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Abstract: In this paper, we consider 
the way that web documents seeking 
to persuade readers of certain science 
claims provide information about the 
sources of the arguments. Our quanti-
tative analysis reveals that web 
documents in our sample include 
hundreds of examples in which the 
reader is provided information regard-
ing the trustworthiness (or lack 
thereof) of sources. The web docu-
ments also contain a large number of 
examples in which the reader is 
provided with information about how 
many individuals hold a particular 
belief. We discuss ad hominem, ad 
verecundiam, and ad populum argu-
ments, and the way that the examples 
found in our sample of documents are 
related to these argumentation 
schemes.

Résumé: Dans cet article, nous 
examinons la manière dont les docu-
ments Web qui visent à persuader les 
lecteurs de certaines affirmations 
scientifiques fournissent des infor-
mations sur les sources des argu-
ments. Notre analyse quantitative 
révèle que les documents Web de 
notre échantillon comprennent des 
centaines d'exemples dans lesquels le 
lecteur reçoit des informations sur la 
fiabilité (ou l'absence de fiabilité) des 
sources. Les documents Web con-
tiennent également un grand nombre 
d'exemples dans lesquels le lecteur est 
informé du nombre d'individus qui 
ont une croyance particulière. Nous 
discutons des arguments ad hominem, 
ad verecundiam et ad populum, et de 
la manière dont les exemples trouvés 
dans notre échantillon de documents 
sont liés à ces schémas d'argumenta-
tion.

Keywords: ad hominem, ad populum, ad verecundiam, fallacy, AIDS, climate 
change, GMO safety, vaccine safety 
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1. Introduction 
 
