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Abstract
Conceptual engineering is the practice of revising concepts to improve how people talk and
think. Its ability to improve talk and thought ultimately hinges on the successful dissem-
ination of desired conceptual changes. Unfortunately, the field has been slow to develop
methods to directly test what barriers stand in the way of propagation and what methods
will most effectively propagate desired conceptual change. In order to test such questions,
this paper introduces the masked time-lagged method. The masked time-lagged method
tests people’s conceptual understanding at two different points in time without their knowl-
edge of being tested, allowing us to measure conceptual revision in action. Using a masked
time-lagged design on a content internalist framework, we attempted to revise planet
and dinosaur in online participants to match experts’ concepts. We successfully revised
planet but not dinosaur, demonstrating some of the difficulties conceptual engineers face.
Nonetheless, this paper provides conceptual engineers, regardless of framework, with the
tools to tackle questions related to implementation empirically and head-on.

1 Introduction
Conceptual engineering is the practice of improving concepts so that we can think and talk
better.1 Rather than merely trying to understand existing conceptual or linguistic structures,
conceptual engineers aim to be conceptually or linguistically creative, revisionary, and innovative
in order to address shortcomings in our current conceptual schema. Using the four-part process
of Isaac et al. (2022), conceptual engineering involves describing people’s existing concepts,
evaluating whether they fall short in some way, improving upon them by designing a new or
revised concept, and implementing the product by spreading it to the right people.

What exactly one should take the target of conceptual engineering to be is an open and
contentious issue in the conceptual engineering literature (Belleri, 2021; Isaac et al., 2022).
Irrespective of this unresolved question, however, the first three steps of conceptual engineering
involve processes that are well-understood by academics. Cognitive science, developmental
science, experimental philosophy, armchair philosophy, and other fields have long been in the
business of describing people’s concepts, such as cause, truth and responsibility, using
methods like thought experiments, laboratory demonstrations, corpus linguistics, etc. Similarly,
philosophy and other fields have long been in the business of the second step of conceptual
engineering, evaluation, when they use thought experiments, arguments, formalizations, and
other tools to determine whether concepts lead to fallacies or other unwanted consequences.
Improving the concept, the third step of conceptual engineering, has a less storied history,
but recent philosophers have drawn lessons from design and engineering and have developed
improved concepts themselves (Haslanger, 2000; Napolitano & Reuter, 2021; Reuter & Brun,
2022; Scharp, 2013).

1 For the rest of this section, we use “concept” in the broadest possible sense to include any potential target of
conceptual engineering. Starting in Section 2, we use “concept” specifically in the content internalist sense
to refer to token cognitive entities.
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This leaves the final step, the implementation of engineered concepts. Here, conceptual
engineers face two types of empirical questions:

• Global Implementation Questions: What factors in general affect the success or
failure of propagating concepts?

• Local Implementation Questions: What factors affect the success or failure of revis-
ing or replacing specific concepts?

Conceptual engineers have hitherto tried to answer global implementation questions by either
drawing parallels from historical examples of conceptual propagation and linguistic change or by
drawing lessons from cognitive science. The historical case studies start from a straightforward
premise: linguistic change and collective conceptual change have happened in the past, and
lessons can be learned from those case studies (Koslow, 2022; Landes, 2023; Thomasson, 2021).
For example, Landes (2023) examines the problems faced by public health officials when social
distancing was propagated worldwide in early 2020, arguing the label “social distancing”
potentially hindered accurate conceptual propagation.

Others have tried to make ground on global implementation questions by looking towards
cognitive science and arguing that cognitive features make some implementations easier than
others. Machery (2021) combines experimental philosophy work on the defectiveness of innate
(Griffiths & Machery, 2008; Machery et al., 2019) with cognitive science work on cultural evolu-
tion (Buskell, 2017; Scott-Phillips et al., 2018; Sperber, 1996). Some concepts, such as innate,
will not easily be revised, Machery argues, because we are naturally attracted to features of the
concept. Fischer (2020) instead focuses on what work on the cognitive structure of polysemy
can teach about conceptual revision. Drawing on work showing certain types of polysemy can
lead to conflation (Fischer & Engelhardt, 2019; Fischer et al., 2015; Giora, 2003), Fischer argues
that conceptual engineers should avoid novel senses of words that require us to suppress features
of more dominant senses.

