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APPENDIX A

JOSEPH FIRESTONE’S FAIR
CRITICAL COMPARISON THEORY

As a matter of procedure, Firestone’s Fair Critical Comparison Theory (FCCT)
calls for the performance of knowledge claim evaluation (KCE) in two steps. A
summary of these two steps is as follows (Firestone and McElroy, 2003a, Chap-
ter 5):

1. First, fulfilling background requirements (the necessary conditions) for
fair comparison among the members of a set of competing knowledge
claims;

2. Second, implementing comparisons among the members of this fair com-
parison set, based on a number of criteria that allow us to choose among
the knowledge claims of the set based on how its members perform on
various tests.

A.1 FAIR CRITICAL COMPARISON REQUIREMENTS

There are four preliminary requirements that must be fulfilled (i.e., they are nor-
mative) in setting up fair comparisons of knowledge claims:

1. equal specification of members of the comparison set,
2. continuity,
3. commensurability, and 
4. completeness of the comparison set.

1. equal specification of members of the comparison set
Ensuring an equal degree of specification of competing knowledge claims is
necessary for fair comparison. For example, specification of systems of know-
ledge claims occurs in stages. Theories often begin as highly abstract knowledge
claims. Then they are specified in greater detail conceptually and then empirical-
ly specified by providing them with an interpretation in terms of ‘observables’
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and metrics. To compare theories fairly, it is necessary to bring them to an equal
degree of specification, if they are not already there. Thus, if two or more know-
ledge claims are competing and one has been empirically specified with metrics
and the other has not, fair comparison requires empirical specification of the sec-
ond.

2. continuity
Continuity with previous versions of the knowledge claims to be compared is an-
other requirement of fair comparison (i.e. the extent to which each alternative
theory or model in a comparison set is faithful to its previous expressions). This
criterion is a particularly subtle one. Theories evolve over time, they are changed
and refined to meet challenges and criticism. It is easy to change a theory so
much that its core identity is destroyed while its name remains the same. In
situations like this, the original theory has been abandoned and is not part of
current KCE. On the other hand, a theory may change substantially in its details
without changing its core identity. In such instances, the theory may be fairly
compared with its competitors in KCE. If we are evaluating theory A vs. theory
B, then both evaluated theories must be traceable, without change of identity, to
previous versions of each theory. Otherwise, the conclusion cannot be drawn that
one of the theories named is preferable to the other (even though one of the
theories tested may be better than the other), and the eventual consequence of
such lack of continuity is destruction of the cumulative character of knowledge
production.

3. commensurability
Commensurability must be created if it is not present. Commensurability refers to
the extent to which alternative theories, models, or other knowledge claims may
be expressed using a common conceptual framework (Popper, 1970; Kuhn,
1970a). Knowledge claims being compared must be expressed in a common con-
ceptual framework to achieve fair comparison. This is a requirement that grows
out of the debates triggered by Kuhn's work on incommensurability in the 1960s
(Kuhn, 1970b; Lakatos and Musgrave, 1970), by Feyerabend's (1970a, 1970b)
challenge to critical rationalism, and by the Duhem-Quine thesis (Duhem, 1954;
Quine, 1953) that theories face our evaluation efforts as wholes, that all of our
observations are theory-laden, and that there is no common conceptual basis on
which to compare theories. The answer of Popper (1970) and other critical real-
ists (see Niiniluoto, 1999) has been to deny incommensurability as an irresolv-
able condition in comparisons and, at least in the case of Popper (1970) to argue
that it is always possible to create commensurability even where incommensura-
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bility exists. Accepting Popper’s notion that commensurability can always be
constructed even when it does not initially exist, we suggest that for fair com-
parison to occur, commensurability must be created whenever and wherever it
does not already exist.) 

