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ABSTRACT: During the last five centuries, the fraditional accounting model has evolved
into a wide set of business practices and measurement conventions. In general, these
models have served business well, but are now gradually losing relevance. The Public
Company Accounting Oversight Board (PCAOB) {2011) consideration of a more
informative audit report and the Financial Accounting Standards Board (FASB) (2011)
reconsideration of a more precise concept of income clearly illustrate a growing
disconnect with the traditional model. This paper explores the possibility of enhancing
financial reporting with a wider frame of business representations and measures. It
begins by discussing business measurement from the perspective of measurement
theory, and then considers the potential that contemporary information technology and
data processing offers by providing more relevant, timely, and reliable financial
information. For example, some of the possible changes could be implemented through
modified XBRL. tagging.

In this paper, we discuss the limitations of the current reporting system and propose
a generic business measurement model that includes three layers: the disclosure value
chain, the point measurement of each datum, and the leve! of desired contingency
measurement. The disclosure value chain includes environmental conditions, business
plans, lead actions that augment current business activities measurement and, where
feasible, information on consequent events. In examining the point measurement of each
datum, we argue that measures often are not deterministic, but are contingent on time
factors, the nature of the decision being supported, the level of desired precision, related
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future events, and inherent unceriainty. We present two structures combining these
parameters. Finally, our explorations suggest that the level of the desired contingency
measurement determines the appropriate information structure and that this measure-
ment is needed in each specific decision context.

Keywords: financial reporting; theory of measurement.

INTRODUCTION

his paper applies concepts based on measurement theory and information economics in

order to revisit some critical issues in entity financial performance measurement, as

provided by accounting information systems. The framework of the current accounting
model has been in place for over five centuries, since Luca Pacioli’s intreduction of the
double-entry system.'

Financial performance measurement initially evolved from basic business needs and was
geared to the internal management of manufacturing entities. While it supported basic processes
such as inventory management and sales recording, it also supported summary financial reporting,
which [acilitated performance measurement and accountabilily reporting to many stakeholders,
such as investors. However, its capabilities were restricted by the technology available at the time it
was developed,

Two basic developments have molded the evolution of the reporting model; the ever-increasing
complexity of business processes and the recent dramatic changes in information technology. At the
same time, the development of modem social-economic societies has increased the resources
needed, such as transportation sysiems and security resources. Such social assets require relevant,
valid, reliable, and verifiable forms of measurement to measure wealth, income, and other attributes
of enterprises, and to develop equitable taxation systems.

The effects of the increased complexity of business processes and the dramatic advancements
in information technology permeate the business environment, leading 10 rapid change and, hence,
emphasizing the increasing insufficiency of the current obsolete methods of business measurement
and regulations. Evidence of this insufficiency is the continuing criticism regarding the accuracy
and assurance of financial reporting and assurance. The PCAOB (2011) consideration of an
alternative audit reporting model and the FASB (2011) reconsideration of the concepts of income
illustrate the perceived restrictions of the traditional model.

Three basic groups have different information and measurement needs: internal management,
external investors, and government regulators (including taxing authorities), all of whom have
exerted influence during the evolution of entity reporting and business measurement. Unfortunately,
this evolution has been haphazard, and while a modern society could not have evolved without such
useful business, not-for-profit, and governmental measurement processes, many of these processes
failed to detect serious reporting and assurance transgressions (e.g., the Enron and Arthur Andersen
bankrupicies) that have cost society significant resources.

Alles and Vasarhelyi (2007) discuss some difficult, perhaps intractable, problems inherent in
the current accounting system. All of these problems have been exiensively “addressed, but not
resolved, by both standard setters and researchers.” They include:

» Aggregation issues: The boundaries of business organizations are fuzzy, financial statements
differ across industries, and the resulting measures ofien are not comparable or additive.

! Pacioli, L. 1494, Summa de Arithmetica Geometria Proportioni ¢ Proportionalita.
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Traditional financial statement accounts include summaries of transactions, along with

assumptions and eslimates made by management.

Reliability issues: Current methods produce numerical assignments that are unreliable, time

dependent, and also not additive (e.g., property, plant, and equipment purchased at different

times). Furthermore, the measurements that are provided lack transparency concerning their

level of reliability. While some measures are reasonably accurate (e.g., cash), others are of

questionable reliability, to the point of being irrelevant (e.g., goodwill).

* Completeness issues: There is lack of disclosure of relevant business features, such as
coniractual obligations.

* Valuation issues: Elements are valued based on obsolete economic situations and there is
little disclosure of the contingencies in these valuations.

* Scale issues: Verbal descriptions of accounting phenomena are used when quanditative scales
are feasible. For example, a firm specifies in a footnote that “certain contracts” may force
“write downs on inventory,” instead of giving the values of such contracts.

Given that such issues continue to perplex the accounting profession, this paper attempts to
reconsider them [rom two basic perspectives. We begin by discussing business measurement from
the perspective of measurement theory, and then by considering the potential that contemporary
information technology and data processing offers in providing more relevant, timely, and reliable
financial information. The result is a somewhat unique viewpoint that may provide a useful
perspective for future research and development,

SOME BASICS OF MEASUREMENT THEORY

Mock and Grove (1979, 3) define a measurement sysiem as “a specilfied set of procedures that
assigns numbess to objects and events with the objective of providing valid, reliable, relevant, and
economical information for decision makers.” Formal measurement theory is based on
mathematics; in particular, set theory, where a set of numbers is assigned to different attributes
of phenomena of interest via a mapping process. For example, for deciding on an appropriale
dividend payment, a dollar value may be assigned to an important enlity resource (cash on hand at
the time of the decision) to help determine how large of a dividend may be distributed. For some
iterns, such as cash, the dollar value is an appropriate measure; however, for other ilems, there are
other attributes that may serve as a better measure, For instance, inventory items may be better
described by measures such as quantity on hand.

