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Commentary: The Popcorn Effect, by
Wendy Ross

This anecdote reports a discovery in the real
time implementation of thermic biomass gasi-
fication made after an undergraduate student
noticed an unanticipated consequence of tak-
ing a shortcut. It is a good example of the
necessary combination of accident and sagac-
ity in a serendipitous event. The story hinges
on two aspects central to serendipity. First,
the accident. In this scenario, this was an acci-
dent caused by the shortcut of not fully drying
wooden pellets before feeding them into the
machine. This shortcut stemmed from the all-
too-familiar feeling of time pressure, in this
case for an undergraduate student with a non-
negotiable project end point. This led to an
unanticipated consequence which first caused
a feeling of failure but then, by imagination and
careful thought, yielded an unanticipated dis-
covery that changed both theoretical and prac-
tical understanding. This anecdote highlights
the importance of both the unanticipated ac-
cident and the intelligence to understand the
implications of the initial failure in generating
novel insights from failure.
The discovery also demonstrates the im-

portance of teamwork in understanding how
serendipity unfolds. As the author notes, the
challenge to authorized models was a brave
move from an undergraduate student, but
it also required those at higher levels of the
project to listen and not dismiss the observa-
tions. Alongside this openness, they needed
to have and be willing to use the resources
to investigate them. This anecdote further
illustrates Copeland’s (2019) argument that
these serendipitous moments require addi-

tional structures to be realized than simply the
moment of noticing by an isolated individual.
There are two key things that I would like to

highlight in this anecdote to help us to under-
stand the way that serendipity unfolds in scien-
tific practice. The first is one highlighted by the
author: the distance between scientific models
presented on the page and science as it is prac-
ticed in an imperfect laboratory and subject to
many different pressures. These pressures
are often marginalized in the story of scien-
tific discovery. The story told here illustrates
the way that serendipity often occurs when the
messiness of the real world extends into and is
incorporated into the world of the theoretical.
The second key aspect that this story allows
us to explore is again highlighted by the au-
thor, the importance of analogical thinking in
making sense of these unanticipated observa-
tions and the role of the imagination in making
the connection between seemingly unrelated
topics.
In the case described here, what jumps out

from the start is that the author describes
the practice of science as far messier than it
looks on paper and also far more human. The
distinct phases of gasification mapped out in
the process models used to understand those
phases were not reflective of the unfolding of
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the process in the laboratory even prior to the
serendipitous discovery. Rather, the author
tells us that the processes were not as distinct
as they were presented in these models, and
that there was an overlap across the different
phases. The author even demonstrates the
importance of additional senses, such as smell,
to understand these. Added to this was the
very real process of muddling that unfolds in
a scientific laboratory when the materials re-
quired for experimentation do not fully work
and the people who are operating them are un-
der additional forms of pressure themselves.
Indeed, the start of this anecdote describes
a situation of failure and frustration with the
equipment and the skipping of the traditional
order because of ongoing time pressures.
Many serendipity stories arise fromwhat has

been called “the principle of limited sloppiness”
(Delbruck, cited in Grinnell, 2009). Perhaps
most famously, the discovery of penicillin was
sparked by a form of mold that grew over a
Christmas break in an untidy laboratory, but
there are many other stories that hang on this
sort of accident. For example, Goodyear fi-
nally solved his problem of the stickiness of
rubber at high temperatures through acciden-
tally dropping sulfur and rubber together on
a stove in his home and discovering vulcan-
ization (Yaqub, 2018). However, it is impor-
tant to appreciate that for Delbruck, the slop-
piness is limited because it is not indiscrimi-
nate. The principle of limited sloppiness sim-
ply serves to acknowledge that the conceptual
understanding of a situation is always unclear
and limited rather than an unintended messi-
ness. Delbruck makes the case that experi-
mental designs sometimes test more than the
intended question and that the role of the ex-
perimenter is to notice these unintended con-
sequences. In this way, the messiness differs
from that described in the anecdote presented
here. The case in this anecdote was not that
of explicit experimentation with messily fuzzy
edges. However, the author’s act of noticing
the unintended consequence of the shortcut
demonstrated the same skill of noticing and
understanding the theoretical implications of
the unintended outcome outlined by Delbruck.
It remains to be seen, as an increasing

