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Introduction
A dandelion seed head jitters in the breeze before the seeds take flight. The 
seemingly weightless orb offers no resistance to the current and is utterly 
indifferent to the destination. A fertile, accessible foothold is all the seed 
requires to germinate and expand its reach. Hostile terrain will see no dan-
delions flower; rich soil will soon see a beautiful field of yellow.

Such was the iconic metaphor with which Dr. Carl Sagan introduced his 
seminal series, Cosmos: A Personal Voyage, which aired on the American 
Public Broadcasting Station (PBS) in 1980.  The personal, poetic style that 
Sagan brought to the series, heralded by the image of the dandelion seed 
taking flight, cemented him as one of the most beloved and effective sci-
ence communicators in history.

The seed metaphor was operative for several themes in the series, includ-
ing among them a symbol of how knowledge spreads, building upon the 
fruits of past voyages into the unknown.  Knowledge is indifferent to desti-
nation.  It flourishes where the conditions are conducive – in the prepared 
and receptive mind. It remains stagnant, or worse, disappears, where no 
such receiver is to be found.

Arguably his most indelible mark in his signature blending of hard science 
with the poetic and personal was his involvement in the creation of a most 
human project that accompanied the Voyager I and II space probes. Af-
fixed to each of the probes is a gold record that includes music, imagery, 
and greetings from its human creators [1]. These postcards of life on plan-
et Earth are the farthest (by far!) any human-made object has ever traveled 
from our planet. Are these among our dandelion seeds floating on the 
‘winds’ of interstellar space?

The human mind is not, necessarily, pre-inclined to think in a logical, 
skeptical manner. Earlier in our evolutionary history neural circuitry 
needed to be first and foremost protect and cautionary.  While conducive 

to success in a dangerous world, this evolutionary inheritance is of less 
clear utility in navigating through the contemporary landscape.

The outcome of the relatively sudden change in what it means to be a hu-
man over the past fraction of a percent of our existence is a collection 
of rather unscientific cognitive baggage.  Dr. Sagan recognized that these 
ancient heuristics do not serve to foster a mental landscape prepared to 
grapple with the universe as it is. In an effort to remedy this, Sagan identi-
fied common, key pitfalls in how we commonly, and intuitively reason. He 
then proposed a method for identifying and minimizing these. The Balo-
ney Detection Kit was created to assist our navigation through our current 
evolutionary stage and facilitate scientific progress. More than that, Sagan 
wanted to arm people with the tools necessary to avoid the dangers lurk-
ing in the shadows in the forms of deception, conspiracy thinking, propa-
ganda, and pseudoscience.

Medical pseudoscience is of particular danger in that it may cloak itself in 
the trappings of science, thus securing entrance to the spaces otherwise as-
sumed to be occupied by science (and all that this implies). In this regard, 
those seeking the most effective treatment(s), yet otherwise unprepared 
with the tools of cognition necessary to navigate the complexity, may find 
themselves rudderless.

Pseudosciences will often adopt the vernacular of the scientific world. 
Practitioners will conduct studies and publish reports in journals with au-
thoritative-sounded titles. These are all efforts to acquire the legitimacy 
and acceptance of science without having to survive the rigorous, unyield-
ing scrutiny that science rightly demands of itself.  

Harriet Hall, MD, (1945-2023), was one of the first female flight surgeons 
in the U.S. Air Force and an ardent supporter of science-based thinking in 
her own right [2]. In 2009, she introduced the concept of “Tooth Fairy Sci-
ence” in her talk, “Tooth Fairy Science and Other Pitfalls: Applying Rigor-
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ous Science to Messy Medicine” [3]. Using this title, Dr. Hall encapsulated 
the efforts of purveyors of pseudoscience to shroud their work in the or-
namentation of traditional scientific inquiry in an effort smuggle-through 
an untested and unscientific foundation.  

Now certainly very few adults believe that a tooth fairy exists. Despite this 
conclusion, we can nevertheless perform scientific studies on ‘the tooth 
fairy.’ We are free to collect data on tooth fairy behavior, analyze it and 
present it in the form of impressive graphs and statistics. We can draw con-
clusions about what these data tell us and make predictions about future 
tooth fairy behavior.  