While ad hominem attacks are not appropriate in some situations 
(e.g., claiming that a chemist cannot be trusted because she is a 
woman), many researchers agree that there are times when ad 
hominem attacks are relevant and reasonable (Aberdein 2014; 
Bondy 2015; Bowel and Kingsbury 2013; Walton 1998; Woods 
2007). An example of an acceptable ad hominem attack might be 
the claim that employees of cigarette companies are likely to paint 
an inaccurate picture regarding the dangers of smoking. Similarly, 
if a politician has lied about topic X several times in the past, one 
could argue that the current claim that the politician has made 
about topic X should be viewed with a great deal of skepticism. 
Johnson (2009) has argued that, due to cognitive limitations, it is 
sometimes appropriate for individuals to appeal to character when 
deciding the truth of an issue.  
 Yap (2013) has argued that, even if an individual recognizes an 
ad hominem attack as unreasonable, the attack may still influence 
that individual’s confidence in the claims made by the attacked 
source. Regardless of the issue of the reasonableness or appropri-
ateness of such attacks, it is clear that they can be influential. 
Many researchers have found that trust in sources is at least as 
important as the scientific facts when it comes to influencing the 
public on issues that involve both science and public policy 
(Slovic 1993; Slovic, Flynn, and Layman 1991). Barnes, Johnson, 
MacKenzie, Tobin, and Taglang (2018) have shown that certain ad 
hominem attacks against scientists can cause people to reduce their 
trust in claims made by those scientists. In fact, they found that 
certain types of ad hominem attacks (i.e., accusations of scientific 
misconduct and conflicts of interest) can influence opinion as 
much as direct attacks on the empirical data presented by the 
researchers. Cohen’s d values (a measure of effect size) for both 
type of attacks were in the moderate to moderate-large range (i.e., 
.39 to .68). Additionally, some researchers have found that ad 
hominem attacks in the realm of politics can be quite effective 
(Kaid and Boydston 2009; Sabato 1981) while others (e.g., Lau, 
Sigleman and Rovner, 2007) have found only a very small effect 
size (e.g., adjusted Cohen’s d of .04) of negative attacks.  
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 Pornpitakpan (2004) reviewed dozens of studies on source 
credibility and persuasion and found empirical evidence that quali-
ties of the source of an argument can influence individuals. Porn-
pitakpan found that qualities of the source (e.g., attractiveness, 
reputation, etc.) were sometimes more influential and sometimes 
less influential than other factors (such as quality of arguments). 
The relationship between source characteristics and other variables 
was complex. Wilson and Sherrell (1993) performed a meta-
analysis of the effect of sources of persuasive messages and found 
that source effects were consistent but small in magnitude (i.e., 
accounting for only 4.5% of the explained variance). It should be 
noted, however, that the Wilson and Sherrell study did not look 
specifically at ad hominem arguments. Many of the studies they 
reviewed manipulated source characteristics by, for instance, 
presenting some subjects with a male source and other subjects 
with a female source, or presenting some subjects with a physical-
ly attractive source and other subjects with an unattractive source.  
Appeals to popular opinion (aka ad populum arguments) may not 
be appropriate in some situations. For instance, in the 15th century 
one could make the argument ‘because most people believe in 
geocentrism, therefore geocentrism is likely to be true.’ Another 
example would be an American politician claiming in 1800 that 
slavery is morally acceptable because most US citizens believed it 
to be so. However, appeals based on the number of people that 
believe a particular claim can be influential (Latané 1981; Mosco-
vici, Mugny and van Avermaet 1985; Stangor, Sechrist, and Jost 
2001; Zitek and Hebl 2007). For instance, Lewandowsky, Gignac, 
and Vaughan (2012) showed that perceived consensus regarding 
global warming had a causal role in terms of the acceptance of 
anthropogenic global warming. Both empirical data and statistical 
theory indicate that, as the number of experts who agree on some 
belief increases, the likelihood that the belief is true increases 
(Yaniv 2004). It seems that, in some cases, individuals may be 
well served by being influenced by popular belief.  
  There is an extensive literature on attack ads in politics 
(Gronbeck 1992; Jamieson 1992). In addition, Habernal, 
Wachsmuth, Gurevych, and Stein (2018) documented the amount 
of ad hominem attacks used in a social media website, and Sahlane 
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(2012) documented the presence of ad hominem attacks in news-
paper editorials. There is, however, no data in the peer reviewed 
literature on the frequency and type of attacks on the sources of 
arguments in examples of science communication. The current 
study fills that gap in the literature. One might argue that our 
choice of source documents will be unlikely to provide us with 
many examples of personal attacks. The Mertonian norm of disin-
terestedness captures the idea that one value central to the institu-
tion of science is that scientists ought to act for the benefit of the 
scientific enterprise rather than for their own selfish interest. Since 
discovering the truth is an important goal of science, and insulting 
those making claims is not central to science, personal attacks are 
not consistent with disinterestedness. Therefore, to the degree that 
the Mertonian norm of disinterestedness captures the values of 
scientists, one would expect that scientists would rarely engage in 
personal attacks. While it is true that personal attacks are rare in 
the peer reviewed scientific literature, the source documents con-
sidered in the current study are not peer reviewed articles. It is also 
true that scientists sometimes engage in personal attacks when 
they are communicating outside the peer-reviewed literature 
(Souder and Qureshi 2012).  
 Ad hominem and ad populum attacks are of interest to those 
working in the fields of argumentation and informal logic. Some 
researchers in those fields concern themselves with questions such 
as ‘when is an ad hominem or ad populum argument reasonable?’ 
and ‘what is the best taxonomy of ad hominem argumentation 
schemes?’ We hope that some researchers wrestling with these 
questions will find information on the frequency of different forms 
of argument as they appear in the real world to be useful. For 
example, researchers may want to dedicate more time and re-
sources to ad hominem arguments that are extremely common and 
dedicate relatively little time and resources to types of ad hominem 
arguments that are quite rare. Barnes and Church (2013) and 
Barnes, Church, and Draznin-Nagy (2017) have found that, in 
certain ways, the frequency and type of arguments vary as a func-
tion of whether-or-not the communicator advocates a position that 
is consistent with mainstream scientific thought. Those two publi-
cations, however, considered only one scientific topic (evolution), 
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and neither of those publications tackled the issues of ad hominem 
or ad populum arguments. It is an open question whether the rhe-
torical differences described in those two studies are indicative of 
a larger pattern or are limited to the debate regarding origins.  
 While other researchers have referred to the ad hominem, ad 
verecundiam, and ad populum argumentation schemes, we prefer 
to frame the issue somewhat differently. From our perspective, one 
can make a statement about the source of data or claim (using 
Toulmin’s 1958 definitions of data and claim) that might indicate 
that the source is perfectly credible/trustworthy, not at all credi-
ble/trustworthy, or having any degree of credibility/trustworthiness 
between those two extremes. We use the term ‘appeal to source 
quality’ to refer to any attempt to describe a person/people/thing 
responsible for data or a claim as credible/trustworthy or not cred-
ible/untrustworthy. So rather than treating ad verecundiam and ad 
hominem as two distinct argumentation schemes, we treat them as 
two examples that are part of a single dimension. On one end of 
the dimension, appeal to source quality could take the form, ‘claim 
X is likely false because the person making the claim has bad 
qualities.’ On the other end of the dimension, appeal to source 
quality could take the form, ‘claim X is likely true because the 
person making the claim has good qualities.’ Additionally, one can 
make a statement about how many individuals endorse a particular 
data or claim. One could claim that everyone believes X, no one 
believes X, or any value in between. We refer to statements of this 
type as appeals to source quantity. Like appeals to source quality, 
we feel that appeals to source quantity should also be seen as a 
dimension that involves a continuum (e.g., few/most/all people 
agree that X is true). 
 While many taxonomies of argumentation schemes have been 
proposed over the years, we feel that our simple taxonomy is best 
suited to our current purposes. The taxonomy we propose is partly 
informed by research in the field of psychology. For instance, 
Chaiken’s heuristic-systematic model (Chaiken 1980; 1987) dis-
tinguishes between two broad classes of influence on reasoning: 
message characteristics and source characteristics (which can be 
either positive or negative). In psychological jargon, the term 
‘source’ refers to an individual or individuals who are responsible 
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for the origin of the claim and/or data of a persuasive argument. 
There is a wealth of psychological research that indicates that 
individuals may be influenced by thoughts and feelings about the 
source(s) of an argument. For instance, characteristics of a source 
(e.g., moral character, bias, trustworthiness, attractiveness, etc.) 
may impact attitudes towards a claim (Briñol and Petty 2009).  
 We may deviate from some researchers in our use of the term 
source. For us, a source answers the question, ‘where did the data 
or claim come from?’ or ‘who/what do we attribute the data or 
claim to?’ A source could be a person (e.g., Dr. Smith) or a group 
of people (e.g., the Intergovernmental Panel on Climate Change 
(IPCC), the American Medical Association (AMA), etc.). Groups 
such as the IPCC and AMA sometimes release policy statements 
(e.g., ‘human forced climate change is real,’ ‘vaccines do not 
cause autism,’ etc.), and in that capacity they are sources. We hope 
that that labeling such groups as sources will not be controversial. 
In some cases, authors describe entities such as journals to be 
sources, in the sense that journals produce data and claims, and 
communicators sometimes comment on the credibility/trust-
worthiness of specific journals. The credibility/trustworthiness of a 
given journal is due to the people employed by the journal (not the 
office furniture owned by the journal). For instance, a communica-
tor might claim that a particular predatory journal is less trustwor-
thy than a non-predatory journal with a high impact factor. Finally, 
the most controversial things that we will consider as sources are 
tests and measurements. In the peer reviewed scientific literature, 
as well in less formal examples of science communication, indi-
viduals have been known to comment on the trustworthiness and 
credibility of various tests and measurements. In many scientific 
fields, the accuracy, precision, error rate, etc. of various tests and 
measures are of central importance and are a common topic of 
discussion. For instance, psychologists might discuss the credibil-
ity/trustworthiness of various measures of intelligence (Neisser, et 
al. 1996), while epidemiologists might discuss the trustworthiness 
and validity of memory-based dietary assessment methods (M-
BMs) (Barnes 2019). A patient suffering from a knee injury might 
get both an X-ray and an MRI. The doctor or patient might feel 
that one of those sources of data is more trustworthy than the 
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other. If a thing can be an answer to the question, ‘who/what do 
we attribute the data or claim to?’ then we consider that thing to be 
a source. For that reason, we consider tests and measures to be 
sources.  
 Barnes and Church (2013) were interested in the rhetoric found 
in science-related web documents that were A) argumentative in 
nature and B) focused on the topic of origins (e.g., creationism and 
evolution). To that end they used a series of search terms to locate 
the most popular web documents that argued for the truth of either 
creationism or evolution. We are also interested in the rhetoric 
employed in science-related web documents. However, our con-
cern is not with origins, but with a particular set of four controver-
sial science topics (i.e., AIDS, climate change, GMO safety, vac-
cine safety). Because we wanted to find web documents that pro-
moted positions both consistent with and opposed to the scientific 
mainstream, we were limited in the topics we could choose. For 
instance, if we choose the scientific claim that lead in drinking 
water is harmful, it would be unlikely that we could find many 
websites promoting the non-mainstream view (i.e., that lead in 
drinking water is not harmful). The authors of the current study 
settled on AIDS denialism, climate change, GMO safety, and 
vaccine safety as the four topics most likely to have large numbers 
of web documents making arguments for and against the scientific 
mainstream. The primary goal of this descriptive study is to meas-
ure and report the frequency of source related arguments appearing 
in web documents that deal with any of those four controversial 
science topics. The secondary goal of this study is to report the 
effect size for comparisons of each source related argument as 
they appear in our two different categories of documents (i.e., 
those consistent with and those inconsistent with the scientific 
mainstream). This study is exploratory, and therefore we do not 
conduct any hypothesis testing nor report any p values. 

