
contribution to the resources (Reserves) that separates the Net Assets and Expendable
Resources definition, it may have been expected that there would be an appreciable
difference between the two definitions. The results for the maximums in Table 7.5,
however, indicate that this certainly not the case.
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With only one major difference in variables separating the Net Assets definition from
the Expendable Resources definition promulgated by this study, the results for
maximum, mean, median, standard deviation, Sk and Ku were all very similar. The
minimums however were where the categories showed the most variations between
the definitions. In fact, the comparability between the values for the maximums for
the four definitions is virtually replicated for all of the different descriptive statistics
summarised in Table 7.5. That is, the Total Assets definition possesses the largest
value (except for the Skewness and Kurtosis) for each statistic, the Retained Earnings
definition displays the least value and the Net Assets and Expendable Resources
values are almost (if not actually) identical.

8.5.2 Descriptive Statistics of Different Resource Definitions by ASX Classification
The descriptive statistics for the different resources definitions by ASX listing
category are reported in Chapter 7.4.2. The results for each definition of resources
examined in this study are contained in Tables 7.6 to Table 7.9. On the whole, the
overall results for each ASX classification appeared to be proportionately replicated
for each definition of resources because of the inherent peculiarities of each grouping.
For example, the results for the Consumer Discretionary (DCO) ASX classification
generally had the largest values overall for each definition of resources because the
values were heavily skewed by one outlier firm that had the largest maximum of the
whole sample. Despite having the most number of subjects in the sample (62 per
Table 7.6), the Materials (MAT) ASX classification had one of the smallest mean and
median values of Total Assets in the group (refer to Table 7.6). The maximum, mean
and standard deviation Total Asset values for the Discretionary Consumer (DCO)
ASX classification were all heavily skewed (4.18 per Table 7.6) by one firm in the
sample (refer to Table 7.6).
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8.5.3 Descriptive Statistics of Different Resource Definitions by Survival Status
The descriptive statistics by resource definition and survival status are reported in
Chapter 7.5. Given the study hypothesis, it is of particular interest that the minimum
values for the different resource definitions (apart from Total Assets) of the surviving
firms were all negative. This could suggest that firm survival may not be dependent
upon the level of its resources being above zero. This conclusion is further supported
by the fact that the Retained Earnings definition of resources is the only one that has
negative values for all three of the mean, median and minimum descriptive statistics
for the failed firms in the sample (refer to Table 7.10). The Expendable Resources
definition (which is the version supported by this thesis) is the next closest of the
definitions with negative values for the median and minimum descriptive statistics.

In contradiction to this notion, however, the Retained Earnings definition of resources
also had negative values for the median and minimum statistics for the surviving
firms. It would appear from this analysis that, although the relative size of the
resource values for the failed firms are much smaller than those for the surviving
firms, they are remain generally greater than zero and therefore do not, on a primafacie basis support the hypothesis of this study. It is noted, however, that the
maximum resource values (for all definitions) are significantly larger for the nonfailed firms than the failed firms. In fact, all of the descriptive statistics were
generally much more positive for the surviving firms than they were for the failed
firms. This would suggest that, whilst not necessarily having to be greater than zero,
the larger the value of resources that a firm can possess, the more likely it will be to
survive. It was decided not to employ the difference of means test in this analysis
because of the magnitude of the standard deviation values.
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In light of the study hypothesis, it is of particular interest that the minimum values for
the different resource definitions (apart from Total Assets) of the surviving firms were
all negative. This seems to suggest that the survival of firms may not be dependent
upon the level of its resources being above zero. This conclusion is further supported
by the fact that the Retained Earnings definition of resources is the only one that has
negative values for all three of the mean, median and minimum descriptive statistics
for the failed firms in the sample (refer to Table 7.10). The Expendable Resources
definition of resources (which is the version supported by this thesis) is the next
closest of the definitions with negative values for the median and minimum
descriptive statistics.

In contradiction to this notion, however, the Retained Earnings definition of resources
also had negative values for the median and minimum statistics for the surviving
firms. It would appear from this analysis that, although the relative size of the
resource values for the failed firms are much smaller than those for the surviving
firms, they are remain generally greater than zero and therefore do not, on a primafacie basis support the hypothesis of this study. It is noted, however, that the
maximum resource values (for all definitions) are significantly larger for the nonfailed firms than the failed firms. In fact, all of the descriptive statistics were
generally much more positive for the surviving firms than they were for the failed
firms. This would suggest that, whilst not necessarily having to be greater than zero,
the larger the value of resources that a firm can possess, the more likely it will be to
survive. It was decided not to employ the difference of means test in this analysis
because of the magnitude of the standard deviation values.
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It is not known whether the failed firms were affected by having smaller levels of
resources than the surviving firms, or whether they toiled to attract (or generate)
resources because they were struggling in their performance. Another factor that may
have affected these results is the fact that the number of failed firms was so few (14
from Table 7.10) in comparison to the number of surviving firms (184 from Table
7.10). It could be that the low number of failed firms may have been a factor in the
low means and medians rather than the fact that the lower level of resources is what
may have caused the failures. More research would be required to better understand
this aspect.

8.5.4 Discussion of Resource-Related Findings
It was identified in Chapter 2 that there were a number of different possible
definitions of the term ‘resources’. As the hypothesis of this study is inextricably
linked to the resources available to a firm, this revelation was pivotal for this study in
terms of designing a methodology for testing the hypothesis. Although this study
proposed and supported the Expendable Resources definition as being the most
influential form of resources on the lifespan of a firm, the possibility that others could
be more so became a compelling reason to test and compare all of the main options. It
became necessary to generate descriptive statistics for the different forms of resources
from different points of view (ASX industry category and survival status, for
example). The aim of this analysis was to establish a better understanding of the
composition of the firms selected for this study in terms of the different definitions of
resources. Overall, however, the overriding priority for this study was to attempt to
establish the validity of the nexus between the level of resources and firm survival.
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The most common understanding of the term resources (from an accounting
perspective) is Total Assets. In terms of currency measurements, the value of Total
Assets possessed by the sample firms ranged from zero to $62.3 billion AUD and
registered a mean of $646.9 million AUD (refer to Table 7.5). This single statistic
illustrates the extent to which firms listed on the ASX could vary in comparative size
and confirms how this could unduly influence the analysis of this data (Beaver, 1966).
The results of the analysis of the characteristics of resources for the sample firms in
this study appeared to confirm the observation by Beaver (1966) that the level of
resources for surviving firms was larger than that for failed firms. Although the
evidence was not definitive (due to the magnitude of the standard deviations), the fact
that the levels of resources for the surviving firms were generally higher than that for
the failed firms (refer to Table 7.10) suggests that the size of the resources controlled
by firms has some influence on survival.

This difference in the level of resources between surviving firms and failed firms
within the sample was more pronounced for the Net Assets definition of resources
than the Total Assets version. The values for the Net Assets version of the definition
of resources ranged from a minimum of -$3.9 million to $32.9 billion AUD and a
reported mean of $391.2 million AUD (refer to Table 7.5). Whereas the mean value
of Total Assets for the failed firms in the sample was around 20 per cent of the mean
for the surviving firms, the mean Net Assets value for failed firms was only 14 per
cent of the mean Net Assets value for the surviving firms (calculated from Table
7.10). Furthermore, the ratio of the mean Net Assets to the mean Total Assets for the
failed firms was only 34 per cent as compared to 47 per cent for the surviving firms
(calculated from Table 7.10).
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This indicates a greater dependence by the failed firms on Liabilities to fund their
Total Assets than the level required by the surviving firms. This suggests that, in
combination with a generally smaller level of resources with which to operate, the
failed firms also possess a greater level of risk because of the level of reliance on debt
sources of funding. These results and observations seem to imply that the Net Assets
concept of resources is better able to highlight the risk of failure than Total Assets.
Underlying the concept of Net Assets is the recognition of the defined requirement to
repay the Liability obligations of a firm within a specified time frame. The
bankruptcy proposition that utilises this concept states that if the Liabilities of a firm
are less than, or equal to, the level of its Total Assets, then it may be incapable of
meeting those obligations when they fall due. At the very least, these results confirm
why the Net Assets version of resources is the one most commonly utilised to define
bankruptcy for firms.

With only a minor definitional distinction between the Net Assets concept of
resources and the Expendable Resources concept that was developed by this study,
the many similarities observed between them might have been expected. In fact, the
mean, median, maximum and standard deviations between the two groups were
virtually identical (refer to Table 7.5). While the extent of these similarities appears to
be sufficient to warrant abandoning the Expendable Resources definition, there were
some important differences. Of the differences, the most notable was that the
minimum values for the two definitions varied dramatically. This is not so much
because of the extent of the difference (-$362,000 AUD for Net Assets and -$10.7
million AUD for Expendable Resources in Table 7.5), but because this difference was
found in the surviving firms rather than the failed sample (refer to Table 7.10).
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As the major difference between the two definitions of resources is the exclusion of
Reserves (and similar variables such as provisions set aside in the Proprietorship
category) from the Expendable Resources definition, it is these variations that are
responsible for the variations. These variables are also likely responsible for the other
major difference between the results for the Net Assets and Expendable Resources
definitions. It is noted, for example, that while the ratio of the mean for the
Expendable Resources definition to the mean of the Total Assets for the surviving
firms (at 46.82 per cent as calculated from Table 7.10) was similar to the Net Assets
ratio (of 46.73 per cent as calculated from Table 7.10), the ratio for the failed firms
was (at 30.66 per cent as calculated from Table 7.10) noticeably lower than that for
the Net Assets (at 34.24 per cent as calculated from Table 7.10). When coupled with
the fact that the median Expendable Resources value for the failed firms was $151,646 AUD as compared to the Net Assets median value of $325,311 AUD, these
results suggest that there may be value in the distinction after all (refer to Table 7.10).

The Retained Earnings of the firms examined is the final concept of resources to be
assessed and is the only form of resources defined by this study to be generated by a
firm of its own accord. It is for this reason that the results for this definition of
resources were not expected. The Retained Earnings values for the sample firms in
this study were found to be the smallest of all the definitions for all of the descriptive
variables examined. For example, the minimum Retained Earnings value of -$348.4
million AUD was the lowest minimum of the four definitions of resources examined
(refer to Table 7.10). Similarly, at $5.6 billion AUD, the Retained Earnings definition
also demonstrated the smallest maximum (refer to Table 7.10). Based on these values
alone, the expectation from this study that profitability was responsible for
maintaining and increasing the level of resources for survival appears to be dispelled.
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Despite this, the difference in the mean values for Retained Earnings between the
failed and surviving firms in the sample indicates that this version of resources may
actually have an important influence on survival. For example, while the mean
Retained Earnings value for surviving firms was $55.4 million AUD, the mean for the
failed firms was -$33.8 million AUD (refer to Table 7.10). The extent of the potential
influence of Retained Earnings on firm viability is highlighted by the difference in the
means ratio to Total Assets for the two cohorts of failed and surviving. Whereas the
ratio of the mean Retained Earnings value to the Total Assets mean for the surviving
firms was eight per cent (calculated from Table 7.10), the equivalent ratio for the
failed firms was -26 per cent (calculated from Table 7.10). These findings suggest
that, while positive levels of Retained Earnings appear to have little bearing on the
quantum of resources of a firm, a negative level of Retained Earnings may play a
significant part in the failure of firms. In summary, these indicate sufficient support
for the notion that resources are, in some way, related to the survival of firms (at least
those listed on the Australian Stock Exchange).

8.6 Descriptive Statistics of Survival Status by ASX Classification
The analysis in Chapter 7 of the descriptive statistics for the different definitions of
resources by the ASX industry categories did not reveal anything of particular interest
for this study. This apparent lack of influence of the ASX listing category (a proxy for
the type of industry that the firms were operating in) on the survival of firms was
further supported by the analysis in Chapter 7 on the survival status of firms by ASX
industry classification. It was noted, for instance, that when the examples of failed
firms were compared to the ASX industry categories they were assigned to, they were
spread amongst the different classifications to the extent that no single category
reported more than three failures within that group (refer to Table 7.10).
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Taking into account the percentage of failures in comparison to the total of that
classification, these results suggest that there is no one particular sector that is any
more afflicted by failures than any other. Although, from this point of view, the
results for the Materials (MAT) sector were not as expected at the prior to the study.
Gits speculative nature, this classification category would intuitively have the largest
level of inherent risk amongst the ASX listing category, the fact that just over a mere
three per cent of the total companies selected in this category had failed might suggest
that this assumption was ill-founded (refer to Table 7.11). Indeed, of all of the ASX
categories that had reported failures in the sample, the MAT category had the lowest
proportion to the total population selected.

