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Paradox lost, paradox regained:
Reply from a flagellated straw man
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The optimal-pessimal paradox (Bradley, 1976) has been criticized on bizarre grounds by
Childs (1980). Assumptions that it never made were attributed to it and attacked. Empirical evi­
dence for its existence (which occupied a large portion of the criticized article) was totally ignored,
and it was treated as a mere theoretically based conjecture. Originally proposed solutions to the
problems it presents were dismissed and replaced by ineffectual alternatives. In spite of Childs'
claim that "the paradox, although theoretically sound, is grounded upon assumptions that are
empirically untenable," the paradox makes no such assumptions and is an empirical fact.

The optimal-pessimal paradox (Bradley, 1975) and
the hazards it presents to psychological research have
been disputed by Childs (l980V His argument appears
to rest upon three major points, all of which collapse
under scrutiny : (1) His principal basis for disputing the
paradox appears to be the contention that it is based
upon certain alleged assumptions that are empirically
untrue or rarely met. Actually, the paradox makes no
such assumptions. Childs creatively obtained these
"assumptions" by selecting certain highly specific input
conditions for a fictitious illustrative example in the
criticized article, ignoring others (which did not lend
themselves as plausibly to his attack), restating the
selected conditions in highly generalized terms , and then
alleging that these generalizations were "assumptions" of
the paradox, although no such assumptions had been
stated or implied for the paradox either by Bradley or
by the logic of the situation. (2) He treats the paradox
as though it were merely a speculative theory unsup­
ported by empirical evidence. In doing so (although
stressing actual research conditions throughout his arti­
cle), he totally ignores the strong empirical evidence
given in the criticized article both for the existence of
the paradox in actual psychological experimentation and
for the extreme nonrobustness resulting from it. Rather
than being a theory unsupported by empirical observa­
tions, the paradox is an empirically discovered and estab­
lished fact that is supported by theoretical considera­
tions (Bradley, 1975, 1977, 1982) that sanction its
generalization . (3) Finally, he implies that in those situa­
tions in which the hazards (of L-shaped populations and
consequent nonrobustness) do occur , there are more and
better solutions than those outlined in the criticized
article. Yet the alternative solutions proposed by Childs
are largely ineffectual, and some will not work at all.
These points will be elaborated upon below. (There are
many fallacies in Childs' article; only the major ones will
be answered.)
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THE PARADOX ANDTHE EVIDENCE FOR IT

Consider a timed task subject to errors, each of which
causes an increment in total task time . As the task
becomes easier (or as its performance becomes more
skilled), errors become less probable so that more and
more of the time-score distribution becomes concen­
trated over the low time scores associated with zero
errors and less and less of it lingers over the higher time
scores associated with the commission of various num­
bers of errors. Consequently, the distribution, which
may have been quasi-normal when errors were frequent,
eventually becomes roughly L-shaped as error frequency
diminishes. So, as the task becomes easier (or as its per­
formance improves), the shape of the time-score distri­
bution violates the normality assumption of parametric
statistics more and more seriously. That is, as experi­
mental task conditions become more nearly optimal,
parametric statistical testing conditions tend to become
more nearly pessimal. This is the optimal-pessimal
paradox.

Although the increasing L-shapedness is virtually a
logical consequence of the stated conditions, the para­
dox was not discovered through theoretical considera­
tions. Rather, it was first encountered as an empirical
fact. The increasing skewness of error-increasing-time­
score distributions with increasingly favorable experimen­
tal conditions (see Figures 2-5 in Study 1 of Bradley,
1968b, or Figure C of Bradley, 1977, or Figure 1 of
Bradley, 1982) was discovered empirically in data taken
under conditions characterizing a routine experiment in
engineering psychology (Bradley & Wallis, 1959) and
quickly confirmed in the experiments of others (see
Figure D of Bradley, 1977). Empirical sampling studies,
using either these very same empirical Lshaped distri­
butions of time scores or highly similar L-shaped distri­
butions as the sampled population, then showed alarm­
ing degrees of nonrobustness associated with L-shaped
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populations (Bradley, 1968a, 1968b Study 6, 1971,2
1975,1976 ,1978, 1980a, 1980b , 1980c;Wike & Church,
1982). Further empirical sampling studies showed
increasing nonrobustness with increasing degrees of
skewness or Lshapedness (Bradley, 1968b Study 7,
1973,2 1976). Some of these empirical data were con­
spicuously presented (e.g., in Figure 4 and Tables 1 and
2, Bradley, 1975) in the criticized article, but they were
ignored by Childs (1980), who seems to regard the para­
dox as merely a theoretically based conjecture.