In this paper, we argue for a substantial extension of traditional exiernal reporting by not only
modifying the procedures of assigning values to objects, but also enhancing the declarations that
describe the underlying events. This change is enabled by the presence of relevant data (e.g.,
purchase payment commitments and information about other existing contracts that would facilitate
deciding on an appropriate dividend payment) within currently existing Enterprise Resource
Planning systems (ERPs,), such as SAP and Oracle,

To consider the potential of applying basic measurement concepts within current business
information sysiems such as ERPs, it is necessary to summarize some of the basics of measurement
theory. Mock (1976) discussed these in an accounting context beginning with the relationship between
an Empirical Relational System (ERS) and a Numerical Relational System (NRS), The basic
measurement constructs are represented in Figure 1, which shows an ERS being mapped into an NRS.

The ERS represents the objects (e.g., resources) and events {e.g., economic transactions} 1o be
measured, as well as the relationships between these objects and events. It is clear that the timing of
events as they relate to specific resources has an impact on their reported value. In the current
business model, some stock flow relationships, as defined by McCarthy (1982), are summarized as
a single value on financial stalements. This assignment of value produces, for example, in the
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FIGURE 1
A Basic Measurement Sysiem

* Business Sales Events * Sales ledgers
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* Obligations to pay + Aceounls payable

« Obligation to perform services * Acervals (7 of pending orders)

+ Business Relationships « Order, preduction and shipping
details

I ERS \. NRS
I_| {Emplrical Relational | ﬁ {Numaerical Relational
\\ System) ! System}

Represents the “real” set Represents the set

of events and relatienships in of ralationships that exist

the economic sysiem In the measurement system:
numearical, semantic,
representalional and relational

valuation of inventory on hand, that the reported number depends on the choice of valuation
methods, such as LIFO or FIFO. This high-level summarization makes the usefulness of
information about the resource difficult for many decision models. For example, the same stock
fiow relationship can be characterized in alternative ways and requires different valuation methods
for dissimilar decision situations. For example, a valuation of variable cost is relevant for some
production decisions, while a valuation of total cost might be relevant for profitability analysis, ora
valuation of the level of obsolescence may be applicable for capital budgeting decisions. Recent fair
value discussions and siandards show a plethora of potential fair values for a particular
measurement.2 Where feasible and economical, such attributes need to be captured (measured),
stored, and communicated to various stakeholders.

The NRS includes a set of numerals and a set of fundamental numerical relations, for example,
the “less than” (<), that are defined for the particular scale being used. The particularities of the
ERS determine which scales are valid.

Given the ERS and NRS, the measurement system assigns numbers in the NRS to represent
attributes of interest in the ERS, in a process referred to as numerical mapping. In formal
measurement, this mapping requires a unique number be assigned to each object or event, which
represents an attribute of interest (e.g., “incremental cost™), and requires that the assignments be
homomorphic. To be homomorphic, the mapping must preserve the actual relationships in the ERS,
For example, the construct “variable cost” is mapped with a unique number representing the
variable cost; the construct “total cost” is mapped with a unique number representing the total cost,

2 It has been suggested that fair values have contributed to recent market collapses and, as a result, the FASB, as
well as the International Accounting Standards Board (IASB), have undertaken their review, There are, however,
countervening opinions. Decision-based valuations, as proposed later in this paper, might provide betier
information in such situations,
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such that the relationship between the actual attributes is the same as the relationship between
numbers. If the mappings are valid, then the variable cost measure will be “less than or equal to”
the tolal cost measure.

Therefore, consideration of the underlying theory of business measurement leads to a number
of dilemmas and challenges. Some of these are discussed in the following paragraphs.

COST ATTRIBUTES VERSUS VALUE ATTRIBUTES

Cost attributes are the base of the traditional external reporting structure. Mattessich (1964,
162) states that the cost basis is the most reliable method if the purpose of accounting is the
presertation of data that can be verified at a comparatively “high degree of objectivity.” He also
discusses how the difficulties in quamifying value defined as marginal utility led 1o an indirect
measurement of value through the price paid for a commodity. Importantly, while cost auributes are
unique given the type of cost being measured, measures of values vary, as they are dependent on
factors like time and are contingent on changes in the measuring scales, as well as on circumstances
(Mattessich 1964, 163).

The following characteristics of value, some of which relaie to the qualities of relevance as
defined by Staubus (1970}, need to be included to achieve meaningful levels of measurement.

Values are Time-Dependent

Many business measurements are time-dependent and are considered on an ad hoc, decision-
dependent basis. For example, while cash is expressed in current-day amounts, other items have
values that are affected by changes in prices. For example:

* A/R and A/P include debts with 30, 60, and more due days and do not include discounts or
present values. The probability of collection on current paper is much larger than on, say,
604 receivables.

* Inventory includes purchases over lime, leading to LIFO, FIFO, and standard cost
valuations.

* All financial paper is affected by existing and changing interest rates. The longer the maturity
period, the stronger this effect may be.

* Advanced financial derivatives present an even rnore complex effect due 1o time-dependent
changes in asset values. The acquired value of a put or call oscillates and, in general, reduces
close to its expiration.

* Retained earnings measures aggregate accumulated dollars with very different values.

New business measurement models should be formulated with these issues in mind. For
example, approaches such as a spreadsheet representation of company wealih and income flow can
be made time-dependent and can provide interest rate sensitivity information.

Values are Contingent on Information Usage

The literature has been prolific in establishing valuation bases for business. For example:

* Exit value for liquidation situations (Parker 1975; Chambers 1979; Mock and Collins 1979).

¢ Present value of future cash flows for investors (Staubus 1971; Ijiri 1979; Sloan 1996).

* Market value for trading situations, for natural resources (Harris and Ohlson 1987; Barth
1991, 1994),

These allernate valuation bases are contingent on a particular view of business. Alternatives
include maintenance of capital, maintenance of purchasing power, maintenance of purchasing
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FIGURE 2
Measurement Precision

Should we add them together?