8.7 Summary of the Descriptive Statistics of the Sample Population
The descriptive statistical analysis of the firms selected for the study was a valuable
exercise. For instance, it was found in Chapter 7.2 that the descriptive statistics for the
chronological characteristics of the selected sample appear to contradict any notion
that firms will be subject to universally consistent chronological lifespan limitations.
Although these observations should not automatically reject any hypothesis that the
lifespan of firms are chronologically dependent, the results are such that they do
generate sufficient doubt about the validity of this proposition. It is also noted that,
with a maximum of 143 years and a mean of 15.2 years for the sample, the
timeframes indicate that listed firms could easily outlive the owner/operators of
smaller scale private firms. This supports the decision to conduct this study from a
retrospective perspective. Other observations arising from the analysis regarding the
chronological ages of the subject firms include the empirical support of intuitive
knowledge about the nature of the ASX industry classifications.
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It could, for example, have been expected that firms dealing with necessities will
likely experience a chronological lifespan that is longer than firms dealing in
technological products where technological obsolescence may be a factor. Indeed, the
results found that the sample firms in the Consumer Staples (SCO) and Consumer
Discretionary (DCO) categories (examples of necessities) had longer chronological
lifespans than the firms in the Utilities (UTI), Telecommunications (TEL) and Health
Care (HCA) categories (examples of technological products) (refer to Table 7.2). In
Chapter 7.2.3, it was also found that the firms in the sample that were found to have
failed had operated for a minimum of 8 years, had exhibited a mean that was almost
identical to the surviving firms and had a maximum of 27 years (refer Table 7.2). On
a prima-facie basis, this appears to dispel the notion that the initial years of operation
are more likely to be the period where firms can be expected to fail. However, it is
known that many listed companies have already been operating prior to listing and
those that may have failed in their Gestation phase may not have survived to the point
of listing on the ASX.

Having found that chronological time does not appear to possess predictive value (in
terms of potential failure), it was further found in Chapter 7.4 that the ASX industry
classifications of the subjects analysed (which can be used as a proxy for market
sector) also appears to lack predictive correlation with the likelihood of failure.
Intriguingly, whilst time and ASX classification (sector) appear to not have any
correlation with incidences of failure, the findings from Chapter 7.3.2 indicate that the
quantum and type of resources available to a firm may be related to failure. It was
noted, for instance, that the means, medians and maximums of the four different
definitions of resources of the surviving firms were all much higher than the
corresponding values for the failed firms.
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Furthermore, although this study proposes Expendable Resources as the resources that
would be most likely to be correlated with survival and failure, it was found in
Chapter 7.3.2 that it is actually the Retained Earnings values (in terms of mean and
median values) that appear to be more related to failure (and/or associated with
survival). Despite this, the analysis in Chapter 7.6 appears to dispel the part of the
hypothesis of this study that Retained Earnings (or profitability) is the primary factor
in maintaining or increasing the level of resources of firms. Whilst not providing
sufficient evidence (at this stage) to support the specific hypothesis of this study, it
appears that the level of Resources available to a firm is the one characteristic of those
examined in this analysis of descriptive statistics that is most associated with
continued survival.

8.8 Part I of the Hypothesis
The first part of the hypothesis in this study contends that the lifespan of a firm is
dependent upon the level of its resources. This was interpreted to imply that, if a firm
should exhaust its resources at any stage during its lifespan, then the lifespan of that
firm would cease. This study adopted two approaches in order to test the
supportability of the first part of the hypothesis. The first approach involved the use of
a number of binary-outcome predictive conditions that were developed in Chapter 3
and would replicate the conditions of the first part of the hypothesis and simulate the
use of ratios that previous efforts employed. These conditions were designed to
ascertain whether the lifespan of a firm was dependent upon the level of its resources
being greater than zero and will be discussed in Section 8.9. The second approach to
assess this aspect of the hypothesis was to utilise the FLM that was developed from
the hypothesis in Chapter 4 and will be discussed in Section 8.10.
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8.9 Binary Predictive Condition Analysis of Hypothesis
The first part of the hypothesis was tested by the application of a series of binaryoutcome predictive conditions that were designed in Chapter 3. It was acknowledged
that the majority of the firms in the sample selected for analysis were expected to be
surviving. This is because the sample was selected from a population that (because of
the rules of listing on a stock-exchange) should not have contained many failed firms.
Understanding this, the focus on assessing the validity of the hypothesis through this
approach centred on how accurately the defined predictive conditions could predict
the minority instances of failure. The analysis commenced by assessing the
relationship between the different concepts of resources and the binary incidences of
failure (operational status as failed or surviving) resulting from the exhaustion of
those resources (Section 8.9.1). This was followed by a longitudinal assessment of
how changes in the values of the different concepts of resources over time relate to
the continued survival of the firms examined (Section 8.9.2).

8.9.1 Concepts of Resources and Survival Status (Periodical)
The objective of the analysis in this section was to determine the extent to which the
binary-outcome predictive conditions developed in Chapter 3 would support the first
part of the hypothesis of this study when applied on a periodical basis. To enable this,
the financial data for every available year, for every selected firm, was collected such
that there was a total of 1,570 collective firm-years of information. This information
was reviewed for each concept of resources of interest in this study (Total Assets, Net
Assets, Retained Earnings and Expendable Resources) and the value of each of these
concepts was classified as being either greater than or equal to zero ( ≥ 0 ) or less than
zero (< 0). The binary survival status (as either failed or surviving) of each selected
firm for each period was also determined.
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The incidences of failure and survival that were identified and their relationship to the
level of each definition of resources (on a periodical basis) were summarised in Table
7.12. The results in Table 7.12 demonstrate that the number of years that firms have
survived is significantly higher than the number of years in which a firm has failed.
As this is generally the case for every firm, researchers and practitioners place the
greatest emphasis on attempting to successfully predict the more uncommon outcome
of failure. However, this study has stated that if there were a greater understanding of
what enables a firm to survive, it would be easier to identify when it is at greatest risk
of failure. This study proposed that a positive level of resources is what enables a firm
to continue to operate (survive). Table 7.12 clearly illustrates that the overwhelming
majority of the years of operations where the levels of the different resources were
positive coincided with survival.

Whilst this appears to empirically support the hypothesis, the ability of this condition
to identify the status with the greatest utility (failure) is very limited. It is noted, for
instance, that the value for Total Assets was positive for every period of analysis
(refer to Table 7.12). As such, although the condition for this definition managed to
successfully predict every period of firm survival, it also failed to identify a single
instance of business failure. This was expected from the outset because (by
definition), there could be no instances of negative Total Asset values for the firms
selected for examination. The limited value of this definition was supported by the
2 × 2 Table analysis. With the number of periods where failure occurred being only
0.89 per cent of the total number of firm-years examined (refer to Table 7.13), it is a
given that the Total Assets notion would achieve a very high success rate in the
prediction of periods of survival (99.11 per cent in Table 7.13).
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Therefore, for this definition to be useful (and recognising that this study is focused
on survival), it would be desirable for a predictive condition to be able to successfully
predict the very few instances of actual failure. However, there was not a single
incidence of business failure within the selected sample that could be identified by the
periodical application of the binary-outcome predictive condition for Total Assets.
This, consequently, renders the binary-outcome predictive condition for the Total
Assets concept of resources with no business-failure predictive capacity and,
therefore, no practical utility. This is supported by the p value of 1.00 for the Chisquare, Mantel-Haenszel and Fisher Exact tests in the 2 × 2 Table analysis for the
Total Assets concept of resources (refer to Table 7.13).

The periodical application of the binary-outcome predictive condition for the Net
Assets concept of resources was able to successfully classify seven failures (refer to
Table 7.12). In addition, the p values for the Chi-square, Mantel-Haenszel and Fisher
Exact tests in the 2 × 2 analysis indicate that there is a significant relationship between
positive values of the Net Assets concept of resources and the occurrence of firm
survival (refer to Table 7.14. Given that a firm had been classified as failed in only
0.89 per cent of the total periods examined, the percentage of overall correct
classifications was understandably high at 96 per cent (refer to Table 7.14). This
suggests that the predictive condition for the Net Assets definition of resources will
successfully identify firms that are able to continue trading. In the case of the Net
Assets definition of resources, however, the predictive condition only achieved a 50
per cent success rate in correctly classifying business failures. Noting that it is the
failed firms that possess the negative consequences for society, this level of success in
predicting failure is insufficient to enable this predictive condition to be useful.
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With eight successful classifications of the 14 firms that failed, the binary-outcome
predictive condition for the Expendable Resources concept of resources was the
second most successful of the conditions examined in correctly classifying the failure
of firms within the selected sample for this study (refer to Table 7.12). The 119 TypeII errors for Expendable Resources was, however, more than double that incurred by
the predictive condition for the Net Assets concept (refer to Table 7.12). It would
appear that, with only one more successful prediction than using the Net Assets
concept, the increase in error rates might not be worth the benefit gained by the
refined concept of Expendable Resources. This is despite the p-values for the Chisquare and Fisher exact tests in the 2 × 2 analysis (refer to Table 7.15) indicating that
there was a significant relationship between the Expendable Resources concept
condition and business survival.

Although the overall results for the Expendable Resources concept were similar to
those for the Net Assets concept, the values for the 2 × 2 analysis statistics between
these two concepts were very different. The increased number of Type-II errors for
the Expendable Resources concept meant that the Chi-square, Mantel-Haenszel and
Fisher Exact p test statistic values were around half of those results for the Net Assets
2 × 2 analysis (refer to Table 7.14 and Table 7.15). Therefore, whilst slightly better at
correctly classifying the failed firms within the study sample than the predictive
condition for the Net Assets concept, the Expendable Resources predictive condition
was not as accurate for the overall classifications it made. This leaves the Retained
Earnings concept of resources as the version that, with 11 successful classifications of
the 14 failed firms within the sample, appears to be the most reliable predictive
condition of the examined resource concepts to predict the failure of firms in the
sample (refer to Table 7.12).
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However, the p value for the statistical tests in the 2 × 2 analysis for this concept
indicated that the relationship between the periodical application of the predictive
condition for this notion and the survival of firms was not significant (refer to Table
7.16). In this instance, it is highly likely that the number of years that this variable
exhibited negative values without a resulting business failure was responsible for this
test outcome. Indeed, with 977 occasions where the value of Retained Earnings were
negative and the sample firms did not fail, this notion of resources also has the most
significant amount of Type-II errors in comparison to the other definitions. This
would appear to be the cause of the very low overall percentage of correct
classifications of 38 per cent (refer to Table 7.16) and compares unfavourably to the
results for the Net Assets and Expendable Resources concepts – which were both over
90 per cent (refer to Tables 7.14 and 7.15). Consequently, although this concept
predicts a greater proportion of incidences of failure than the other concepts of
resources, it is the least reliable version for predicting firm survival.

8.9.2 Concepts of Resources and Survival Status (Longitudinal)
The previous section examined the predictive capacity of the different notions of
resources when applied to the currency values for every single year of available data.
That analysis treated the information for each period in isolation to all of the other
periods of data for the same firms and was based on the binary notion that, if a value
for a specific variable met the condition at any period in time and the hypothesis were
valid, then that firm should have failed in that specific instance. This section takes a
longitudinal approach by examining changes in the variables in terms of their
relationships to each other over time and by connecting them to the firms they relate
to. To enable this, the changes in the values of the variables over all of the periods of
information available were determined.
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This resulted in a single observation for each of the 198 firms selected for
examination. Consequently, the survival status of the firms examined at the end of the
longitudinal analysis would coincide with the survival status of the firms at the time
of selection. This information was reviewed for each concept of resources of interest
in this study (Total Assets, Net Assets, Retained Earnings and Expendable Resources)
and the value of the change in the level of each of these concepts was classified as
being either greater than or equal to zero ( ≥ 0 ) or less than zero (< 0). The binary
survival status (as either failed or surviving) of each selected firm for each period was
also determined. The incidences of failure and survival that were identified and their
relationship to the changes in the level of each definition of resources were
summarised in Table 7.17.