The beauty of this exercise is that it lays bare the fatal fallacy involved. The 
science was performed on an utterly nonsensical premise. Therefore, no 
matter how compelling the fruits of this exercise are, the entire effort is the 
result of chasing shadows, a mirage. One is either fooled as to the actual, 
true explanation of the events, or is (knowingly or otherwise) engaging in 
deception.

Theories can be generated in the world of medical pseudoscience. Yet the-
ories stripped of certain qualifications are not scientific. A scientifically 
sound theory must meet a set of requirements [4]. Nevertheless, any the-
ory that confidently asserts itself can prove persuasive to the unprepared 
mind. 

Homeopathy has, in likely very large part, enjoyed popular success thanks 
to its association with – and, indeed confusion with – “natural” remedies. 
In American drug stores, homeopathic remedies are often organized un-
der the classification of “natural” remedies and American consumers likely 
know them as nothing more than this. This is an inaccurate characteriza-
tion for a few reasons.  Firstly, “natural” is largely a marketing term with 
no specific, operative meaning [5]. As will be touched upon later, the “nat-
uralistic fallacy” doubly compounds the confusion around homeopathic 
remedies. Secondly, simply considering homeopathy as nothing more than 
“natural medicine” ignores the specific claims being smuggled-in and de-
prives the consumer of key information. 

Samuel Hahnemann (1755-1843) was a German physician displeased with 
the contemporary state of medicine [6]. Practices such as bloodletting and 
purging were still common in the 18th century. These pre-scientific tac-
tics boasted the dubious distinction of being both ineffective and cruel. 
In a laudable effort to improve upon this reality, Hahnemann sought out 
other ways of battling diseases, ultimately publishing his ideas in 1810 [7]. 
He became persuaded of the notion that “like cures like”. In other words, 
a substance that induces symptoms mimicking a disease in an otherwise 
healthy person could cure disease in one afflicted by it [8].

A second principle that Hahnemann asserted was that of “the law of in-
finitesimals” (or “extreme dilution”). Here, if a substance is diluted many 
times over – often to the point where no molecules of the substance re-
main in the dilution – the potency of the substance’s effect is increased.  
This potentiation was thought to be further increased by vigorously shak-
ing the product between dilutions (“succussion”) [9]. While the dilutions 
certainly obviated any concern for toxicity (a real problem with many of 
the original plants and poisons), they also built upon other principles he 
espoused. These included a belief that the water retains “memory” of the 
substance, and that the dilutions unlocked a “vital force” in the remedies 
that themselves would be used to repair what he believed to be “disturbed 
vital forces” within the body (the proximal cause of the disease and the 
third of his principles) [7].

For the reader who considers this of only historic interest, doubting the 
contemporary relevance, consider the following examples. Pediatrics pub-
lished an article in 1994, “Treatment of Acute Childhood Diarrhea With 

Homeopathic Medicine: A Randomized Clinical Trial in Nicaragua” [10]. 
The Lancet found the subject worthy of publication in, “Are the Clinical 
Effects of Homoeopathy Placebo Effects? Comparative Study of Place-
bo-Controlled Trials of Homoeopathy and Allopathy,” in 2005 [11]. A 
1998 study published in Archives of Otolaryngology–Head & Neck Surgery 
(now JAMA Otolaryngology–Head & Neck Surgery), titled “Homeopathic 
vs Conventional Treatment of Vertigo: A Randomized Double-Blind Con-
trolled Clinical Study,” examined a homeopathic remedy in comparison to 
a conventional treatment for vertigo [12,13].  

The examples above (and numerous others) display the penetrance home-
opathy has enjoyed into the world of mainstream medicine and prominent 
journals. Yet its foundation and claims are incredible and provide excellent 
source material for practical application of critical, skeptical analysis.

Chapter 12 of Sagan’s “The Demon-Haunted World: Science as a Candle in 
the Dark,” entitled “The Fine Art of Baloney Detection,” guides the reader 
along a path for discerning science from pseudoscience.  These perspec-
tives are applied here to the principles to homeopathy. However, they are 
universal in nature and intended to be used accordingly.

Facts and claims should be confirmed independently
Scientific assertions are true, or not true, independent of the person(s) 
making the assertion.  The more that independently arrive at the same 
conclusion increases the likelihood that a given conclusion is true. A 
heightened degree of skepticism should be applied in the absence.  

