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OBSERVER VARIABILITY IN ESTIMATING NUMBERS:
AN EXPERIMENT -

By R. MicHAEL ERwIN

Census estimates of bird populations provide an essential framework
for a host of research and management questions. However, with some
exceptions (Matthews 1960, LeResche and Rausch 1974, Caughley 1974,
Caughley et al. 1976), the reliability of numerical estimates and the
factors influencing them have received insufficient attention. Indepen-
dent of the problems associated with habitat type, weather conditions
(Stott and Olson 1972), cryptic coloration, etc., estimates may vary
widely due only to intrinsic differences in observers’ abilities to estimate
numbers (LeResche and Rausch 1974, Prater 1979, Erwin 1979, 1980).

Lessons learned in the field of perceptual psychology may be usefully
applied to “real world” problems in field ornithology. Based largely on
dot discrimination tests in the laboratory, it was found that numerical
abundance (Jerons 1871, Kaufman et al. 1949, Krueger 1972, Indow
and Ida 1977), density of objects (Horne and Allee 1971, Class 1972),
spatial configuration (Lechelt and Tanne 1976), color, background, and
other variables influence individual accuracy in estimating numbers.

The primary purpose of the present experiment was to assess the
effects of observer, prior experience, and numerical range on accuracy
in estimating numbers of waterfowl from black-and-white photographs.
By using photographs of animals rather than black dots, I felt the results
could be applied more meaningfully to field situations. Further, rein-
forcement was provided throughout some experiments to examine the
influence of training on accuracy.

METHODS

Fifty 23 cm?® black-and-white vertical aerial photographs of rafting
Canvasbacks (dythya valisineria) were selected with total counts ranging
from 40 to 3100 birds. Only those photographs were used which had
high clarity and uniform (water) background. Most of the photographs
had been slightly overexposed, reducing the contrast differences of male
and female ducks in mixed rafts. The photographs were divided into
5 groups of 10 so that each “observer” could be tested over 5 consecutive
days. Each group of 10 photographs contained a roughly even distri-
bution of numbers in each of the following size ranges: <100, 100-250,
251-500, 501-750, 1000-2000, >2000. Because of the limited number
of photographs, only one photograph per day was used in the 501-750
size range. All other size ranges usually had 2 photographs per day.
Presentation time allowed for each photograph varied from 15 s (for
<250 birds) to one min (>1000 birds).

Three observers were chosen in each of three experience categories:
inexperienced (no previous experience in estimating bird numbers),
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past experience (3 seasons of experience in counting or estimating wa-
terfowl from aircraft and/or aerial photographs, but no practice in the
past 3 years), and recent experience (either current aerial estimation
work or within the past year). All observers were male professional wild-
life biologists or managers. Each observer was tested alone during 20-
min morning sessions conducted over 5 consecutive days in the same
location.

As one type of training, reinforcement was given in which the ob-
server would first estimate the number of birds on the photograph. The
experimenter then would reveal the correct number. Estimates were
compared with actual counts for each photograph, day (totals from 10
photographs), and the overall experiment (totals from 50 photographs)
for each observer.

As a separate experiment, 20 photographs (days 4 and 5) were used
during one session of non-reinforcement in which correct counts were
not revealed. The 3 observers with recent experience were tested one
week prior to the reinforcement tests. Three additional inexperienced
observers were used in the non-reinforcement session.

Data were analyzed by parametric and non-parametric tests (Siegel
1956). The Statistical Analysis System (SAS) (Barr et al. 1979) was used
for ANOVA procedures.

RESULTS

Reinforcement tests.—The results of the experiments involving rein-
forcement are summarized and divided into those based on mean ac-
curacy for individual photographs (Table 1) and those based on daily
totals of 10 photographs (Table 2). The daily means from Table 1 were
analyzed by analysis of variance (SAS - General Linear Model (GLM),
Barr et al. 1979), using a split plot design. The effects of experience
level, training (5 daily trials), and observers (nested within experience
level) were examined. None of the factors singly (or interactions) ac-
counted for a significant fraction of the variance (for experience, F =
0.12, df = 2, 6, P = .89; daily training, F = 3.66, df = 1, 33, P = .10).