This study proposed that a positive change in the level of resources of a firm is what
enables that firm to continue to operate (survive). The results in Table 7.17 clearly
illustrated that the overwhelming majority of the firms survived where the changes in
the levels of the different resources were positive. However, there were still a number
of firms that failed despite that firm generating a positive change in the level of the
appropriate resources for each definition of resources examined. The longitudinal
application of the Net Assets predictive condition reported the lowest number of firms
that failed despite a positive change in the level of resources (three firms per Table
7.17). The next lowest predictive condition was Retained Earnings which has four
firms that failed despite a positive change in the level of Retained Earnings (refer to
Table 7.17), This was followed by the Expendable Resources predictive condition
(five firms per Table 7.17) and lastly, the Total Assets predictive condition (six firms
per Table 7.17).
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Whereas the periodical application of the predictive condition for the Total Assets
definition of resources was unable to correctly classify a single failed firm in the
sample, the longitudinal application of this condition was able to correctly classify
eight out of the 14 failed firms in the sample (refer to Table 7.17). Interestingly,
despite this being the lowest number of correct classifications of failed firms of the
four definitions of resources, the Total Assets predictive condition also produced the
lowest number of Type-II errors with 20 (refer to Table 7.17). Although the ranking
order changed somewhat in the longitudinal application, the pattern of increasing
numbers of Type-II errors for every additional correct classification of failed firms
was mostly replicated in the longitudinal application of the predictive conditions. The
Expendable Resources condition reported 66 Type-II errors for nine correct
classifications of failed firms, the Retained Earnings condition 96 Type-II errors for
ten correct classifications of failed firms and the Net Assets condition reported 87
Type-II errors for 11 correct classifications (refer to Table 7.17).

Although the longitudinal application of the binary-outcome predictive condition for
Total Assets resulted in the lowest number of correct classifications of failed firms of
the four definitions, the test statistics from the 2 × 2 analysis for this concept indicated
that it had the strongest relationship to survival. The overall percentage correct for the
Total Assets condition was 87 per cent, the Yule’s Q result was 0.83 and the p values
for the Chi-square (value of 22.94), Mantel-Haenszel (value of 22.83) and Fisher
Exact p were all significant (refer to Table 7.18). It is noted that these results would
not have been because of a superior ability to correctly classify failed firms (as it
reported the lowest value for these) but, rather, the fact that it had the lowest number
of Type-II errors and, consequently, reported the highest number of correct
classifications of surviving firms.
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The lower number of surviving firms in the longitudinal application as compared to
the number of ‘periods survived’ in the periodical application of the predictive
conditions is much lower. As a result, although the number of correct classifications
of failed firms for the remaining three definitions of resources are all well above 50
per cent, the proportion of Type-II errors for these definitions has negatively affected
the 2 × 2 analysis results for those definitions. It is noted that the p values for the Chisquare, Mantel-Haenszel and Fisher Exact p test statistic values for all but the
Retained Earnings condition were all significant (refer to Table 7.19, Table 7.20 and
Table 7.21). Despite this, the overall percentage correct and Yule’s Q results for the
longitudinal application of these predictive conditions were much lower than their
periodical application. The percentage correct and Yule’s Q for Net Assets were 55
per cent and 0.61 respectively (refer to Table 7.19); 64 per cent and 0.53 for
Expendable Resources (refer to Table 7.20) and 50 per cent and 0.39 for Retained
Earnings (refer to Table 7.21).

8.9.3 Relative Comparison of Periodical vs Longitudinal Results
The major difference between the longitudinal and periodical application of the
predictive conditions is that the number of overall observations has reduced. The
number of observations for the periodical analysis was 1,570 (refer to Table 7.12) as
compared to only 198 for the longitudinal analysis (refer to Table 7.17). Whereas the
results in the periodical analysis represent every individual period the predictive
conditions assessed the survival status outcome of a firm, the results for the
longitudinal analysis represent the predictive conditions assessment of each firm. As
such, while there were 14 periods of failure in the periodical analysis and 14 firms
that failed in the longitudinal analysis, there were many more periods of surviving
firms than the number of surviving firms.
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While the two approaches are, in essence, examining two different aspects of the data
(periods vs firms), they are still both assessing the predictive capacity of the binaryoutcome predictive conditions for the different forms of resources. As such, while the
variations in the results between the two approaches will have an impact on the
statistical outputs of the analysis, of they are still comparing the efficacy of the
predictive capacity of the conditions themselves. Consequently, while they have
measured different aspects, a direct comparison of the results of the two different
approaches would still be warranted. The overall objective of this comparison remains
the aim of assessing whether or not the survival of a firm is dependent upon a positive
level of the appropriate resources. As both approaches rely on a binary-outcome
assessment of this hypothesis, it is important to compare the relative efficacy of both
of these approaches in ascertaining this outcome.

8.9.4 Predictive Conditions Summary
The purpose of the analysis that was conducted in this section was to determine which
of the various versions of the definitions of resources identified by this study (if any)
was more influential in terms of enabling the survival of the firms that possessed
them. This was assessed through the use of simple binary-outcome conditions
(developed in Chapter 3) to test the relationship between the values of resources and
the associated survival status of these firms. This assessment was made for every year
of available data for every firm in the selected sample. In effect, for each version of
the definition of resources, this analysis compared the number of years that firms
were successfully operating and the number of years in which they had failed and
whether they coincided with positive or negative currency values for those resources.
As such, this analysis sought to assess how many of the 14 firms within the sample
that were defined to have failed had done so because the level of their resources had
been exhausted.
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This analysis was examined from a periodical perspective (every single period of
available data) and a longitudinal perspective (the change in the level of resources for
each firm over the timeframe examined) in order to assess the extent to which the
level of resources was responsible for this outcome. The results, in terms of the levels
of the different definitions of resources and survival status from a periodical
perspective, were mixed. Although, for example, the Retained Earnings definition
was shown to be the version in which the highest number of failures had coincided
with the level of for resources for that definition being negative (11 from Table 7.12),
the volume of Type-II errors (977 from Table 7.12) indicated that this predictive
condition was unreliable.

Interestingly, as the number of successful classifications of failure diminished, so too
did the number of Type-II errors for the other definitions. At eight, the next most
successful definition in terms of successful predictions of failure was Expendable
Resources (refer to Table 7.12). Although the result was significantly less than the
rate of error for the Retained Earnings definition, the Expendable Resources
definition nevertheless incurred 119 Type-II errors (refer to Table 7.12). Despite only
having a slight variation between the definitions, the Net Assets version correctly
classified one less (seven) than the Expendable Resources definition (refer to Table
7.12). On the other hand, however, the Net Assets definition reported only 49 Type-II
errors, or 79 less than the errors reported by the Expendable Resources definition
(refer to Table 7.12). It appears that a binary-outcome predictive condition (from a
periodical perspective) that holds the life of a firm to be dependent upon a positive
level of resources was more robust for surviving firms than failed firms.
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In fact, in terms of the results for the periodical application of the binary-outcome
predictive conditions, the more successful the version of the resources definition was
in correctly classifying failed firms, the greater the number of Type-II errors it
produced. These results were supported by the outcomes of the 2 × 2 Table analysis.
Noting that there would never be a negative value for the Total Assets of a firm, it
was not surprising that the predictive condition for this definition of resources did not
correctly classify a single failure from the periodical analysis. Alternatively, this also
meant that there was not a single instance of a Type-II error for this definition (refer
to Table 7.13). Correct classifications of failed firms of seven (for Net Assets) and
eight (Expendable Resources) enabled the 2 × 2 Table analysis for these definitions of
resources to provide statistics that indicated significant relationships (refer to Table
7.14 and Table 7.15).

8.10 Analysis of Part 1 of the Hypothesis Utilising the FLM
Based on the conditions of the hypothesis of the study, a prescriptive model of a
typical lifespan of a business was developed in Chapter 4. The model incorporated a
number of economic and marketing concepts (such as demand, supply, market
penetration, competition and introduced the influence of demand-ceilings, for
example) in the development of the model. Apart from the concept of demandceilings, the biggest modification to previous models that focused on trading was the
expansion of those models to incorporate the influence on longevity of the resources
of a firm. The attempt to classify firms by lifespan phases by previous attempts was
examined in Chapter 2.6.4. It was noted that those attempts utilised various nonfinancial indictors to make these classifications. The model in this study, however,
recognises that firm survival is essentially an economic outcome and therefore defines
the phases by financial indicators that align with intuitive survival risks.
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The 198 firms from the ASX listings on 17 August 2007 selected for examination by
this study were classified into the four lifespan phases of Gestation, Early-Main-Life,
Later-Main-Life and Gestation that were defined by this study. The classifications of
firm lifespan phases of the sample were made according to the conditions specified in
Chapter 6.5.3. As this study is the first to examine the empirical supportability of the
prescriptive firm lifespan model that has been proposed, the data was examined from
a variety of different perspectives and the results from this analysis are reported in
Chapter 7.8 to Chapter 7.10. The following sections discuss the results of the
descriptive statistics collated from this analysis and the examination of the
relationship between firm survival and the conditions specified by the Firm Lifespan
Model.

8.11 Observations of Chronological Ages by Lifespan Phase
It was identified in Chapter 2 that previous firm lifespan hypotheses were often
chronologically time-dependent. Subsequently, it could be expected that, if the
lifespan of a firm is influenced by chronological time periods in a manner similar to
biological entities, then firms would progressively age as they pass through each
lifespan phase. A logical extension of this expectation would be that the chronological
age of firms would increase through each phase of their lifespan and, therefore, the
largest values should be exhibited in the final Regression phase. However, although
the medians and means for the selected subjects appear to be generally consistent with
these expectations, this is only maintained until the Regression phase is reached (refer
to Table 7.22). The median and mean ages for the subjects of this study that were
classified as being in the Regression phase indicate that they are, on average, actually
younger than those in the Main-life phase. These values appear to contradict the
intuitive expectations of a chronologically based lifespan model for firms.
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This is because the Regression phase is classified as the final stage of a firm lifespan
and, therefore, it could be intuitively expected that this should also be the stage when
firms will be at their oldest. Furthermore, if the lifespan of firms were indeed
chronologically dependent, then the minimum-age values of firms classified in
specific lifespan phases would be increasing through each phase (and should
correspond to the maximums of the previous lifespan phase). This is not, however,
supported by the evidence which indicates that the minimum age for each lifespan
phase remarkably (and consistently) low (refer to Table 7.22). Similarly, contrary to
expectations, the maximum age for each phase did not progressively increase. In fact,
the maximum age for the firms selected for the Gestation phase is a staggering 38
years of existence (and rising) without generating any trading income (refer to Table
7.22). The firm in question was the Fermiscan Holdings Limited (Healthcare) and its
main activities involve the commercialisation of a non-invasive diagnostic test for
breast cancer.

The results from this analysis appear to generate sufficient doubt about the validity of
the proposition that the timeframes of the phases of the lifespan of a firm might be
chronologically consistent. However, these conclusions must be tempered by the fact
that the lifespan phases of the firms selected for examination in this study were
classified according to defining characteristics, rather than chronological age. Whilst
the classification of biological life-cycle phases may be also be defined by specific
characteristics (rather than solely by defined timeframes), there is an accepted
sequence of phases that cannot commence until the previous phase has been
completed and will result in a consistent expectation of a maximum lifespan age. In
contrast, the ability of firms to bypass or avoid a defined lifespan phase altogether
will automatically neutralise a similar expectation of chronological consistency.
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8.12 Observations of Resources by Lifespan Phase
The main tenet of the hypothesis of this study is that the lifespan of a firm is
dependent upon the level of its resources. As such, it was important to assess how the
different concepts of resources raised by this study as possible candidates related to
the model developed by this study. The descriptive statistics for the four different
concepts of resources examined by this study according to the lifespan phases defined
by this study are reported in Chapter 7.8.3. The stylised pattern of virtually every lifecycle model ever proposed for a firm or product depicts an initial period of gestation
where there are either negative or minimal values. This is followed by a period of
rapid and dramatic growth that levels of during a period of maturity. The final period
is defined to be a time where the growth rate turns negative and returns to original
levels.