Local implementation questions have gained less attention. While changes have been pro-
posed by conceptual engineers, very little effort has been made to actually propagate them.
Conceptual engineers have come up with various proposed designed changes, such as splitting
truth (Scharp, 2013), ameliorating woman (Haslanger, 2000), and introducing “conspirato-
rial explanation” as a neutral counterpart to “conspiracy theory” (Napolitano & Reuter, 2021).
These have, however, merely remained proposals. In contrast, the examples we do have of
successfully propagated designed cognitive and linguistic devices — the sex/gender distinction
(Muehlenhard & Peterson, 2011), the revision of planet (IAU, 2006), and the relabeling of
“battle fatigue” to “Post-Traumatic Stress Disorder” (Jones, 2013) — have all come from out-
side of the academic discipline of conceptual engineering. At the time of writing, self-identifying
conceptual engineers have largely limited their efforts at propagating their designed changes to
presenting the changes in academic articles, and they have been slow to research what sorts of
propagation efforts are required to get their designed changes to stick.

Ultimately both global and local implementation questions require an empirical approach,
regardless of the conceptual engineering framework ([Author ms]). Whatever the target of con-
ceptual engineering is, something needs to be propagated, whether a cognitive disposition, causal
historical chain, speaker meaning, etc. However, since these targets differ significantly, one might
assume that each framework presents its own set of empirical inquiries. For instance, what fac-
tors influence the success of the spread of a linguistic norm may well differ from the factors that
impact the uptake of adjusted categorization patterns. Nevertheless, the purpose of this paper is
to demonstrate that our proposed empirical approach is both comprehensive and foundational,
enabling the examination of global and local implementation questions independently of one’s
preferred conceptual engineering framework.

By employing this broad methodology, we aim to demonstrate that both global and local
implementation questions can be directly tested. In the empirical parts of this paper, we will
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adopt a content internalist framework of conceptual engineering (e.g., Fischer, 2020; Machery,
2017; Pollock, 2021) to introduce the masked time-lagged method (Section 2) as well as the
hypotheses and results of our study (Section 3). Content internalist frameworks take concepts
to be token cognitive representations that possess structure and influence cognitive processes
such as categorization and inference (Machery, 2009; Margolis & Laurence, 2007). We adopt
this framework primarily due to its longstanding dominance within the field of cognitive science.
After we present our findings, we tackle possible objections and discuss how and why this
framework can be expanded and applied to other conceptual engineering frameworks (Section
4). In particular, we discuss frameworks that target speaker meaning (Pinder, 2020, 2021) and
semantic externalist frameworks (Cappelen, 2018; Sterken, 2020).

2 A New Methodology for Testing Conceptual Change:
Masked Time-Lagged Studies

How can conceptual engineers directly test specific hypotheses raised by the global and local
propagation questions? Developmental psychology may prove as a source of inspiration, par-
ticularly in relationship to global implementation questions. Like conceptual engineers, many
developmental psychologists are interested in how concepts change, albeit typically during natu-
ral development and education as opposed to in response to conceptual engineering (e.g., Carey,
2011; Poling & Evans, 2004; Shtulman & Calabi, 2013; Spelke & Tsivkin, 2001). Here, the meth-
ods of developmental psychology have uncovered lessons relevant to conceptual engineering. For
one, naive folk concepts do not morph into scientific concepts, instead the folk concepts appear
to be suppressed by the novel scientific concepts (Shtulman & Valcarcel, 2012). For another,
depending on the concept, conceptual change can take months or even years, and such complex
conceptual changes may only be present in a fraction of the adult population (Carey, 2011).

There are multiple reasons why the methods of developmental psychology are of limited use to
conceptual engineers hoping to answer global and local questions about implementation. First,
developmental psychologists primarily study how children and young adults undergo conceptual
change, focusing on their ability to learn new concepts and adapt to scientific theories. In
contrast, conceptual engineers often aim to implement conceptual change in adults who have
held specific concepts for long periods of time. Second, existing empirical studies often examine
conceptual change in traditional educational settings such as classrooms. However, conceptual
engineers may want to target adult populations and change their views through non-formal
means of information dissemination. Third, practical considerations favor survey-based designs
over classroom-based and other in-person designs. In general, survey-based designs are easier
and cheaper to run than in-person designs. At the same time, due to contingent historical
facts, empirically-driven analytic philosophers typically do not currently have the logistics or
expertise in place to run, for example, in-person demonstration-based or game-based studies –
a common design to test for conceptual change in infants and children. The shift to adults and
survey-based designs create issues, however, as surveys on adults are notoriously susceptible to
noise caused by participants either misreading the intention of the experimenter or relying on
subtle pragmatic cues to interpret questions in unwanted ways (Conrad et al., 2014; Cullen,
2010; Schwarz, 1995). Moreover, for reasons discussed shortly, we believe tests of conceptual
revision are particularly susceptible to such survey pragmatics.