Business reporting item Precision
Cash 99%
Receivables 95%

Inventory & PP&E 75%
intangibles Not specifiable

capacity, and value for liquidation. Each of these valuation methods presenis challenges in terms of
optimization of the evolving technologies for their measurement.

Values are Contingent on Level of Precision

Measurements are of limited relevance if their precision is not clearly defined. In the physical
sciences, the degree of precision is often explicit. For example, a weather forecast of precipitation
may include its level of precision, while a measure of pressure will include the measuring ool used
(e.g., barometer) or the measuring units (e.g., Pascals) that indicate the precision of the measure.

In contrast, the level of precision for many accounting values is determined not only by the
aggregation of values from events that occurred at different points in time, but also from their
procedural components as well. For example, reported values for accounts receivable not only
includes a netting of sales based on cash receipts, but management then adjusts this net value for
those receivables that might become uncollectible. Fixed assel valuations include estimates of
useful life and residual value, which are in themselves the result of procedures conducted by
managementl. Thus, the numerical value on a financial statement has a level of precision {or lack
thereof) influenced first by the procedures used to obtain the starting value, and then further affected
by the precision of management’s estimates.

Traditional financial statements combine measures with different levels of precision, making an
accurate assessment problematic. Figure 2 displays different Assets disclosed in the Balance Sheet as
an example of the level of precision of their measures. Different Assets are reported and aggregated
into the accounts without consideration of the precision of each measurement. Furthermore, assets
valued with varying levels of precision and with differing measures are added together to form a Total
Assels amount that likely is not representative of the real resources of the entity.

Values are Related to Future Events

A measurement related to a future event may have its value affected by features of various
future events. For example, a credit sale’s value is subject 1o the probability of collection; hence, a
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FIGURE 3
Probabilistic Representation
Account Value Standard Distribution
Deviation
Cash 13500432 450000 Normal
Inventory 25000800 1000810 Normal
Sales 15890746 20056781 Normal
low-quality item or an item that is outperformed by a competitor’s offer is likely to be returned
instead of being paid. During the financial crisis of 2008, entire categories of assets were devalued
by third-party defaults, which left standard setters at loss for a proper base of valuation.
Values are Linked to a Probability Distribution via an ERS/NRS Mapping
Populations of elements in the ERS data may be mapped into an NRS by statistical distributions
that provide a more complete representation than simple point estimates. Therefore, in the current
s s reporting environment, where tagged data are distributed separately from its originating environment,
probabilistic descriptions may be more appropriate than deterministic ones. If these measurements are
arms of updated in real time, a more dynamic picture of the company will be available, which may reduce the
amount of information needed for decision-making. For example, most decisions will be made using
data distribution profiles, not raw data, and users of financial information will be able to rely on the
latest reports without the need of looking back at historical information for trends. In this scenario, a
hysical sel of accounts may be represented as described in Figure 3.
pitation
ol used RELEVANCE VERSUS RELIABILITY
sasure. Staubus (1970) defines useful financial measures as those relevant to decisions. He presents a
by th_e series of premises to evaluate the relevance of different measures of assets to investors and
m their managers. Those premises highlight the differences of information needed by internal and extemal
ot only users for decision-making. While investors and other external users need to rely on the information
tue for disclosed, the benefits and costs associated with these disclosure activities are of additional inlerest
ates of 1o managers and internal users. He also highlights the need to produce information that is worth
ted by more than it costs.
or lack Staubus (1970) identifies different qualities of relevance:
iffected
1. Activity relevance requires that the measurement reflect an activity of concern to the
king an decision-maker.
sheet as 2. Eniity relevance requires that the measurement be related to the entity whose asset is being
sregated measured.
:, assels 3. Place relevance requires that the measurement take into account the location of the assel.
a Total 4. Time relevance requires that the measurement reflect the exisience of the property at the
time of measurement.
There is always a trade-off between relevance and reliability, since “reliable measurements of
perfectly relevant properties are rarely available” (Staubus 1970, 44) and, furthermore, GAAP has
varigus been characterized as conservative. The reason for GAAP’s caution is partly a result of the
1ence, a influence of the public accounting and auditing profession. Auditors, concerned with the risk of
“ounting Journal of Emerging Technologies in Accounting \' @ s
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litigation, have influenced the FASB? to focus on reliabilily as opposed 10 relevance. As a resul,
many financial statements are still based on historical cost.

Due to this preference for conservatism, many GAAP measures may be reliable, yel also
irrelevant for most decision needs. For example:

* The balance of retained eamings after a few years becomes a residual value thal compares
assets Lo liabilities, but which is not meaningful in a measurement theory sense,

* In a complex capital structure, the capital at par value is meaningless, even if the purpose is
to establish the number of outstanding shares.

* Paid-in surplus has litlle decision relevance a few years after it is recorded.

* Most financial instruments are not fully adjusted to current market conditions on a day-lo-
day or even year-l0-year basis, even if the instruments have a robust secondary market,

* Effects of keeping unproductive cash or large amounts of short-term receivables and
liabilities with no associated interest are not measured at all.

* Since historical investment cost is not representative of value, financial ratios become
misteading, both in measurement theory and in a decision perspective. It also reduces the
relative comparability of statements of companies of different age (older companies, other
things equal, will show higher returns on investment).

In order 1o deal with these issues, it would seem to be desirable 10 change the primary
measurement objective from that of verifiability (reliability) to one of decision relevance, so that,
for example:

* Retained Earnings represents the real accumulation of earmnings adjusted for time value of
currency and reflects relative value changes of corporale assets.

* Capital received from the stockholders is represented with only one number, and additional
information (like original exchange and fair value) is presented in a stalement of capital
contributions.

* All financial instruments are measured on a continuous basis and revalued at market rates,
with a separate part of the owner’s equity reflecting this constant change.

SOME UNDERLYING ASSUMPTIONS OF THE BUSINESS REPORTING
MEASUREMENT MODEL (BRMM)

Another interesting consideration is the underlying assumptions of the current BRMM:

* If something cannol be reliably measured with “objective” measures, it is not disclosed.
Examples include the value of contracts, social obligations, and social assels.

