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ABSTRACT

One feature recognized as a possible indication of fraudulent research is a deficit or excess of zeroes as 
terminal digits, compared to an expected rate of ten percent, in coefficients reported for regression and 
standard error coefficients. Some have translated various percentages of zeroes as terminal digits into an 
anomaly measure (e.g., fewer than three percent or more than twenty percent of zeroes as terminal digits 
might be classified as a “major” anomaly while 3.01 to 5.00% or 15.00 to 19.99% might be classified as 
a “moderate” anomaly). However, it has not been clear if such ordinal classifications have any meaning 
in terms of probability or statistical significance. The probability levels of various anomaly levels are 
presented and illustrated by an analysis of terminal zeroes in 16 research articles published by Dr. Eric 
Stewart, who has been accused of fabrication of data or results in several of his scientific publications. It 
is unlikely to find low probability levels (< .05) for coefficient samples of less than 50 cases but moderate 
or major anomalies usually have low probabilities for samples of more than 50 to 100 cases. In the case 
of Dr. Stewart, more than a dozen of his published articles featured probabilities below 5% with respect 
to zeroes as terminal digits. Using percentage classifications to create an anomaly measure for terminal 
digits appears to be useful when cases exceed fifty or sixty. 
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Introduction
There are many ways to try to detect if research has been ma-

nipulated or fabricated [1,2]. In some cases, probability formulas 
can assist in such efforts [3]. An excess or deficit of terminal digits 
in regression coefficients and their standard errors may signal data 
manipulation or even fabrication [4,5] because terminal digits should 
be approximately random (i.e., zero would occur about 10% of the 
time). Recently, Dr. Eric Stewart has been accused of fabricating his 
data or results [6-8] and was fired from his position as a full professor 

at Florida State University in March 2023. One of the factors involved 
in detecting anomalies in his publications was a frequent deficit or 
excess of zeroes as terminal digits in his results [9-11] where anom-
alies in terminal digits were classified by percentage; major anoma-
ly (3% or fewer zeroes or 20% or more zeroes, moderate anomaly 
(3.01-5.00% or 15% to 19.99%), or slight anomaly (5.01 to 6.99% 
or 13.01 to 14.99%). The advantage of classification by percentage 
is that, regardless of the number of coefficients involved, the same 
standard can be applied to all articles in question. However, it is prob-
able that with very small samples of coefficients, percentage-based 
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classifications might yield anomaly classifications that were not sta-
tistically significant. 

Objectives
First, binomial tests will be used to assess the validity of percent-

age-based anomaly classifications for different sample sizes of coeffi-
cients with terminal digits. Second, anomaly classifications assigned 
to articles authored by Dr. Stewart will be tested to determine how 
many might have been misclassified. 

Methods
The most obvious issue with terminal digits that do not end in 

zero would be when there were no digits ending in zero or perhaps 
only one or two at most. But under what sample sizes (of coefficients) 
would such small numbers be lower than the expected ten percent 
and to also be statistically significant at levels of p < .05 or p < .10? 
Since the expected probability of a random digit is ten percent and 
since terminal digits in regression/standard error coefficients are ap-
proximately random, binomial tests can be used to assess the proba-
bilities of given levels of occurrence of terminal digits. Here the focus 
will be on zeroes as terminal digits since such zeroes appear to be 
associated with fabricated research [4,5] and have been common in 
Dr. Stewart’s research [9-11]. Specifically, if we have 50 or any oth-
er number of coefficients, we can use binomial tests to calculate the 
probability of obtaining any number of zeroes or range of zeroes as 
terminal digits. 

Using binomial tests [www.socscistatistics/tests/binomial/de-
fault2.aspx], it is apparent that 0 terminal digits of zero out of 29 or 
more cases/coefficients would be significant (p < .05) or 0/22 or more 
close to significant (p < .10). Likewise, combinations of 1/46 and 1/38 
or 2/61 and 2/52 will yield similar levels of probability. At the same 
time, a ratio of 0/20 might seem unusual, but it would not be statisti-
cally significant. Anomaly levels created as ordinal measures to assess 
indications of possibly fabricated data or results will be evaluated for 
coefficient sample sizes of 100, 200, 300, and 500. Sixteen articles by 
Dr. Eric Stewart that were assigned moderate or major anomaly levels 

because of unusual patterns of terminal digit zeroes will be re-evalu-
ated in terms of probability levels.

Results 
What would the significance levels be for the classifications used 

by Schumm and his colleagues [9-11] for different sample sizes of 
coefficients evaluated? In (Table 1), results are provided for unusu-
ally low percentages of terminal digits ending in zero, for sample siz-
es of coefficients of 100, 200, 300, and 500. In (Table 2), results are 
provided for unusually high percentages of terminal digits ending in 
zero, for sample sizes of coefficients of 100, 200, 300, or 500 (Table 
3). Schumm and his colleagues used a range of 7-13% to represent a 
normal level of terminal digit zeroes. Was that accurate? For n = 100, 
200, 300, and 500 the probability of an outcome falling in that range 
are, respectively, .60, .80, .90, and .97. In all four examples, a majority 
of the time, the expected outcome was within the range of 7-13%.