Statistical and mathematical considerations (Bradley,
1975, 1977, 1982) supplement these empirical facts by
showing that the specific empirical results can be validly
generalized to a much broader range of conditions than
those under which they were discovered. It is a well
known fact (for which some references were given in the
criticized article) that the robustness of parametric
tests on means tends to diminish rapidly as population
skewness and/or kurtosis increases. Bradley (1982) pre­
sents mathematically derived curves showing that the
coefficients of skewness and kurtosis of an Lshaped
distribution increase dramatically as the long positive
tail becomes thinner and thinner . These curves therefore
support the conclusion that as the task becomes easier
than it was in the already investigated situations for
which empirical data are available , parametric tests
should become much more nonrobust than the spec­
tacular degree already found (when the coefficients of
skewness and kurtosis never exceeded 3.42 and 17.29,
respectively). Thus, the optimal-pessimal paradox
was discovered and established empirically in specific
instances, whereas its generalizability is warranted by
various theoretical considerations.

ALLEGED ASSUMPTIONS OF THE PARADOX

As apparently his main argument, Childs(1980) alleges
that "the paradox itself is based upon at least four
assumptions not applicable to many applied research set­
tings" (p. 117) and, indeed, that are "empirically unten­
able" (p. 113). Childs makes this claim because he has
failed to distinguish between the optimal-pessimal para­
dox and the particular features of an example illustrating
it. He has fallaciously identified the conditions qualify­
ing and accompanying the example as "assumptions" of
the paradox. (He also attacked some of these conditions
as "unrealistic" while at the same time acknowledging
that they apply to a "hypothetical" illustration.) The
manner in which he arrived at this fallacious conclusion
can be seen as follows.

In order to show exactly how increasinglyrare errors
can lead to increasingly skewed time-score distributions,
the criticized article resorted to a fictitious example,
introduced by the words ''The influence of performance
conditions upon the shape of the time-score distribution
can best be illustrated by 'building' such a distribution in
several successive stages, i.e., by a sort of logical synthe-

sis" (Bradley, 1975, p. 322 ; italics added) . This "build­
ing" task necessitated the elaborate specification of
inpu t conditions (which determined the probabilities
and time scores plotted in the first three figures of the
criticized article). In specifying them, an attempt was
made to choose the least complicated and most easily
conceptualized set of conditions that would produce
parameter relationships roughly in harmony with those
that had actually been obtained for the skewed empirical
distribution of time scores shown in the last figure of
the criticized article. (For example, since the errors
accompanying the time scores were well fitted by a
Poisson distribution, input conditions were chosen
under which errors would have a Poisson distribution;
see "a," below.) .

Thus it was "supposed that" for the 100-yard dash,
(a) "a fall is equally likely to occur at any point and
that there is no limit to the number of possible falls,"
(b) "each error committed consumes the same amount
of time . . . on the average , and therefore increases run­
ning time by equal increments," (c) "the time to run the
100-yard . . . dash is the sum of the time to run the 100
yards .. . without falling and the times consumed in each
fall, and that these component times are all independent
of each other and normally distributed ," (d) "the stan­
dard deviation of time scores for errorless trials is
00 = f:J.T/5 and that the standard deviation of the time
consumed in falliiJ.g is Of = f:J.T/2 , where f:J.T is the con­
stant distance between adjacent 4 's caused by the con­
stant average amount of time consumed by each fall"
(Bradley, 1975, pp. 322-324). The example also let the
average number of errors be .1 for a "skilled runner"
and 5 for an "inept runner." Notice that all these con­
ditions are stated in particularistic terms, specifically
with references to running a 100-yard dash. Nowhere in
the article was it stated or implied that these or similar
conditions were "assumptions" of the optimal-pessimal
paradox or anything other than specific input conditions
for an easily conceptualized , fictitious, illustrative
example showing "how and why a more or less bell­
shaped time-score distribution tends to be associated
with frequent time-increasing errors and an L-shaped
distribution with rare errors" (Bradley, 1975, p. 324) .