Method 
In order to locate potential source documents, we searched the 
internet using search terms similar to those used by Barnes and 
Church (2013). Our search terms were tailored to the four topics 
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we wished to explore: AIDS, climate change, GMO safety, and 
vaccine safety. For each search term tailored to locate a website 
promoting a position consistent with the mainstream scientific 
position on a topic, we also include a matching search term tai-
lored to locate a website promoting a position inconsistent with the 
mainstream scientific position on that topic. A complete list of the 
search terms we employed have been uploaded to an online depos-
itory hosted by openICPSR (Barnes, Neumann, and Draznin-Nagy 
2020). The total number of documents as a function of topic and 
position (i.e., consistent or inconsistent with mainstream science) 
can be found in Table 1. Because we wished to obtain web docu-
ments that were likely to be frequently accessed by those browsing 
the web, we limited our search to the top 100 hits for each search 
phrase. In addition, we excluded audio and video clips, documents 
over 20,000 words in length, peer-reviewed journal articles, books, 
book chapters, and peer reviewed journal articles. The 69 web 
sites we ultimately selected included 12 related to AIDS, 28 relat-
ed to climate change, 15 related to GMOs, and 15 related to vac-
cines. To guarantee that the text would not change over the course 
of the coding process, the content of each of the web documents 
was copied and pasted into word processing documents. The com-
plete text of all the web documents in our sample may be obtained 
by emailing the first author. 
 In some scientific fields, a common practice is to take a random 
sample and then perform a statistical test of the sample to see if it 
is likely that the sample came from a specific population. We have 
not used that practice, however, for to get a random sample of all 
websites related to the four topics of interest would first require 
that we evaluate 100,000+ websites and then categorize them as 
either meeting, or failing to meet, our inclusion criterion. The 
Google search algorithm we used was PageRank (Wikipedia 
2020), which counts the number and quality of links to a page as a 
means to determine the page’s importance. Seventy-five percent of 
the users of internet search engines will not look beyond the first 
page of results (Agrawal 2017). However, for each of our search-
es, we combed through the first ten pages of results. For these 
reasons, while our 69 source documents were not randomly select-
ed, the documents we selected were A) judged by PageRank to be 
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of high importance and B) those that likely received the over-
whelming majority of views (among those searching for the four 
topics included in the present study). Because we were concerned 
with the types of arguments that people are commonly exposed to, 
the sample we used is more appropriate than a random sample. 
  
Table 1. Frequency and word count of all source web documents 
 

Topic Document position Number of docu-
ments 

Word count 

AIDS Consistent 5 6530 
Inconsistent 6 9881 

Climate 
change 

Consistent 16 16754 
Inconsistent 12 10647 

GMOs Consistent 9 11359 
Inconsistent 6 7420 

Vaccines Consistent 11 26494 
Inconsistent 4 5589 

Total Consistent 41 61137 
Total Inconsistent 28 33537 
Total 69 94674 

 
Two individuals coded each document in terms of its position (i.e., 
arguing for a claim that is either consistent with or inconsistent 
with the mainstream science position). The four possible main 
claims for the inconsistent positions were 1) HIV does not causes 
AIDS, 2) global climate change is not occurring and/or it is not 
due to human actions, 3) GMOs are not safe, 4) the health risks of 
vaccines (e.g. autism) outweigh the benefits. The four possible 
main claims of the documents consistent with mainstream science 
were the opposite of the claims of the inconsistent documents. 
Two individuals independently coded each document as either 
consistent or inconsistent with the mainstream science position. 
Two individuals then highlighted and numbered each example of 
text that praised or derogated a source. By source, we mean a 
person, people or thing that is considered to be the origin of either 
data or claim. This would include ad hominem attacks (e.g., re-
searcher X is a shill for Monsanto) and appeals to expertise (e.g., 
X is one of the most respected researchers in her field). Addition-
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ally, we also highlighted what we refer to as appeals to source 
quantity. The authors developed three rubrics and practiced coding 
using sources other than the 69 web documents used in the current 
study.  
 The initial rubric was used to classify each section of highlight-
ed text into one of twelve different categories. The rubric included 
definitions and examples for ten different types of source-negative 
statements as well as source-positive statements and source quanti-
ty statements. The twelve category names and a brief description 
for each can be found in Table 2. The full text of all three rubrics 
can be found in an online depository hosted by openICPSR 
(Barnes, Neumann, and Draznin-Nagy 2020). Once all coding was 
complete, the raw frequencies, and frequency per 10,000 words 
were calculated as a function of topic (AIDS, climate change, 
GMOs, and vaccines) and document type (consistent, incon-
sistent).  
 