In short, an experimental method is needed that (a) targets adult populations, (b) em-
ploys non-formal means of information dissemination, (c) uses a survey-based design, and (d)
minimizes survey pragmatics.

One of the central goals of the present paper is to propose a novel method that satisfies all four
desiderata, the masked time-lagged design. Our design tests people’s conceptual understanding
at two different points in time without their knowledge of being tested, allowing us to measure
conceptual revision in action. During an initial phase, participants receive an intervention that
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attempts to change their conceptual content. Then, during a second phase that has no apparent
connection to the first, participants’ conceptual content is measured. By employing this method,
we can observe and analyze the process of conceptual revision as it unfolds over time.

Masking and time-lagging are required to solve two methodological challenges faced by any-
one wanting to test for genuine conceptual change. Starting with time-lagging, time-lagging
is required to test whether any measured change occurs over the timescale that interests con-
ceptual engineers. Conceptual engineers aim to bring about long-term linguistic or conceptual
changes, and it is not enough that people learn novel content for a few minutes and then either
forget it or never deploy it again. Accordingly, any design testing conceptual propagation will
have to take steps to avoid collecting the contents of short-lived ad hoc concepts or information
stored in working memory. Testing revision at separate points in time avoids this issue. It is,
however, an open question how much of a time lag is needed to check for long-term uptake. The
experiment reported below operated at the scale of a few hours to a few days, but the methods
described could easily be scaled up to order of weeks or months.

In contrast to time-lagging, masking is required to manipulate survey pragmatics and par-
ticipant mind-reading that may get in the way of measuring conceptual change. Pragmatic
effects are particularly troublesome on invariantist frameworks, like those popular in the con-
ceptual engineering literature, where conceptual content is the default information retrieved in
every context or outside of context (Fischer, 2020; Machery, 2009, 2017). On such accounts,
any context is a source of noise. However, survey pragmatics is not just a problem for such
invariantist pictures of conceptual content. While it is tempting to think of participants as
passively following the instructions, the reality is that participants are best thought of as being
in conversation with the experiment or experimenter (Conrad et al., 2014; Schwarz, 1995). As
participants work their way through a study, being helpful interlocutors, they use clues in word-
ing and design to try to determine what exactly the experimenter is interested in and answer
accordingly. Such Gricean mechanisms have, for example, been found to cause order effects and
affect how participants interpret scales (Cullen, 2010; Schwarz, 1995).

At least three mechanisms, avoided by masking, risk artificially raising the rate of measured
conceptual propagation among test groups. First, if the test questions were not masked, it would
obvious to participants what answers the study is trying to cause. The stimuli are carefully
sourced and argued (see Section 3.3), suggesting that not only do the experimenters believe
what is being presented (which is true, we do), but that the experimenters want participants
to believe it too. This may artificially increase measured rates of revision when participants
answer in a way they think is helpful. Second, an explicit connection to the pre-test during the
post-test phase will raise the salience of the intervention in participants’ minds. While we want
participants to remember the content of the intervention, remembering merely because they
recognize the connection between the pre-test and post-test is not genuine change. Third, and
most crucially, masking is required to allow for meaningful comparisons between the control and
test groups. Testing conceptual revision requires measuring whether specific content changes
over time. In many cases, this will only be portion of a participants’ conceptual content.2
Any measure of change, especially open-ended questions like those employed here (see Section
3.2), will therefore include many non-relevant answers. The intervention will raise the salience
of specific content. Thus participants in the test group in non-masked designs will, through
pragmatic mechanisms, interpret the content being measured as part of the question under
discussion during the “conversation” of the study. This will lower the validity of between-
subject comparisons, as participants in the test group will be driven by pragmatic mechanisms
to be more likely to answer according to the content being measured than the control group
will.

2 This is only true when working with concepts whose content are not necessary and sufficient conditions.
However, few, if any, (internalist) concepts have content structured this way (Laurence & Margolis, 1999).
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3 Empirical Study
In this section, we discuss the selection of concepts, introduce our methods and hypotheses, and
present the results of the masked time-lagged study. Hypotheses and methodology were pre-
registered with the Open Science Framework. The different surveys, including all the stimuli,
that were administered to the participants are available on this online repository.