4. completeness of the comparison set
Completeness of the comparison set must also be sought. This refers to the extent
to which the set of alternative models evaluated (the comparison set) includes all
reasonable competitive alternatives. This is not a precise criterion, but rather a
regulative ideal. There is no way of knowing that a comparison set is in fact
complete, just as there is no way of guaranteeing that a knowledge claim is true.
New models may always be formulated and older models may easily be over-
looked in searches of the literature. Still, if KCE is to be fair, its comparisons of
alternatives directed at solving problems must not, intentionally or through
negligence, exclude models from the comparison set on ad hoc grounds or in an
effort to ‘stack the deck’ in favor of the models or theories one prefers. Thus, a
legitimate criticism of testing and evaluation involving a comparison set is that it
cannot be viewed as decisive if an important competitor was excluded from the
comparison set.

A.2 DIRECT COMPARATIVE KNOWLEDGE CLAIM EVALUATION
CRITERIA 

These criteria for fair critical comparison must be satisfied before the compar-
isons they produce may be considered ‘fair’. The criteria include logical consist-
ency, empirical fit, projectibility, systematic fruitfulness, heuristic quality, sys-
tematic coherence, simplicity, and pragmatic priority. These and more are briefly
discussed below.

1. Logical consistency or coherence
This is a traditional criterion for testing and evaluation (Popper, 2002[1935]), and
the extent to which it is present is an important variable for distinguishing and
evaluating KCE processes. It provides that logical arguments in explanations be
consistent, that conclusions follow from premises, and that critics have the right
to bring a consistency challenge against a network of knowledge claims, but not
that one’s entire theoretical network be formalized.
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That is, logical consistency is of special importance to us because we can isolate
conclusions whose content is inconsistent with their premises. And where we
find inconsistency, we can either choose to reject (falsify) the argument’s con-
clusion (i.e., the claim) and retain its premises, or reject (falsify) one or more of
its premises. Or, in cases where we agree with the conclusion and also the prem-
ises, we can retain all of them. The point is that we can make progress and grow
our knowledge when there is inconsistency, following which we are forced to fal-
sify at least one of our premises, or failing that, the argument's conclusion.

But in no such case as the above can we conclude that a proof of truth has oc-
curred. All we can safely say is that we believe that a conclusion deductively fol-
lows from its premises or it doesn’t. As Mark Notturno puts it, “The best that a
logical argument can do is test the truth of a statement” (Notturno, 2001, p. 86).
It “cannot force us to accept the truth of any belief,” (Ibid., p. 87) because all
beliefs are fallible. “But it can force us, if we want to avoid contradicting our-
selves, to reexamine our beliefs, and to choose between the truth of some beliefs
and the falsity of others - because the falsity of the conclusion of a valid argu-
ment is inconsistent with the truth of its premises” (Ibid.). But is this enough? In-
deed it is, for as Notturno says, “so long as we regard contradictions as unac-
ceptable, it is really quite a lot”.

2. Empirical fit
The importance of this descriptor derives from the fact that it reflects the tradi-
tional empiricist requirement that deductions from models not be inconsistent
with independently arrived at descriptions of the facts. If they are, logical incon-
sistency is incorporated into the system. This criterion is not as straightforward as
it may seem, however. What if one model fits the facts better than another? Does
that mean that the first model is to be favored in evaluation? Not necessarily.
Sometimes, due to limitations in measurement or errors in observation, a model
may be correct in its deduction of what empirical evidence should show and the
measurement in question may be wrong. Alternatively, models may also be
‘force fit’ to data, as when too many variables are used in statistical estimation or
too many nodes in a neural networking model, thus exhausting degrees of free-
dom of estimation. In these instances, models that fit data less closely will be the
ones that will perform better on other criteria for evaluating knowledge claims.

3. Projectibility
This refers to extending generalized knowledge claims to new cases successfully
(forecast validity). It has to do with plausibility of projections and after the fact
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measurements of predictive success (Goodman, 1965), or survival of predictions
in the face of reality. Organizations will vary greatly in the extent to which their
knowledge claims are projectible, and this variance will be related to success in
adaptation. Projectibility is one of the most important of normative criteria. The
higher it is, the better.