It is astonishing, therefore , to read in Childs' (1980 ,
p. 113) article that "the optimal-pessimal paradox
includes the following assumptions: (1) Error probabili­
ties are equal across all task segments, and therefore may
be fitted to the Poisson distribution (Bradley, 1975,
p. 322). (2) Error commissions uniformly increase task
execution times (p. 322). (3) Component error times are
orthogonal (p . 323). (4) Robustness of parametric tests
is greatly reduced by skewness(p. 326)."

Childs' (1980) "Assumptions" 1,2, and 3 are totally
unwarranted generalizations of the specific input Condi­
tions a, b, and c of the fictitious illustrative example
to the entire optimal-pessimal paradox. Not only has he
replaced the specific language about "falls," and so on,



with general terms such as "task segments," but he has
entirely omitted conditions that (to be consistent) should
surely qualify as part of the unjustifiably generalized
"assumptions." What happened to "Assumption" d?
And how did the specification in "Assumption" c that
each of the component times is "normally distributed"
drop completely out of Childs' translation of the original
"Assumption" c into his "Assumption" 3? These curious
omissions, if included, would have vitiated his point.

Childs (1980) lists as the paradox's fourth alleged
"assumption" that "robustness of parametric tests is
greatly reduced by skewness," although it is a known
fact in support of which the criticized article gave both
references and empirical robustness data (in Table 2 of
Bradley, 1975) based upon samples drawn from the very
same empirical population (Figure 4 of Bradley , 1975)
whose existence and skewness Childs persists in ignoring.
He tacitly rejects all th is, preferring to cite in refutation
Lindquist's (1953) rather biased (see Bradley , 1978)
account of Norton's 1952 study and a 1968 secondary
source (Kirk, 1968) largely echoing Lindquist. Norton's
study investigated only the F test and did so under mild
conditions generally favorable to robustness. His popula­
tions were artificial (mathematical density functions),
were not Lshaped (none showed an abrupt ascent to the
mode followed by a sharply precipitous descent to a
very long and shallow positive tail), and were much less
skewed than the Lshaped populations obtained so often
under conditions that give rise to the paradox. Norton's
results are therefore irrelevant to the paradox. As men­
tioned earlier, robustness studies using such Lshaped
populations (Bradley, 1968a, 1968b, 1971,1973,1975,
1976, 1978, 1980a , 1980b, 1980c; Wike & Church,
1982) show devastating nonrobustness, and they do so
under a variety of not easily summarized conditions.

FINESSING THE PROBLEM

In discussing ways of avoiding the dangers attendant
upon the paradox, the criticized article (Bradley, 1975)
suggested various ways of circumventing the problem,
the most important of which was to use distribution­
free statistics. (The efficacy of this solution has recently
been shown by Blair and Higgins, 1981.) Childs (1980)
has a different set of suggestions, which are largely
ineffectual: employ multivariate techniques, use trans­
formations , or use repeated-measures designs. Multi­
variate techniques that made no assumptions about the
shape of the distribution would, of course , finesse the
problem (by being distribution free), but not necessarily
otherwise . Increasing the power of an experiment by
using repeated-measures designs does not have any nec­
essary influence upon robustness of Type I error prob­
ability against nonnormality, and this type of robustness
is just as desirable as power robustness. Furthermore, the
power of parametric tests under nonnormality may be
far inferior both to their own power under normality
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and to the power of a nonparametric competitor under
the same nonnormal condition (Blair, Higgins,& Smitley,
1980). It would seem, then, that increasing the power of
parametric tests by using repeated measures would
fmesse the problem only if one knew in advance that the
null hypothesis was false (in which case, there would be
no need to do the experiment) and that the test would
have a power of nearly 1.00 (in which case, graphs of
the data would probably be sufficiently convincing
without any statistical test).

