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Lee and Vickers (2000) suggest that the results of Mac-

Gregor and Ormerod (1996), showing that the response

uncertainty to traveling salesperson problems (TSPs) in-

creases with increasing numbers of nonboundary points,

may have resulted as an artifact of constraints imposed

in the construction of stimuli. The fact that similar pat-

terns of results have been obtained for our “constrained”

stimuli, for a stimulus constructed under different con-

straints, for 13 randomly generated stimuli, and for ran-

dom and patterned 48-point problems provides empirical

evidence that the results are not artifactual. Lee and Vick-

ers further suggest that, even if not artifactual, the results

are in principle limited to arrays of fewer than 50 points

and that, beyond this, the total number of points and

number of nonboundary points are “diagnostically equiv-

alent.” This claim seems to us incorrect, since arrays of

any size can be constructed that will permit experimen-

tal tests of whether problem difficulty is influenced by the

number of nonboundary points, or the total number of

points, or both. We present a reanalysis of our original

data using hierarchical regression analysis which indi-

cates that both factors may influence problem complexity.

The Euclidean form of the traveling salesperson prob-
lem (TSP) consists of finding the shortest path passing
through a set of points in the plane and returning to the
starting point. The results from two experiments reported
by us (MacGregor & Ormerod, 1996) indicated that human
subjects were relatively proficient at solving 10- and 20-
point TSPs, that in generating solutions they were guided
by the boundary points of the problems, and that the dif-
ficulty of these TSPs for human subjects was determined
by the number of nonboundary points. In their comment,
Lee and Vickers (2000) question the generality and/or va-
lidity of the last two conclusions on the grounds of the
stimuli used, proposing “some significant limitations . . .
and one important qualification” (p. 227).

The TSPs in our original experiments were designed
for a particular purpose. In the first experiment, we used
10-point problems ranging in number of interior points
from 1 to 6. We believed that boundary points would not
add to the complexity of TSPs for human subjects, and
we further suspected that points falling close to the
boundary might act effectively like boundary points. Be-
cause of this we took steps to ensure that all of the inte-
rior points were clearly separated from the boundary.
This concern—that problems whose interior points were
close to the boundary would be simpler than those with
more embedded interior points—has since received em-
pirical support (MacGregor, Ormerod, & Chronicle, 1999).
In our second experiment, we used seven 20-point prob-
lems ranging from 4 to 16 interior points. Because we sus-
pected that proximity between interior points would af-
fect solutions, we took additional steps to ensure that
points did not become crowded together in the centers of
the figures. This concern has also been justified empiri-
cally (MacGregor & Ormerod, 1996; MacGregor et al.,
1999). Therefore, we did not, as Lee and Vickers suggest,
sacrifice generality for no benefit, but in an effort to con-
trol for other potentially relevant factors.

Lee and Vickers (2000) argue that the constraints that
we imposed in constructing the stimuli (1) may limit the
generality of the findings, and/or (2) may have generated
them as an artifact. In support of (1), Lee and Vickers
demonstrate that the distribution of points in our stimuli
would have been highly unlikely to have occurred if the
problems had been generated randomly. This is no doubt
the case, since we intentionally constructed our stimuli
to test a specific hypothesis while controlling for other
factors, rather than generated them randomly. The ques-
tion of whether the results generalize to other TSPs, con-
structed on different principles (including random gen-
eration), is very important. In fact, we discussed this
issue in the original article. We also specifically addressed
the issue of artifactual results raised again now by Lee
and Vickers. They suggest that, given the generally cir-
cular forms of the arrays we used, it “is difficult to be-
lieve that subjects would not be sensitive to the high de-
gree of rotational symmetry” (p. 227). This seems to
echo our expressed concern that the circular form of the
problems used might “implicitly have prompted subjects
to pay attention to the boundary of the convex hull” (Mac-
Gregor & Ormerod, 1996, p. 537). However, at the same
time, we also provided two sources of evidence indicat-
ing that the results were not artifactual and that they
would generalize to other problems. First, we used a prob-
lem from the operations research literature that was not
subject to the same construction constraints as were our
own, reported by Barachet (1957) and used by others to
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test solution approaches to TSPs (Dantzig, Fulkerson, &
Johnson, 1959). The results for this problem were con-
sistent with those for our own “constrained” problems,
and subjects continued to exhibit the same performance
characteristics. Second, we reanalyzed previously un-
published data from 13 TSPs ranging from 10 to 60 nodes,
which were generated uniformly at random from an
array that allowed the resulting problems to be plotted on
standard 8.5 � 11 sheets. Again, the pattern of results
was consistent with those obtained with our constrained
TSPs. The evidence that we presented in the original ar-
ticle therefore indicated the same performance charac-
teristics with (1) constrained TSPs, (2) a 10-node TSP
constructed on other principles, and (3) 13 random TSPs.
More recently, we have used two 48-point problems, one
randomly generated, one highly patterned. In both cases,
the results confirmed the previous results, that subjects
produce relatively good solutions and that boundary
points guide the solution process (MacGregor et al., 1999).
Lee and Vickers’s claim that our results are an artifact
does not therefore appear to be supported by the avail-
able evidence.