Hahnemann’s original claims about the tenets of homeopathy may have 
felt ‘discovered’ by him, but these ‘discoveries’ were extraordinary in char-
acter and, as follows, required the support of extraordinary evidence in 
return. This has not credibly happened [14].  As such, the foundational 
claims of homeopathy have failed this test.

Openly invite and encourage debate
Scientific principles stand on their own and scrutiny should a welcomed 
part of the peer-review process. Any claim that survives the scrutiny of the 
scientific method is strengthened; its veracity underscored.

Hahnemann had no interest in debating his strongly held beliefs, writing 
to a friend in 1821, “I shall not waste my breath on their ignorance; my 
work must stand for itself ” [15].  Within our current system, the formal 
process of peer-review exists to invite the scrutiny of peers.  Hahnemann’s 
era predated this process, providing him a largely unfettered means to 
spread and build upon his ideas in the manner he chose.

As evidenced above, contemporary articles on the subject of homeopathy 
continue to be submitted and published. Methodological deficiencies are 
commonly cited in cases where the remedies appear to show significant 
effect beyond a placebo [11].

Consider alternative hypotheses and separate per-
sonal affections from scientific theory
Personally identifying with a hypothesis may lead to additional cognitive 
vulnerabilities. This outlook heightens the likelihood that pivotal and un-
expected observations will go unnoticed or unappreciated.  

Hahnemann appeared to be quite enamored with his preferred hypotheses. 
There is no evidence that he made any earnest attempts to attack or refute 
them, or find any other better, more consistent and elegant explanations 
for his observations. He effectively wore ‘blinders’ throughout his career, 
never attempting to see what others saw or to examine his ideas with skep-
ticism [16]. Even now, when champions of homeopathic remedies present 
favorable results, alternative hypotheses are given little attention [17].
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Beware of arguments from authority
The credentials of those making a claim do not, in and of themselves, 
suffice as evidence of the claim. However, the educational and experien-
tial credentials of the speaker are often relevant and generally do suggest 
something meaningful. The skeptical listener is suspicious, however, when 
a speaker urges acceptance of a claim solely (or even mostly) based upon 
a position of authority and influence. We must require a transparent ac-
counting of the actual evidence.

While not necessarily operating from such an explicit vantage point, 
Hahnemann’s actions and responses to his critics did resemble this. His 
was a lone, yet persistent voice, to be contrasted with scientific theories 
where a number of independent centers of experimentation work to reveal 
similar and consistent findings, independent of the observer as a princi-
ple. Former homeopath Anthony Campbell opined in a 2001 essay, that 
“[Hahnemann’s] reliance on personal authority over empirical challenge 
aligns with dogmatic rather than scientific method” [18].

Quantify when possible
Precision and specificity are laudable aims when formulating a useful, re-
producible scientific claim. A claim of “like cures like” is about as impre-
cise as is possible. What does “like” mean? How, precisely, does dilution 
and succussion relate to potency? Vague claims may be used to circumvent 
and simply confuse issues of measurement and precision. 

When it comes to testing and comparing (i.e., experimentation), terms 
such as “better” or “more than” are useful in a vague sense, yet are vulner-
able to subjectivity and rather resistant to statistical comparison. Science 
thirsts for objective measurements.  

One may argue that current publications on matters of homeopathy have 
attempted to address this in that many are sufficiently quantified in their 
measurements and statistical principles. This is indeed a positive devel-
opment and displays some degree of acceptance of important scientific 
principles. Yet the devil lies both in the details (the methodologies) and 
on the wings of the tooth fairy. Dr. Hall’s “tooth fairy science” exercise was 
presented earlier; others have published detailed dissections of the meth-
odological flaws within contemporary homeopathic research [19].

Understand and avoid logical fallacies
Logical fallacies are errors in rational thinking; flaws in reasoning. They 
are numerous and pernicious. Science requires vigilance to their presence 
and focused skepticism when identified. While a comprehensive overview 
of these is not possible here, a brief discussion of a few of the more com-
monly encountered fallacies is appropriate.