The results of the analysis conducted by this study and reported in Table 7.23 appear
to replicate this stereotypical pattern in almost every case. Indeed, this pattern is
applicable for the maximum, mean and median results for the Total Assets, Net
Assets, Retained Earnings and Expendable Resources definitions of resources for
each lifespan phase of the selected firms (refer to Table 7.23). To support this
assertion, the results in Table 7.23 for the mean and median values of the four
definitions of resources are graphically depicted in Figures 8.1 to 8.8. Whilst only the
mean and median results have been selected in this group of examples, it should be
noted that similar patterns would also be illustrated for the maximum values of the
results if they were also included. In all of these cases, the rates of growth in the level
of the resources concept being examined during each phase of the defined firm
lifespan have followed the stereotypical pattern depicted by previous models.
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Figure 8.1 Mean Values for Total Assets by Lifespan Phase

Determined from Table 7.23

Figure 8.2 Median Values for Total Assets by Lifespan Phase

Determined from Table 7.23
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Figure 8.3 Mean Values for Net Assets by Lifespan Phase

Determined from Table 7.23

Figure 8.4 Median Values for Net Assets by Lifespan Phase

Determined from Table 7.23
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Figure 8.5 Mean Values for Retained Earnings by Lifespan Phase

Determined from Table 7.23

Figure 8.6 Median Values for Retained Earnings by Lifespan Phase

Determined from Table 7.23
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Figure 8.7 Mean Values for Expendable Resources by Lifespan Phase

Determined from Table 7.23

Figure 8.8 Median Values for Expendable Resources by Lifespan Phase

Determined from Table 7.23
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While the maximums, means and medians for the four definitions of resources
adhered to stereotypical patterns of growth over the lifespan phases defined, it is in
the minimum values where there were some variations. The minimum values by
lifespan phases for the four definitions of resources examined in this study are
depicted in Figures 8.9 to 8.12. It is noted that the minimum values for the Total
Assets definition of resources replicated the patterns illustrated previously for the
means and medians (refer to Figure 8.9). The curve depicted for the Net Assets value
of resources, however, shows a deeper entry into negative values in the Early-MainLife phase than previous examples and a much steeper decline into negative values in
the Regression phase than the other examples depicted so far (refer to Figure 8.10). It
can be said that, although the curve for the Retained Earnings definition of resources
appears to generally adhere to the sequence of expected changes in rates of growth
during lifespan phases, there is no point in the curve for minimum values where it
ever becomes positive (refer to Figure 8.11).

Although the minimum values of the Retained Earnings definition turned positive
during the Later-Main-Life phase (in comparison to the Early-Main-Life phase), the
value was not actually positive for this phase. The negative minimum for this
definition for this phase (given that it is defined to commence when prior losses have
been expunged) could contra-indicate the classification made for the responsible
sample firm. However, as the classifications were determined solely upon the values
generated from trading alone, it is probable that this firm generated sufficiently large
non-trading losses that offset the positive contributions from actual trading and this
classification remains valid.
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A review of the minimums for the Expendable Resources definition of resources
indicates that it is the only version that starts with an extremely large minimum in the
Gestation lifespan phase (refer to Figure 8.12). It is noted that there is only one major
variable (Reserves – including provisions) that represents the difference between the
Net Assets and the Expendable Resources definition of resources. It appears (from a
comparison of Figure 8.10 and Figure 8.12) that the overall values and patterns for the
two definitions are very similar apart from the Gestation phase where they are most
divergent. Given the definitional variation between the two concepts, it would suggest
that this variation in the Gestation phase is a result of one firm having a large negative
value for its Reserves.

Figure 8.9 Minimum Values for Total Assets by Lifespan Phase

Determined from Table 7.23
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Figure 8.10 Minimum Values for Net Assets by Lifespan Phase

Determined from Table 7.23

Figure 8.11 Minimum Values for Retained Earnings by Lifespan Phase

Determined from Table 7.23
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Figure 8.12 Minimum Values for Expendable Resources by Lifespan Phase

Determined from Table 7.23

8.13 Observations of Trading by Lifespan Phase
Although previous attempts at proposing life-cycle concepts for firms were
predominantly focused on the trading component of a firms’ activities as the key
variable in longevity, it has been pointed out that the primary factor in this study has
been the influence of the resources of a firm on their longevity. It was noted that the
relationship between resources and longevity represent the first part of the hypothesis
that the lifespan of a firm is dependent upon the level of its resources. The second part
of the hypothesis, however, states that this reliance on resources is, in turn, reliant
upon the profitability of the firm. As a result, this study also examined the behaviour
of three key trading variables over the lifespan phases of the prescriptive model
developed in this study in Chapter 4. In Chapter 7.8.4, the descriptive statistics for the
Total Income, Trading Income and Operating Profit of the firms selected for
examination by this study were reviewed.
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In a similar outcome to the results for the analysis of the concepts of resources, the
patterns for the maximum, mean and median values for the trading values examined
were also found to exhibit growth rate patterns that were consistent with those
proposed by previous efforts. Instead of illustrating these results on their own (as was
done for the analysis of the resources in the previous section), the trading results are
exhibited as part of a complete version of the prescriptive model that was proposed in
Chapter 4. The values for the trading variables were obtained from Table 7.24 to
Table 7.26 in Chapter 7.8.4. The values for the resources variables were obtained
from Table 7.23 from Chapter 7.8.3. The complete FLM representation for the
maximum values of the variables examined is depicted in Figure 8.13; the
representation for the mean values of the variables examined is depicted in 8.14; and
the representation for the median values of the variables examined is depicted in
Figure 8.15.

The second panel of the complete representation of the FLM in Figure 8.13 illustrates
the maximum value of all four of the concepts of resources that were examined in this
study. These were all discussed individually in the previous section of this chapter. In
the first panel of Figure 8.13, it is clear that the maximum values of the trading
variables being assessed all demonstrate the stereotypical rates of growth over the
defined lifespan phases of the model. There was no surprise with these results because
the transitions between the firm lifespan phases of the model developed in this study
have been defined to occur with the changes in those rates. As such, the first panel of
Figure 8.13 is virtually identical to the one in the proposed version of the model in
Figure 4.9 in Chapter 4 (with the exception of the Expenses curve which is not
depicted). These findings are virtually identical to the panels in the representations for
the mean (Figure 8.14) and median (Figure 8.15) values of the FLM.
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Figure 8.13 FLM – Maximum Values
Trading Panel

Determined from Table 7.24 to Table 7.26

Resources Panel

Determined from Table 7.23
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Figure 8.14 FLM – Mean Values
Trading Panel

Determined from Table 7.24 to Table 7.26

Resources Panel

Determined from Table 7.23
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Figure 8.15 FLM – Median Values
Trading Panel

Determined from Table 7.24 to Table 7.26

Resources Panel

Determined from Table 7.23
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Despite the similarities between the growth rate patterns of the variables in the trading
panel to that proposed in the model in Chapter 4, it is the fact that the growth rate
patterns in the second panel (that represent the resources of a firm) are also similar to
those patterns that was unexpected. The patterns in the results differ from those
proposed in the model depicted in Figure 4.9 the most in the Regression phase. It is
noted that the patterns of the results depicted in Figures 8.13 to 8.15 represent only
one value for each lifespan phase. On the other hand, the patterns of the growth rates
depicted in Figure 4.9 illustrate the incremental changes over time during those
phases. Nevertheless, the declines in the Regression phase for the maximum, mean
and median values of the resources were much larger than might have been expected.
For example, it is possible that, instead of the view depicted by Figure 4.9 that the
patterns are influenced by the results from trading, it may be that the patterns from
resources influence the patterns in the trading. That is, in order to penetrate the market
as extensively and quickly indicated by the results, firms need to increase the level of
their resources infrastructure just as rapidly to enable this growth.

8.14 Observations of Instances of Failure by Lifespan Phase
This section will seek to determine within which particular lifespan phases any
instances of failure occur. It would be expected that, if empirical evidence supports
the FLM developed in Chapter 4, then the instances of failure (as defined in this
study) should occur in the Gestation and Regression phases of a firm lifespan.
Although the FLM appears to be a time-dependent model, it is assumed that the nonbiological nature of firms ensures that chronological time has little direct influence
upon their lifespan. If this assumption is valid, then the hypothesis of this study that
some other variables outside of the control (although not necessarily influence) of
management must be responsible for the longevity of the firm will have greater
plausibility.
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Given that firms are not organic, there is no obvious reason why equivalent biological
life-cycle phases need to be constrained and identified by specific chronological time
periods. If, for example, the Gestation phase for a firm is the equivalent phase of a
biological larvae stage, then the focus should be on the characteristic that marks the
transition from one stage to the next, rather than a pre-determined length of
chronological time. The true value of a model such as the FLM is, in fact, expected to
be the characteristics that enable the classification of the different lifespan phases of
firms. If the FLM is empirically supportable, it would be expected that instances of
financial distress and diminished probabilities of survival would most likely occur in
the phases in which the level of the critical resources have been defined to be at the
largest levels of negative growth. Chapter 4 defined the periods in which the negative
pressure on the appropriate resources was at its greatest would be the Gestation and
Regression phases. As such, it was expected that the largest numbers of failed firms
within the sample would have occurred during these phases.

This study classified the survival status and lifespan phase category of each firm with
the sample of firms. Of the 198 firms in the sample, 184 were classified to be
surviving at the time of selection and 14 had been defined to have failed (refer to
Table 7.27). This meant that only 7.07 per cent of the sample population had failed
(refer to Table 7.27). Despite expectations to the contrary, there were no failures from
the selected subjects in the Gestation phase. One possible explanation is that, given
that the sample was selected from the current listings of the ASX, any firms that
would have failed during the Gestation phase would likely not have made it that far
through the listing process. Of course, it may also be that firms that failed during this
phase had been removed and were not available for selection.
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Alternatively, 85.71 per cent of all of the instances of defined failure in the selected
sample (or 12 out of the 14 failures as per Table 7.27) occurred in the Regression
phase. This represents the highest rate of correct classifications of failed firms out of
any technique applied in this study. Although the high rate of success in predicting
failure (in terms of the percentage of actual failed firms) is important, it is the
remaining 26 firms identified as being in their Regression phase that had not failed at
the time of selection that encapsulates the utility of a prescriptive model over a
binary-outcome model. Whereas these 26 firms would be classified as Type-II errors
for the results of the application of a binary-outcome predictive model such as those
developed in Chapter 3, they could be viewed as firms that are at a high risk of failure
for the results from a prescriptive model such as the FLM. This would enable
appropriate interventions that could avoid such an outcome, or at the very least,
ensure an orderly wind-up that avoids losses to investors and creditors and would also
not invalidate the model used to originally classify those firms.

It is noted that, even if these 26 firms were formally classified as Type-II errors, these
results would still be lower than those of the binary-outcome conditions used in this
study that also had the highest rates of successfully classifying failed firms (refer to
Table 7.17). The two failures that occurred in the Later-Main-Life phase were a result
of negative working capital. While these failures may have been missed by the
application of the FLM, a slight modification in the resources part of the hypothesis
(to split the resources examined into current and non-current) could improve the
accuracy of the model and simultaneously ensure the model was consistent with the
first part of the hypothesis. Although these two failures represent 14.29 per cent of the
total number of failed firms in the sample, they were only 2.99 per cent of the 67
firms that were classified as being in the Later-Main-Life phase (refer to Table 7.27).
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8.15 Resource Contribution by Profitability and by Lifespan Phase
A major component of the hypothesis of this study is the assertion that the
maintenance and expansion of the resources that the life of a firm is assumed to
depend upon the profitability of that firm. Noting that this was a descriptive study,
rather than a causal study, there were no tests performed to assess the supportability
of the direct association between profitability and the level of resources available to
the firms selected for this study. Instead, the data collated was reviewed in order to
determine what source of funding was predominantly associated with the changes in
the levels of Total Resources of a firm over time and also according to which lifespan
phase they occurred. The first analysis that was conducted was a review of the
changes in the proportion of funding of Total Assets of the three major sources of
funding (Liabilities, Introduced Capital and Retained Earnings) for the sample firms
on an overall basis. A series of descriptive statistics were then generated for the
changes in funding sources and, finally, the changes were reviewed according to the
lifespan phases the firms had been classified in.

If, the second part of the study hypothesis (that the resources of a firm are dependent
upon the profitability of the firm) is valid, then the level of Retained Earnings should
have been a large contributor to the growth of the Total Assets of the firms examined.
The results, however, appeared to indicate that the change in the funding mix of the
Total Assets of the study sample was driven by losses incurred by the sample firms
(the large negative change in the Retained Earnings proportion in Figure 7.1). This
outflow of resources was compensated for by the owners of the firms contributing
additional funds in the form of Introduced Capital. On a prima-facie basis, these
results appear to contradict the second part of the hypothesis that the level of
resources of a firm depends upon the profitability of that firm.
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This conclusion is deduced from the fact that the proportion of the funding of Total
Assets represented by Retained Earnings (a proxy for profitable trading) has reduced
for the firms in the sample. Furthermore, these results suggest that there may well
have been a much larger number of firms in the sample that would have failed if not
for the intervention of additional resources contributed by the owners. If this assertion
were valid, the results would actually support the first axiom of the hypothesis that the
survival of a firm is dependent upon the resources it has available. It is noted, for
example, that the minimum change in the proportion of funding of Total Assets by
Retained Earnings in the sample population was a reduction of 699.32 per cent (refer
to Table 7.30). Noting that this was offset by a maximum of 695.73 per cent increase
in Introduced Capital, there was an extremely large (proportionately) influx of
additional capital in comparison to the base level of investment (refer to Table 7.30).