3.1 Selection of Concepts
In order to demonstrate how conceptual uptake can be directly tested, we selected two concepts,
dinosaur and planet. We aimed to revise them to be in line with recent scientific discoveries.
According to common folk wisdom, dinosaurs are extinct and Pluto is a planet. However, in the
last few decades scientists have generally come to the consensus that (a) birds are an existing
form of dinosaur, and so dinosaurs are not extinct and (b) Pluto is not a planet because, unlike
planets, it has not cleared its orbit of debris. This means many folk have a concept dinosaur
that incorrectly excludes birds and a concept planet that incorrectly includes Pluto. Compared
to other potential concepts, we chose dinosaur and planet because they have four key features:

First, they are real cases backed by relevant experts. It would be unethical to attempt to
use our position of authority to propagate concepts that are not in the participants’ epistemic
interests (Shields, 2021, 2023). However, the shift in content of dinosaur and planet have been
widely adopted and advocated for by paleontologists and astronomers, respectively (Brusatte,
2017; NASA, 2023).3 Therefore, the choice of dinosaur and planet allows the study of
propagation of content that both a majority of relevant experts and we as experimenters think
is the best or correct content.

Second, these are scientific cases. Conceptual change will likely require buy-in by partici-
pants. Participants need to believe that the intervention is truthful and requires the cognitive
effort to appreciate the stimuli to the extent that is needed to change concepts. Accordingly,
the concepts dinosaur and planet allow us to write stimuli in a way that piggybacks on the
prestige and social stature of science, by, for example, using real NASA-generated images of the
solar system.4

Third, these are live cases as people are still learning and/or adjusting to the decision by
the IAU that planet excludes Pluto and the recent series of discoveries by paleontologists that
birds are a type of dinosaur. Therefore, a large percentage of the participant pool does not yet
have concepts with the content we hope to revise.5

Fourth, these concepts allow for easy measurement of the conceptual content under question.
Piloting found that for many people Pluto has the salient feature of being a planet and dinosaurs
have the salient feature of being extinct, both of which are consistent with the old concepts but
inconsistent with the new concepts. Therefore, we were able to construct both multiple choice
and short answer questions that allowed us to measure the conceptual content under question.

3 Note that there are nonetheless a few prominent opponents to the current IAU definition of planet (Chang,
2022).

4 This is not to say testing non-scientific conceptual change is not possible, but to the extent that buy-in is
required by participants (which is itself an open empirical question), other concepts will require different
ways to establish legitimacy.

5 By our best estimate from the control conditions (see Figures 2 and 4), at the time of data collection in
December 2022, somewhere between 60% to 80% of the US and UK Prolific population had the old concept
of planet and somewhere between 70% to 100% had the old concept of dinosaur. This estimate was
reached by using the Categorization measure as one bound and the higher of either the Completion or SFP
measure as the other bound. The higher of the Completion and SFP measure was used because we believe
that these, if anything, underestimate the rate of content among the population (see Section 3.2).
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3.2 Selection of Measures
In order to demonstrate the strengths and weaknesses of different ways of measuring conceptual
change, we deployed three measures: Completion tasks, Semantic Feature Production
(SFP) tasks, and Categorization tasks. Specifically, the measures were as follows:

Completion: Participants were asked to complete the sentence: “Dinosaurs are . . . ” Or “Pluto
is . . . ”, such that a true sentence would be stated.

Semantic Feature Production: Participants were asked to state three characteristics that
came to mind when they thought about dinosaurs or Pluto.

Categorization: Participants were asked to categorize whether four items were dinosaurs or
planets (the test item being a seagull or Pluto).

Completion tasks are suggested by Fischer (2020) as a way to test for conceptual content on
certain invariant accounts of conceptual content. Invariantist accounts take conceptual content
to be stable over time (compare to variantists like Casasanto (2015)). Fischer has in mind, in
particular, invariantist accounts that take content to be the belief-like states stored in long-term
memory that are retrieved by default – that is, conceptual content is the information retrieved
quickly outside of context (Machery, 2009).6 Fischer argues that single-word priming tasks such
as “x is ” are well-suited to get at such content due to their low context and open-ended
nature.

Semantic Feature Production (SFP) tasks, sometimes called feature listing tasks, are de-
signed to capture the salient characteristics that participants associate with a given entity.
Early examples of such tasks can be found in works by Hampton (1979) and Barsalou (1983),
while a comprehensive discussion can be found in Machery (2009). McRae et al. (2005) con-
ducted a study wherein participants were requested to provide salient features associated with
hundreds of concepts. Salient features are those that stand out in our mental representation
of a particular category compared to other properties. For instance, the feature “dangerous”
is considered salient in the concept shark, despite the fact that sharks are not necessarily or
typically dangerous creatures. Salient features of concepts might be particularly hard to change
in people’s representation of kinds. Consequently, Semantic Feature Production tasks offer a
way to measure how salient features change over time.7

Categorization tasks are multiple-choice questions asking participants to select which of
several options are members of a given category or kind. Unlike the other two measures, the
Categorization task is less likely to under-count the conceptual content of interest because
every participant must give a response that bears on the content being studied. Moreover, the
Categorization task directly targets what is arguably one of the main functions of concepts –

6 Fischer’s account is a modification of Machery’s. Machery instead takes conceptual content to be information
retrieved regardless of context. Unfortunately, truly context-free data gathering is impossible due to the
pragmatics of survey design, as participants will inevitably form beliefs (whether accurate or inaccurate)
about the intentions of the experimenter and answer accordingly (Cullen, 2010). Nonetheless, the hope is
that with sufficient masking, zero-context responses can be approximated.