* If a business event is prior to the actual “sale” (defined in an accounting sense), it is an event
that is not captured, measured, and reported. ‘

* External reporting is costly and, therefore, we should be restrained on what we report.

* One report and measurement format suffices for all external users,

Changes that Call to Question the Underlying Assumptions

The technology of business measurement, such as sensors, ERPs, and relational databases
(Vasarhelyi et al. 2010), has substantially changed the environment of business reporting.
Furthermore, business and user needs and motivations have evolved in the modern society, leaving

* The FASB historically has been dominated by ex-members of the Big Auditing firms. Every chair of the FASB
up to the present has been an ex-partner of a major firm. The EITF that deals with secondary GAAP issues is also
dominated by these firms.
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A Measurement Theory Perspective on Business Measurement 9

us with a reporting model that does not keep pace with or take advantage of this evolving
environmenl. For example:

* Users of business inlormation are comprised of many diverse interesied parties. Yet, the
BRMM is primarily investor-centric. The objectives chapter of the SFAC 8 reaffirms that
investors and creditors are the primary users of financial information. Hence, employees,
localities, and business pariners are highly disadvantaged, as they are not considered 10 be
critical users.

» Many variables that could not be measured before due (o a lack of statistical methodology, a
lack of historical databases, or a lack of inleractive communication with customers can now
be measured. For example, websites selling air tickets, raw materials, or merchandize
inventory present current values and availability for many traded items.

* An increasingly larger group of stakeholders and their need for prospective instead of
retrospeclive information has changed the user’s requirements and, hence, how the BRMM
should be presented.

¢ The economics of reporting have changed. The incremental cost of new disclosures is
substantially reduced by synchronizing this reporting with the ERP sysiems. Since manual
manipulation of data is not required, the incremental cost of repeating a report from the
dataflow is close to zero.

Past Business Formulation Challenged by Current Business Practices

Figure 4 places business measurement in a sequential frame where past business formulation,
planning, and action planning are contrasted with current business measurement and posi-sales
business actions. Time and value are highly intertwined due to the following factors:

+ All business inherent events are time-dependent, including currency (time tagged).
* There is a time value of resources, but this value is dependent on other factors:

» The ongoing basic risk-free value of resources,
 The risk level of the entity, and
* The risk level of the specific activity if separable from the measurement of the entity.

* The feedback leop of monitering and control introduces the latency (Vasarhelyi 2006) of
business administrative action (e.g., adjustment in the nature of inventories, adjustments in
staffing, improvements in the logistic chain, procurement of additional financing, elc.).

In summary, inflation and risk perception {(spread on interest) make measures heterogeneous.
Adding three values with the same nominal amount three years in sequence is actually adding three
different purchase powers. Furthermore, laking one interest rate for discounting across several years
is a major simplification, as risk perception will change the actual pricefreturn discounting rate
every period.

The risk of industries and governments and business activities changes with time and is often
directly affected by interest rates and margin spreads. For example, the European currency crisis
made government debt that had previously seemed manageable now suddenly impossible to sustain
over a limited period of time.

Because of these time-related considerations, the role and types of BRMM are different from
the prospective and retrospective views,

The REA structure expresses business aclivities at three levels (Geerts and McCarthy 2001).
The first level reflects those activities from the past and near present. Most traditional reports made
to extemnal stakeholders are based on these activities. Financial statements and tax returns are
summarizations of these activities with mainly external stakeholders in mind. There are also
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FIGURE 4
The Relativistic Nature of Reporting
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for internal users and management decisions. For instance, vendors are evaluated on their ability to
match deliveries to the terms of negotiated agreements. Whep unfulfilled, these agreemenis form
the basis of the next level of the REA ontology.

The second level of the REA structure is termed “the planned foreseeable future.” These
commitments can be formal, such as a contract, or as informal as management’s schedule for
production. Activities such as purchase orders to vendors, sales orders from cusiomers, and
production schedules are examples of these activities that become part of the “Negotiation™ phase
events. Communicating these activities is crucial, as they impact the need (0 acquire assels and
anticipate requirements on (he current infrastructure of the organization. Taken logether, these

expectation for these events,
The third level includes those activities related to policies. Examples include those activities
related to setting production standards, (o establishing credit policies, and to crealing job

Given the differences between these views, it is important to present them separately. Hence, from
a procedural perspective, the use of tagged information with its altributes (a /a, e.g., XBRL),* with a
macro schemata to specify the atiributes, as described later in this paper, may serve for this purpose,

4 See: hitp:/fwww.xbrl.org
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A Measurement Theory Perspective on Business Measurement il

Extending Levels and Flows to Time-Related Measurements

The physical sciences have shown us that examining the dynamics of processes provides
substantial insight into their nature. The BRMM tries to do the same by providing comparative
retrospectives and some disclosure of trends. Learning from physical science measurements can be
applied to the BRMM, both in the nature of time measures as well as the form of their
representation.

Similar to researchers measuring air movements, in addition to lemperature, pressure, and
humidity, to understand the nature of tornadoes or produce forecast maps, if the BRMM provides
measures of past behavior (sales, costs, inventory turnover, customer satisfaction, eic.) and future
trends (employee benefits, govemment regulations, active aclions to improve the environment by
reducing emissions, etc.), a model can be built 1o understand the nature of the business and project
what will happen in the future.

From an investor perspective, if we can measure the fixed and variable costs of an airline, the
cost of airplane leases, the cost ramifications of contracts, the number of cancellations, the number
of pilots and assistants operating and their levels of expertise, the extent to which the company is
aclively trying to help the environment by using less contaminating fuels, and evaluate the
performance of competitors, then we can build a model and estimate future revenue of the airline
company by only having the amount of tickets sold. Furthermore, this model could be extended to
support different decisions.