4. Plausibility of projections
This is a dimension of projectibility that involves judgments. And as with sim-
plicity (see below), these judgments may be derived from a group evaluation and
decision process, such as the Analytic Hierarchy Process (AHP) (Saaty, 1990a,
1990b; Saaty and Vargas, 2001). 

5. After the fact measurements of predictive success
This dimension of projectibility can be more ‘objectively’ measured by keeping a
track record of empirical fit comparing competing predictions.

6. Systematic fruitfulness
This refers to the disposition to encourage deduction of new knowledge claims
implicit in knowledge claims or knowledge claim networks produced by know-
ledge claim formulation - in other words, the extent of our ability to facilitate de-
duction of new knowledge claims from previous knowledge claim networks.
Some networks perform better than others in giving rise to deductions of new
knowledge claims implicit in the networks.

7. Heuristic quality
This refers to the disposition of knowledge claims or knowledge claim networks
produced by KCE to encourage formulating new conjectural knowledge claims.
Some knowledge claim networks serve as heuristics for formulating new ideas.
Here again, then, we’re talking about the extent of knowledge claim networks to
facilitate new conjectural knowledge claims; that is, some knowledge claim net-
works are more successful than others in supporting future knowledge claim for-
mulation. They serve as heuristics for formulating new ideas. Organizations will
differ in the extent to which the outcomes of KCE exhibit such heuristic qualities.

8. Systematic coherence
Networks of knowledge claims may be more or less integrated by specified lin-
guistic relationships. And organizations may vary in the extent to which their
KCE processes produce such coherence. Knowledge claim networks should be
systematically coherent, both in general and in the area of relationships between
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abstractions and observables (measurement modeling). The effects of systematic
coherence on knowledge integration and future knowledge production are not
clear, though they are likely to be very significant.

9. Coherence of measurement modeling
The extent to which measures and descriptors are related through the proposi-
tions of a model's semantic network (Firestone, 1971; Firestone and Chadwick,
1972) is an aspect of systematic coherence. The connections between indicators
or measures, and the abstractions they are intended to measure are frequently not
clearly specified in theories (Firestone, 1971). Thus, the coherence of the seman-
tic network in such theories is low and these theories’ ‘empirical deductions’
about expected indicator values don't really flow from the theories’ premises.

10. Simplicity
This is another traditional validation criterion. Often called ‘Occam's razor,’ sim-
plicity seems to be an intuitively clear criterion, but it is difficult to rigorously
formulate, as was shown some time ago (Ackermann, 1960; Goodman, 1958;
Rudner, 1961). In any event, organizations will differ widely in the importance
they place on simplicity in KCE. To apply this criterion normatively, the analy-
tical structuring and subjective estimation techniques of the AHP process (Saaty,
1990a, 1990b; Saaty and Vargas, 2001) may be used to compare knowledge
claims on simplicity.

11. Simplicity of mathematical form of model
The aspect of simplicity defined by the mathematical form of models is easier to
assess than simplicity in linguistic expressions in general. Here, again, the AHP
process […] may be used to comparatively rate different functional forms on a
ratio scale of simplicity created using the AHP methodology (Saaty, 1990a,
1990b; Saaty and Vargas, 2001).

12. Economy in number of attributes or variables entering a formal model
Here again, the rule is the fewer the better, other things being equal. The aspect
of simplicity called economy is relatively easy to measure since it is formulated
in terms of the number of attributes used in a model.

13. Pragmatic Priority
Knowledge claim networks have descriptive and valuational aspects to them.
They are networks with both descriptive and value interpretations (Firestone,
2001, 2003, Chapter 4). And they may be compared in terms of the priority val-
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ues across networks of benefits resulting from actions as specified by each know-
ledge claim network (or theory or model). This attribute of pragmatic priority
also encompasses relevance. Thus, the greater the benefit specified in a know-
ledge claim network, the more relevant is the network from the pragmatic stand-
point of the consequences of actions in closing gaps between goal states and ac-
tual states. 