In light of these results, the values for the failed firms in the sample were re-examined
and it was found that ten of the 14 firms that failed had negative changes in their
Retained Earnings. It is also noted that these changes sum to 1,329.99 per cent and,
consequently, represent 95.01 per cent of the total change in the Retained Earnings
ratio of 1,399.80 per cent that were reported in Figure 7.1. This indicates that the
owners of these ten firms that eventually failed anyway may have had an expectation
that the contribution of additional funds would have avoided this outcome or they
would have not lost the additional resources invested in addition to their original
investment. While it is only speculation in the absence of further evidence, it could be
suggested that the continued inflow of resources by the owners to sustain failing firms
may have occurred in the belief that the profitability of these firms had positive future
prospects.
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If this was the case, it would provide important empirical evidence that the level of
resources of a firm is in fact dependent upon the profitability of the firm. It may just
be, however, that it is not the actual profitability of a firm that is important but, rather,
the perceived prospects of future profitability by the owners (or firms would not
survive the Gestation phase). This suggestion would require additional research to
clarify. These conclusions are further supported by the results that were generated by
the analysis of changes to the funding mix of Total Assets according to the lifespan
phases that the selected sample firms were exhibiting. Although the overall results for
the funding mix indicated that there was a negative change in the contribution to the
Total Assets of the firms in the sample (refer to Figure 7.1), this was not consistent
for every lifespan phase of the model.

As part of the design and development of the FLM, it was acknowledged that trading
losses during the Gestation and Early-Main-Life phases were expected. Indeed, the
changes in the Retained Earnings proportion of Total Assets during these phases for
the results for the sample firms were negative as expected (refer to Table 7.31). The
change in the Retained Earnings ratio during the Gestation phase was a negative
21.74 per cent and negative 15.55 per cent in the Early-Main-Life phase (refer to
Table 7.31). Whilst obscured in the overall results, the proportional contribution to the
level of Total Assets for the sample firms from Retained Earnings was a positive
42.56 per cent (refer to Table 7.31). This was offset by a reduction in the proportion
of Introduced Capital of an almost equal value of 40.8 per cent (refer to Table 7.31).
This is consistent with the model proposed in Chapter 4 and indicates that there is
either external pressure (from lenders) or an inherently ideal proportion of funding
from Liabilities for this ratio to only reduce 1.66 per cent in the Later-Main-Life
phase (refer to Table 7.31).
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While negative changes in trading (as represented by negative changes to Retained
Earnings) could be expected during the Gestation, Early-Main-Life and even the
Regression phase, the dramatic extent of the change in the Regression phase in
comparison to the earlier phases was not. A decline in the Retained Earnings ratio of
1,406 per cent in the Regression phase was significantly larger than any change in any
other phase (refer to Table 7.31). A change of this magnitude would not have been
surprising in the Gestation phase when initial levels of Total Assets may have been
relatively small at the time of incorporation. A change in the Retained Earnings ratio
of this extent in the Regression phase was, however, unexpected. It may be that, given
that these losses were compensated for by the owners of the firms in question through
additional Introduced Capital, the owners of these firms were extremely hopeful that
the fortunes of these firms would turn around and they would become profitable.

This is slightly puzzling because the investors (owners) in firms would be doing so on
the expectation that they would receive returns on those investments that would not
only maintain the value of those investments, but either increase them or at least
provide a passive income (through dividends). These results appear to indicate that
investing in a firm does seem like a rational option given the evidence that those
expectations appear to be not being met for the sample firms. Fortunately, it is the
FLM that was developed in this study that provides a plausible explanation for this
outcome. There is an expectation from this model that there would be Retained
Earnings losses during the Gestation and Early Main-life phases of a firm lifespan.
Furthermore, the growth rate in the Total Assets of a firm during these phases would
normally be expected to be significantly greater than any other stages because of a
much lower base level than would be seen in later phases.
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If the owners of these firms understood the economic principles that underlie the FLM
they may have not enabled these losses to reach these levels (given that 12 of the 14
firms that failed had occurred during the Regression phase). An opportunity such as
this was identified as one of the benefits of a prescriptive model in Chapter 2. The
results from the analysis of the changes in the proportion of funding of Total Assets
from an overall perspective appeared to contradict the notion that the level of
resources of a firm is dependent upon the profitability of a firm. The results from the
point of view of the phases of the lifespan model proposed by this study, however,
appear to support this notion. Accepting that much of the profits during the LaterMain-Life phase of the firms examined by this study may have been distributed to the
shareholders of the firms in that phase (contrary to a base assumption of the model),
the proportion the funding of Total Assets during this phase by Retained Earnings
nevertheless increased by 42.56 per cent (refer to Table 7.31).

When coupled with the inferred expectations of future profits during the Regression
phase as mentioned earlier, the empirical evidence appears to support the second part
of the hypothesis that the level of the resources of a firm depend on profitability. In
light of the fact that a base assumption of the model proposed by this study is that 100
per cent of the profits earned by a firm would be retained, it may have been expected
that the influence on Total Assets from this source may have been higher. This is
particularly true during the Later-Main-Life phase. Of course, it was understood that
this would not occur in practice given that many shareholders expect dividend returns
as an expectation of their investment. Nevertheless, Figure 8.16 illustrates that
Retained Earnings represented the overall funding source of the changes in Total
Assets during this phase.
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Indeed, converting the image depicted in Figure 8.16 into line graphs (refer to Figure
8.17) clearly illustrates (apart from the extent of the decline in the Regression phase)
the influence on the resources of a firm from Retained Earnings was as hypothesised
with the model developed in Chapter 4. The changes to the Total Assets for a firm
from this source of activity are most influenced by the consumers of the products and
services of that firm. Whilst activity and longevity can be influenced by the owners
through continued introductions of capital, it is clearly the trading aspect of the
activity of a firm that will influence the ultimate longevity of a firm. The magnitude
of the level of Introduced Capital that was provided to firms in the Regression phase
only artificially extended the lives of those firms beyond what would naturally have
occurred if the owners had taken heed of the changes in market driven demand for the
offerings from their firms. It was also interesting that the Liabilities ratio only became
positive in the Regression phase (refer to Figure 8.16). The fact that this source of
funding experienced this change in the Regression phase provides further evidence of
the financial distress the firms in this phase would have been experiencing.

Figure 8.16 Cumulative Changes in Proportion of Funding Total Assets by
Lifespan Phase
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Figure 8.17 Cumulative Change in Proportion of Funding Total Assets by
Lifespan Phase
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CHAPTER 9
CONCLUSIONS AND RECOMMENDATIONS FOR FUTURE RESEARCH
9.1 Introduction and Brief Summary of Analysis
The fundamental hypothesis of this study is that, the survival of a firm is dependent
upon the level of its resources and that this, in turn, is dependent upon the level of its
profitability. To assess the supportability of this hypothesis, this study developed
binary-outcome predictive conditions designed on the conditions of this hypothesis
(refer to Chapter 3) that replicate the types of general ratio-analysis conducted in
previous studies. This study also developed a prescriptive model of the lifespan of a
firm (refer to Chapter 4) that is based on the conditions of the hypothesis and is an
enhancement of the economic profit-maximising model and the marketing product
life-cycle model to test the hypothesis and provide advancement in the theory of
economics.

The study commenced with a thorough review of the cohort of firms selected as
subjects for the analysis of the hypothesis. This consisted of generating a series of
descriptive statistics for a number of different characteristics considered to be
important contributors to the elements of the hypothesis. This was followed by an
assessment of the data collected in accordance with the methodology and procedures
in Chapter 6 using the binary-outcome predictive conditions developed in Chapter 3.
This was performed from both a periodical perspective and also a longitudinal
perspective. Finally, the identical data from the previous analysis was examined using
the Firm Lifespan Model developed in Chapter 4. Overall, both approaches had to
contend with being able to successfully classify the 14 firms in the sample that had
been determined to have failed by this study out of a total of 198 selected firms whilst
simultaneously generate a minimum of Type-I or Type-II errors. This represented a
target of only seven percent of the total sample population.
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9.2 Findings Related to Chronological Concepts
With previous efforts in this area defining the lifespan of a firm to be chronologically
dependent, this study examined the chronological characteristics of the chosen
sample. Despite the sample ranging from zero to 143 years in age (as per Table 7.1), it
was also found that the mean age of the sample was 15.2 firm-years, which suggested
the selected sample was relatively youthful overall (as per Table 7.2). Furthermore, in
apparent contradiction to the notion that the lifespan of a firm is chronologically
dependent, the mean age for firms in the sample that had failed (15.3 years as per
Table 7.2) was almost identical to that for those firms that had not failed (15.2 firmyears as per Table 7.2). Noting that, the maximum age of firms that had failed was
only 27 firm-years (refer to Table 7.2), it appeared that the evidence did not support
the chronologically dependent notion for the lifespan of firms.

9.3 Findings Related to Resource-Related Concepts
Inextricably linked to resources, the methodology to test the study hypothesis required
consideration of the fact that there were a number of different possible definitions of
the term resources (as identified in Chapter 3). Although this study proposed and
supported the Expendable Resources definition as being the most influential form of
resources on the lifespan of a firm, the possibility that others could be more influential
became a compelling reason to test and compare all of the main options. It became
necessary to generate descriptive statistics for the different forms of resources from
different points of view (ASX industry category and survival status, for example).
The aim of this analysis was to establish a better understanding of the composition of
the study in terms of the different definitions of resources. Overall, however, the
overriding priority for this study was to attempt to establish the validity of the nexus
between the level of resources and firm survival.
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The most common understanding of the term resources (from an accounting
perspective) is Total Assets. The value of Total Assets possessed by the sample firms
ranged from zero to $62.3 billion AUD and registered a mean of $646.9 million AUD
(refer to Table 7.3). This illustrated the extent to which businesses listed on the ASX
could vary in comparative size. Although the evidence was not definitive, the fact that
the levels of resources for the surviving firms were higher than that for the failed
firms suggested that the size of the resources controlled by firms had some influence
or relationship to the survival of firms (refer to Table 7.10). The values for the Net
Assets version of the definition of resources ranged from a minimum of -$3.9 million
to $32.9 billion AUD and a reported mean of $391.2 million AUD (refer to Table
7.10). In terms of the observation that the level of resources for the surviving firms
was generally higher than for the failed firms, this difference was more pronounced
for the Net Assets definition than the Total Assets version.

Whereas the mean value of Total Assets for failed firms was around 20 per cent of the
mean for surviving firms, the mean Net Assets value for failed firms was only 14 per
cent of the mean Net Assets value for the surviving firms (calculated from Table
7.10). Furthermore, the ratio of the mean Net Assets to the mean Total Assets for the
failed firms was only 34 per cent as compared to 47 per cent for the surviving firms
(calculated from Table 7.10). This indicates a greater dependence on Liabilities to
fund the Total Assets of the failed firms than the level required by the surviving firms.
This suggests that, in combination with a generally smaller level of resources with
which to operate, the failed firms also possess a greater level of risk because of the
level of reliance on debt sources of funding. These results and observations seem to
imply that the Net Assets concept is better able to highlight the risk of failure than
Total Assets.
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At the least, these results confirm why the Net Assets version of resources is the one
most commonly utilised to define bankruptcy for firms. Underlying the concept of
Net Assets is the recognition of the defined requirement to repay the Liability
obligations within a specified time frame. The bankruptcy proposition that utilises this
concept states that if the Liabilities of a business are less than or equal to the level of
its Total Assets, then it may be incapable of meeting those obligations when they fall
due. With only a minor definitional distinction between the Net Assets concept of
resources and the Expendable Resources concept that was developed by this study,
the many similarities observed between them might have been expected. In fact, the
mean, median, maximum and standard deviations between the two groups were
virtually identical in most cases (refer to Table 7.10). While the extent of these
similarities appears to be sufficient to warrant abandoning the Expendable Resources
definition, there were some important differences.

The most notable difference was that the minimum values for the two definitions
varied dramatically. This is not so much because of the extent of the difference ($362,000 AUD for Net Assets and -$10.7 million AUD for Expendable Resources in
Table 7.9), but because this difference was found in the surviving firms rather than the
failed sample. As the major difference between the two definitions is the exclusion of
Reserves from the Expendable Resources definition, the evidence suggests that this
variable is responsible for the variation. It is noted that, while the mean for the
Expendable Resources was similar to the mean for Net Assets for the surviving firms
was, the mean for the Expendable Resources was lower than the mean for Net Assets
for the failed firms (refer to Table 7.10). When coupled with the fact that the same
scenario existed for the median values of these versions, these results suggest that
there may be value in the distinction after all.
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On the basis that they are the only resources generated by a firm of its own accord,
the final version of the concepts of resources explored by the study was Retained
Earnings. The values identified for the sample firms in this study were found to be the
smallest for all descriptive variables of all of the definitions examined. For example,
at -$348.4 million AUD, the minimum Retained Earnings value was the largest
minimum of the definitions examined (refer to Table 7.5). In a similar vein, at $5.6
billion AUD, the Retained Earnings definition also demonstrated the smallest
maximum (refer to Table 7.5). Based on these values alone, the expectation from this
study that profitability was responsible for maintaining and increasing the level of
resources for survival appears to be dispelled.