Table 2. Categories and brief descriptions of the initial rubric 
 

General 
category 

Specific category Brief description 

Appeals to 
source 
quality 

Expertise/credentials Attack on data/claim because 
the source lacks expertise or has 
been formally disavowed by 
some institution 

Emotions/passion Attack on data/claim because 
the source is emotional or 
blinded by passion 

Ethics/character Attack on data/claim because 
the source is unethical or of bad 
character 

Intelligence/bad thinking 
processes 

Attack on data/claim because of 
the way the source thinks, or 
doesn't think (e.g., stupid, close-
minded, ignorant) 

Financial interest Attack on data/claim because 
source has a vested financial 
interest 

Appeal to negative non-
financial motivations 

Attack on data/claim because 
motives of the source are bad 
for non-financial reasons 

Association with bad Attack on data/claim because 
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people/groups the source is a member of an 
organization that is known to be 
bad or because the source 
associates with people known to 
be bad 

Bad action Attack on data/claim because 
the source engaged in a bad 
action 

Generic abusive Attack on data/claim because 
the source is bad in a 
vague/generic sense (e.g., is 
called a jerk) 

Other negative qualities  An attack on data/claim because 
of something negative about the 
source, but it does not fit into 
any other categories above 

Appeals to positive quali-
ties 

Support for data/claim because 
source has good qualities or has 
committed good actions 

Appeal to 
source 
quantity 

Appeal to source quantity Arguing for or against da-
ta/claim because of the number 
of people that agree/disagree 
with the data/claim 

 
A summary of the action rubric can be found in Table 3 and was 
only used to identify the items coded as ‘bad action’ using the 
initial rubric. Finally, the positive rubric is the inverse of the rubric 
presented in Table 2 and was only used to identify the items coded 
as ‘appeals to positive qualities’ using the initial rubric. 
 Coding for all three rubrics was conducted by two individuals. 
Coders practiced coding science websites that did not meet the 
criteria for inclusion in the present data set. During this period, the 
coders periodically compared their results, calculated the inter-
rater reliability, and discussed reasons for their disagreements. 
When inter-rater reliability had reached an acceptable level, each 
coder began to independently code the content. In order to deter-
mine inter-rater reliability, we compared the coding results of each 
pair of coders for each rubric and calculated a kappa value for 
each comparison (Cohen 1960). The inter-rater reliability for the 
coding of document position (consistent, inconsistent) was perfect 
(κ = 1). The inter-rater reliability for the initial rubric reached 
acceptable levels (κ = .92) as did the inter-rater reliability for the 
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action rubric (κ = .84) and the positive rubric (κ = .9). However, 
we must note that the identification of relevant fragments of text 
was done by a single coder. While there was potential for inter-
rater disagreement in terms of selecting the appropriate code for 
each fragment, there was no potential for interrater disagreement 
in terms of selecting fragments. For this reason, it is likely that 
kappa values may be inflated. 
 
Table 3. Categories and brief descriptions of the action rubric 
 

Category Brief description 
Harm Action causes physical or psychological harm to 

people, animals, or environment 

Information control An action related to information control (e.g., lying, 
withholding information) 

Money Controlling money in some way (e.g., fund-
ing/defunding research) 

Other   An action that doesn't fit into the above three catego-
ries 

Results 
All raw data for the study have been uploaded to an online deposi-
tory hosted by openICPSR (Barnes, Neumann, and Draznin-Nagy 
2020). The effect sizes (in the form of Cohen’s d), raw frequencies 
and frequencies per 10,000 words for the initial rubric are summa-
rized in Table 4. Cohen’s d (Cohen 1988) is a standardized meas-
ure of effect size. In particular, Cohen’s d captures the difference 
in condition means divided by the relevant measure of variability. 
For the effect size calculations we present, variability was meas-
ured by the pooled standard deviation of the data. An effect size of 
1 indicates that the difference between the means of two different 
conditions is equal to the pooled standard deviation, while an 
effect size of .5 would indicate that the difference between means 
is half as large as the standard deviation. Cohen (1988) suggests 
that effect sizes of small, medium, and large correspond to Co-
hen’s d values of .2, .5, and .8, respectively. Frequency, and fre-
quency per 10,000 words, will be helpful to researchers interested 
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in how commonly various argumentative strategies appear in 
internet-based science writing. Effect size information will provide 
researchers with a sense of how large the differences are between 
consistent and inconsistent conditions. 
For both types of document position (consistent, inconsistent), 
appeals to negative qualities of sources were quite common in 
documents of all four topics. Appeals to negative qualities of 
source were more common in the inconsistent than the consistent 
documents for three of the four topics (AIDS, climate change, 
vaccines). However, in the GMO documents, the use of appeals to 
negative qualities of sources was nearly evenly matched between 
the consistent and inconsistent conditions. For both consistent and 
inconsistent documents in all four categories, appeals to negative 
qualities of sources were generally more common than appeals to 
positive qualities of sources. One exception to this pattern can be 
found in the consistent AIDS condition: appeals to positive quali-
ties of sources were more common than appeals to negative quali-
ties of sources. The second exception to this pattern can be found 
in the consistent GMO condition: appeals to positive qualities of 
sources were nearly as common as appeals to negative qualities of 
sources. For all four topics, the most common appeal to negative 
qualities of source was the category of ‘bad action.’ For all four 
topics, ‘generic abusive’ attacks (which would generally corre-
spond to abusive ad hominem) were used relatively infrequently.  
 
Table 4. Standardized effect size (reported as Cohen’s d) and 
frequencies of various categories (from the initial rubric) for all 
four topics individually (AIDS, climate change, GMO, vaccine), 
and the four topics in aggregate. Frequency per 10,000 words is 
shown in parentheses
 
 Category Effect 

size 
Consistent  Incon-

sistent  
Total 

AIDS Exper-
tise/credentials 

0 0(0) 0(0) 0(0) 

Emotions/passion .08 4(6.1) 4(4) 8(4.9) 
Ethics/character .58 0(0) 1(1) 1(.6) 
Intelligence/bad 
thinking processes 

.65 1(1.5) 11(11) 12(7.3) 

Financial interest 1.15 0(0) 4(4) 4(2.4) 
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Appeal to negative 
non-financial 
motivations 

.78 0(0) 4(4) 4(2.4) 

Association with 
bad people/groups 

0 0(0) 0(0) 0(0) 

Bad action .86 4(6.1) 28(28.3) 32(19.5) 
Generic abusive .63 1(1.5) 0(0) 1(.6) 
Other negative 
qualities  

.93 4(6.1) 21(21.3) 25(15.2) 

Total appeals to 
negative qualities 

.84 14(21.4) 73(73.9) 87(53) 

Appeals to positive 
qualities 

.28 23(35.2) 19(19.2) 42(25.6) 

Appeal to source 
quantity 

.09 12(18.4) 13(13.2) 25(15.2) 

Total .45 49(75) 105(106.2) 154(93.
8) 

Climate 
change 

Exper-
tise/credentials 

.08 1(.6) 1(.9) 2(.7) 