When knowledge claim networks are compared according to their pragmatic pri-
ority, we are not engaging in a comparison of epistemic values, but rather one of
the estimated costs and benefits specified by each network in the comparison set.
In committing to the rejection of knowledge claims as false, and relying on sur-
viving knowledge claims in actions, the risks we take are a combination of the
likelihood that our evaluation rejecting particular knowledge claim networks is in
error, and the benefit/cost consequences of such errors. As a result, we might suf-
fer the consequences predicted by the true knowledge claim network we have re-
jected. Thus, pragmatic priority requires that epistemic criteria be weighted by
the risk of error in developing a comparative evaluation of knowledge claims and
knowledge claim networks. This criterion does not involve wishful thinking in
the sense that we will value most highly those knowledge claims that predict the
greatest benefits, but rather modest pessimism in that epistemic values are re-
duced based on the risk of error involved in not rejecting the surviving know-
ledge claim networks, and in rejecting their alternatives.





APPENDIX B

AN IMPACT ONTOLOGY FOR ORGANIZATIONS

B.1 INTERNAL AND EXTERNAL AREAS OF IMPACT

Below we define internal versus external areas of anthro capital that organiza-
tions can have impact on, followed by representative examples of what such in-
dividual areas of impact can consist of:

1. Internal Areas of Impact
- Human Capital (Direct Contributions to Workers):

These are direct contributions to (or impacts had on) individuals inter-
nal to an organization, which in turn constitute personal human capital
resources for its members, workers, or stakeholders.

- Social Capital (Contributions to Social Programs and Resources):
These are contributions to (or impacts had on) programs and institu-
tions internal to an organization, which in turn constitute, or have im-
pact on, shared social capital resources and services available to its
members, workers, or stakeholders.

- Constructed Capital (Direct Contributions Within Own Enterprise):
These are contributions to (or impacts had on) the presence or quality
of human-made infrastructures and/or material goods internal to an
organization.

2. External Areas of Impact
- Human Capital (Direct Contributions to Individuals in Society):

These are direct contributions to (or impacts had on) individuals in so-
ciety external to an organization, which in turn constitute personal hu-
man capital resources for such individuals.

- Social Capital (Contributions to Social Programs and Resources):
These are contributions to (or impacts had on) third-party programs
and institutions in society external to an organization, which, in turn,
constitute or have impact on social capital resources and services a-
vailable to individuals and collectives in society.

- Constructed Capital (Direct Contributions to Social Resources):
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These are contributions to (or impacts had on) the presence or quality
of human-made infrastructures and/or material goods in society ex-
ternal to an organization.

B.2 INTERNAL AREAS OF IMPACT

1. Human capital (direct contributions to workers):
a. food, water, and nutrition;
b. health;

- via direct impacts of products and/or services when produced or ap-
plied;

c. child care;
d. education (individual training and personal enrichment);
e. exercise and physical recreation;
f. housing;
g. material necessities;
h. jobs at livable wage:

- workers at own firm;
i. justice and rule of law (actual behaviors);
j. ethics (actual behaviors):

- human rights,
- labor rights,
- anti-corruption,
- transparency,
- stakeholder inclusiveness,
- gender equality and empowerment,
- diversity,
- work/family balance;

k. information;
l. safety and security:

- enterprise level,
- local, national, global;

m. aesthetics;
n. religion and spirituality.

2. Social capital (contributions to social programs and resources):
a. food, water, and nutrition;



Appendix B 251

b. health:
- via in-kind and supportive monetary means;

c. child care;
d. education (social learning and innovation);
e. exercise and physical recreation;
f. housing;
g. justice and rule of law (policies and programs);
h. ethics (policies and programs):

- human rights,
- labor rights,
- anti-corruption,
- transparency,
- stakeholder inclusiveness,
- gender equality and empowerment,
- diversity,
- work/family balance;

i. information;
j. safety and security:

- enterprise level,
- local, national, global;

k. aesthetics;
  l. religion and spirituality.