The Three Layers of Entity Measurement

We divide the proposed measurement model into three layers by which to examine it within the
context of measurement theory. These layers, which include declarations and procedures, are:

(1) the disclosure value chain, where different stages of organizational activity are measured,

(2) the point of measurement of each datum, where the nature attributes and specification of
tags are captured, and

(3) the level of desired contingency measurement, where the nature of different “virtual”/
subjective business events and the trade-offs relative 1o their measurement are captured,

THE DISCL.OSURE VALUE CHAIN (DVC)

In this section, we present a representation of the business process and discuss its different
stages, the potential and benefits of their measurement, and the intrinsic issues related 1o
measurement.

The business activity measurement process (represented in Figure 5) has developed over the
years, focusing on the entity transactions from the moment of the sale and affecting mainly
inventory and cash. The agents performing the transaction, both internal and external, were
recognized o the extent that they participated in cash receipts or disbursements. Furthermore, the
boundaries of the measurement process were defined as the entity being considered. External agents
were only included to the extent that they participated in events being measured for financial
stalemenl purposes.

The main driver influencing the development of this approach was the needs of the business,
and the main limitation was the technology, cost, and complexity of the process. Following the
initial recording technology (Pacioli 1514), elements such as Property, Plant, and Equipment and
Depreciation were added to represent the increasing complexity of business. For example, changing
{from an all-cash set of transactions to sales on credit required the development of receivables and
payables. The development of more complex financial instruments, such as commercial paper,
bonds, and stocks, required adaptations of the measurement model. Business practice drove the
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12 Romero, Gal, Mock, and Vasarhelyi

FIGURE 5
The Traditional Business Activities Reporting System
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development of new elements of the measurement model, with business practice preceding
accounting and limited by the existing technologies. Another change in the model was produced by
the development of financial markets to facilitate better allocation of capital. The reporling
malfeasance of the early 20th century created the Securities Acts of 1933 and 1934, which led to the
need of standardization of business measurement, and the ensuing actions by the Accounting
Principles Board (APB), FASB, and other regulatory entities. However, the modified Pacioli (1514)
model that was created with the major technological limitations of 500 years ago is still the
fundamental stone of business measurement.

The increasing complexity of business processes and the henceforth ensuing complexity of its
measurement, plus the developrnent of improved technologies of computing, forced the adoption of
new measurement methodologies. A plethora of government regulations progressively formalized
existing practices into rules that increased comparability, but without a structured plan, these rules
became anachronistic and consequently led to inaccurate business measurement.

In recent years, the computational lechnology basis of the measurement process has evolved
with the usage of integrated software such as ERPs. This development allows for evolution of
multiple process measurements, integration of these measures, and most of all, nearly costless

in a dynamic society (Economist 2002) lead to the need for expansion of the business measurernent
model into a more comprehensive set of related measures, Figure 6 presents a more enhanced view
of the business process aimed at expanding its measurement scope. The model presents eight levels
(LO 10 L7), which depict key activities related to business measurement systems. Two additional
issues should be noted: (1) ERPs contain vast amounts of information of a nonfinancial nature that
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FIGURE 6
Business Activity Measurement, ERPs, and Monitoring and Control
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1ced by allow for larger scope measurement, and (2) the current model is single-entity, leaving open the
porting possibility of conjoint measurement® of different entities.
dto the We break down the general view of business into four different stages: (1) the early business
unting stages, (2) lead actions, (3) business activities, and (4) consequent events,
(1514) Since Business Activities (L.3) is the level a1 which measures are already defined (with the
till the limitations due to the weaknesses of the existing reporting model mentioned before), we use this
level of information to ilfustrate the application of the measurement model.
v of its Mock and Grove (1979) define five steps needed to analyze existing or new measurement
tion of systems. These steps consider both the “factual view” of whether the measurement mapping is
alized valid, and the “purposive view” of whether the mapping is cost effective:
e rules L. Identify the decision context and related measurement needs. This step requires the
identification of relevant cost-effective information needed for decision-making,
volved 2. ldentify the attributes of interest and postulate corresponding relationships. In cash estimate
ion of collections, we need to identify attributes like total sales and discount conditions, as well as
ST relationships like percentage of customers who benefit from those discounts.
ry, the 3. Investigate existing measurement scales from the factual view. This involves applying
::é,sses validity and reliability procedures to existing scales in order 10 ensure that the relationship
ement between attributes in the ERS is maintained in the NRS. For many situations, there is
i view flexibility in the scales that may be used. However, if equivalent scales are not unique, their
1 : | relationship depends on the scale type (nominal, ordinal, interval, ratio) (Mock and Grove
evels
tional
e that ’ Business entities have fuzzy boundaries, and complex modern organizations (e.g., SPEs) add to this problem.
unting Journal of Emerging Technologies in Accounting Y aiean,

2012 Volume 9, 2012

Assoclation

Foi

R R e A i

Ly
et

o
i




14 Romero, Gal, Mock, and Vasarhelyi
TABLE 1}
Information Needs, Correspnnding Attributes, and Measures
Decision Needs Attributes Measures
Inventory needs Sales orders in units Unis
Potential cash collections Dollar valuc of saieg Historical cost
Net cash available Present value of cash accounts Present vaiue
Accounts receivable—RBil|? Dollar value of sales and coliections Historical cost
Loss due to obsolescence Cost and presen! value of inveniory Historical Cost/Present Value

1979). They also describe that in measurement theory (erms, same-type scales are related (o
one another following admissible transformations (e.g., interval and ratio scales are
additive),

4. Construct and analyze formal characteristics of new measurement scales for the factual
view. This step is needed in case measurement scales for the identified attributes do not
exist or need 1o be improved. These scales then need lo be evaluated using validity and
reliability procedures.

5. Analyze each scale from the purposive view. The measures developed have to be evaluated
in terms of the information needs. For example, do the measures developed in steps 3 and 4
facilitate the information needs detected in step 1 in a cost-effective manner?