Reinforcement as a training method apparently achieved little im-
provement in accuracy during the 5-day period (Table 1). In only one
of 9 trials was the fifth day the “best” (=most accurate). Conversely, the
first day was the worst for only 3 of the 9.

The above results reveal that experience level has little bearing on
accuracy in estimating numbers. Because of small sample size and vari-
ability, a power analysis (Steel and Torrie 1960, Cohen 1977) showed
that differences between 2 specified treatments of 77% or greater could
be detected with 95% probability (power) when testing at the 95% con-
fidence level (Steel and Torrie 1960:154-156).

Despite the high error rates found (Tables 1 and 2) by all observers,
the overall deviations (50 photographs) were surprisingly low for most
observers (Table 2). With one exception, all observers were within 10%
of the total figure.
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Tasre 1. Summary of results showing daily mean % error' of numerical estimates of
waterfowl on photographs (with reinforcement).

Day Overall
Ob-
Experience level server 1 2 3 4 5 Dalyx 8 CV?
Inexperienced 1 348 187 222 115 157 206 787 43
2 20.4 12.1 126 206 19.7 17.1 18.8 25
3 384 187 195 181 259 241 735 36
Past experience 1 206 119 1383 137 139 147 116 23
2 120 193 193 149 13.2 15.7 11.6 22
3 322 353 163 216 239 259 607 30

Recent experience 1 235 20,6 274 27.1 134 219 278 24
2 158 208 21.7 216 20.1 20.0 59 12
3 28.9 255 552 285 296 33.5 149.1 36

! Each daily trial consisted of 10 photographs.
2 Coefficient of variability, S/x X 100.

The effect of numerical magnitude on estimation accuracy and di-
rection of deviation can best be examined by partitioning the numerical
range into 3 broad classes (Table 3). Each photograph was placed in the
appropriate size category and scored; + indicating overestimation, —
indicating underestimation. Two null hypotheses were tested. The first
is that equal proportions of over- (+) and underestimates (—) are ex-
pected across the 3 size ranges. Combining responses of the 3 observers
in each experience level, results indicated that only those observers with
recent experience were significantly affected by numerical range in their
tendency to over- or underestimate. A second hypothesis was simply
that, within each size category, equal proportions of overestimates and
underestimates are expected. Chi-square tests conducted on the com-
bined responses for each experience level revealed that both inexperi-
enced observers (x* = 11.26, df = 3, P < .05) and those with recent ex-
perience (x* = 8.76, df = 3, P < .05) were significantly skewed while
observers with past experience showed no departure from a 50:50 prob-
ability (x* = 2.98, df = 3, P > .90).

To briefly summarize these two tests, two points are clear: (1) inex-
perienced observers underestimate across all numerical categories, (2)
observers with recent experience consistently underestimated only in
the smaller size category. It is noteworthy that of all 6 experienced
observers, only one consistently underestimated across all size ranges.
Least squares regression lines are compared for all 9 observers in
Fig. 1.

Reinforcement after each photograph in each daily trial allowed me
to examine the pattern of overestimation and underestimation by the
observers using a runs test (Siegel 1956). The sequence of + (over) and
— (under) signs was analyzed daily for each observer. For no observers
did the pattern deviate significantly from random.
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Tasre 3. Effect of numerical magnitude on tendency to over- (+) and underestimate
—) numbers' in reinforcement tests.