Emotions/passion .61 0(0) 6(5.6) 6(2.2) 
Ethics/character .55 0(0) 7(6.6) 7(2.6) 
Intelligence/bad 
thinking processes 

.92 0(0) 12(11.3) 12(4.4) 

Financial interest .35 2(1.2) 4(3.8) 6(2.2) 
Appeal to negative 
non-financial 
motivations 

.49 0(0) 11(10.3) 11(4) 

Association with 
bad people/groups 

.41 0(0) 1(.9) 1(.4) 

Bad action 1.3 0(0) 87(81.7) 87(31.8) 
Generic abusive 1.33 0(0) 17(16) 17(6.2) 
Other negative 
qualities 

1.16 4(2.4) 26(24.4) 30(11) 

Total appeals to 
negative qualities 

1.31 7(4.2) 172(161.5) 179(65.
3) 

Appeals to positive 
qualities 

.59 6(3.6) 34(31.9) 40(14.6) 

Appeal to source 
quantity 

.81 6(3.6) 30(28.2) 36(13.1) 

Total 1.08 19(11.3) 236(221.6) 255(93.
1) 

GMO Exper-
tise/credentials 

.67 3(2.6) 0(0) 3(1.6) 

Emotions/passion .67 3(2.6) 0(0) 3(1.6) 
Ethics/character .58 0(0) 1(1.3) 1(.5) 
Intelligence/bad 
thinking processes 

.69 16(14.1) 1(1.3) 17(9.1) 
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Financial interest .89 1(.9) 4(5.4) 5(2.7) 
Appeal to negative 
non-financial 
motivations 

0 3(2.6) 2(2.7) 5(2.7) 

Association with 
bad people/groups 

.58 0(0) 1(1.3) 1(.5) 

Bad action .45 28(24.7) 32(43.1) 60(32) 
Generic abusive .48 6(5.3) 1(1.3) 7(3.7) 
Other negative 
qualities 

.64 7(6.2) 0(0) 7(3.7) 

Total appeals to 
negative qualities 

.05 67(59) 42(56.6) 109(58) 

Appeals to positive 
qualities 

1.41 60(52.8) 12(16.2) 72(38.3) 

Appeal to source 
quantity 

.38 54(47.5) 17(22.9) 71(37.8) 

Total .53 181(159.3) 71(95.7) 252(134
.2) 

Vaccine Exper-
tise/credentials 

1.13 10(3.8) 0(0) 10(3.1) 

Emotions/passion .04 3(1.1) 1(1.8) 4(1.2) 
Ethics/character .64 1(.4) 4(7.2) 5(1.6) 
Intelligence/bad 
thought processes 

.38 23(8.7) 4(7.2) 27(8.4) 

Financial interest .04 30(11.3) 10(17.9) 40(12.5) 
Appeal to negative 
non-financial 
motivations 

.76 4(1.5) 11(19.7) 15(4.7) 

Association with 
bad people/groups 

0 0(0) 0(0) 0(0) 

Bad action .66 47(17.7) 42(75.1) 89(27.8) 
Generic abusive .1 7(2.6) 2(3.6) 9(2.8) 
Other negative 
qualities 

.39 32(12.1) 3(5.4) 35(10.9) 

Total appeals to 
negative qualities 

.2 157(59.3) 77(137.8) 234(72.
9) 

Appeals to positive 
qualities  

.06 57(21.5) 19(34) 76(23.7) 

Appeal to source 
quantity 

.5 20(7.5) 14(25) 34(10.6) 

Total .19 234(88.2) 110(196.8) 344(107
.2) 

Four 
topics in 
aggregate 

Exper-
tise/credentials 

.55 14(2.3) 1(.3) 15(1.6) 

Emotions/passion .16 10(1.6) 11(3.3) 21(2.2) 
Ethics/character .5 1(.2) 13(3.9) 14(1.5) 
Intelligence/bad .01 40(6.5) 28(8.3) 68(7.2) 
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thought processes 
Financial interest .01 33(5.4) 22(6.6) 55(5.8) 
Appeal to negative 
non-financial 
motivations 

.44 10(1.6) 25(7.5) 35(3.7) 

Association with 
bad people/groups 

.39 0(0) 2(.6) 2(.2) 

Bad action .8 79(12.9) 189(56.4) 268(28.
3) 

Generic abusive .32 14(2.3) 20(6) 34(3.6) 
Other negative 
qualities 

.19 47(7.7) 50(14.9) 97(10.2) 

Total appeals to 
negative qualities 

.46 248(40.6) 361(107.6) 609(64.
3) 

Appeals to positive 
qualities  

.1 146(23.9) 84(25) 230(24.
3) 

Appeal to source 
quantity 

.09 92(15) 74(22.1) 166(17.
5) 

Total .31 486(79.5) 519(154.8) 1005(10
6.2) 

 In terms of the use of appeals to source quantity, the data re-
vealed no clear patterns. In the climate change and vaccine source 
documents, the inconsistent documents relied on these appeals 
more than the consistent documents. However, the reverse of that 
pattern was found in the GMO condition. In the AIDS documents, 
the use of this type of argument was fairly evenly matched be-
tween the consistent and inconsistent web documents. 
 The effect sizes (in the form of Cohen’s d), raw frequencies, 
and frequencies per 10,000 words for the action rubric are summa-
rized in Table 5. What bad actions were the sources allegedly 
engaging in? Here the pattern is clear: for all four topics, infor-
mation control was (by far) the most frequent action that sources 
were accused of. In fact, only a negligible number of the other 
three types of actions appeared in the source documents. The other 
clear pattern in the data is that sources inconsistent with the scien-
tific mainstream were more likely to accuse sources of engaging in 
bad actions. Not only was the pattern consistent across all four 
topics, but the effect sizes associated with that effect were consist-
ently large. 
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Table 5. Standardized effect size (reported as Cohen’s d) and 
frequencies of various categories (from the action rubric) for all 
four topics individually (AIDS, climate change, GMO, vaccine), 
and the four topics in aggregate. Frequency per 10,000 words is 
shown in parentheses. 
 
