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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.

Introduction

at Florida State University in March 2023. One of the factors involved
in detecting anomalies in his publications was a frequent deficit or

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

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.

Slight Anomaly | Moderate Anomaly Major Anomaly
N 5.01 - 6.99% 3.01 - 4.99% 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.

Slight Anomaly | Moderate Anomaly Major Anomaly
N 13.01 - 14.99% 15.00 - 19.99% 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.

Acticles Year of Number of Coefficients Number of Termi- | Fercent Anomaly Probability
Article Assessed nal Digits of Zero of Zeroes | Classifications Level
Stewart, Simons, Conger [12] 2000 7 0.00 Major < .48
Munoz, Lopez, Stewart [13] 1998 12 4 0.33 Major .026
Mears, Stewart, Warren, Simons [14] 2017 28 .036 Moderate <.22
Stewart, Slmons.[lcstinger, Scaramella 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 .020 Major .002
Berg, Stewart, Brunson, Simons [21] 2012 109 .046 Moderate .033
Tomlinson, Mearff,z"zf]uranovm, Stewart 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 References
Even with a lack of zeroes as terminal digits, a sample of coef- 1. Schumm Walter R, Duane W Crawford, Lorenza Lockett, Abdullah Al-
ficient t be at least of 29 tests to vield bability bel 05 Rashed, Asma bin Ateeq (2021) Nine ways to detect possible scientific
1cients must be at feast o ests to yield a probability below .05. misconduct in research with small (N < 200) samples. Psychology Re-
With one or two zeroes, samples of 46 or 61 coefficients, respective- search and Applications 3(2): 29-40.
ly, are n.eeded for'a probability below .05. For samples of 100, ma]'olr 2. Schumm Walter R, Duane W Crawford, Lorenza Lockett (2019) Patterns of
anomalies, as defined by Schumm et al. [6-8], would have probabili- means and standard deviations with binary variables: A key to detecting
ties < .01, while moderate anomalies would have probabilities < .05. fraudulent research. Biomedical Journal of Scientific & Technical Research
For samples of 300 coefficients, slight anomalies would have proba- 23(1): 17151-17153.
bilities < .05. Approximately, levels of anomalies correspond to their 3. Schumm Walter R (2018) Making sense of probability: What formulas to
statist.ical probabilities. As a practical illustr:jlt.ion, articles by Stewart ‘:;f;e“sceigiccﬁf;eé‘;?;;‘é‘;‘_gg‘;f- Biomedical Journal of Scientific & Techni-
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  * Mosimann James E, Claire V Wiseman, Ruth E Edelman (1995) Data fab-
) e o ) rication: Can people generate random digits? Accountability in Research
terminal digits also featured probabilities below .05, while those ar- 4(1): 31-55.
ticles with fewer than 35 coefficients usually featured probabilities >
. . . Y . P . 5. Mosimann James E, John E Dahlberg, Nancy M Davidian, John W Krueger
.05 even if rated as having moderate or major anomalies with respect (2002) Terminal digits and the examination of questioned data. Account-
to zeroes as terminal digits. ability in Research 9(2): 75-92.
In conclusion, for samples with more than 50 coefficients that can 6. Pickett Justin T (2020) The Stewart retractions: A quantitative and quali-
. L i . . tative analysis. Econ Watch Journal 17(1): 152-190.
be tested for terminal digits, ratings of moderate to major anomalies
appear to make statistical sense. For samples of 200 or more coeffi- 7. Breznau Nate (2021) Does sociology need open science? Societies 11(1):
. . . . . 9-25.
cients, even ratings for slight anomalies will feature relevant trends,
with probabilities below .10, even below .05 for samples of 300 or 8. Savolainen Jukka (2023) Unequal treatment under the flaw: race, crime,
- d retractions. C t Psychol li d .
more coefficients. These results can help future researchers more and retractions. Lurrent Fsychology online acdvance
quickly evaluate apparent discrepancies in percentages of terminal 9. Schumm Walter R, Duane W Crawford, Lorenza Lockett, Asma bin Ateeq,
digit ially in t £ t inal digits. Whil ¢ Abdullah AlRashed (2023) Can retracted social science articles be distin-
181ts, especially 1.n. erms ol zeroes as termina 1g-1 5. tle some 0 guished from non-retracted articles by some of the same authors, using
the anomaly classifications used by Schumm and his colleagues [7-9] Benford’s Law or other statistical methods? Publications 11(14): 1-13.
for (e-valuatmg Stewart’s research- did not feature probabilities be10\fv 10. Schumm Walter R (2023) Assessing last decimal digits in retracted re-
.05, it may be reasonable to consider a nearly complete lack of termi- search articles: Accounting for missing zeroes. SCIREA Journal of Sociol-
nal zeroes as an issue of concern, even when not significant, in the ogy 7(4): 276-286.
context of numerous articles with far larger samples of coefficients 11, Schumm Walter R, Duane W Crawford, Lorenza Lockett, Abdullah Al-
that also featured few, if any, or large excesses of terminal zeroes. Rashed, Asma bin Ateeq (2023) Research anomalies in criminology: How
serious? How extensive over time? And who was responsible? Account-
If a scholar publishes large numbers of articles in which there are ability in Research, online advance.
unusual percentages of zeroes as terminal digits (either too many or 13 stewart Eric A, Ronald L Simons, Rand D Conger (2000) The effects of de-
too few compared to the expected ten percent) even articles with [6- linquency and legal sanctions on parenting behaviors. In: Greer Litton Fox
11] so few cases as to be of only moderate probabilities may contrib- and Michael L. Benson (Eds.)., Families, crime, and criminal justice Sam-
L . ford, CT: JAI Press, pp. 257-279.
ute to an overall pattern of anomalies in terms of zeroes as terminal
digits. Probabilities associated with lower or higher than expected 13- MunozEd A, David A Lopez, Eric A Stewart (1998) Misdemeanor sentenc-
f inal digi her indi ing decisions: The cumulative disadvantage effect of “gringo justice”. His-
percentages of zeroes as terminal digits are one among other indica- panic Journal of Behavioral Sciences 20(3): 298-319.
tions of anomalies that might signal scientific misconduct, even fabri-
14. Mears Daniel P, Eric A Stewart, Patricia Y Warren, Ronald L Simons (2017)