Numerical range category

40-300 301-750 1000-3100
Experience level Observer + - + - + -
Inexperienced 1 11 9 5 8 5 12
2 9 9 3 9 6 11
3 6 13 4 9 6 11
Totals 26 31 12 26 17 34
x?=2.50,P > .05
Past experience 1 9 11 8 5 8 9
2 9 11 7 6 8 7
3 6 14 6 7 10 6
Totals 24 36 21 18 26 22
x? =283, P> .05
Recent experience 1 7 10 8 5 7 9
2 5 14 ) 8 4 11
3 5 15 7 5 13 3
Totals 17 39 20 18 24 23

?=6.34, P < .05

' Where accuracy was within 1%, the photograph was not used in the table.

Non-reinforcement test—To compare the accuracy of reinforced vs.
non-reinforced estimates, I compared results from the same set of 20
photographs (non-reinforced the first week, reinforced the second) for
the 3 experienced (recent) observers (Table 4). There was no recollec-
tion by any observers that the photographs had been seen the previous
week; therefore, the trials were assumed to be independent. For only
one (#1) of the three observers was there a significant difference in
accuracy because of reinforcement (Table 4, 3rd line for each observer).
One observer (#1) was more accurate due to reinforcement, one showed
no significant difference (#3), and one (#2) was actually less accurate.
A fixed-effects ANOVA test using observers as one effect verified a
significant difference among observers (F = 4.06, df = 2, 56, P = .02).

In non-reinforced tests, as with reinforcement (above), the 3 addi-
tional inexperienced observers showed a much stronger tendency to
underestimate (59 of 60 photographs) than did the observers with recent
experience (39 of 60).

Unlike the above tests with reinforcement, there was a detectable dif-
ference between the mean accuracy of the inexperienced and recently
experienced observers. Inexperienced observers had mean % errors of
35, 45, 53, whereas experienced observers had 24, 29, and 34% errors
(Mann-Whitney U = 0, P = .05).

Density effects.—The density of birds on the photographs varied suf-
ficiently (6-35 birds/cm?) to compare density effect on accuracy and
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Ficure 1. The effect of numerical range on estimation accuracy of 3 groups of observers,
inexperienced (I), those with past experience (PE), and those with recent experience
(RE), based on 50 photographs. Lines are derived from least squares regression for
each individual. Numerical range is shown on a log scale.

tendencies to over- or underestimate. Five photographs with sparse den-
sity (<18 birds/cm?, range 6.7-18.0) and 5 “dense” photos (>23 birds/
cm?, range 23.3-32.7) were used in the size range 400-700. I attempted
to minimize other differences between the groups such as background
contrast, spatial configuration (circular vs. linear array), etc.

Using the mean % error of all observers for each photograph, no
difference was found in accuracy between sparse and dense groups
(Mann-Whitney U = 7, P = .155). There was a tendency, however, for
the dense photographs to be underestimated by a greater amount than
the sparse photographs. Pairing mean % deviations of the dense vs.
sparse photos for each of the 9 observers showed that, in 7 of 9 cases,
estimates were lower for dense photos than for sparse (Sign test, P =
.09), an important (although not statistically significant) difference.

DISCUSSION

As with earlier studies, the results revealed that variation among ob-
servers was substantial even within the same experience level (LeResche
and Rausch 1974, Caughley et al. 1976, Prater 1979). Although there
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TaBLE 4. Paired-t comparison of reinforced (RE) vs. non-reinforced! (NR) estimates of
photographic counts (CT) of waterfowl by 3 experienced observers using 20 photographs.

Observer Variable (4% T P
1 NR - CT? 653 -0.69 0.50
RE — CT? 229 1.95 0.07
RE — NR* 211 —-2.12 0.05
2 NR-CT 268 1.67 0.11
RE - CT 150 2.99 0.01
RE — NR 1714 0.26 0.80
3 NR-CT 164 —-2.72 0.01
RE - CT 290 —1.54 0.14
RE — NR 339 —1.32 0.20

! Non-reinforced estimates made one week prior to the experiment using reinforce-
ment.

