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In this manner, the procedure assesses and accumulates
merits and demerits for all pairs of temporally adjacent
cartographic snapshots. If the data represent 21 individual
years, for example, it accumulates binned scores for 20
separate year-to-year transitions.

DATA

Trial runs based on a set of test data served three objec-
tives: (1) to explore the sensitivity of solutions to the values
of the four parameters, (2) to demonstrate how the binned
scores can be used to establish category breaks, and (3) to
serve as a basis for discussing how and why category change
might be minimized.

The data for these trial runs were yearly average civilian
unemployment rates estimated for the 50 United States and
for the 21-year period 1970 through 1990. As displayed in
Figure 4, state-level unemployment rates ranged from 2.0
percent for Florida in 1973 to 18.0 percent for West Virginia
in 1983. In general, unemployment in the United States
(represented by the bold line on the graph) was under 6 per-
cent through 1974, jumped sharply in 1975, declined steadily
through 1979, rose progressively toward a higher level in

1982 and 1983, and then fell back to less than 6 percent by
1988. But the national trend is merely the average of a
multitude of regional trends and local anomalies reflected
by the complex zig-zag lines in Figure 4. The difficulty of
identifying clear yet meaningful minimum-change breaks
in the data raises the question: Can class intervals have a
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FIGURE 4. Time-series graph showing trends in yearly average unemploy-
ment rate, for each state and the United States as a whole (thick line), for
the 21-year period 1970 through 1990.

significant effect on the visual stability of a dynamic
spatial-temporal map?

To examine separately the relative contributions of de-
merits for small changes and merits for large changes,
separate sets of binned scores were generated for the
minimum and maximum thresholds (A, and A,). The first
set is based on a demerit value M- of -1.0, and the second
set is based on a merit parameter M + of 1.0. (To separate
demerits from merits, I set M + to zero for the first series
of calculations and set M- to zero for the second.) A final
trial provided a composite solution based on representative
values of all four parameters. Because the data were reported
to the nearest tenth of a percent, and because a conscien-
tious map author would not automatically round class
intervals to the nearest whole-number percentages—
especially for a range between only 2.0 and 18.0 percent—
the level of resolution was set at 0.1, which divides the range
into exactly 160 bins.

RESULTS

The first set of trials included nine solutions for which the
minimum threshold A, ranged from 0.1 to 0.9 in increments
of 0.1, and four solutions for which the threshold ranged
from 1 to 4 in increments of 1. As shown in Figure 5 for
the first group, the pattern of demerits descends from both
ends of the range, with extremely negative demerits most
prominent between 5.0 and 6.5 percent—the interval
around which most state unemployment rates fluctuated

Demerit scores based on minimum threshold
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FIGURE 5. Pattern of demerits accumulated for bins between 2.0 and
12.0 percent with minimum threshold A, ranging in increments of 0.1 from
0.1 (uppermost, innermost curve) to 0.9 (lowermost, outermost curve).
The horizontal scales of Figures 5-8 are truncated because both merits
and demerits were zero or minimally insignificant for bins representing
unemployment rates greater than 12 percent.
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in the early and late 1970s as well as in the late 1980s.
Especially noteworthy are the substantial rises and falls at
several places along the demerit curve; these abrupt varia-
tions suggest that displacing a class break a few tenths of
a percent might reduce by 20 or more the number of cate-
gory changes. In general, though, the demerit curves slope
more steeply downward from the lower end of the range
than from the upper end, which is zero or nearly so for
unemployment rates greater than 11 percent. Although in-
creasing the minimum threshold treats more changes as
“trivial,” accumulates many more demerits, and pushes the
curve of binned scores even lower, the patterns of inflec-
tions and incisions are strikingly similar—the product-
moment correlations between the upper and lower sets of
scores graphed in Figure 5 is 0.70.

Similar patterns are still apparent in Figure 6, which
illustrates the effects of awarding demerits for changes as
great as 4.0 percent. In general, increasing the minimum
threshold forces the curve not only lower but also to the
right, that is, toward the higher end of the range, where
moderately large changes in the unemployment rate have
been more common. Because of this skew, the bivariate
correlation between the uppermost curve in Figure 3, re-
flecting a minimum threshold of 0.1, and the lowermost
curve in Figure 6, reflecting a minimum threshold of 4,
drops to only 0.51.

The second set of trials included six solutions for which
the maximum threshold A, ranged from 1 to 6 in increments
of 1. As Figure 7 illustrates, the pattern of accumulated
merit scores rises at about the same rate from both ends
of the truncated range, with a higher, more prominent peak
for a maximum threshold of 1, and a vague, comparatively
insignificant curve for maximum thresholds of 5 and 6,
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FIGURE 6. Pattern of demerits accumulated for bins between 2.0 and
12.0 percent with minimum threshold A, ranging in increments of 1 from
1 (uppermost, innermost curve) to 4 (lowermost, outermost curve).

which few year-to-year state-level changes exceeded. Rais-
ing the maximum threshold yields a smoother, less jagged
pattern of scores and forces the peak toward the upper end
of the range, where large changes have been more common.
In general, the curves in Figure 7 are less jagged than those
in Figures 5 and 6, indicating that the merits awarded sub-
stantial changes vary less from bin to bin than the demerits
awarded trivial changes.