Despite this, however, the difference in the mean values for Retained Earnings
between the failed and surviving firms indicates that this version of resources may
actually have an important influence on survival. For example, while the mean
Retained Earnings value for surviving firms was $55.4 million AUD, the mean for the
failed firms was -$33.8 million AUD (refer to Table 7.10). The extent of the potential
influence of Retained Earnings on business viability is highlighted by the difference
in the means ratio for the two cohorts of failed and surviving. Whereas the ratio of the
mean Retained Earnings value to the Total Assets mean for the surviving firms was
eight per cent (calculated from Table 7.10), the equivalent ratio for the failed firms
was -26 per cent (calculated from Table 7.10). These findings suggest that, while
positive levels of Retained Earnings appear to have little bearing on the quantum of
resources (and therefore survival), a negative level of these resources (particularly of
a substantial amount) may play a significant part in the failure or firms.

287

The analysis in Chapter 7 that utilised descriptive statistics to assess the relationship
between the different definitions of resources and the ASX industry categories did not
reveal anything of particular interest for this study. This apparent lack of influence of
the ASX listing category (a proxy for the type of industry that the firms were
operating in) on the survival of firms was further supported by other analysis in
Chapter 7. It was noted, for instance, that when the examples of failed firms were
compared to the ASX industry categories they were assigned to, they were spread
amongst the different classifications to the extent that no single category reported
more than three failures within that group (refer to Table 7.11). In summary, while
there was no overwhelming evidence to either support or dismiss the hypothesis of
this study from the analysis in Chapter 7 on the resources of the sample firms, the
results indicated sufficient support for the notion that resources are, in some way,
related to the survival of firms (at least those listed on the Australian Stock
Exchange).

9.4 Findings Related to Binary-Outcome Predictive Conditions (Periodical)
This study utilised binary-outcome predictive conditions, 2 × 2 Table analysis and
associated statistics to test the notion that the survival of firms was dependent upon
having a sufficient level of the appropriate resources. The analysis found that,
although the Retained Earnings concept was able to successfully predict the highest
number of business failures within the sample (11 out of 14), it also resulted in by far
the most number of Type-I errors (977). This is not surprising, however, given that
the development of the FLM in this study determined that firms are expected to
generate negative Retained Earnings in the Gestation phase of a normal lifespan.
While the other concepts identified surviving firms more successfully than the
Retained Earnings definition, they were less able to predict the instances of failure.
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As the definition of resources that is favoured by this study and the second most
successful version at predicting instances of failure, the Expendable Resources
concept identified eight failures successfully. This was three less than the Retained
Earnings definition and only one more than the Net Assets version. While this may
not be surprising (considering that these versions are actually quite similar), the fact
that this slight improvement in failure prediction was offset by large increases in the
number of Type-I errors significantly diminished the need for the distinction between
the Net Assets and Expendable Resources versions in this instance. Overall, it can be
concluded that since the main purpose of a binary-outcome predictive model is to
successfully predict both possible outcomes, the value of the binary conditions
examined in this section is not overwhelmingly positive for any definition of
resources.

9.5 Conclusions for Binary-Outcome Predictive Conditions (Periodical)
The first version of Part 1 of the hypothesis stated that a firm could continue to
survive so long as the Total Assets of that firm were above a zero value (with a
periodical application). For this test (and the hypothesis) to be valid, any firm for
which the level of Total Assets for any specific period fell below zero should have
failed. This would support the hypothesis and confirm that the notion of resources that
the lifespan of a firm was dependent upon was Total Assets. The results indicated that
every one of the 14 failed firms in the sample failed in a period when the value of
their Total Assets was above zero. As such, it can be concluded that the periodical
application of this version of the hypothesis is not supportable, or:

H0 : λ ≠ A > 0
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The second version of Part 1 of the hypothesis stated that a firm would continue to
survive so long as the Retained Earnings of that firm were above a zero value (with a
periodical application). For this test (and the hypothesis) to be valid, any firm for
which the level of Retained Earnings for any specific period fell below zero should
have failed. This would support the hypothesis and confirm that the notion of
resources that the lifespan of a firm was dependent upon was Retained Earnings. The
results indicated that 11 of the 14 failed firms in the sample failed in a period when
the value of their Retained Earnings was below zero. While this result appears to
support the hypothesis and this definition of resources, there were 977 periods in the
sample where Retained Earnings were negative and the firm did not fail. As such, it
can be concluded that this version of the hypothesis is not supportable, or:

H0 : λ ≠ π r > 0

The next version of Part 1 of the hypothesis stated that a firm would continue to
survive so long as the Net Assets of that firm were above a zero value (with a
periodical application). For this test (and the hypothesis) to be valid, any firm for
which the level of Net Assets for any specific period fell below zero should have
failed. This would support the hypothesis and confirm that the notion of resources that
the lifespan of a firm was dependent upon was Net Assets. The results indicated that 7
of the 14 failed firms in the sample failed in a period when the value of their Net
Assets was below zero. As this represents only 50 per cent of the failed firms and
there were 49 periods in the sample where Net Assets were negative and the firm did
not fail, it can be concluded that this version of the hypothesis is not supportable, or:

H0 : λ ≠ P > 0
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The last version of Part 1 of the hypothesis stated that a firm would continue to
survive so long as the Expendable Resources of that firm were above a zero value
(with a periodical application). For this test (and the hypothesis) to be valid, any firm
for which the level of Expendable Resources for any specific period fell below zero
should have failed. This would support the hypothesis and confirm that the notion of
resources that the lifespan of a firm was dependent upon was Expendable Resources.
The results indicated that 8 of the 14 failed firms in the sample failed in a period when
the value of their Expendable Resources was below zero. As there were 119 periods
in the sample where Expendable Resources were negative and the firm did not fail, it
can be concluded that this version of the hypothesis is not supportable, or:
H0 : λ ≠ X R > 0

9.6 Findings Related to Binary-Outcome Predictive Conditions (Longitudinal)
In addition to the periodical application of the binary-outcome predictive conditions,
this study also used these conditions on a longitudinal basis. Whereas the periodical
application of the Total Assets predictive condition could not identify a single failure
(refer to Table 7.12), the longitudinal application of the condition correctly classified
eight of the 14 failed firms in the sample (refer to Table 7.17). Furthermore, the
longitudinal application of the Total Assets condition also resulted in the fewest
Type-II errors of the four conditions in this analysis (20 as per Table 7.17). Indeed,
the longitudinal application of the binary-outcome predictive conditions improved the
classification rates of failed firms for all of the conditions except the Retained
Earnings definition of resources. Conversely, the number of Type-II errors fell for the
Retained Earnings and Expendable resources definitions whilst increasing for the
other two definitions.
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9.7 Conclusions for Binary-Outcome Predictive Conditions (Longitudinal)
The first version of Part 1 of the hypothesis stated that a firm could continue to
survive so long as the Total Assets of that firm were above a zero value (with a
longitudinal application). For this test (and the hypothesis) to be valid, any firm for
which the level of Total Assets has experienced a negative change over time should
have failed. This would support the hypothesis and confirm that the notion of
resources that the lifespan of a firm was dependent upon was Total Assets. The results
indicated that eight of the 14 failed firms in the sample failed when the value of their
Total Assets over time had a negative change. However, this version of the binaryoutcome predictive condition also resulted in six Type-I errors and 20 Type-II errors.
As such, it can be concluded that the periodical application of this version of the
hypothesis is not supportable, or:

H0 : λ ≠ A > 0

The second version of Part 1 of the hypothesis stated that a firm would continue to
survive so long as the Retained Earnings of that firm were above a zero value (with a
longitudinal application). For this test (and the hypothesis) to be valid, any firm for
which the level of Retained Earnings has experienced a negative change over time
should have failed. This would support the hypothesis and confirm that the notion of
resources that the lifespan of a firm was dependent upon was Retained Earnings. The
results indicated that ten of the 14 failed firms in the sample failed when the change in
the value of their Retained Earnings was negative over time. However, there were
four Type-I errors and 106 Type-II errors for this predictive condition. As such, it can
be concluded that this version of the hypothesis is not supportable, or:

H0: λ ≠ Δπr > 0
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The next version of Part 1 of the hypothesis stated that a firm would continue to
survive so long as the Net Assets of that firm were above a zero value (with a
longitudinal application). For this test (and the hypothesis) to be valid, any firm for
which the change in the level of Net Assets was negative over time should have
failed. This would support the hypothesis and confirm that the notion of resources that
the lifespan of a firm was dependent upon was Net Assets. The results indicated that
11 of the 14 failed firms in the sample failed when the change in the value of their Net
Assets was below zero. However, as there were also three Type-I errors and 87 TypeII errors, it can be concluded that this version of the hypothesis is not supportable, or:

H0: λ ≠ ΔP > 0

The last version of Part 1 of the hypothesis stated that a firm would continue to
survive so long as the Expendable Resources of that firm were above a zero value
(with a longitudinal application). For this test (and the hypothesis) to be valid, any
firm for which the change in the level of Expendable Resources was negative over
time should have failed. This would support the hypothesis and confirm that the
notion of resources that the lifespan of a firm was dependent upon was Expendable
Resources. The results indicated that nine of the 14 failed firms in the sample failed in
a period when the change in the value of their Expendable Resources was below zero.
However, as there were also five Type-I errors and 66 Type-II errors, it can be
concluded that this version of the hypothesis is not supportable, or:

H0: λ ≠ ΔXR > 0
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9.8 Overall Conclusions – Binary-Outcome Predictive Conditions
The aim of this part of the study was to determine whether there was sufficient
empirical evidence to support the notion that the survival of firms is dependent upon
having a sufficient level of the appropriate resources. This study utilised simple
binary-outcome predictive conditions applied to key variables on a periodical and
longitudinal basis to test this hypothesis. The results of these interpretations of the
hypothesised relationships were assessed using 2 × 2 Table analysis and associated
statistics. Overall, the longitudinal application of the predictive conditions resulted in
a higher proportion of correctly classified failed firms within the study sample than
the periodical application. However, given that a binary-outcome predictive condition
is a blunt instrument that is either correct or incorrect, the high number of Type-II
errors from the predictive conditions utilised in this study indicate that, either the
longevity of firms is not dependent upon the level of their resources or, that these
predictive conditions are not useful.

9.9 Findings Related to the FLM
The binary-outcome conditions applied in this study were pursued in order to provide
a comparative baseline from a predictive model for the application of the prescriptive
model developed in this study. Unlike predictive models (such as the binary-outcome
predictive conditions used in this study), a prescriptive model is not an either/or
proposition in relation to the survival or failure of firms being assessed. Prescriptive
models can provide benefits that are additional to any predictive capacity that they
may have. However, this additional utility is influenced by the extent to which such a
model replicates empirical evidence (predictive capacity). Consequently, the efficacy
of the FLM will be determined according to how effective it is at determining when
and why firms fail.
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The FLM designed in this study proposed that the greatest level of risk of failure for a
firm exists in the Gestation and Regression phases of its lifespan. This level of risk is
proposed to be heightened inversely to diminishing levels of Expendable Resources
during these phases. There were no firms within the sample of this study that were
deemed to have failed during their Gestation phase. A review of the results in this
study indicates that, this is more likely to do with the continued support of the owners
through Introduced Capital during this phase, than the non-existence of this risk.
Certainly, Figure 8.17 illustrates that the level of Introduced Capital during the
Gestation phase is the largest source of funding for the Total Assets of a firm during
this phase. Furthermore, it is noted that one firm had existed for 38 firm-years without
generating any Trading Income. This suggests that at least some of the firms
classified in the Gestation phase would have failed from an exhaustion of resources if
the intervention of the owners had not occurred. This is an example of how
interventions can alter the (otherwise predictable) destined outcome for a firm and a
scenario that binary-outcome models would find difficult to incorporate into their
outcomes.