2 Comparison of non-reinforced estimate with actual count.

3 Comparison of reinforced estimate with actual count.

* Comparison of reinforced estimate with non-reinforced estimate.

was little relationship between experience and accuracy (except when
not reinforced), the underestimation tendency was consistent for 6 in-
experienced observers. This tendency is believed to be nearly universal
once the numerical range exceeds 10 (Kaufman et al. 1949). The rela-
tion between actual and estimated numbers can be expressed as: R =
kS?, where R = estimated number, S = actual number, k = constant,
and a may vary between .85 (Krueger 1972) and 1.34 (Stevens 1957)
with other studies confirming the .85 range (Indow and Ida 1977). The
form of this equation indicates that, beyond the 100-200 range, the
slope changes only slightly. However, the psychological experiments
from which these relationships were derived were mostly confined to
the numerical range 0 to 300.

Results from this experiment run counter to those reported above.
Although 5 of the “reinforced” observers showed an overall tendency
to underestimate, only 2 did so consistently (as psychological tests would
predict) across all numerical ranges (Tables 2 and 3). Two experienced
observers strongly over-estimated large numbers but underestimated
small ones. McLandress (1979) found that he overestimated the num-
bers of Ross’ Geese (Anser rossii) when flock size exceeded 1500 birds.
Second, in the range 300 to 750, the response behavior of 5 of the 9
observers appeared to shift (Table 3) indicating that perhaps a threshold
of some type was exceeded. This finding is consistent with some empir-
ical data on Snow Geese (Anser caerulescens) (H. Lumsden, unpubl. data
cited in Ferguson and Kuck 1979) in which flock sizes exceeding 500
seem to introduce significant bias in aerial surveys. Additional data are
required in more finely-divided size range categories before any thresh-
old size can be accurately defined. At the lower end of the scale, a
perceptual switch has been shown to occur in the n = 6 range (Miller
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and Baker 1968). It may be that there are a number of thresholds in
the range 500 to 25,000, ranges that biologists may often encounter
when conducting waterfowl surveys or seabird inventories.

The relative accuracy in the overall (50 photos) estimate for 8 of the
9 observers (Table 2) should encourage field ornithologists who conduct
regional censuses. In many cases, the accuracy in estimating a single
aggregation or flock is much less essential than is determining a reliable
cumulative estimate.

In addition to numerical range, density appeared to have some effect
on the tendency to underestimate. These results are consistent with
those reported by psychologists (Horne and Allee 1971, Class 1972).

As an epilogue, I would comment that this experiment, while an im-
provement in realism over dot tests, still does not simulate the field
situation. Nonetheless, the single problem of numerical estimation is far
greater for many migratory birds (e.g., open-water wintering waterfowl,
roosting blackbirds, shorebirds, and colonially nesting seabirds) than are
problems associated with dense habitats and/or small, cryptic animals
(Isakov 1963).

SUMMARY

The effects of observer differences, prior experience, training, and
numerical magnitude on accuracy in estimating numbers of birds from
photographs were examined. Groups of 10 vertical photographs of wa-
terfowl were shown on 5 consecutive days to 3 observers in each of 3
experience groups: inexperienced, those with past experience, and
those with recent experience. Results from reinforcement tests showed
that, because of marked individual differences, the effects of experience
level and training on estimation accuracy were not statistically signifi-
cant. Without reinforcement, however, experienced observers were
more accurate than inexperienced observers. The most apparent pat-
tern was for inexperienced observers (n = 6) to underestimate across all
numerical ranges, but most strongly when N > 1000. Observers with
recent experience (n = 3) only underestimated when numbers were
small (<300). Despite large errors made on individual photographs by
all observers, the overall deviations (summed over 50 photos) were very
low. Eight of the 9 observers’ estimates were within 10% of the total
count when reinforcement was given. Density of the birds on the pho-
tographs appeared to have a very limited effect on both accuracy and
tendency to underestimate. The results are discussed in relation to find-
ings by perceptual psychologists and to applications for bird censusing.
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