amount of research practice is automated,
how the parameters of limited sloppiness can
be maintained and whether in the nature in-

tended by Delbruck or the more human messi-
ness exemplified in this anecdote. For exam-
ple, while in my own domain of psychological
science there has been much concern about
the effect of “bots” in online data collection,
there has been less discussion of the gradual
elimination of unintended data collection that
is part of these forms of tightly controlled ex-
perimentation. Anecdotes such as this and oth-
ers in this series remind us that those who are
conducting experiments in messy real world
have an important understanding of the practi-
calities of scientific research which can inform
theoretical understanding. If we do not pay
attention to the messiness on the margins of
discovery, we may lose something along with
the efficiency gains of increased automation
and abstraction of research. Similarly, and as
discussed by Grüning (Ross et al, 2024), it re-
mains to be seen if the current focus on Open
Science (OS) in research will also lead to the
erasure of this principle of limited sloppiness.
Currently, rightly or wrongly, the move towards
OS is being interpreted as a reduction of this
sloppiness rather than transparency about the
messiness of science. The next iteration of this
movement must be to actively engage with this
messiness.
Of course, we cannot explicitly build slop-

piness into our theoretical models. There is
no space for sloppiness in the models of a sci-
entific process because models act to clarify
rather than describe. As the author of this
anecdote writes, the role of models is to sim-
plify the real. Leaving space for serendipity
is simply leaving space to update these ab-
stracted models in light of important informa-
tion from the real world that they aim to repre-
sent. Serendipity is the process of understand-
ing the ways that theoretical aspects can be up-
dated when something unexpected happens.
The messy everyday of complexity cannot be
simplified (Smaldino, 2017).
I propose that serendipity then arises from

the moment when the non-modelled world
meets and changes the theoreticalmodels. For
this same reason Yaqub (2018) uses the fa-
mous quote by Pasteur to show us how acci-
dental discovery comes from the observation
of something which is theoretically unantici-
pated. The relationship with theory is threaded
throughout stories of serendipitous discovery
in the sciences. Serendipity involves the sur-
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prise that comes from a change in understand-
ing (Simonton, 2022). I have previously de-
scribed the disruptive nature of this shift in
theoretical understanding, which can some-
times lead to it being rejected by the individual
or the sociocultural surroundings (Ross, 2023).
Serendipity highlights the messiness of the sci-
entific process but also the paucity of our un-
derstanding of the stability or otherwise of our
models’ parameters.
The second aspect of this story that can shed

light on the process of innovation is the role of
analogy in serendipity. Analogical transfer is,
broadly, the ability to map findings from one
domain to another. It means that the learning
or understanding that occurs in one domain
can be used in another. For several theorists
this has long been considered to be one of
the key aspects of creativity and intelligence
(Sternberg, 1977). Researchers in this area
will present participants with a problem (the
source) and then, after a break, present them
with a problem similar in structure (the target)
to see whether they are able to recognize the
links between the two. However, within the
laboratory, transfer from one area to another
is hard to elicit and hints or even explicit in-
structions are often needed (Ormerod & Mac-
Gregor, 2017; Sala & Gobet, 2017).
The story here hangs on an analogy. In

this instance, it is an example of what would
be called spontaneous analogical transfer
(Ormerod, 2023). Spontaneous because the
author of the anecdote was not prompted by
anyone else to make the link – instead the link
between the way that the pellets puffed up and
popcorn was made without prompting. This
link then led to a clearer sense of the poten-
tial of the wooden pellets and, in Roßmann’s
words, the “unconstrained analogy … can ex-
plain the relationship between accidental pa-
rameter variation and measurement data suffi-
ciently to plan follow-up experiments.” The au-
thor of this anecdote explains clearly the role
of imagination in creating the link between the
real and the abstracted. This illustrates why
the notion of far transfer is closely linked to
intelligence and creativity.
However, to say that transfer occurred spon-