Accepting that the Gestation phase possesses an inherent level of risk of failure, the
Regression phase was identified as the period where firms were subject to the greatest
risk of failure. The results from this study indicated that 12 of the 14 failures in the
sample had occurred during the Regression phase of their lifespan. This was the
largest number of correctly classified failed firms from any of the methods utilised in
this study (the next highest was 11 from one of the binary-outcome predictive
conditions). In addition, ten out of the 12 failed firms in the Regression phase had a
negative value of Expendable Resources. As a result, not only did the model correctly
identify when most of the failed firms would fail, it also correctly intimated why they
would fail.
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These results provided strong empirical support for the model that has been proposed
and also for the hypothesis upon which it is based. Whilst this does not, in itself,
provide significant evidence to empirically support the model, it appears sufficient
evidence to support the plausibility that the FLM may be a prescriptive model that is
capable of predicting the failure of a firm. This must, of course, be tempered by the
fact that the selected subjects were only one type of possible business structures and it
is accepted that there will need to be further work undertaken to ascertain whether this
model has empirical support for other business configurations. The connection
between the model and the hypothesis is further strengthened when it is considered
that the two firms that failed in the Later-Main-Life phase (the phase suggested as
least likely by the model) had failed because their Current Assets were insufficient to
meet their Current Liabilities. That is, the level of the most liquid resources of those
firms was insufficient to meet the level of the most pressing liabilities for those firms
and, consequently, is consistent with the hypothesis of this study.

Although the continued operation of a firm that was predicted to fail presents a major
issue for binary-outcome predictive models, a prescriptive model can be used to
explain and assess the value of the intervention. One reason to suggest that Type-II
errors do not invalidate the FLM is that the model does not expect all firms that have
entered the Regression phase to fail. In addition, there is also the possibility that the
firms in this phase that have not yet failed, will actually fail in the near future. Indeed,
the results demonstrate that, having reduced to its lowest relative proportion during
the Later-Main-Life phase, the level of Introduced Capital funding increases again
during the Regression phase (refer to Figure 8.17). Similar to the Gestation phase, this
appears to suggest that, were it not for this external intervention from the owners of
the firms in their Regression phase, more firms in this period may have failed.
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It is noted that, despite successfully predicting the highest proportion of failed firms
of all models employed, the number of firms that continue to survive in the
Regression phase of the model (26 from Table 9.10) might be seen as an unacceptably
high rate of Type-II errors. This model, however, allows for such firms to be wound
down or, at least accept that they may yet fail (with some warning). Consequently, the
26 surviving firms in this study defined to be in the Regression phase of their
lifespans do not diminish the supportability of the FLM as they would for a binaryoutcome predictive model. In fact, identifying these firms though the application of
the FLM provides an opportunity for the owners of those firms to ensure an orderly
wind-up of those firms or, if at all possible, implement an interventionist strategy that
will ensure continued survival. The ability to identify firms that are at imminent risk
of failure and understand why this is the case to enable such interventions is, after all,
the major objective of all business failure prediction models.

There is sufficient evidence to indicate that firms fail during the Regression phase
when the lack of profitability becomes an issue that management cannot control or are
unable to minimise the negative consequences that this may create. This is, however,
not a directly established link and is inferred from the results related to the analysis of
the FLM. While there appears to be sufficient evidence to indicate that the lifespan of
a firm is dependent upon its resources, the link for the second part of the hypothesis –
that the level of resources is, in turn, dependent upon the profitability of the firm – has
also not been directly established. It is quite clear that firms (at least in the sample)
prefer to distribute trading surpluses to shareholders in the form of dividends rather
than use them to reinvest into the firm and fund future growth.
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9.10 Conclusions in Relation to the FLM
The descriptive statistics in relation to the FLM appear to support the classification
conditions of the proposed model as a simple, practical and reliable means of
determining the lifespan phase of different firms. The results also demonstrated that
12 of the 14 failed firms in the sample had failed in one of the two lifespan phases
that the model most expected them to occur. Furthermore, the results indicated that
majority of these failures had occurred because the firms that had failed had
exhausted the level of their Expendable Resources. These results support the
conclusion that the study hypothesis that the longevity of a firm is dependent upon the
level of its Expendable Resources. Overall, the results from this study suggest that the
underlying logic and economic principles utilised to formulate the FLM have been
correctly represented in the creation of the model and that there is sufficient empirical
support for the model to warrant further research.

9.11 Findings in Relation to the Second Part of the Hypothesis
The second part of the hypothesis, that the level of resources of a firm was dependent
upon its profitability, was formally examined in Chapter 7. The analysis sought to
ascertain which of the three main sources of funding had contributed to the changes in
the level of the Total Assets of the firm over time. The sum of the changed
proportions of Retained Earnings for the sample firms totalled negative 1,399.80 per
cent (refer to Figure 7.1). This appears to have been offset by Introduced Capital by
the owners which totalled 1,431.14 per cent (refer to Figure 7.1). These results were
consistent with the descriptive statistics of the changes in the ratios of funding for the
Total Assets. This study found that a negative mean change of 7.07 per cent in the
contribution of Retained Earnings was compensated for by a positive mean change of
7.23 per cent in Introduced Capital (refer to Table 7.38).
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It could be interpreted from these results that profitability (as intimated from the
levels of Retained Earnings for the sample) was not the most significant source of
contribution to the level of Total Assets of a firm. This could be extended to intimate
that the level of resources for a firm was, consequently, not dependent upon their
profitability. However, once the proportional contributions were assessed by lifespan
phase, the results indicated that there was a large contribution to Total Assets from
Retained Earnings during the Later-Main-Life phase (refer to Table 7.39). It is noted
that the values for Retained Earnings during the Regression phase were at their largest
negative value for any of the lifespan phases (refer to Table 7.39). This coincides with
the lifespan phase where the majority of the firms in the sample that had failed were
classified. Therefore, it is proposed that the Introduced Capital contribution during the
Gestation (in the absence of any Trading Income) and Regression (on evidence of past
surpluses) phases was made in the expectation of future income and profit.

9.12 Conclusions in Relation to the Second Part of the Hypothesis
The results in this study appeared to clearly support the relationship identified by the
first part of the hypothesis that the longevity of a firm was dependent upon the level
of the Expendable Resources it possessed. The results for the analysis of the second
part of the hypothesis, however, were not as consistent. There did not appear to be
any clear direct evidence that the level of Expendable Resources was dependent upon
the profitability of a firm. A nexus between profitability and the level of resources
only materialised through the lens of the FLM. Therefore, it could be concluded that,
although profitability was not shown to be directly responsible for the maintenance
and growth of the level of resources of a firm, there was evidence that it indirectly
allows this to occur as the means by which equity (on the expectation of profitability)
and debt (on the basis of actual profitability) are attracted to invest in a firm.
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9.13 Overall Conclusions
A review of the literature in the area of this study found that many previous efforts to
model the lifespan of products and firms were chronologically based. The results in
the analysis conducted in this study, however, indicated that chronological time was
not a primary factor in the longevity of a firm. Although chronological age did not
appear to be (in itself) related to the failure of firms, it is noted that the mean and
maximum ages (for the firms within the sample that actually failed) appeared to be of
a sufficient length to enable an analyst to identify the impending demise of those
firms. This, of course, would be dependent upon understanding the characteristic(s)
that required monitoring. Such an understanding is one of the benefits of a
prescriptive model in comparison to a predictive one.

The notion that the lifespan (or at least continued operations) of a firm is dependent
upon the level of its resources has been considered by others (Beaver, 1966, for
example). This study offered four possible definitions of resources that could be
considered to be the most influential for the continued operations and survival of a
firm. In Chapter 7.4.3 it was found that the levels of resources (for all four
definitions) of the surviving firms were much larger than those of the failed firms in
the sample. This was a finding that was consistent with those of others (such as
Beaver, 1966, for example). Although the results of this study indicate that there is a
clear distinction in the size of the level of resources between the failed and surviving
firms in the sample, it was unable to be determined whether this was a determinant
factor in survival. For instance, was failure facilitated simply by smaller levels of
resources or, were these firms unable to generate or attract a larger level of resources
because they are subject to factors which prevented them from becoming more
successful?
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The FLM illustrates that the level of resources available to a firm will fluctuate over
the complete lifespan of that firm. It is accepted, therefore, that the level of resources
that a firm has at the point in time when it fails would have been different in the time
prior to that failure. Understanding that there would likely be negative outflow of
resources during the period of distress prior to failure (Regression phase), it may be
that the firms in the sample that failed may well have had significantly higher levels
of resources prior to the failure period. Similarly, the firms in the sample that have not
failed may have been assessed at the very peak of their resource accumulation and,
therefore, the size discrepancy in the level of resources between failed and surviving
firms could have been further affected by this. Consequently, this study concludes
that, while having a large endowment of available resources can stave off a failure
event longer than a smaller endowment, the size of the level of resources available to
a firm is not, in itself, a determining factor in firm survival.

A prescriptive Firm Lifespan Model was developed to conceptualise the hypothesis of
this study. It was expected that this model would overcome an inability of previous
binary-outcome models and techniques to allow for corrective interventions and
expected anomalies in predictive conditions. For instance, the binary-outcome
predictive conditions utilised in this study suffered from an inability to correctly
differentiate transgressions of their predictive conditions into expected survivals and
expected failures. The predictive condition for the Retained Earnings best illustrates
this issue. There is an initial expectation from the FLM (and even previous models)
that there will be negative levels of Retained Earnings during the Gestation phase and
a firm should continue to survive. Alternatively, negative levels of Retained Earnings
during the Later-Main-Life and Regression phases should, however, result in those
firms ceasing to operate or fail.
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Whereas a prescriptive model (such as the FLM) is able to help differentiate the
application of a predictive condition based on interpretative context, it is not possible
for any simple binary-outcome version of Retained Earnings (or any other) predictive
condition cannot, by definition, differentiate for instances where it is or isn’t expected
to apply (based on temporal context, for example). Unless any binary-outcome
predictive condition model (including accounting ratios) achieves a 100 per cent
success rate in its application, it will be too impractical and inflexible to be useful.
Indeed, the results from the analysis in this study found that the results of the binaryoutcome predictive conditions utilised herein were not successful enough to, not only
be useful, but also to be used to either support or reject the hypothesis of this study.
For example, although the longitudinal application of the Net Assets binary-outcome
predictive condition correctly identified only one less failed firm (11 correct
classifications) than the FLM model (12 correct classifications), this predictive
condition also had 87 Type-II errors (refer to Table 7.17).

The findings in this study appeared to empirically support the proposed prescriptive
Firm Lifespan Model. The descriptive statistics for the sample in the study appear to
support the use of the model as a practical technique to classify the lifespan phase of
any firm being examined. Importantly, the results appeared to indicate that the
majority of the firms in the sample that had been defined to have failed (12 out of the
14 failed firms) had failed in the Regression phase of their lifespan. This represented
85.71 per cent of the 14 failed firms that, as a cohort, were only 7.07 per cent of the
total sample of 198 firms. Not only did these failures occur in one of the lifespan
phases that they were expected to occur, but it was also found that at least ten of the
failed firms had failed because they had exhausted their level of Expendable
Resources (the highest correct proportion of the four definitions of resources).
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Overall, this study has found empirical support for a theoretical model that overcomes
the deficiencies of the trading-based focus of the economic model of a profitmaximising firm. This is important for economic knowledge and understanding from
both a theoretical perspective and also from a practical application perspective.
Although this study only assessed the empirical evidence from one type of firm
(publicly-listed for-profit companies), the model developed in this study is applicable
to all types of firms and motivations (that includes non-profit organisations). There
has not been a previous economic model that adequately addresses all forms of
organisations in this way. Furthermore, the evidence that most of the firms in the
sample that failed had failed in the Regression phase of their lifespan appears to
provide empirical support for the formal recognition of the economic concept of
Demand Ceilings. These results suggests that this an important concept for economics
and this evidence is sufficient to warrant further study and examination on the concept
of Demand Ceilings.

The conclusions of this study can be summarised as follows:

i)

Chronological time did not directly influence the longevity of a firm;

ii)

The ASX classification of the subjects analysed (which can be used as a
proxy for market sector) provided no predictive capacity concerning the
likelihood of failure of a firm in the study sample;

iii) The quantum of resources available to a firm appears to be related to
failure. The evidence suggests that, the larger the level of resources a
firm has, the more likely it is to survive.

iv)

The FLM was more successful in classifying the failed firms in the
sample than the binary-outcome predictive models;
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v)

The FLM had more utility than the binary-outcome predictive models
because it was able to correctly classify when the majority of the failed
firms in the sample would fail;

vi)

The prescriptive FLM had greater utility than blunt predictive binaryoutcome models because it also identified the non-failed firms in the
Regression phase that are at greater risk of failure and can be subjected
to meaningful interventions; and

vii) The evidence supported the hypothesised influence of Demand Ceilings;

In terms of the hypothesis of this study, it can be concluded that the evidence
supported the study hypothesis that the longevity (survival) of a firm was dependent
upon the level of its Expendable Resources being greater than zero (the first part of
the hypothesis of this study), or:

H1 : λ = X R > 0

Furthermore, it can also be concluded that the level of resources of a firm in the
sample was influenced by the expectations of the owners of expected (Gestation and
Regression phases) and actual (Later-Main-Life phase) profitability (the second part
of the hypothesis of this study).