Table 1 includes examples of information needs, corresponding attributes, and measures in the
business activity level (L3).

Environmental Conditions (L0)

components under changing conditions.
With the change in information processing technology and the progressive interdependence of
societal informatjonal clusters, the question arises conceming the desirability and feasibility of

These information clusters are now progressively being complemented by industry group
information and electronically collected information during trading (Figure 7). The formalization of
these information clusters and their integration into organizational decision-making is a progressive
set of steps in the expansion of corporate measurement Systems. Armnong the environmentai
conditions (L0), we find macroeconomic variables, resources available, business ideas, licenses,

Progressively, the societal information clusters become more integrated and formal, leading 1o
feedback loops with the different types of organizational information systems. The measurement
view of business will eventually formalize and integrate these information flows into eartier levels
(LO).

The subsequent levels of the model in Figure 7 can be mapped to the phases defined in ISO for
the REA ontology (Figure 8).

Prior to any aciual exchange of resources between trading partners, the business lransaction
“can be considered to be constructed from a set of fundamental activities (IS0, 37). Tasks

v 3:"2?-:&?3.; Journal of Emerging Technologies in Accounting 3
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FIGURE 7
Progressive Societal Information Clusters

. Local
Information
‘Provisioning

undertaken by the trading pariners accomplish the various phases, and the associated oulcomes
represent a significant set of information that could be considered relevant to any stakeholder. The
phases include:

Planning (L1)

The planning phase includes those activities that support the buyer and seller deciding what
aclions are required to acquire {or sell) a resource. In this phase, buyers and sellers collaborate to
specify the types of resources 1o exchange. The completing of this planning phase results in types of
resources becoming candidates for future exchanges.

Identification and Negotiation (L2)

The completion of the planning phase creates a situation in which the buyer and seller decide
whether they should collaborate further regarding the planned resource acquisition. During this
“Identification” phase, information is exchanged concerning resource specifics that meet the type
specification of the planning phase. Information exchanged during this phase includes specific
characteristics such as price and availability—"Do you have the model car in stock and at the
required price?” This search for information represents a significant move forward in the business
transaction. Stakeholders could be interested in the way in which trading partners interact and how
exchange of information is supported. In an e-commerce sefting, this might be viewed as actually
visiting the websile to gain further information after an initial search for “Small SUVs.” The initial
search indicates that there is a “Plan” to acquire the resource, where selecting a particular site
moves to the phase where there is an attempt to identify possible trading partners from all those that
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16 Romero, Gaj, Mock, and Vasm'lrelyi

were returned in the initial search. The completion of this phase can involve abandoning certain
possible partners or websites and/or moving forward with others,

mutually shared and understood definition of al| aspects of the business transaction. The
information exchanged during the Idemification phase is of the form “Do you have ...” or “I am
looking for ... " whereas the information exchanged in the Negotiation phase is of the form “If
you have ... ar ... price, I will buy it.” The lermination of the Negotiation phase will either

negotiations that end in failure and those that are successful are of interest, Failed negoltiations serve
as an indication of the firm’s inability 1o compete in a panticular market, whereas successfyl
negoliations indicate that sales should be anticipated. The results of the Negotiation phase also
Serve as a template for future actua) exchanges,

Actualization (L3, L4, L6, and L7)

For those transactions that were successful in the Negotiation phase, the resources specified must
be delivered or received under the terms of the agreement completed during negotiation. The
“Actualization” phase includes all those activities necessary 10 complete the exchange of the specified

When either of the parties to the exchange have not executed all the activities related to the negotiation,
it is also appropriate to indicate this on traditional financial statemens, If one party delivers the
rescurce and the other has not completed its immediate cash Payment requirements, entries such as
accounts receivable are appropriate. For stakeholders, this is the only set of information available to

Consequent Events (Post-Actualization) (L5)

After Actualization, there is the possibility that additional activities could be required.
Examples of these “Post-Actualization™ aclivities (L5) include warranty work or service, While
traditional business incasurement focuses on the current observed events, post-sale evenis such as

effects on sales, returns, and business planning. Clearly, there are accounting issues that might arise
if the sale of a resource requires subsequent Post-aclualization activities,

A panoramic view of all these phases, analogous to Figure 6, but not more based on the REA {e.g.
frame, is in Figure 8. This view of the world raises a series of measurement issues, such as: emer
* How frequently should external reporting be performed (yearly, quarterly, hourly, diffe
concurrently)? exch
Amarican ] e ] . Journ
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ted * How far into the early siages of business should the reporting system go?
* Have the costs and benefits of reporting changed enough so that it is worthwhile and feasible
to creale different forms of external reporting, say, for: (1) naive investors, (2) sophisticated ’i
investors, (3) bankers, (4) liquidators, or (5) supply chain participants? o4
e_d- * Can analytical methods such as continuity equations (Kogan et al. 2011) be developed 1o bt
tile better link the ERS and NRS, so that deviations such as round-tripping, fictitious employees,
- and channel stuffing are detected and, therefore, do not occur? ].
es * What is the basic emtity of measurement of business? The business organization? The >
ird process? Other? %
ise Sl
. This improved linkage among now-measurable items, to the point of specific identification -'
‘A (e.g., RFID) elements, inevitably changes the scenario of internal business measurement. The i
emergence of the XML standard and the consequential interoperability of processes that allow
Y, different companies and outsources to easily exchange data also create new economics for data
exchange, as well as new ways of doing so.
1g Journal of Emerging Technologies in Accounting v Accounting .
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18 Romero, Gal, Mock, and Vasarhelyi

THE POINT MEASUREMENT OF EACH DATUM

While for current users of financial data, a schema such as the one being presenied may seem

The tags can Tepresent several decision-relevant elements, such as the measure that maps the
NRS with the ERS: the point in time when the measure was valid, the context within which the
measure was valid, and the reliability of the measure,

As illustrations, the following “point measurements” (PM 1 and PM 2) depict two sets of
information collected on a certajn business variable, each with two different representations. These
reporting schemas fepresent a realization of the fact that our current set of accounting rules are
simply the reporting aggregations of the finer information set that is located in corporate Syslems
that are being rendered in potentially different formats, levels of aggregation, and business
assumptions for multiple decision purposes. Although in the past, accounting standards were the
predominant issue, today they are iess relevant for comparability measurement due 1o the flexibility
of reporting systems, and could be selectively interpreted to support decisions from different
stakeholder groups.