 Category Effect 

size 
Consistent  Inconsistent  Total 

AIDS Harm .51 1(1.5) 5(5.1) 6(3.7) 
Information 
control 

.84 3(4.6) 21(21.3) 24(14.6) 

Money .58 0(0) 1(1) 1(.6) 
Other .58 0(0) 1(1) 1(.6) 
Total .83 4(6.1) 28(28.3) 32(19.5) 

Climate 
change 

Harm .72 0(0) 4(3.8) 4(1.5) 
Information 
control 

1.3 0(0) 68(63.9) 68(24.8) 

Money 0 0(0) 0(0) 0(0) 
Other .85 0(0) 15(14.1) 15(5.5) 
Total 1.28 0(0) 87(81.7) 87(31.8) 

GMO Harm .91 0(0) 6(8.1) 6(3.2) 
Information 
control 

.32 22(19.4) 23(31) 45(24) 

Money .58 0(0) 1(1.3) 1(.5) 
Other 0 3(2.6) 2(2.7) 5(2.7) 
Total .52 25(22) 32(43.1) 57(30.4) 

Vaccine Harm .79 4(1.5) 10(17.9) 14(4.4) 
Information 
control 

.62 37(14) 27(48.3) 64(19.9) 

Money .43 2(.8) 0(0) 2(.6) 
Other .6 4(1.5) 5(8.9) 9(2.8) 
Total .66 47(17.7) 42(75.1) 89(27.7) 

Four 
topics in 
aggregate 

Harm .58 5(.8) 24(7.1) 29(3.1) 
Information 
control 

.78 62(10.1) 139(41.4) 201(21.2) 

Money .08 2(.3) 2(.6) 4(.4) 
Other .61 7(1.14) 22(6.6) 29(3.1) 
Total .8 76(12.4) 187(55.8) 263(27.8) 

 
The effect sizes (in the form of Cohen’s d), raw frequencies and 
frequencies per 10,000 words for the positive rubric are summa-
rized in Table 6. There is no clear pattern of results for appeals to 
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positive source qualities. For two topics (AIDS, GMO), consistent 
documents employed more of these appeals than inconsistent 
documents, however, for the other two topics (climate change, 
vaccines) the opposite was true. The most frequent type of appeal 
to positive qualities of sources varied as a function of document 
topic. ‘Other’ was the most frequent category in the AIDS and 
vaccines documents, ‘expertise/credentials’ was the most frequent 
in the climate change documents, and ‘financial interest’ was the 
most frequent in the GMO documents. While ‘bad action’ was the 
most frequent category from among the appeals to negative quali-
ties of sources, its opposite (good action) was not very common 
relative to the other appeals to positive qualities.  
 
Table 6. Standardized effect size (reported as Cohen’s d) and 
frequencies of various categories (from the positive rubric) for all 
four topics individually (AIDS, climate change, GMO, vaccine), 
and the four topics in aggregate. Frequency per 10,000 words is 
shown in parentheses. 
 
 Category Ef-

fect 
size 

Con-
sistent  

Incon-
sistent  

Total 

AIDS Exper-
tise/credentials 

.95 1(1.5) 8(8.1) 9(5.5) 

Emotions/passion 0 0(0) 0(0) 0(0) 
Ethics/character 0 0(0) 0(0) 0(0) 
Intelligence/good 
thinking processes 

0 0(0) 0(0) 0(0) 

Financial interest 0 0(0) 0(0) 0(0) 
Appeal to positive 
non-financial 
motivations 

.63 2(3.1) 0(0) 2(1.2) 

Association with 
good people/groups 

0 0(0) 0(0) 0(0) 

Good action .63 1(1.5) 0(0) 1(.6) 
Generic praise .42 4(6.1) 10(10.1) 14(8.5) 
Other .97 15(23) 1(1) 16(9.7) 
Total .28 23(35.2) 19(19.2) 42(25.6) 

Climate 
change 

Exper-
tise/credentials 

.37 4(2.4) 9(8.5) 13(4.7) 

Emotions/passion 0 0(0) 0(0) 0(0) 
Ethics/character 0 0(0) 0(0) 0(0) 
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Intelligence/good 
thinking processes 

.41 0(0) 1(.9) 1(.4) 

Financial interest .41 0(0) 1(.9) 1(.4) 
Appeal to positive 
non-financial 
motivations 

0 0(0) 0(0) 0(0) 

Association with 
good people/groups 

.41 0(0) 2(1.9) 2(.7) 

Good action .61 0(0) 2(1.9) 2(.7) 
Generic praise .51 0(0) 10(9.4) 10(3.6) 
Other .63 2(1.2) 9(8.5) 11(4) 
Total .59 6(3.6) 34(31.9) 40(14.6) 

GMO Exper-
tise/credentials 

.57 13(11.4) 4(5.4) 17(9.1) 

Emotions/passion .47 1(.9) 0(0) 1(.5) 
Ethics/character 0 0(0) 0(0) 0(0) 
Intelligence/good 
thinking processes 

.1 2(1.8) 1(1.3) 3(1.6) 

Financial interest .93 27(23.8) 4(5.4) 31(16.5) 
Appeal to positive 
non-financial 
motivations 

.15 1(.9) 1(1.3) 2(1.1) 

Association with 
good people/groups 

.47 3(2.6) 0(0) 3(1.6) 

Good action .13 2(1.8) 1(1.3) 3(1.6) 
Generic praise 1.19 4(3.5) 0(0) 4(2.1) 
Other .82 7(6.2) 1(1.3) 8(4.3) 
Total 1.41 60(52.8) 12(16.2) 72(38.3) 

Vaccine Exper-
tise/credentials 

.37 3(1.1) 2(3.6) 5(1.6) 

Emotions/passion 0 0(0) 0(0) 0(0) 
Ethics/character 0 0(0) 0(0) 0(0) 
Intelligence/good 
thinking processes 

.6 3(1.1) 0(0) 3(.9) 

Financial interest .4 13(4.9) 1(1.8) 14(4.4) 
Appeal to positive 
non-financial 
motivations 

.41 4(1.5) 3(5.4) 7(2.2) 

Association with 
good people/groups 

0 0(0) 0(0) 0(0) 

Good action .7 3(1.1) 4(7.2) 7(2.2) 
Generic praise .33 5(1.9) 3(5.4) 8(2.5) 
Other .18 26(9.8) 6(10.7) 32(10) 
Total .06 57(21.5) 19(34) 76(23.7) 
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Four 
topics in 
aggre-
gate 

Exper-
tise/credentials 

.24 21(3.4) 23(6.9) 44(4.6) 