cation of data or results [12-27].

Copyright@ : Walter R Schumm | Biomed ] Sci & Tech Res | BJSTR.MS.ID.008293.

43994



https://dx.doi.org/10.26717/BJSTR.2023.52.008293
http://isaac-scientific.com/images/PaperPDF/PRA_100032_2021081110425716162.pdf
http://isaac-scientific.com/images/PaperPDF/PRA_100032_2021081110425716162.pdf
http://isaac-scientific.com/images/PaperPDF/PRA_100032_2021081110425716162.pdf
http://isaac-scientific.com/images/PaperPDF/PRA_100032_2021081110425716162.pdf
https://econpapers.repec.org/article/abfjournl/v_3a23_3ay_3a2019_3ai_3a1_3ap_3a17151-17153.htm
https://econpapers.repec.org/article/abfjournl/v_3a23_3ay_3a2019_3ai_3a1_3ap_3a17151-17153.htm
https://econpapers.repec.org/article/abfjournl/v_3a23_3ay_3a2019_3ai_3a1_3ap_3a17151-17153.htm
https://econpapers.repec.org/article/abfjournl/v_3a23_3ay_3a2019_3ai_3a1_3ap_3a17151-17153.htm
https://biomedres.us/pdfs/BJSTR.MS.ID.000841.pdf
https://biomedres.us/pdfs/BJSTR.MS.ID.000841.pdf
https://biomedres.us/pdfs/BJSTR.MS.ID.000841.pdf
https://www.tandfonline.com/doi/abs/10.1080/08989629508573866
https://www.tandfonline.com/doi/abs/10.1080/08989629508573866
https://www.tandfonline.com/doi/abs/10.1080/08989629508573866
https://www.tandfonline.com/doi/abs/10.1080/08989620212969
https://www.tandfonline.com/doi/abs/10.1080/08989620212969
https://www.tandfonline.com/doi/abs/10.1080/08989620212969
https://econjwatch.org/articles/the-stewart-retractions-a-quantitative-and-qualitative-analysis
https://econjwatch.org/articles/the-stewart-retractions-a-quantitative-and-qualitative-analysis
https://www.mdpi.com/2075-4698/11/1/9
https://www.mdpi.com/2075-4698/11/1/9
https://www.mdpi.com/2304-6775/11/1/14
https://www.mdpi.com/2304-6775/11/1/14
https://www.mdpi.com/2304-6775/11/1/14
https://www.mdpi.com/2304-6775/11/1/14
https://www.scirea.org/journal/PaperInformation?PaperID=9693
https://www.scirea.org/journal/PaperInformation?PaperID=9693
https://www.scirea.org/journal/PaperInformation?PaperID=9693
https://www.tandfonline.com/doi/abs/10.1080/08989621.2023.2241127
https://www.tandfonline.com/doi/abs/10.1080/08989621.2023.2241127
https://www.tandfonline.com/doi/abs/10.1080/08989621.2023.2241127
https://www.tandfonline.com/doi/abs/10.1080/08989621.2023.2241127
https://journals.sagepub.com/doi/10.1177/07399863980203002
https://journals.sagepub.com/doi/10.1177/07399863980203002
https://journals.sagepub.com/doi/10.1177/07399863980203002
https://www.tandfonline.com/doi/abs/10.1080/07418825.2016.1149599

Volume 52- Issue 4

DOI: 10.26717/BJSTR.2023.52.008293

15.