taneously undermines the role of the accident
in generating this analogy. The accident re-
vealed something about the structure of the
wooden pellets that happened beyond the

thoughts of the individual. Three things were
necessary – knowledge of the source domain
and of the target domain, the accident born
from a shortcut which unintentionally drew a
link between the two, and the imagination of
the observer to trace this link. This highlights
the key aspects of serendipity – knowledge and
attunement to a domain, imaginative skill to
project beyond the two domains, and an acci-
dent to reveal an underlying connection. This
also highlights an unresearched and uncon-
sidered aspect of analogy: The analogy func-
tions as amethod of communication and a way
of scaffolding sense making. Recognizing and
drawing the analogy was not the end of the
process but rather the beginning. Much as ar-
gued in Ross and Arfini (2023), serendipity and
associated psychological phenomena such as
insight or analogy should be seen as the start
of the process of discovery rather than its end
point.

Reply by Maximilian Roßmann

I would like to thank Dr. Wendy Ross for her
generous and insightful commentary on my
anecdote. Her feedback has greatly assisted
me in refining my philosophical reflection.
I must say that I find this format of com-

ment and response truly invigorating. For the
first time, this revision process feels like an in-
spiring discussion with a fellow scholar who
ignited a genuine interest in her references
and discourse, rather than simply placing the
burden of citing them upon me. However, I
do recognize that I need more time to engage
thoroughly with this fascinating discourse on
serendipity.
Still, I would like to briefly elaborate on the

topic of analogical thinking in the make-believe
discourse. Salis and Frigg (2020) also dis-
cuss analogies to sensual experiences and
mental images, such as puffing popcorn or a
crackling bonfire. Imagining puffing wood pel-

Want to continue the discussion?
Comment on PubPeer!

Click here to visit this article.

Ross (2025). Commentary: The Popcorn Effect. Journal of Trial & Error. https://doi.org/10.36850/8ca0-4ae4.

https://doi.org/ 10.36850/8ca0-4ae4


Commentary Ross

lets inside the reactor, then, transcends anal-
ogy by not only “playing back on screen what
has been recorded previously” but creatively
putting pieces together (p. 9). They, however,
further emphasize that most thinking is “propo-
sitional” and thereby question the relevance of
mental imagery to make-believe and develop
a hypothesis. Still, I find it convincing that un-
constrained analogies and diverse sensual ex-
periences from different and detached knowl-
edge domains should be seen “as the start of
the discovery” (this quote can be found in the
commentary above). In contrast to only imag-
ining propositions, they significantly increase
the variance of possible imaginings as required
in creative discovery. Constraining the initial
analogy to the propositional imagination that
evaporating water from an incomplete drying
phase makes particles puff up like popcorn
and react faster, seems like the selection step
in an evolution process. It leaves behind the
potential relevance of colors, sounds, touches,
and smells associated with memories of bon-
fire and popcorn to clearly prescribe what is
to be imagined when justifying follow-up ex-
periments. While such a sterile imagining fits
well with the stereotype of rational, reasoning
scientists, I suspect that it underestimates the
relevance of the appealing analogies and “ad-
ditional structures” (this quote can be found in
the commentary above) to rephrase and em-
phasize crucial relationships in interdisciplinary
research collaborations and science communi-
cation with different audiences.
I would be curious to discuss this fascinat-

ing perspective on serendipitous discoveries
further on another occasion and include the
question of how novelty comes into the world.
These questions also provide interesting new
perspectives to my empirical interest in multi-
modal representations. Thank you once again
for your thoughtful insights!
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