Transformations applied to Lshaped populations
simply cannot alter the fact that the mode is at the
extreme end of the distribution, and this fact hinders the
transformations from greatly reducing skewness. The
effectiveness of the same three transformations men­
tioned by Childs (1980) as "useful for normalizing posi­
tively skewed distributions" [X' =10g(X+ 1) and X' =
VX + (172)] and " for normalizing response time distri­
butions" (X' = l/X) was thoroughly checked out by
Bradley (1982). When applied to Lshaped distributions
(including the empirical L-shaped distribution promi­
nently displayed in the criticized article but ignored by
Childs), the recommended transformations "(1) were
highly unsuccessful in most cases and never were com­
pletely satisfactory, (2) were least successful in those
cases in which they were most needed (l.e., when L­
shapedness was greatest), and (3) when most successful,
were most adversely influenced by the location of the
distribution, which in turn may be a function of strictly
arbitrary or fortuitous experimental cond itions (such as
. . . the distance through which the subject's hand must
travel to operate the push button). It would seem, then ,
that transformations can hardly be relied upon to solve
the problem of Lshaped distributions" (Bradley, 1982,
p.86). Wike and Church (1982) have also applied log,
square-root, and reciprocal transformations to one of
Bradley's Lshaped populations and found them ineffec­
tual. Transformations work much better upon the mildly
skewed distributions having the lopsided hump shapes so
familiarly displayed in elementary statistical textbooks.
But the more skewed distributions accompanying the
optimal-pessimal paradox tend to be L-shaped.

THE PROBLEM TRANSCENDS rae PARADOX

The paradox is restricted to a particular type of
experimental situation in which the dependent variable
is time scores that are increased by the occurrence of
errors. The problem posed by it is that when errors are
infrequent, the distribution of scores tends to become
Lshaped and that such highly skewed distributions are
extremely conducive to nonrobustness. However, badly
skewed L-shaped distributions can occur for a large
variety of reasons under many diverse situations (Blair,
1979; Bradley, 1977), only one of which is the situation
to which the paradox refers . Therefore, the problem
created by the hazard of Lshaped populations and con-
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sequent nonrobustness is considerably more likely to be
encountered than is the optimal-pessimal paradox, which
is simply a subcategory of the larger problem.

SUMMARY

The optimal-pessimal paradox applies when the dependent
variable is time scores for a task subject to errors that delay its
completion. The paradox is not further encumbered by fragile
and unlikely conditions of the type imagined by Childs (1980).
Furthermore, L-shaped distributions that may have devastating
effects upon robustness can occur under a variety of experi­
mental circumstances, only one of which is th at involved in the
paradox. So the hazards associated with the paradox actually
transcend the paradox itself. The optimal-pessimal paradox is
inconvenient, vexatious, and embarrassing, but it is an empirical
fact that cannot be dismissed by treating it as a conjecture or
attacking fictitious "assumptions."
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NOTES

1. The most appropriate time and place for a reply are
immediately and in the same journal in which one has been
attacked. A reply to Childs was submitted to Human Factorsin
September 1980 and accepted, after revision. However , it was
subsequently withdrawn from publication due to disputes over
postacceptance editorial changes that I felt vitiated the reply.

2. These studies (Bradley , 1971 , 1973) of the central limit
effect upon the standardized sample mean, Z =<X - 1l)!(o!.Jn),
may be equally regarded as studies of the robustness of the one­
sample Z test against nonnormality, since (under a given viola­
tion of the normality assumption) that robustness is entirely
attribu table to the central limit effect.
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