PM 1: Measurement of a business variable — f(activity level; lime; decisions that it is
designed 1o support; level of precision; conditioning future events; probability
characteristics).

For example:

Inventory — 1182,000,000; November 15 2011; liquidation Jor bankruprcy; +/— 10%%4; nope.
normal distribution estimate)

or, representing the same inventory valye:

Inventory = f14 000 000 yen; November 15 2011 ; replacement vatye; 1- 10%*3; none: normajl d
distribution estimate).

PM 2: Measurement of business variable — f(activity level; time; what decision does i
support; level of precision; conditioning future events; probability characteristics,
likelihood of occurrence),

For example:

Contract with the government = f12,000,000; November 15 2011-2013; Juture sales
Projection; 10%#4, winning the RFP; normal distribution estimate; 30%)

or:
ob
-_—
® See: http://www.xbrl.org po.
Amarican g . o . Jou
?‘ cc Journal of Emergin Technologies in Acc nii
O i e Teinlgis i Acoming




asarfielyi

1y seem
1eeds of

tagged
we data
nata for

aps the
tich the

sets of
. These
les are
yslems
1siness
ere the
«ibility
[ferent

it is

ability

ngne;

ormal

beled

factor
W

xes it
stics,

sales

ating
2012

A Measurement Theory Perspective on Business Measurement

FIGURE 9
Measuring the Corporate Business Cycle
Environmental Business Lead Business Consequent
Conditionants Plans Actions Events Events
E_commerce Create a e-activity | Create a
sales are aimed at young web-site
growing 25% customers
AA
Create
payment
mechanisms
Contract
with FedEx
for logistics
Stock Sales Post sale care
inventory
Warranty
support
Returns
Customer
feedback

Cash from Lawsuit = f{4,000,000; Mid 2008; cash projections; 10%%3 judge setting damages,
normal distribution estimate; 80%).

Taking this model further will allow for the creation of business representation models at the
different levels, such as represented in Figure 9.
In the modem real-time economy, value chains and processes are not what they used to be:

* Previously, the traditional internal value chain was typically part of the same company and in
the same physical location. Nowadays, the modern value chain has many outsourced
processes, often being performed in different countries, in particular, in the information
portion of the value chain. Consequently, some oul-of-the-system measurements must be
performed.

* The traditional production chain contains inventories of component parts being used by
manufacturing. Just-in-time manufacturing has changed substantially the schema of
ownership, controls, and reporting. The fact that an ABC company has component parts
in its facilities that it does not legally own creates complex relationships that may require
consolidation along the value chain, rather than across subsidiaries.

* Currently, contractual relationships with outsourcers carry heavy termination penalties, high
initial investments, and an entire set of new obligations that the traditional measurement
system simply cannot capture.

Measuring the business entity in its earlier stages is inevitable if useful representations are to be
obtained. In order to further evaluate the needs of eniterprise measurement, we must consider such
possible measurement parameters.

Journal of Emerging Technologies in Accounting V Aeseonime
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AM
THE LEVEL OF DESIRED CONTINGENCY MEASUREMENT

The decision context ultimately determines the desirable information strucqure, For example, ?e;;‘
creditors have considerable interest in the ongoing health of the company, and in the case of a high mea
probability of failure, interes| in the liquidation valye of assels, the ¢

On the other hand, banks and insurance companies have substantjaj interest in the progress and
features in ongoing management in order to be able (o Intercede or change conditions if certain e
contingencies arise. A bank may be willing 1o change loan conditions if this involvemen; increases obfu

the probability of repayment. Insurance companies that issued Swaps on company papers have g
conlinuing interest in the probability of default and in the possible actions 1o avoid this condition mmeas

A series of other contingencies, many of which are not captured in current reporiing slandards
such as GAAP, are important. Some of these issues are discussed nexi -
Contractual ang Non-Contractual Obligations i
Extending the reporting model to the early levels (L0, L1, L2, and L3) brings out what js For e
probably the most important limitation of the conventional BRMM (business reporting S
measurement model). Most contractual obligations are not recognized. For example: lhetlr
staten
* Sales contractsflong-term supply contracts throuy,

* Employment conlracts, golden parachutes, severance payments

* IP acquisition costs Oblig
* Environmental obligations
* Contractual contingency requirements

C
such :
The quantification and disclosure of these contracts are highly problematic, Descriptive notes .
may be used to provide centractual information, subject to materiality and relevance filtering, A
Information technology allows for hierarchical organization of documents and extraction of key A
facts. Similar documents (e.g., large sales contracts) may be aggregated, but not disclosed in detail
1o mitigate competitive disadvantage. Standards can be developed €ncompassing document Implic
description using meta data and hyperlinks/summarization provided at this level, B
Measured and Disclosed Obligations view
The gap between complex contracts and their numerical value determination is immense, *
~omplex contracts may have hundreds of pages of description and only one sentence ultimately
1egaling or changing its economic schema. AIG had thousands of contracts and obligations, but js !
lemise, even with many very profitable units, was based on a series of simple clauses that '
letermined a substantial increase on needed reserves in the untikely event of losing its high credit :
alings. .
Obligations of a11 types (formal and implicit, probable, and less probable) may or may not be }
isclosed and measured Due to this asymmetry of information disclosure and itg utilization, it is
Npossible to anticipate the modes of information usage. Consequently, the links between provided Obligar
iformation and its subsequent miterpretation are increasingly more lenuous with a decrease in
obability of evens, Traditional accounting measuremen has erred on the conservative side, The
10WIng its professional audit bias, and only recording the verifiable measurements. An entire new structurn
‘neration of analytic Measurements and information clusters is redefining what is verifiable and offshori
¢ desirability of information inclusion into the formal reporting system. To further complicate this contract
ue, measurements are not static in nature, even at a distinet point in time, Their disclosure may The
ange the a priori measurement of an event. the valuc
Y %:'..-;E'fa?ﬂg Journal of Emerging Technologies in Accounting .{/o;;rna!;
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For example, the U.S., FASB, the accounting profession, and the legal profession have been in
a tug of war about the disclosure of legal contingencies. In particular, they are concerned about the
feed-forward effect of the measurements of potential liability. This is one of those cases where the
measurement may have self-fulfilling consequences: the probabilistic estimate of damages may bias
the outcome of a trial.