Emotions/passion .22 1(.2) 0(0) 1(.1) 
Ethics/character 0 0(0) 0(0) 0(0) 
Intelligence/good 
thinking processes 

.14 5(.8) 2(.6) 7(.7) 

Financial interest .42 40(6.5) 6(1.8) 46(4.9) 
Appeal to positive 
non-financial 
motivations 

.05 7(1.1) 4(1.2) 11(1.2) 

Association with 
good people/groups 

0 3(.5) 2(.6) 5(.5) 

Good action .19 6(1) 7(2.1) 13(1.4) 
Generic praise .35 13(2.1) 23(6.9) 36(3.8) 
Other .22 50(8.2) 17(5.1) 67(7.1) 
Total .1 146(23.9) 84(25) 230(24.3

) 
 
In most cases in which a source was either a test or measurement, 
the appeal to source quality was coded as ‘other negative qualities’ 
or ‘other positive qualities.’ It was rare that an appeal to source 
quality (either positive or negative) directed toward a human was 
coded as ‘other.’ For this reason, the frequency of the ‘other’ 
responses in Tables 4 and 6 may serve as a rough approximation 
of how often the authors of our sample of web documents criti-
cized or praised non-human sources, such as tests and measures. 
The final rows of Tables 4 through 6 present the data collapsed 
across the four topics and can therefore provide an idea of the 
relationship between consistent and inconsistent documents. Table 
4 revealed that, when collapsed across all four topics, inconsistent 
documents tend to rely more heavily on appeals to negative quali-
ties (Cohen’s d = .46). Table 5 revealed that inconsistent docu-
ments rely much more heavily on description of the bad behavior 
of scientists and other sources they disagree with (Cohen’s d = .8). 
Finally, Table 6 failed to reveal any meaningful difference be-
tween consistent and inconsistent documents in terms of appeals to 
positive qualities (Cohen’s d = .1).i  
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Discussion 
We provided frequency data for several types of appeals to source 
quality and quantity across four different topics. The frequency 
data were broken down by topic (AIDS, climate change, GMO 
safety, vaccine safety) and perspective (consistent with main-
stream science, inconsistent with mainstream science). The low 
number of items coded as ‘other,’ and our high kappa values indi-
cate that the rubric we created was well suited for coding the 
source documents we had selected. We found hundreds of exam-
ples of appeals to source quality and quantity, both in documents 
arguing for claims that are inconsistent with mainstream science 
and in documents that argue for claims that are inconsistent with 
mainstream science.  
 All of our source documents had an agenda (i.e., to persuade 
the reader of a particular claim about a science-related issue). 
Because laypeople can detect invalid argument schemes (van 
Eemeren, Garssen and Meuffels 2009), we might expect that the 
authors of our 69 source documents would employ reasonable 
arguments more often than unreasonable arguments. Our results 
are consistent with that notion. For instance, generic abusive at-
tacks are considered to be generally unreasonable by a number of 
authors (van Eemeren, Garrsen and Meufells 2009; van Eemeren, 
Garssen and Meufells 2012; Walton 1998), and we found in our 
sample that the generic abusive attacks were used relatively infre-
quently. Additionally, the most common type of action that 
sources were accused of was control of information. Control of 
information includes things like lying, hiding information, ma-
nipulating data, and committing fraud. Rather than being an irrele-
vant or unreasonable attack, accusations of engaging in infor-
mation control seem to be both relevant and reasonable. Individu-
als should distrust a source if that source has a record of deception. 
 In web documents dealing with all four topics, we found that 
appeals to negative source qualities were more common than 
appeals to positive source qualities and that authors were more 
likely to describe the characteristics of the sources than to describe 
their actions. This fact might indicate that the authors of the doc-
uments feel that appeals to negative source qualities are more 
effective than appeals to positive source qualities. Unfortunately, 
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the data collected in the current study is unable to address the 
reasons why authors might prefer to use one type argument more 
than another. The final rows of Tables 4 and 5 revealed that source 
documents promoting ideas inconsistent with the scientific main-
stream are more likely to mention the bad qualities and deeds of 
those they disagree with. The current data cannot tell us why this 
pattern emerges, but we can put forth a hypothesis. It may be that 
those arguing for a claim that does not have widespread ac-
ceptance may be willing to use a wider range of argumentative 
strategies (even those that are often frowned upon) in order to 
increase their market share of public opinion. Since those who 
argue for a claim that does have widespread acceptance are ‘win-
ning,’ they may be more conservative in the argumentative strate-
gies they rely on. It is possible that increased reliance on ad homi-
nem attacks may be accompanied by a reduction of discussion of 
empirical data. However, further research would be required to 
explore this possibility. 
 Our results are consistent with the literature. Habernal, 
Wachsmuth, Gurevych, and Stein (2018) identified and coded ad 
hominem attacks in the social media website, Reddit. Like the 
present study, Habernal et al. found many instances of appeals to 
negative source qualities. Additionally, the taxonomy of ad homi-
nem attacks used by Habernal et al. has some similarities with that 
used in the current study. Sahlane (2012) documented extensive 
use of appeals to negative source qualities in newspaper opin-
ion/editorial items focused on the conflict between the US and 
Iraq. However, neither Habernal et al. nor Sahlane identified or 
counted instances of appeals to positive source qualities or appeals 
to source quantity. We know of no study that recorded the relative 
frequency of the three types of appeals considered in the current 
study (i.e., appeals to negative source qualities, positive source 
qualities, and source quantities). Additional work will be needed in 
order to determine if the relative frequencies for the three types of 
appeals considered in the current study is similar or dissimilar to 
that found in other document types and other forms of media. 
 In the present study, the final rows of Tables 4 and 5 revealed 
that sources that promote claims that are inconsistent with main-
stream science appear to use ad hominem attacks with greater 
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frequency than sources that promote claims consistent with scien-
tific orthodoxy. This finding is consistent with the results present-
ed by Barnes and Church (2013) and Barnes, Church, and Dra-
znin-Nagy (2017). Data reported in both papers revealed that those 
with messages inconsistent with the scientific mainstream (i.e., 
creationism) rely on very different argumentative and rhetorical 
strategies than those arguing for messages consistent with the 
scientific mainstream (i.e., evolution). It must be noted, however, 
that when the current data are looked at in disaggregate form, the 
pattern of data is less clear. 
 There are a number of limitations of the current study. First, 
there is no reason to think that the absolute and relative frequency 
data presented here will generalize to other forms of media. For 
instance, due to norms, conventions, and explicit rules, we know 
that ad hominem attacks are extremely rare in the peer-reviewed 
scientific literature. Additionally, journalistic norms also discour-