16.

17.

18.

19.

20.

Culture and formal social control: The effect of the code of the street on
police and court decision-making. Justice Quarterly 34(2): 217-247.

Stewart Eric A, Ronald L Simons, Rand D Conger, Laura V Scaramella
(2002) Beyond the interactional relationship between delinquency and
parenting practices: The contributions of legal sanctions. The Journal of
Research in Crime and Delinquency 39(1): 36-59.

Stewart Eric A, Kirk W Elifson, Claire E Sterk (2004) Integrating the gen-
eral theory of crime into an explanation of violent victimization among
female offenders. Justice Quarterly 21(1): 159-181.

Intravia Jonathan, Kevin Wolff, Eric A Stewart, Ronald L Simons (2014)
Neighborhood-level differences in police discrimination and subcultural
violence: A multilevel examination of adopting the code of the street. Jour-
nal of Crime and Justice 37(1): 42-60.

Mears Daniel P, Christina Mancini, Eric A Stewart (2009) Whites’ concern
about crime: The effects of interracial contact. The Journal of Research in
Crime and Delinquency 46(4): 524-552.

Berg Mark T, Eric A Stewart, Christopher ] Schreck, Ronald L Simons
(2012) The victim-offender overlap in context: Examining the role of
neighborhood street culture. Criminology 50(2): 359-390.

Stewart Eric A, Ronald L Simons, Rand D Conger (2002) Assessing neigh-
borhood and social psychological influences on childhood violence in an
African-American sample. Criminology 40(4): 801-830.

ISSN: 2574-1241

DOI: 10.26717/BJSTR.2023.52.008293

Walter R Schumm. Biomed ] Sci & Tech Res

N0l

This work is licensed under Creative
Commons Attribution 4.0 License

Submission Link: https://biomedres.us/submit-manuscript.php

21.
22.
23.
24.

25.

26.

27.

BIOMEDICAL

RESEARCHES o
B a °

*v o@g& .
7 o'y
M T E

Berg Mark T, Eric A Stewart, Rod K Brunson, Ronald L Simons (2012)
Neighborhood cultural heterogeneity and adolescent violence. Journal of
Quantitative Criminology 28(3): 411-435.

Tomlinson Tiffaney, Daniel P Mears, Jillian J Turanovic, Eric A Stewart
(2021) Forcible rape and adolescent friendship networks. Journal of In-
terpersonal Violence 36(9-10): 4111-4136.

Stewart Eric A, Ronald L Simons (2006) Structure and culture in African
American adolescent violence: A test of the “code of the street” thesis. Jus-
tice Quarterly 23(1): 1-33.

Mears Daniel P, Eric A Stewart, Sonya E Siennick, Ronald L Simons (2013)
The code of the street and inmate violence: Investigating the salience of
imported belief systems. Criminology 51(3): 695-728.

Stewart Eric A, Christopher ] Schreck, Ronald L Simons (2006) “I ain’t gon-
nalet no one disrespect me”. Does the code of the street reduce or increase
violent victimization among African American adolescents? The Journal of
Research in Crime and Delinquency 43(4): 427-458.

Berg Mark T, Eric A Stewart, Endya Stewart, Ronald L Simons (2013) A
multilevel examination of neighborhood social processes and college en-
rollment. Social Problems 60(4): 513-534.

Montes Andrea N, Daniel P Mears, Eric A Stewart (2020) Racial and ethnic
divides in privatized punishment: Examining disparities in private prison
placements. Justice Quarterly 37(5): 930-954.

Assets of Publishing with us

Global archiving of articles
Immediate, unrestricted online access
Rigorous Peer Review Process

e Authors Retain Copyrights

]

e Unique DOI for all articles

https://biomedres.us/

Copyright@ : Walter R Schumm | Biomed ] Sci & Tech Res | BJSTR.MS.ID.008293.