Finally, from the evidence obtained by this study, it can also be concluded that the
Firm Lifespan Model (FLM) that was developed in this study has sufficient empirical
support (at least for the type of firm examined) to warrant further research.
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9.14 Implications and Recommendations for Future Research
It is noted that there appears to be sufficient empirical evidence to warrant further
research into the Firm Lifespan Model (FLM) proposed in this study. It is suggested
that it may be helpful to replicate the analysis for other stock-market exchanges. This
will help to ascertain whether market forces in other countries are similar enough to
result in similar outcomes. It is also suggested that it would be helpful to assess the
level of empirical evidence for the FLM in relation to other forms of business
structures such as sole traders, private firms and even non-profits. This additional
research will help to generate sufficient understanding about the supportability for the
hypothesis and model to all forms of business operations and other markets.
Separately, further work should be conducted in researching the economic concept of
Demand-Ceilings. This appears to be a very real and influential phenomenon for
Economics in general.

The empirical evidence identified in this study clearly illustrates that interventions are
able to alter the lifespan outcomes of firms. The strong support found for the
prescriptive model, however, demonstrates that there is at least one economic element
or phenomenon that the management of any firm cannot control. Although the
lifespan of a firm that is losing money in the Gestation phase may remain attractive to
enough investors to continue to finance the operations of the firm, this does not seem
to occur in the Regression phase. Although there can be sustainable optimism during
the Gestation phase of a firm lifespan that the market will eventually become attracted
to the offerings of the firm and consume its services or goods, this belief seems to
become unsustainable once the firm has passed its Effective-Demand-Ceiling (i.e.
entered its Regression lifespan phase). This concept, therefore, appears to be a very
important one for economics and warrants additional research efforts to follow this
study.
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Table A:1 Selection Sample Listing
NO
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75

ASX Code
AOC
AXY
BPT
CNA
CUX
ELK
ERO
GBX
INP
LNC
MMR
NHC
OEX
PRE
RFE
SEA
STX
UEQ
WAS
YRR
ACS
AGO
ALD
AOM
ARV
AVI
AYR
BDI
BMO
BRM
BRM
BSM
CBM
CCC
CGX
CGX
CRS
CVG
DIO
DTM
EKM
EVG
EVG
FMG
GBM
GGY
GMR
GRR
GUN
HDG
HLX
IBR
IMA
IRN
JRL
KMN
LIN
LOM
MAK
MDL
MEY
MIC
MMX
MRE
MUN
NAG
NQM
OMC
PGM
POL
PRW
QUR
RHI
RNI
RWD

FIRM NAME
Australian Oil Company Limited
Atom Energy Limited
Beach Petroleum Limited
Coal & Allied Industries
Crossland Uranium Mines Limited
Elk Petroleum Limited
Eromanga Uranium Limited
BG Energy Limited
Innamincka Petroleum Limited
Linc Energy Ltd
Mes Resources Limited
New Hope Corporation Limited
Oilex Ltd
Pacrim Energy Limited
Red Fork Energy Limited
Sundance Energy Australia Limited
Strike Oil Limited
Uranium Equities Limited
Wasabi Energy Limited
Yellow Rock Resources Limited
Accent Resources N.L.
Atlas Gold/Iron Limited
Allied Gold Limited
Australia Oriental Minerals Nl
Artemis Resources Limited
Avalon Minerals Limited
Alloy Resources Limited
Blina Diamonds Nl
BMA Gold Limited
Brockman Resources Limited (Agro)
Brockman Resources Limited (Yilgarn)
Bass Metals Ltd
Cambrian Mining Plc
Continental Coal Limited
CGA Mining Limited
CGA Mining Limited (Conex)
Croesus Mining NL
Convergent Minerals Limited
Dioro Exploration Nl
Dart Mining Limited Nl
Eleckra Mines Limited
Envirogold Limited
Southern Equity Holdings Limited
Fortescue Metals Group Ltd
Greater Bendigo Gold Mines Limited
Glengarry Resources Nl
Golden Rim Resources Limited
Grange Resources Limited
Gunson Resources Limited
Hodges Resources Limited
Helix Resources Limited
Iberian Resources Limited
Image Resources Limited
Indophil Resources Nl
Jindalee Resources Limited
Kings Minerals Nl
Lindian Resources Limited
Nare Diamonds Limited
Minemakers Limited
Mineral Deposits Limited
Marenica Energy Ltd
Michelago Limited
Murchison Metals Ltd
Minara Resources Limited
Mundo Minerals Limited
Nagambie Mining Limited
North Queensland Metals Limited
Omegacorp Limited
Platina Resources Limited
Polaris Metals Nl
Proto Resources And Investments Ltd
Quantum Resources Limited
Red Hill Iron Limited
Resource And Investment Nl
Reward Minerals Limited

315

ASX Sector
Energy
Energy
Energy
Energy
Energy
Energy
Energy
Energy
Energy
Energy
Energy
Energy
Energy
Energy
Energy
Energy
Energy
Energy
Energy
Energy
Materials
Materials
Materials
Materials
Materials
Materials
Materials
Materials
Materials
Materials
Materials
Materials
Materials
Materials
Materials
Materials
Materials
Materials
Materials
Materials
Materials
Materials
Materials
Materials
Materials
Materials
Materials
Materials
Materials
Materials
Materials
Materials
Materials
Materials
Materials
Materials
Materials
Materials
Materials
Materials
Materials
Materials
Materials
Materials
Materials
Materials
Materials
Materials
Materials
Materials
Materials
Materials
Materials
Materials
Materials

76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154

SGM
SMZ
SWN
TGS
TNG
UCL
VNS
AEI
ALS
BKN
CDX
CMI
CPS
DOW
EOS
GRD
GRD
HST
KSC
MBF
NFK
PHK
RCR
SCC
SLM
SUP
TSV
WDS
ACE
ALL
ATP
BLU
CPR
DMP
FUN
HLD
ION
LPM
MNW
NWS
PNW
REA
SFC
SWG
TWD
WTF
BUG
DMY
GFF
MSF
RLA
ABI
ANX
ATW
BIT
BMI
BRC
CIR
CXD
FER
HGN
MVH
OBJ
OBJ
PEP
PSD
PSD
SBP
SPL
VGH
AEP
AHU
APD
ASX
AYT
BKI
CCQ
CHC
CKP

Sims Metal Management Limited
Stirling Metals Limited
Silver Swan Group Limited
Tiger Resources Limited
Tng Limited
Union Resources Limited
Venus Resources Limited
Aeris Environmentalltd
Alesco Corporation Limited
Bradken Limited
Cds Technologies Limited
Cmi Limited
Computronics Holdings Limited
Downer Edi Limited
Electro Optic Systems Holdings
GRD Limited
GRD Limited -Reorg New Name
Hastie Group Limited
K&S Corporation Limited
MBF Carpenters Limited
Norfolk Group Limited
Phoslock Water Solutions Limited
RCR Tomlinson Limited
Scott Corporation Limited
Salmat Limited
Supersorb Environmental NL
Transerv Energy Limited
WDS Limited
Advanced Engine Components Limited
Aristocrat Leisure Limited
Atlas South Sea Pearl Limited
Bluefreeway Limited
Clive Peeters Limited
Dominos Pizza Enterprises Limited
Funtastic Limited
Headline Group Limited
ION Limited
Loop Mobile Limited
Mint Wireless Limited
News Corporation
Pacific Star Network Limited
Realestate.Com.Au Limited
Schaffer Corporation Limited
The Swish Group Limited
Tamawood Limited
Wotif.Com Holdings Limited
Bunderim Ginger Limited
Dromana Estate Limited
Goodman Fielder Limited
Maryborough Sugar Factory Limited
Redisland Australia Limited
Ambri Limited
Anadis Limited
Atos Wellness / Medec Limited
Biotron Limited
Bmdi Trading Tuta Limited
Brain Resource Limited
Circadian Technologies Limited
Cathrx Ltd
Fermiscan Holdings Limited
Halcygen Pharmaceuticals Limited
Medic Vision Limited
OBJ Limited
Objectif Telecommunications Limited
Peplin Limited
Psivida LIMITED
Psivida LIMITED (SUMICH)
Solbec Pharmaceuticals Limited
Starpharma Holdings Limited
Vision Group Holdings Pty Ltd
Allco Equity Partners Limited
Allco Hybrid Investment Trust
APN Property Group Limited
ASX Limited
Adelaide Managed Funds Asset Backed Trust
Brickworks Investment Company Limited
Contango Capital Partners Limited
Charter Hall Group
Cheviot Kirribilly Vineyard Property
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Materials
Materials
Materials
Materials
Materials
Materials
Materials
Industrials
Industrials
Industrials
Industrials
Industrials
Industrials
Industrials
Industrials
Industrials
Industrials
Industrials
Industrials
Industrials
Industrials
Industrials
Industrials
Industrials
Industrials
Industrials
Industrials
Industrials
Consumer Discretionary
Consumer Discretionary
Consumer Discretionary
Consumer Discretionary
Consumer Discretionary
Consumer Discretionary
Consumer Discretionary
Consumer Discretionary
Consumer Discretionary
Consumer Discretionary
Consumer Discretionary
Consumer Discretionary
Consumer Discretionary
Consumer Discretionary
Consumer Discretionary
Consumer Discretionary
Consumer Discretionary
Consumer Discretionary
Consumer Staples
Consumer Staples
Consumer Staples
Consumer Staples
Consumer Staples
Health Care
Health Care
Health Care
Health Care
Health Care
Health Care
Health Care
Health Care
Health Care
Health Care
Health Care
Health Care
Health Care
Health Care
Health Care
Health Care
Health Care
Health Care
Health Care
Financials
Financials
Financials
Financials
Financials
Financials
Financials
Financials
Financials

155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198

DKN
EPF
FLK
GJT
HAP
HFA
HME
IWI
LVL
MFG
MNY
MRZ
NSX
PEV
PRP
REO
ROB
RPG
SNO
SYL
USH
VIE
WBB
ANH
BXP
COM
ECE
HLI
IRE
LOK
MVU
OKN
QMT
SMX
TQH
TQH
XTE
EFT
JMB
REF
AAN
ENB
JGL
JGL

Dkn Financial Group Limited
Esplanade Property Fund
Folkestone Limited
Galileo Japan Trust
HFA Accelerator Plus Limited
HFA Accelerator Trust Plus Limited
Home Building Society
The International Wine Investment Fund
LV Living Limited
Magellan Financial Group Limited
Money3 Corporation Limited
Mirvac Real Estate Investment Trust
NSX Limited
Pacific Enviromin Limited
Prime Credit Property Trust
Reco Financial Services Ltd
Tolhurst Noall Group
Raptis Group Limited
Snowball Limited
Sylvastate Limited
U.S. Masters Holdings Limited
WRF Securities Limited
Wide Bay Australia Ltd
ANSEARCH LIMITED (Web Firm Ltd)
Bill Express Limited
Comops Limited
E-Com Multi Limited
HLI Limited
Iress Market Technology Limited
Looksmart Ltd
Matrix View
Oakton Limited
QM Technologies Limited
SMS Management & Technology
3Q Holdings Limited
3Q Holdings Limited (Thin Technologies)
Xtek Ltd
Eftel Limited
Jumbuck Entertainment
Reverse Corp Limited
Alinta Limited
Eneabba Gas Limited
Jackgreen Limited
Jackgreen Limited (Adroyal Limited)

Financials
Financials
Financials
Financials
Financials
Financials
Financials
Financials
Financials
Financials
Financials
Financials
Financials
Financials
Financials
Financials
Financials
Financials
Financials
Financials
Financials
Financials
Financials
Information Technology
Information Technology
Information Technology
Information Technology
Information Technology
Information Technology
Information Technology
Information Technology
Information Technology
Information Technology
Information Technology
Information Technology
Information Technology
Information Technology
Telecommunications
Telecommunications
Telecommunications
Utilities
Utilities
Utilities
Utilities

Table A:2 Comparison of Means Test (Chronological Ages by Survival Status)
Sample
Variable
size
Mean
Failed
14
15.19
Surviving
184
15.29
t-test assuming unequal variances (homoscedastic)
Degrees of Freedom
53
Hypothesized Mean Difference
0.00
Pooled Variance
403.98
0.045
Test Statistic
Two-tailed distribution
p-level
0.96 Critical Value (5%)
One-tailed distribution
p-level
0.48 Critical Value (5%)
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Standard
Deviation
5.47
20.75

2.01
0.06

Variance
29.91
430.55