age the use of appeals to negative source qualities. An additional 
limitation of the current study is that the content we explored was 
limited to only four science topics (AIDS, climate change, GMO 
safety, vaccine safety). Authors of web documents dealing with 
other science issues may use appeals to source quality and quantity 
in a very different manner than that revealed in the current results. 
Finally, it should be noted that the sample of sources used in the 
current study were all sources with an agenda: the primary goal of 
each document was to convince the reader of a particular science 
claim. Science communication that is not intended to push an 
agenda will likely have different characteristics than the docu-
ments included in the current study. 
 The data that we have presented may be useful to those work-
ing in the area of informal fallacies. The research on informal 
fallacies may benefit from an increased awareness of the relative 
frequency of potentially fallacious arguments as they appear in the 
wild. Some personal attacks are used more often than others, so it 
may make sense for researchers to spend more time addressing the 
types of attacks that appear most often. Additionally, researchers 
may also use the current data as a check to determine if attacks 
that are perceived to be most reasonable are also the types of 
attacks that occur most often. 
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 Research indicates that trust in sources is at least as important 
as the scientific facts when it comes to influencing the public. The 
current study reveals how frequently science communication 
presented in websites veers from ‘just the facts’ in order to focus 
on the sources of those facts. What is the answer to the question, 
‘why is trust in sources so influential when it comes to science 
claims?’ In light of the current results, the answer to that question 
might be that the public has been provided a great deal of infor-
mation about the sources of the claims and may therefore be aware 
of many reasons to trust/distrust certain sources. 
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i In the social and biological sciences quantitative results are frequently present-
ed along with inferential statistics. Null-hypothesis significance tests (NHST) 
are currently the most common inferential tests presented in the social and 
biological sciences, although Bayesian statistics are slowly gaining in populari-
ty.   
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 Over the past 20 years, it has become evident that several sciences that 
employ NHST (a form of inferential testing that relies on the reporting of p 
values) have developed a replication crisis (Open Science Collaboration 2015; 
Camerer and Dreber et al. 2016; Ioannidis 2005; McShane Tackett Böckenholt 
and Gelman 2019). What this means is that many findings reported using NHST 
cannot be replicated. This makes it very difficult for researchers to determine 
which results can be trusted.  
 Why might reporting statistical significance and p values lead to misunder-
standing and replication problems? One problem is that though p values do not 
provide information about either the likelihood of either the alternative or the 
null hypothesis (Wasserstein and Lazar 2016), many researchers falsely believe 
that p values do provide this type of information. For a study with a p value of 
.99, the probability that the alternative hypothesis is true could take any value 
between 1 and 0. Similarly, for a study with a p value of .001 the probability 
that the alternative hypothesis is true could take any value between 1 and 0. 
Because of widespread misunderstanding of the meaning of p values and the 
term ‘statistical significance,’ reporting either may lead to misunderstandings 
about the data. 
 A second problem is that calculations of p are appropriate only when all 
hypotheses and all details of the statistical analysis have been determined prior 
to looking at the data. Unfortunately, HARKing (hypothesizing after the results 
are known) has been a common feature of published research in fields that 
report p values and statistical significance. The problem is that researchers 
conduct exploratory research (which is valuable to science and not problematic 
in itself) and then subject those results to inferential statistics and report p 
values and statistical significance. Reporting p values for a study in which all 
hypotheses and details of the statistical analysis were agreed upon prior to 
conducting the study is the equivalent of shooting an arrow at a bullseye painted 
on the side of a barn. Reporting p values for a study in which the hypotheses 
and specific analyses were chosen after the results were known, HARKing, is 
the equivalent of shooting an arrow at the side of a barn, and then painting a 
target around the arrow. Simmons, Nelson, and Simonsohn (2011) claimed that 
nearly any result can be shown to be statistically significant (e.g., a p value 
equal to or below .05) by HARKing. They demonstrated their claim by choos-
ing the details of their statistical analysis after the results were collected in order 
to show that listening to the song “While I’m sixty-four” caused people to 
become 18 months younger (p = .04).  
 For a number of reasons (including the two reasons listed above), many 
statisticians feel that one of the critical causes of this replication crisis is NHST 
(Hubbard 2016; Wasserstein Schirm and Lazar 2019; Ziliak and McCloskey 
2008). Some experts feel that the best way to reduce untrustworthy research 
results is to require researchers to be more sophisticated in their use of NHST 
(Benjamin and Berger 2019; Colquhoun 2019; Mulaik Raju and Harshman 
1997). However, others feel that p values should be abandoned and replaced 
with confidence intervals (Calin-Jageman and Cumming 2019; Fidler and 
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Thomason et al. 2004) or Bayesian statistics (Dienes 2011). The American 
Statistical Association has recently suggested that reporting statistical signifi-
cance (a status that is based on p values of a certain value) should be abandoned 
(Wasserstein and Lazar 2016; Wasserstein Schirm and Lazar 2019).  
 Mogil and Macleod (2017) have suggested that a solution to the problem is 
to first carry out exploratory studies that are not subjected to any formal statisti-
cal inference. If researchers believe that these findings are worthy of additional 
study, then they should then conduct pre-registered hypothesis testing studies 
subject to statistical inference in order to test hypotheses that were inspired by 
the earlier exploratory research. We agree with Mogil and Macleod in that 
drawing a clear distinction between exploratory research and hypothesis testing 
research will help mitigate the replication crisis and improve the reporting of 
results. For that reason, we have chosen not to conduct or report inferential 
statistics on the results of the current exploratory study. We do feel, however, 
that the means, effect sizes, and sample sizes reported in our Results section 
will convince many readers that a number of our results are worthy of follow-up 
in the form of hypothesis testing studies. We have provided readers with the raw 
data from our study, so that researchers who wish to conduct inferential statis-
tics (e.g., Poisson regression, Bayesian analysis, etc.) can do so. Additionally, 
by making public our raw data, any research team that wishes to calculate Bayes 
factors that take into account data from both a follow-up study and our original 
exploratory study are able to do so. 