3. Constructed capital  (direct contributions within own enterprise):
a. material goods;
b. infrastructure:

- power,
- water,
- sanitation,
- roads,
- transport services,
- telecommunications.

B.3 EXTERNAL AREAS OF IMPACT

1. Human capital (direct contributions to individuals in society):
a. food, water, and nutrition;
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b. health:
- via in-kind and supportive monetary means,
- via direct product and/or service impacts when consumed;

c. child care;
d. education and personal enrichment;
e. exercise and physical recreation;
f. housing;
g. material necessities;
h. jobs at livable wage;
i. ethics:

- human rights,
- labor rights,
- anti-corruption,
- transparency,
- stakeholder inclusiveness,
- gender equality and empowerment,
- diversity,
- work/family balance.

2. Social capital (contributions to social programs and resources):
a. food, water, and nutrition;
b. health:

- via monetary means,
- via indirect product and/or service impacts when consumed;

c. child care;
d. education;
e. exercise and physical recreation;
f. clean environment;
g. housing;
h. material necessities;
i. infrastructure:

- power,
- water,
- sanitation,
- roads,
- transport services,
- telecommunications;

j. jobs at livable wage:
- workers at other firms;
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k. commerce and trade:
- impact on local/regional businesses,
- impact on minority/women-owned businesses (MWOBs),
- commerce with fair trade suppliers;

l. bank services and credit;
m. safety and security:

- local,
- national,
- global,

n. government:
- social services administration,
- trade regulation;

o. justice and rule of law;
p. ethics:

- human rights,
- labor rights,
- anti-corruption,
- transparency,
- stakeholder inclusiveness,
- gender equality and empowerment,
- diversity,
- work/family balance;

q. information;
r. aesthetics;
s. religion and spirituality.

3. Constructed capital (direct contributions to social resources):
a. material goods;
b. infrastructure:

- power,
- water,
- sanitation,
- roads,
- transport services,
- telecommunications.





APPENDIX C

SOCIAL FOOTPRINT METHOD
FACE VALIDITY SURVEY

Synopsis of Face Validity Survey
The Social Footprint Method & Sustainability Quotients

Issued on January 27, 2008

C.1 Query 1:

Please record the extent of your agreement with the whole approach embodied in
statements 1 to 10 (below).

Put an X in the preferred box

strongly
disagree

1

disagree

2

indifferent

3

agree

4

strongly agree

5

C.2 Query 2:

Please evaluate each of the 10 statements below individually using the same
1-to-5 Likert scale above:

Statement 1
That the most rigorous formulations of sustainability theory and practice in the
ecological domain have generally involved assessments of human impacts on the
carrying capacity of natural capital (see, for example, Meadows et al, 1972; Daly
and Cobb, 1989; Daly, 1996; Costanza et al 1997; and Wackernagel and Rees,
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1996); natural capital can be defined as “land and the many natural resources it
contains, including ecological systems, mineral deposits, and other features of the
natural world” (from the Gund Institute website).

Put an X in the preferred box

strongly
disagree

1

disagree

2

indifferent

3

agree

4

strongly agree

5

Statement 2
That such assessments can be structured in the form of what we call sustainabili-
ty quotients, where the denominators represent normative, not-to-exceed (or max-
imum desirable) impacts on the carrying capacity of natural capital, and the
numerators represent actual impacts on the carrying capacity of natural capital.
Numerical quotient scores of less than or equal to 1.0, therefore, can be seen as
signifying sustainable performance, whereas scores of greater than 1.0 can be
seen as signifying unsustainable performance (i.e., due to ecological overshoot).

Put an X in the preferred box

strongly
disagree

1

disagree

2

indifferent

3

agree

4

strongly agree

5

Statement 3
That a similar approach can be taken in the social domain, although the type of
capital impacted is no longer natural. Instead, it is what we call anthro capital, a
mix of human, social, and constructed (or built) capitals. Unlike natural capital,
all such capitals are anthropogenic, hence the terminology we use and their
grouping together. 