7 The SFP and Completion task are both open-ended. While this means they potentially provide a rich data
set that may reveal unexpected results, the open-endedness is also a weakness. For one, not all conceptual
revisions will involve changing salient features or the most obvious answer to a no-context prime. This
is the case with planet. The target change of content for planet is the addition of the condition that
planets have to clear their orbit of debris. However, while piloting we found the most salient properties
of planethood are being big and orbiting the sun. As the study below demonstrates, this is not fatal, as
designs can work around this by finding a nearby term that is affected by the targeted conceptual content.
The second weakness of the SFP and Completion task is that they under-count the conceptual content of
interest. For example, “clearing orbit of debris” will not be someone’s only salient property of planet, so it
will not always end up as an answer in free-response questions measuring salient properties.Therefore, the
SFP and Completion tasks may not be an accurate estimate of the level of prevalence of some content among
some population, although they are still useful to test how content changes in response to interventions.
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sorting objects into categories. One of the main reasons concepts (again, understood as token
cognitive entities) are of interest to conceptual engineers is because they determine how we sort
things in the world (Isaac, 2021; Machery, 2017; Margolis & Laurence, 2007), which can in turn
influence inferences and decision-making. The Categorization task in particular, however, risks
introducing unwanted context by providing implicit contrast cases in the other options.

3.3 Stimuli
In order to try to change concepts while also offering initial answers to local implementation
questions about dinosaur and planet, two sets of stimuli were written for each concept.
The first set of stimuli were minimal, text-only interventions. The text-only interventions were
written to explain the conceptual changes behind either dinosaur or planet in around 200
words and to be readable by participants in one to two minutes. The dinosaur text-only
intervention quoted passages from a Scientific American article about the discovery that birds
are dinosaurs whereas the planet text-only intervention quoted NASA’s version of the IAU
definition of planet and quoted a BBC explanation for why Pluto is not a planet. Here is a
snippet from the text-only intervention for dinosaur (the full texts can be accessed in the online
repository) :

“The feathered dinosaurs of Liaoning clinched it: birds really did evolve from di-
nosaurs. But that statement is perhaps a little misleading because it suggests that
the two groups are totally different things. In truth, birds are dinosaurs—they are
one of the many subgroups that can trace their heritage back to the common ancestor
of dinosaurs and therefore every bit as dinosaurian as Triceratops or Brontosaurus.
You can think of it this way: birds are dinosaurs in the same way that bats are a
type of mammal that can fly.”

The second set of interventions were meant to be more in-depth, multimodal and take 2 to
3 minutes to read. They used pictures in addition to text to explain conceptual change and
also included quotes from prominent figures stating that birds are dinosaurs or that Pluto is
not a planet. The longer dinosaur stimulus’s argumentative structure was to try to show that
birds and dinosaurs really are of the same kind. The pictures included recreations of prehistoric
Theropods, which are notably bird-like, as well as pictures of emus and shoebills, particularly
prehistoric looking birds. The longer planet stimulus argued that there are two distinct kinds
of things that are round and orbiting the sun, and Pluto is more like the non-planets than
planets. Images compared the sizes and shapes of Pluto, the Earth, similarly sized objects
beyond Neptune, and other celestial bodies, as well as the comparatively messy orbit of Pluto
compared to the eight actual planets.

3.4 Methods & Hypotheses
As discussed above, the survey used a masked time-lagged design in order to check for genuine
conceptual change. This was accomplished using Prolific’s screening tools, as we opened the
masked follow-up only to participants who took the appropriate pre-test. The follow-up was
made available to the participants who took the intervention task from 2 hours to 72 hours
after the intervention task was posted.The mean time between responses was 13.0 hours, and
the median was 5.1 hours. Every effort was made to mask the connection, including posting the
follow-up on a different Prolific account and making sure the look and feel of the two surveys
differed significantly.