43995


https://dx.doi.org/10.26717/BJSTR.2023.52.008293
https://www.tandfonline.com/doi/abs/10.1080/07418825.2016.1149599
https://www.tandfonline.com/doi/abs/10.1080/07418825.2016.1149599
https://www.researchgate.net/publication/249683961_Beyond_the_Interactional_Relationship_between_Delinquency_and_Parenting_Practices_The_Contribution_of_Legal_Sanctions
https://www.researchgate.net/publication/249683961_Beyond_the_Interactional_Relationship_between_Delinquency_and_Parenting_Practices_The_Contribution_of_Legal_Sanctions
https://www.researchgate.net/publication/249683961_Beyond_the_Interactional_Relationship_between_Delinquency_and_Parenting_Practices_The_Contribution_of_Legal_Sanctions
https://www.researchgate.net/publication/249683961_Beyond_the_Interactional_Relationship_between_Delinquency_and_Parenting_Practices_The_Contribution_of_Legal_Sanctions
https://www.tandfonline.com/doi/abs/10.1080/07418820400095771
https://www.tandfonline.com/doi/abs/10.1080/07418820400095771
https://www.tandfonline.com/doi/abs/10.1080/07418820400095771
https://www.researchgate.net/publication/269698655_Neighborhood-level_differences_in_police_discrimination_and_subcultural_violence_A_multilevel_examination_of_adopting_the_code_of_the_street
https://www.researchgate.net/publication/269698655_Neighborhood-level_differences_in_police_discrimination_and_subcultural_violence_A_multilevel_examination_of_adopting_the_code_of_the_street
https://www.researchgate.net/publication/269698655_Neighborhood-level_differences_in_police_discrimination_and_subcultural_violence_A_multilevel_examination_of_adopting_the_code_of_the_street
https://www.researchgate.net/publication/269698655_Neighborhood-level_differences_in_police_discrimination_and_subcultural_violence_A_multilevel_examination_of_adopting_the_code_of_the_street
https://www.researchgate.net/publication/249683892_Whites'_Concern_about_Crime_The_Effects_of_Interracial_Contact
https://www.researchgate.net/publication/249683892_Whites'_Concern_about_Crime_The_Effects_of_Interracial_Contact
https://www.researchgate.net/publication/249683892_Whites'_Concern_about_Crime_The_Effects_of_Interracial_Contact
https://psycnet.apa.org/record/2012-09199-003
https://psycnet.apa.org/record/2012-09199-003
https://psycnet.apa.org/record/2012-09199-003
https://www.researchgate.net/publication/229659032_Assessing_neighborhood_and_social_psychological_influences_on_childhood_violence_in_an_African-American_sample
https://www.researchgate.net/publication/229659032_Assessing_neighborhood_and_social_psychological_influences_on_childhood_violence_in_an_African-American_sample
https://www.researchgate.net/publication/229659032_Assessing_neighborhood_and_social_psychological_influences_on_childhood_violence_in_an_African-American_sample
https://psycnet.apa.org/record/2012-22066-002
https://psycnet.apa.org/record/2012-22066-002
https://psycnet.apa.org/record/2012-22066-002
https://journals.sagepub.com/doi/abs/10.1177/0886260518787807
https://journals.sagepub.com/doi/abs/10.1177/0886260518787807
https://journals.sagepub.com/doi/abs/10.1177/0886260518787807
https://www.tandfonline.com/doi/abs/10.1080/07418820600552378
https://www.tandfonline.com/doi/abs/10.1080/07418820600552378
https://www.tandfonline.com/doi/abs/10.1080/07418820600552378
https://psycnet.apa.org/record/2013-29328-007
https://psycnet.apa.org/record/2013-29328-007
https://psycnet.apa.org/record/2013-29328-007
https://psycnet.apa.org/record/2006-20567-006
https://psycnet.apa.org/record/2006-20567-006
https://psycnet.apa.org/record/2006-20567-006
https://psycnet.apa.org/record/2006-20567-006
https://academic.oup.com/socpro/article-abstract/60/4/513/1642764?redirectedFrom=fulltext
https://academic.oup.com/socpro/article-abstract/60/4/513/1642764?redirectedFrom=fulltext
https://academic.oup.com/socpro/article-abstract/60/4/513/1642764?redirectedFrom=fulltext
https://www.tandfonline.com/doi/abs/10.1080/07418825.2019.1675747
https://www.tandfonline.com/doi/abs/10.1080/07418825.2019.1675747
https://www.tandfonline.com/doi/abs/10.1080/07418825.2019.1675747
https://dx.doi.org/10.26717/BJSTR.2023.52.008293