Lee and Vickers (2000) further propose that even if our
results were not an artifact, the influence of the number
of interior points is limited in principle to TSPs of less
than 50 points or so. They base this conclusion on com-
puter simulations in which arrays varying in size from
10 to 100 points were randomly generated within the unit
square. They observed that the mean and variance of the
number of boundary points appears to asymptote, so that
for problems of around 50 points or greater “the concept
‘total number of points’ is diagnostically equivalent to
the concept ‘number of nonboundary points,’ in the sense
that they effectively differ only by a constant” (p. 228).
If by the term “diagnostic equivalence” Lee and Vickers
mean that the numbers of total points and nonboundary
points will be correlated in large, randomly generated
TSPs, then we agree. However, even if they are corre-
lated in randomly generated arrays, it remains possible
and meaningful to distinguish between the two variables.
Clearly it is possible to construct problems of any de-
sired size in which total number of points and number of
nonboundary points vary orthogonally, thereby allowing
both factors to be tested independently. We feel confi-
dent that if experiments were conducted comparing
TSPs of, say, 200 points having no or few interior points
with TSPs of 100 points having, say, 60 or more interior

points, the former would be much simpler than the latter.
However, until such experiments are conducted, it may
be rash to draw conclusions. Experiments that distinguish
between the effects of total points and interior points could
also be conducted with randomly generated stimuli, if
there is a concern about using specially constructed stim-
uli. For example, this could be done by selecting prob-
lems from the upper and lower ranges of the distribu-
tions of nonboundary points shown in Lee and Vickers’s
Figure 1.

In their closing remarks, Lee and Vickers (2000) cite
results in which they found the optimality of solutions to
random arrays to be “independent of the number of boun-
dary points, although . . . the total number of points did
influence solutions’ speed and response uncertainty”
(p. 228). If Lee and Vickers are correct in stating that the
number of boundary points becomes effectively a con-
stant in large random arrays, then the result must there-
fore mean that both the number of points and the number
of nonboundary points were correlated with performance,
since the two will differ approximately by a constant.
This is consistent with what the MacGregor/Ormerod hy-
pothesis predicts: that performance varies with the num-
ber of nonboundary points.

Finally, we should point to a real limitation of our study
that Lee and Vickers (2000) did not discuss. In our orig-
inal experiments, the number of nonboundary points was
varied while the total number of points was held constant
(at 10 and 20 points for the two experiments, respec-
tively). The results indicated that problem complexity in-
creases with the number of nonboundary points for arrays
of a fixed size. However, the results did not indicate
whether, in addition, complexity varies also with total
number of points, independently of the number of inte-
rior points. To shed some light on this, we reanalyzed our
original data, combining the results from both experi-
ments. Using hierarchical regression analysis with re-
sponse uncertainty as the dependent variable and total
points and interior points as independent variables (en-
tered in that order), we obtained the results in the upper
half of Table 1. They show that the initial effect of total
number of points was significant and substantial, ac-
counting for 66% of the variance in response uncertainty
[F(1,11) � 21.65, p � .001]. Entering the number of in-
terior points next increased R2 by .21 to .87, a significant
increase [change in F(1,10) � 15.50, p � .003]. The
analysis suggests that both total points and number of

Table 1
Hierarchical Regression Analysis of Response Uncertainty

as a Function of Total Number of Points and Number of Interior Points

Independent SE of R2 Sig. F
Variable R R2 Estimate Change F Change df (1) df (2) Change

Analysis 1
Total points .81 .66 3.00 .66 21.65 1 11 .001
Interior points .93 .87 1.97 .21 15.50 1 10 .003

Analysis 2
Interior points .90 .81 2.26 .81 46.39 1 11 .000
Total points .93 .87 1.97 .06 4.50 1 10 .06
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nonboundary points are important factors in problem dif-
ficulty. However, the results are somewhat different if the
number of interior points is the first variable to be entered
in the regression analysis. These results are shown in the
lower part of Table 1. When entered first, the number of
interior points accounts for 81% of the total variance, and
the subsequent inclusion of the total points variable just
fails to add significantly, with an increase in R2 of .06
[change in F(1,10) � 4.50, p � .06]. The ambiguity in
these findings due to the order of entry of the variables is
inherent in regression analysis unless the independent
variables are orthogonal. However, these preliminary re-
sults provide some indication that the total number of
points and the number of interior points may make sig-
nificant independent contributions to the complexity of
TSPs. In this regard, Lee and Vickers (2000) and Mac-
Gregor and Ormerod (1996) may both be partially right.
Clearly, there is a need to clarify the mutual roles of these
factors, and experiments to do so are in preparation.

In closing, we should emphasize that our experiments
have been limited to the Euclidean version of the problem,
which is simpler mathematically than the general TSP. As
we said in our original article (MacGregor & Ormerod,

1996), we expect that the generally good quality of human
solutions that we observed will be limited to problems
presented spatially in the plane and will not generalize
to other representations of the problem.
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