Post hoc ergo propter hoc
This translates into ‘after this, therefore because of this’ (emphasis add-
ed). I walked under a ladder and subsequently tripped and fell. I conclude 
that the action of walking under the ladder, believed to impart bad luck, 
caused me to fall, while the true cause of my fall was my own inattention 
to a hazard. Of course in many cases, this conclusion of “this before that, 
therefore because of this” holds true.  Such is the allure of this fallacy and 
the cognitive trap it may set.  

For Hahnemann and others, this apparent connection was far too tempt-
ing to ignore.  Observing what is deemed as improvement following the 
delivery of a remedy may be strong evidence of that remedy’s power. Al-
ternatively, it may be evidence of other phenomena: the natural course of a 
disease, the use of concurrent (and more effective remedies), expectations 
of both subject and observer, and so on. Observations such as these may 
form the basis of hypothesis creation, but cannot, without the scientific 
process put into action, be the basis of hypothesis confirmation.

Ad hominem
Literally, “to the person.” It is tempting to discount a claim due to attitudes, 
even facts, about the one making the claim. Claiming that an individual 
is a shill for ‘big pharma’, and is therefore untrustworthy, may be made 
in an attempt to discredit the argument. Yet the argument itself remains 
untouched and untested.

In Hahnemann’s day, such attacks were routinely exchanged. These did 
little to bolster the other, far better and valid arguments that were other-
wise being made (then and now). Ad hominem attacks can spoil scien-
tific debate in both directions.  As Hahnemann was right to ignore such 
comments, they also provided him cover for ignoring his critics en masse 
[20].  Today, such actions still permeate the debates in topics such as these. 
Words such as “crank” and “cynic” are routinely exchanged.

Straw man
Here, an argument is modified by the detractor in order to render it all 
the easier to counter or falsify. It need not mean that the straw man char-
acterization is, itself, necessarily false. To argue against the straw man is to 
confuse the subject and avoid the actual argument.

Hahnemann’s claims – indeed the claims of homeopathy – are rather fan-
tastical and appear to defy many principles of nature as we have grown to 
understand them. This aside, homeopathy advocates do not typically claim 
that water has “magical” properties and a common straw man fallacy is to 
simply dismiss their claims by stating such. On the other hand, homeop-
athy supporters often position their approaches by contrasting them to 
conventional medicine’s “toxicity” [21]. The allure of the straw man is to 
find the short-cut to dismissal.

False dichotomy
“Conventional medicine relies on toxic chemicals, whereas ‘natural med-
icine’ uses safe, naturally occurring remedies” is a dichotomy. The state-
ment presents a strictly ‘either/or’ distinction. Yet medicines need not 
conform to such confines. The choice presented is almost certainly a ‘false’ 
choice; a ‘false dichotomy.’  

Sagan would encourage us to respond to this with many questions: How 
do we define and distinguish ‘chemical’ in contrast to ‘natural’? What is 
meant by toxic?  False dichotomies are often generated to force the debate 
into a corner in which the favored position appears obviously preferrable 
to the other. 

Apply Occam’s Razor
The simplest explanation should be preferred over the unnecessarily com-
plex one. The more elaborate explanation is not untrue simply because of 
this additional complexity. Only in competition with the simpler, more 
elegant explanation does it become less likely true.

Occam’s Razor is appropriately called into action when considering many 
different modalities of alternative medicine. Homeopathy is less likely to 
be true simply due to Occam’s Razor.  Favoring a homeopathic explanation 
requires the acceptance of multiple, mysterious principles (e.g., water’s 
“memory”) and simultaneously discards the likelier explanations (e.g., 
bias, placebo responses).

Beware of confirmation bias (and other biases)
Human cognition is vulnerable to biases, or subconscious preferences. 
These are distinguished from logical fallacies, which are errors in reason-
ing. Biases go deeper and may exist in addition to, or independent of, er-
rors in reasoning.  

Among the most common of these is confirmation bias. A preferred opin-
ion or explanation, comes first and the observations that align come sec-
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ond. Observations that support the preferred explanation are noted, those 
that do not are ignored. This bias is often leveraged in the acceptance of 
psychic readings. The vulnerable subject only notes the ‘hits’ and ignores 
or forgets the ‘misses’.  