Figure 8 illustrates how demerits and merits might be
combined and used to influence the selection of class inter-
vals. The curve represents binned scores accumulated with
demerits of -1 assigned for changes less than or equal to
0.9 and merits of + 1 assigned for changes greater than or
equal to 4. Negative scores outnumber positive ones because
“trivial” changes, thus defined, are more common than
“substantial” changes. The resulting scores are thus more
suited for avoiding meretricious changes in category than
for assuring that class breaks point out major changes.

In general, the higher a category break lies on the curve,
the more temporally stable the resulting map. Consider, for
example, a three-class map with one break below 3 percent
and the other break above 9 percent. With both breaks well
away from the low part of the curve, the map would have
a comparatively stable pattern. But because its low and high
categories would have few members, the map would be
much less informative than if these extreme categories were
broader. For this reason, the map author eager to balance
informativeness with temporal stability might note the
sharp upward jerk in Figure 8 for the bin between 5.6 and
5.7. A lower category running from 2.0 to 5.6 percent yields
22 fewer trivial changes than a lower category running from

Merit scores based on maximum threshold
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FIGURE 7. Pattern of merits accumulated for bins between 2.0 and 12.0
percent with maximum threshold A, ranging in increments of 1 from 1
(uppermost, outermost curve) to 6 (lowermost, innermost curve). The three
lowermost curves (for A, of 4, 5, and 6) are too low and flat to accom-
modate labels.
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2.0to 5.5 percent. Similarly, an upper category from 8.9 to
18.0 would yield 10 fewer trivial breaks than an upper
category from 9.3 to 18.0. But whether such small improve-
ments in temporal stability warrant consideration is ques-
tionable, especially if trivial shifts account for a small pro-
portion of all category transitions. With the United States
unemployment data, for instance, the “best” three-category
solution based on Figure 8 (with intervals 2.0-5.6, 5.7-8.8,
and 8.9-18.0) acutally yielded a visually busier map (with
264 category shifts) than the “worst” three-category solu-
tion (with intervals 2.0-5.5, 5.6-9.2, and 9.3-18.0 producing
only 249 category shifts.) Yet as paradoxical as this com-
parison of category shifts might seem, the first solution will
have fewer “trivial” transitions and thus better represent
the data than the second.

DISCUSSION

Although other test data sets might yield more compel-
ling and impressive results, this exercise has usefully
demonstrated that bin scoring can find whatever category
breaks yield fewer inconsequential category changes than
neighboring breaks. Yet, as these results also indicate, a
break with fewer trivial category changes need not yield a
less busy, more temporally stable dynamic cartographic
time series. Moreover, a substantial improvement is not
guaranteed—while the bin-scoring method can identify
relatively stable, more meaningful solutions, the data might
not yield a “best” solution that is markedly more stable
than a “worst” solution.

The demonstration examined but one bin-scoring ap-
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FIGURE 8. Pattern of binned scores for a composite evaluation with a
minimum of threshold of 0.9 used to assess demerits of -1.0 for small, more
trivial value changes and a maximum threshold of 4 used to assign merits
of 1.0 for more substantial shifts.

proach, namely, assigning merits (instead of demerits) to
breaks representing large year-to-year changes in value. But
because large changes affect many bins, across a large part
of the range, merits tend to have little impact on the pat-
tern of binned scores. Although assigning merits to major
shifts is theoretically justified because it promotes a more
meaningful temporal map, in practice adding merits to the
bins might not warrant the added complexity.

Further modifications are possible. Scoring could weigh
more heavily shifts in value than conform to the overall
trend by rising when the national average rises and falling
when the nation as a whole falls. Yet the map author who
considers anomalies more significant than general trends
could chose to weigh contrarian shifts (anomalous changes
significantly out of step with the nation as a whole) more
heavily. Another modification might assign greater import
to shifts at the lower end of the range, thereby recognizing,
for example, that a 2-percent rise in the unemployment rate
from 2 to 4 percent is proportionately more significant than
a 2-percent increase from 16 to 18 percent. An enhanced
scoring method might also ignore or discount temporary
fluctuations (represented by the “spike” on the left side of
Figure 9) so that category changes tend to reflect salient or
steady shifts in value. Abrupt but lasting changes are more
noteworthy, and a small change in value that is part of a
gradual, long-term transition is hardly “trivial.”” The
method might also consider the relative size of ah areal unit
as well as its isolation from other places having a category
change; after all, if the map author wants a visually stable
map, it is more important for a class break to avoid a minor
change in value when the area symbol is large and visually
prominent than when the symbol is either comparatively
small or adjacent to other symbols with a similar change
in category.

CONCLUSIONS

Further experimentation with a variety of representative
or artificial data sets might suggest guidelines for selecting
thresholds and for setting the relative merits and demerits
awarded various situations. These guidelines could be

abrupt fluctuation, abrupt but steady, consistent
or “spike” salient shift transition

minimum maximum

FIGURE 9. Three prototypical shifts in value that the bin-scoring method
might identify and weigh differently.
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useful to map authors intimidated by the apparent com-
plexity of bin scoring and its various options. Graphs such
as Figure 8 and interactive previewing of the visual effects
of various category breaks are important, though, because
the method ought not be applied blindly. Bin scoring can
be a useful tool for making map authors aware of the visual
consequences of decisions about category breaks.

In general, a map author concerned about temporal sta-
bility might either select relatively narrow intervals for the
extreme categories or present the highest and lowest cate-
gories as separate cartographic time series. Experimenta-
tion guided by graphs such as Figure 8 might well suggest
the need for more than one dynamic map. If more than one
temporal two-category map is required, the method pre-
sented here could be helpful in identifying appropriate
category breaks.
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