The survey was a between-subject design with the following procedure: 720 participants
were given one of four interventions (test group). In the implementation experiment pre-test,
members of the test group saw stimuli either about how birds are dinosaurs and thus dinosaurs
are not extinct or stimuli about how Pluto is not a planet because it has not cleared its orbit
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Figure 1: Diagram of the survey’s 2 x 3 x 3 design. Participants were asked questions
related to the intervention at t1, but responses were not analyzed as part of this study. The
measure step (t2) was masked and completed between 1.5 and 73.3 hours after the initial
intervention.

of debris. Participants saw one of two versions of these stimuli. Either they saw a roughly
200-word explanation quoting popular science writing (the Text condition) or they saw a longer
explanation that employed several pictures (the Picture condition). Therefore, there were 4
intervention conditions: (a) Dinosaur-Text, (b) Dinosaur-Picture, (c) Planet-Text, (d) Planet-
Picture. During the pre-test but after the intervention, participants were asked ersatz test
questions in order to make it look like the study was completed at the end of the pre-test.8
Participants in the control group were assigned to one of the concepts (dinosaur / planet)
but were not given an intervention.

In the masked follow-up, participants in both the test group and control group were asked
to respond to a post-experiment, in which we aimed to test whether we were successful in
implementing conceptual change on dinosaur or planet in our test group. Every participant
saw one of 3 measures in the follow-up (Figure 1). Thus, our design was 2 (Concept) x 3
(Intervention) x 3 (Measure).

Participants were randomly assigned to one of the three measures (see Section 3.2 above).
The test groups and control group saw the same post-test, but only the test groups saw a pre-
test intervention. The test question was hidden as one question among five and appeared fourth
in a set of five questions. The exact questions they saw depended on the measure and can be
accessed in the online repository.9

Conceptual engineers disagree about about how easy it is to implement changes (e.g., Cap-
pelen, 2018; Jorem, 2021; Koch, 2021; Nimtz, 2021). Different frameworks will face different
challenges as to how to implement concepts, as different targets will require different changes to
take hold. Content internalism is not immune to these worries. Two of the content internalists
discussed above—Fischer (2020) and Machery (2021)—both theorize certain conceptual changes
would be very difficult to carry out due to cognitive factors. Therefore, for each of the three
measures, our null hypothesis is that there would be no significant difference between control
and test groups, both aggregating the two dinosaur and planet interventions together and

8 While it would have increased our statistical power to use a within-subject design by asking participants the
same questions before and after the intervention, we were worried that including the same test questions
during both the pre-test and the post-test sessions would make masking the post-test nearly impossible.

9 While we did not explain why we were asking the questions we were, when asked, many participants guessed
the survey purpose involved testing common knowledge or common associations.
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for each of the four interventions separately.10

3.5 Results
Of 720 participants in the experimental conditions, 560 participants (78% of the pre-test) com-
pleted the post-test, receiving one of three tasks. Of these, 12 participants were excluded for
correctly guessing the survey purpose at the end of the post-test, for a final total of 548 (76%
of the pre-test). 361 other participants in the control condition also took one of the six (2
Concepts x 3 Measures) post-test tasks without any pre-test intervention. The experimenters
coded results based on whether participants answered according to the “incorrect” folk concept
(see online repository). Thus, any participant who wrote “extinct” (or a synonym) for dinosaur
or “planet” (or a synonym) for Pluto were counted. Analysis was between-subject, and test
scores for each measure were analyzed against the control group. The results for all conditions
are summarized in Table 1 below.

Dinosaur

Test Control

Measure Percentage CI Percentage CI

SFP Text 58% 14%
Picture 50% 15%
Total 54% 10% 47% 13%

Completion Text 59% 15%
Picture 62% 15%
Total 60% 10% 74% 11%

Categorization Text 49% 15%
Picture 56% 15%
Total 52% 11% 98% 3%

Planet

Test Control

SFP Text 62% 13%
Picture 48% 15%
Total 55% 10% 77% 10%

Completion Text 27% 13%
Picture 15% 10%
Total 21% 8% 43% 13%

Categorization Text 10% 8%
Picture 24% 12%
Total 17% 7% 61% 12%

Table 1: Statistics of the Empirical Study. The percentages indicate the amount of
participants who answered according to the “incorrect” folk concept. Confidence intervals
are 95 %.

We had very different results for dinosaur and planet. Starting with dinosaur, combining
both the text and picture interventions, there neither was a significant difference between the

10 For instance, for the Semantic Feature Hypothesis (H1), our pre-registered hypothesis read: There is no
significant difference between the test groups and the control group on how often responses referring to
being extinct (in the Dinosaur case) or responses referring to planethood (in the Pluto case) are noted in
the SFP task.
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test and the control group in the Completion task (χ2 = 2.88, p = 0.089) nor in the SFP task
(χ2 = 0.77, p = 0.38) (Figure 2). In the Categorization task, we did, however, see a significant
difference between the test and control group (χ2 = 36.61, p < 0.001).