Table 1: Probabilities associated with lower than expected percent-
ages of zeroes as terminal digits.

N
Slight Anomaly

5.01 – 6.99%

Moderate Anomaly

3.01 – 4.99%

Major Anomaly

3% or lower

100 .1563 .0498 .0078

200 .0850 .00795 .0002

300 .0445 .0013 <.000001

500 .0123 <.0001 <.00000001

Table 2: Probabilities associated with higher than expected percent-

ages of zeroes as terminal digits.

N
Slight Anomaly

13.01 – 14.99%

Moderate Anomaly

15.00 – 19.99%

Major Anomaly

20% or higher

100 .1256 .0706 .0020

200 .0842 .0163 <.0001

300 .0508 .0041 <.000001

500 .0177 .0003 <.00000001

Table 3: Classifications of Stewart Publications with Moderate to Major Anomalies for Terminal Digits and Associated Significance Levels.

Articles
Year of

Article

Number of Coefficients

Assessed
Number of Termi-
nal Digits of Zero

Percent

of Zeroes

Anomaly

Classifications
Probability 

Level

Stewart, Simons, Conger [12] 2000 7 0 0.00 Major < .48

Munoz, Lopez, Stewart [13] 1998 12 4 0.33 Major .026

Mears, Stewart, Warren, Simons [14] 2017 28 1 .036 Moderate <.22

Stewart, Simons. Conger, Scaramella 
[15] 2002 34 1 .029 Major .133

Stewart, Elifson, Sterk [16] 2004 40 0 0.00 Major .015

Intravia, Wolff, Stewart, Simons [17] 2014 88 0 0.00 Major .006

Mears, Mancini Stewart [18] 2009 72 2 .028 Major .021

Berg, Stewart, Schreck, Simons [19] 2012 76 1 .013 Major .003
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Stewart, Simons, Conger [20] 2002 100 2 .020 Major .002

Berg, Stewart, Brunson, Simons [21] 2012 109 5 .046 Moderate .033

Tomlinson, Mears, Turanovic, Stewart 
[22] 2021 116 5 .043 Moderate .021

Stewart, Simons [23] 2006 120 0 0.00 Major <.00001

Mears, Stewart, Siennick, Simons [24] 2013 154 1 .006 Major <.00001

Stewart, Schreck, Simons [25] 2006 172 1 .006 Major <.000001

Berg, Stewart, Stewart, Simons [26] 2013 204 6 .029 Major <.0002

Montes, Mears, Stewart [27] 2020 378 101 .267 Major <.0000001

Discussion
Even with a lack of zeroes as terminal digits, a sample of coef-

ficients must be at least of 29 tests to yield a probability below .05. 
With one or two zeroes, samples of 46 or 61 coefficients, respective-
ly, are needed for a probability below .05. For samples of 100, major 
anomalies, as defined by Schumm et al. [6-8], would have probabili-
ties < .01, while moderate anomalies would have probabilities < .05. 
For samples of 300 coefficients, slight anomalies would have proba-
bilities < .05. Approximately, levels of anomalies correspond to their 
statistical probabilities. As a practical illustration, articles by Stewart 
and his colleagues that had 40 or more coefficients and had been rat-
ed as having moderate or major anomalies with respect to zeroes as 
terminal digits also featured probabilities below .05, while those ar-
ticles with fewer than 35 coefficients usually featured probabilities > 
.05 even if rated as having moderate or major anomalies with respect 
to zeroes as terminal digits. 

In conclusion, for samples with more than 50 coefficients that can 
be tested for terminal digits, ratings of moderate to major anomalies 
appear to make statistical sense. For samples of 200 or more coeffi-
cients, even ratings for slight anomalies will feature relevant trends, 
with probabilities below .10, even below .05 for samples of 300 or 
more coefficients. These results can help future researchers more 
quickly evaluate apparent discrepancies in percentages of terminal 
digits, especially in terms of zeroes as terminal digits. While some of 
the anomaly classifications used by Schumm and his colleagues [7-9] 
for evaluating Stewart’s research did not feature probabilities below 
.05, it may be reasonable to consider a nearly complete lack of termi-
nal zeroes as an issue of concern, even when not significant, in the 
context of numerous articles with far larger samples of coefficients 
that also featured few, if any, or large excesses of terminal zeroes. 

If a scholar publishes large numbers of articles in which there are 
unusual percentages of zeroes as terminal digits (either too many or 
too few compared to the expected ten percent) even articles with [6-
11] so few cases as to be of only moderate probabilities may contrib-
ute to an overall pattern of anomalies in terms of zeroes as terminal 
digits. Probabilities associated with lower or higher than expected 
percentages of zeroes as terminal digits are one among other indica-
tions of anomalies that might signal scientific misconduct, even fabri-
cation of data or results [12-27].
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