The current set of disclosures on legal contingencies is not tremendously valuable, because the
user gets litile information concerning likely estimates and probability distributions. This deliberate
obfuscation effect serves 10 negate the feed-forward effect discussed above.

Due to the possible information asymmetry and potential feed-forward effect, a generic rule of
measurement and disclosure ensues:

If the interprelation of the measurement is too complex or disruptive, do not create
aggregate measures but provide pure data disclosures and leave their measurement and
interpretations 10 the users.

For example, many modern financial organizations hold a wide variety of credit default swaps;
some of them publicly traded, others by private arrangement tailored 1o a particular issue. Although
their face values are in the trillions of dollars, they are not explicitly recognized in financial
statements. If they are deemed too difficult to measure, they should be standardized and disclosed
through meta descriptions as described above.

Obligations that are Not Disclosed

Organizations often have obligations that are not disclosed to users of financial informaticn,
such as:

* Obligations with golden parachutes and future pension obligations with executives
* Fines and other legal liabilities incurred, but not yet due
* Obligations with suppliers and clients relative to business continuity

Implicit Obligations

Furthermore, two different types of obligations that may not fall under a traditional contractual
view include:

* Community contributions—there is an implicit obligation of supporl to community-related
activities on an ongoing basis, e.g., Little League, PTA, elc.

* Corporate social responsibility (CSR)—although measurement of CSR was not required in
most countries years ago, it is becoming increasingly regulated in current years. This
evolution was a result of corporate stakeholders requiring an increase in CSR disclosure. The
value placed on this information is evidenced by its effect on trading value of companies
reporting on this topic, customer loyalty, etc. (Fenn 201 1; Smith et al, 2010; Kulabako 2010;
Meoneva and Ortas 2010).

Obligations at the Value Chain not in the Corporate Structure

There are many contractual and non-contractual issues that do not finalize in the corporate
structure. Among these issues, we find obligations around the value chain, in outsourcing and
offshoring situations, and with clients and suppliers. These relationships are different than sales
contracts in that there is substantial partnership and some comingling of assets.

The Internet has allowed for a very large degree of integration among the business pariners in
the value chain. While often these obligations are not contractual, they are practical, as supply chain
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relationships must be preserved and moral. The classic ex

ample was the write-down by Cisco of Barth,
substantial invenlory overvaluation that was attributed 1o obligations 1o their suppliers. e g
arth,
Future Estimates '
Chamb
A final type of information that does not fit well in any other category is the inclusion of Tuture |
estimates in business measurements. Ultimately, business reporting is not aimed at the past, but Christe
rather as guidance for future decisions. ]
Future estimates (forecasts) do not fit well with the generic category of contingencies, but Econor,
similar considerations may apply. Two important attributes of future estimates are: source r
(management, third-party analysts, others) and probability (some lype of reliability scale). Fenn, E
Point of measuremen 2 (PM 2) may be applied also to forecasts as PM 3 Financci
PM 3: Measurement of forecasted business variable = f(estimated activity level; time; a
decision(s) that it is designed 1o support; level of precision; conditioning future evenls; Geerts,
probability characteristics, likelihood of occurrence, issuer of forecast, accuracy of ®
past forecasts). Harns,T
Tjiri, Y.
CONCLUSIONS 5
. .. . . Kogan,
This paper used measurement theory 1o altempt 10 draw some msight into corporate reporling. L
Initially, it created a context {or the analysis examining the ERS versus the NRS, including: time Kulabak
dependencies, usage dependencies, level or precision, futurity, and probability of the event. Next, it i
applied this discussion to three layers of entity measurement, proposing a view of business as a Malttessi
value chain and schemata for point measurements of business variables. Finally, the areas of McCartl
~ontingencies and future estimales were examined, and a third point measurement schema was st
roposed (o satisfy specific information characteristics of future estimates. These point Mock,
neasurement schemata may serve to Create a conceptual basis for an expanded view of XBRL A
ind its tagging as a wide-scope implementation of business measurement, Mock, 1
There are many limitations and weaknesses in the Proposed schema, as (1) it lacks specificity g;
or actual implementations, (2} it creates the potential for lack of comparability among reports, (3} it Mock. T
hanges dramatically the current approach, making transition very difficult, and most of all, (4) it is ’W
ormative and speculative, Moneva,
Business needs are evolving and current measuremen solutions must do likewise. While, ap
istorically, societal mechanisms have been adequate for finding measurement solutions, this is not Pacioli, 1
ue of recent decades. The gap between user needs and reporting solutions has widened and is de
owing. The criticisms listed above, most of which have been discussed in other venues, clearly Pacioli,
ad to the conclusion that the current business measurement model is inadequate and, given the Pr
pid changes in needs and technology, this model is becoming progressively less usefu]. by
The standard business-setting process has failed to evolve with reporting technology and the Parker, J.
olution of the business process. Consequently, we observe the ever-widening gap between . &)
Tporate financial measurement and business reporting. Furthermore, it seems that societal — (i;
:chanisms are not able (o cope with this change. Hence, this new BRMM may be like a ga'
1sruptive technology™ (Christensen 2003). Smith, N
Re.
Inr
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