Figure 2: Results for dinosaur. The height of the bars show the number of incorrect
responses for the three measurement tasks.

There was no difference between stimuli for dinosaur (Figure 3). Among those who saw the
text intervention, the Categorization task (χ2 = 35.63, p < 0.001) was statistically significant,
but the SFP (χ2 = 1.27, p = 0.26) and Completion tasks (χ2 = 2.59, p = 0.11) were not.
Similarly, among those who saw the picture intervention, the Categorization task (χ2 = 28.89,
p < 0.001) was statistically significant, but the SFP (χ2 = 0.11, p = 0.74) and Completion
tasks (χ2 = 1.70, p = 0.19) were not. Exploratory analysis comparing the two stimuli found
no significant difference between interventions in any of the three measures (Completion: χ2 =
0.07, p = 0.79; SFP: χ2 = 0.53, p = 0.47; Categorization: χ2 = 0.44, p = 0.51).

In planet, results were a bit more promising for conceptual engineering (see Figure 4).
Combining both interventions, the test group was far less likely to say Pluto was a planet than
the control group in the Completion task (χ2 = 8.67, p = 0.003), the SFP task (χ2 = 8.05,
p = 0.005), and the Categorization task (χ2 = 33.48, p < 0.001). This means that all three
null-hypotheses can be rejected as stated in the preregistration.

Collectively, the two sets of planet stimuli lowered incorrect responses on all three measures,
suggesting conceptual revision occurred. However, this effect was uneven between the two
interventions (Figure 5). The responses of participants who saw the picture stimulus were
all statistically significant (Completion: χ2 = 10.14, p = 0.001; SFP: χ2 = 9.98, p = 0.002;
Categorization: χ2 = 14.97, p < 0.001), whereas among participants who saw the text stimulus,
only the Categorization task was significant (Completion: χ2 = 2.93, p = 0.087; SFP: χ2 =
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Figure 3: Results for dinosaur broken down by stimulus. The height of the bars show
the number of incorrect responses for the three measurement tasks.

3.41, p = 0.064; Categorization: χ2 = 31.47, p < 0.001). Exploratory analysis comparing the
two stimuli found no significant difference between interventions for any of the three measures
(Completion: χ2 = 2.27, p = 0.13; SFP: χ2 = 1.18, p = 0.18; Categorization: χ2 = 3.82, p =
0.051).

3.6 Summary of the Study
Having developed a novel methodology, referred to as the masked time-lagged design, our empir-
ical study was directed toward investigating the propagation of conceptual change. By writing
stimuli for two distinct concepts, dinosaur and planet, in two different formats, Text and
Text plus Pictures, we measured the extent to which people’s concepts align with the latest sci-
entific discoveries. Our findings suggest that our efforts yielded only limited success in altering
people’s concept of dinosaur. Conversely, we achieved a higher degree of success in revising
people’s concept of planet.

While the Categorization task was significantly different between control and test groups
among every intervention for both concepts, this was not the case for the Completion and
Semantic feature production tasks. In those measures, after our intervention, people were far
less likely to say Pluto was a planet across all three measures compared to our control, but they
were just as likely to say that dinosaurs are extinct. It is worth noting that while the length
and format of the stimuli appeared to influence participants’ responses with respect to planet,
no comparable effect was discerned for the concept of dinosaur.

4 General Discussion
As discussed in Section 2, masked time-lagged designs allow conceptual engineers to directly test
questions related to propagation, and so the findings about dinosaur and planet offer direct,
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Figure 4: Results for planet. The height of the bars show the number of incorrect
responses for the three measurement tasks.

albeit initial, insights into the factors that affect intentional conceptual revision. In Section
4.1, we will discuss how these findings offer first answers to global and local implementation
questions. In Section 4.2, we address the objection that our data measure changes in beliefs
as opposed to changes in concepts. In the final section, Section 4.3, we expand the discussion
to other conceptual engineering frameworks. By using speaker meaning and semantic external-
ist frameworks as illustrations, we argue that masked time-lagged designs have utility beyond
content internalist conceptual engineering frameworks.