Another is the availability bias. Here, the relative availability of informa-
tion shapes how we think of a subject in general. If I only hear about spi-
ders in the context of poisonous bites, I may conclude that all spiders are 
poisonous.

In anchoring bias, a first impression or first piece of information becomes 
the expected (‘anchored’) norm. If my first experience tasting a green veg-
etable is unpleasant, I may always expect green vegetables to taste bad.

These and other biases can mislead us when it comes to understanding and 
weighing the merits of any modality in medicine. Incorrect, yet founda-
tional expectations of homeopathy’s capabilities may influence our inter-
pretations of observed events.

Test hypotheses experimentally
Separating truth from fiction can be difficult. Between the complexity of 
nature and the pitfalls of falling prey to cognitive traps and biases, it can 
be a messy task. Fortunately, there exists a strategy for navigating our way 
through this is: the scientific method. If we truly want to know that a given 
claim delivers on its promises, we must put it to this test.  

Science allows for the formulation of seemingly wild hypotheses. To leap 
from hypothesis to theory, from claims of possibility to claims of relative 
confidence, is to circumvent the best system we have for truth-seeking. No 
other system has the proven track record of the scientific method.  

A more nuanced appreciation of this point gets to the quality of the testing 
process. While beyond the scope of this discussion, there exists a gradient 
of quality of hypothesis testing and evaluations of the testing must weigh 
this as well [22]. These elements include the use of appropriate controls, 
the minimization of biases, appropriate statistical methods, well-defined 
testing conditions, and so on. Herein lies the basis of much of the contem-
porary criticisms of homeopathy. While a given experiment may suggest 
a positive effect, deficiencies in these areas may exist in the conditions the 
data analysis.

Scientific approaches do not imply a desire to find a negative result. Such 
an interpretation would suggest that this a process of cynicism – a word 
often confused with skeptical inquiry. Skepticism and critical thinking are 
not cynical in nature. Yet, neither are they gullible or idealistic. The foun-
dation must be one of neutrality and indifference to a specific or desired 
outcome. 

By now, it should be apparent where the claims of homeopathy flounder 
under the eye of Sagan’s ‘kit.’ Even so, they may be met with an open, yet 
prepared and agile mind. To be discovered is that, despite over two hun-
dred years, the claims remain essentially as they were when first described 
[23]. The principles are every bit as vague as they were then. 

Perhaps in response, homeopathy has surrounded itself in broader claims 
of being “natural” and leaning less on the grand, founding principles. One 
is likely to encounter “homeopathic” remedies in the supplement aisle of 
the drug store and think only that they are reaching for a “gentle”, or “drug-
free” intervention. Indeed, both of these assumptions may be true! Yet, 
the search for better ways to treat disease paired with ethical principles, 
such as patient autonomy and beneficence, require us to remain unsatis-
fied with this. Placebos certainly ought to be “gentle” and “drug-free” but 
ought not be positioned as proven, effective medicine.

An exercise of putting Sagan’s Baloney Detection Kit to practical use on 
the claims of homeopathy can and should be completed with respect to 
all claims of healing. While famously critical of “alternative medicine” and 
pseudoscience as a whole, Sagan did not imply that some claims should be 
shielded from this scrutiny. The principles discussed above are there to be 
used on any claim, including those that otherwise receive little skeptical 
attention.  

In the dandelion metaphor so favored by Dr. Sagan, there is also the 
melancholy stage of an ending. The vessel launching the seed will surely 
whither. Sagan fell ill in 1994 while working on his renowned book, The 
Demon-Haunted World: Science as a Candle in the Dark. Sagan was only 
62 in 1996.  Still, the message continues with the book celebrating its 30th 
anniversary in 2025.  

Sagan’s legacy is vast and perhaps most poignant in the way he merged 
poetry, compassion and humanity to the otherwise calculating scientif-
ic process. This union has had profound impacts on the public’s under-
standing of science, on aspirations and careers, and on the ongoing effort 
to improve the human condition through the power of a broadly-applied 
scientific mindset.

Sagan did not sound the alarm on subjects such as astrology, psychic pow-
ers or pseudoscientific medical claims in order to denigrate or demean. He 
aimed to share his passion for scientific discover and to further the flour-
ishing of humanity by shining a light – a candle in the dark - to illuminate 
the paths of progress [24].
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