Put an X in the preferred box

strongly
disagree

1

disagree

2

indifferent

3

agree

4

strongly agree

5
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Statement 4
That the key issue in assessing the social sustainability performance of a human
system using anthro capital is whether or not its impact contributes to the pro-
duction and/or maintenance of such capitals at levels required by a population for
basic well-being. Thus, instead of assessing impacts on the carrying capacity of
natural capital, in social assessments we assess impacts on the carrying capacity
of anthro capital.

Put an X in the preferred box

strongly
disagree

1

disagree

2

indifferent

3

agree

4

strongly agree

5

Statement 5
That anthro capital, unlike natural capital, can, in fact, be produced in order to
ensure sufficient levels of supply for human well-being, and: 

a. the required levels of anthro capital necessary for basic human well-being
can be postulated, 

b. the responsibilities, or norms, for producing and/or maintaining such cap-
ital can be proportionately assigned to individuals and their social sys-
tems (e.g., organizations) under one moral philosophy or another, and

c. the social sustainability performance of an organization, for example, can
be measured and expressed in terms of its actual impacts on the carrying
capacity of anthro capital, relative to what its impacts ought to be ac-
cording to one such moral philosophy or another.

Put an X in the preferred box

strongly
disagree

1

disagree

2

indifferent

3

agree

4

strongly agree

5

Statement 6
That sustainability quotients for social sustainability performance can therefore
be constructed, albeit with some important differences as compared to ecological
quotients, as follows: 
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a. numerators and denominators both correspond to anthro capital, not na-
tural capital,

b. denominators represent normative, not-to-fall-below (or minimum desir-
able) impacts on the carrying capacity of anthro capital, and the numer-
ators represent actual impacts on the carrying capacity of anthro capital,
and

c. the logic of scoring reverses: numerical scores of greater than or equal to
1.0 can be seen as signifying sustainable performance, and scores of less
than 1.0 can be seen as signifying unsustainable performance.

Put an X in the preferred box

strongly
disagree

1

disagree

2

indifferent

3

agree

4

strongly agree

5

Statement 7
That all sustainability claims - both ecological and social - can be formally ex-
pressed in the form of quotients, with denominators representing normative pro-
positions and numerators representing descriptive ones. All sustainability claims
therefore reduce to quotients of quantified is statements over quantified ought
statements.

Put an X in the preferred box

strongly
disagree

1

disagree

2

indifferent

3

agree

4

strongly agree

5

Statement 8
That measuring the social sustainability performance of a human social system
can take the form of building social sustainability quotients, with such a Social
Footprint Method consisting of a process for carefully defining numerators and
denominators for individual areas of social impact. In this regard, the SFM is an-
alogous to the Ecological Footprint Method.
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Put an X in the preferred box

strongly
disagree

1

disagree

2

indifferent

3

agree

4

strongly agree

5

Statement 9
That the specification of descriptive numerators and normative denominators in
sustainability quotients can proceed along epistemological lines, according to
which competing theories of truth (for descriptive claims in numerators) and le-
gitimacy (for normative claims in denominators) can be applied.

Put an X in the preferred box

strongly
disagree

1

disagree

2

indifferent

3

agree

4

strongly agree

5

Statement 10
That neither certainty nor consensus about knowledge is required in order for the
science of sustainability measurement to proceed. All that is required, instead, are
claims that have survived our tests and evaluations, which we, in turn, are pre-
pared to abandon in favor of new claims, as errors in our thinking are revealed
over time.

Put an X in the preferred box

strongly
disagree

1

disagree

2

indifferent

3

agree

4

strongly agree

5
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C.3 Query 3:

On a scale of 1-to-10 (1 being lowest and 10 being highest), how would you rate
your own expertise in the field of corporate sustainability management theory
and practice?

Your response: ________