4.1 Advancing Global and Local Implementation Questions
Philosophers have started to think about challenges and obstacles to implementing revised con-
cepts and content (Nimtz, 2021; Pinder, 2017; Sterken, 2020). However, their approach is limited
in two important respects. First, there is a growing recognition that the implementation chal-
lenge should be tackled empirically, but so far, the field has been slow to collect the necessary
information. And those who have used empirical data, have not directly tested the way specific
theories play out in the process of propagating concepts, meanings, or words (Fischer, 2020;
Koslow, 2022; Landes, 2023; Machery, 2021). Second, conceptual engineers have not made a
clear distinction between factors that exert influence on implementation at a global level (i.e.,
all concepts) and those that impact implementation at the local level (i.e., specific concepts).
Undoubtedly, these two limitations are intertwined. In the absence of direct empirical data
concerning the implementation of specific designed concepts, it will be difficult to disentangle
what sort of factors affect the propagation of all concepts versus what factors are limited to
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Figure 5: Results for planet broken down by stimulus. The height of the bars show the
number of incorrect responses for the three measurement tasks.

specific concepts.
Indeed, care must be taken not to extrapolate too much from our data, as we have only ex-

amined two concepts. Moreover, planet and dinosaur share some commonalities that impose
limitations on broader generalization. Perhaps most crucially, both planet and dinosaur are
natural kind concepts. These concepts refer to classifications that mirror the inherent structure
of the natural world, rather than being driven by the preferences of human beings (Bird &
Tobin, 2023; Quine, 1969). The metaphysics of natural kinds is reflected in our own cognition,
as people represent natural kinds as having a core essence responsible for observed superficial
similarities (Gelman & Markman, 1987; Kornblith, 1997). In addition to natural kind concepts,
there are also artificial kind concepts like table (see Gelman, 2013; Rose & Nichols, 2019),
abstract concepts like truth, and social kind concepts like janitor, not to mention variations
of each such as dual character concepts like artist (Knobe et al., 2013; Reuter, 2019) and eval-
uative concepts like vandal (Eklund, 2011; Willemsen & Reuter, 2021). Differences between
these kinds of concepts could potentially impact the feasibility of and relevant influences on
conceptual propagation. Forthcoming studies will employ the masked time-lagged method to
explore a greater range of concepts including artificial, abstract and social kinds. For now, we
must confine our inferences to natural kind concepts only.

Nevertheless, similarities and differences between the two concepts, different stimuli, and
three measures allow tentative conclusions about propagating conceptual change in general as
well as specific conclusions about propagating revisions of both concepts. We can make more
robust inferences than would otherwise be possible because the two concepts differ in significant
and readily apparent ways. First, changes in dinosaur involve expanding the concept while
changes in planet involve shrinking the concept (Liao & Hansen, 2023, see). Second, the
change in planet is, at the time of data collection, far more in the cultural zeitgeist than the
knowledge that birds are dinosaurs. Third, planet’s intension changed as part of an explicit
redefinition, while dinosaur’s intension remains unchanged – roughly, the creatures that fall
under the dinosaur evolutionary clade. Fourth, extinction is a salient property of dinosaurs
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whereas clearing orbits of debris is not a salient feature of planets (and hence the slightly different
measures in the Completion and SFP task).

Starting with global questions about what factors affect how natural kind concepts, in gen-
eral, are revised, the differences between dinosaur and planet offer some fruitful initial in-
sights. If both concepts behaved like dinosaur did, our results would have suggested that
participants generally exhibit a high degree of resistance to conceptual revision. In such a sce-
nario, we could have inferred that the process of implementing conceptually revised content is
significantly more challenging than initially expected. This would be consistent with a particu-
larly pessimistic reading of Machery’s attractor view (Machery, 2021) – in which psychological
factors naturally attract us to certain conceptual content – where attractors are the norm, not
the exception. In contrast, if dinosaur had been readily revised, it would have suggested even
relatively surprising changes could be easily propagated in adults once the effort is put in to
propagate the changes.

Consistent with empirical theorizing by philosophers (Fischer, 2020; Koslow, 2022; Machery,
2021), our findings present a significantly more complex picture about how conceptual revision,
in general, works. Across all four interventions, we observed that individuals can be effectively
instructed to categorize objects based on new classification schemes with relatively short inter-
ventions. Spending a few minutes informing individuals why Pluto is not a planet and why birds
are dinosaurs brought about substantial changes in participants’ classification patterns. Across
all interventions, when presented with an image of Pluto and asked about its planetary status
or shown a picture of a seagull and queried about its classification as a dinosaur, participants
successfully categorized the objects according to the taught schema. Consequently, it appears
that the process of revising individuals’ mental representations in order to elicit accurate re-
sponses to questions regarding the superordinate categorization of Pluto and birds is relatively
straightforward.

Hence, if the objective of implementation entails inducing individuals to modify their explicit
classification scheme, we can offer encouraging findings. To some engineers, this might be
enough. However, the aspirations of many engineers extend beyond merely altering individuals’
classifications. Their ultimate goal lies in transforming people’s reasoning patterns, enabling
them to draw inferences based on their newfound knowledge and perceive the world through
different perspectives. Accomplishing this likely necessitates the modification of individuals’
associations and implicit reasoning processes.

Changing implicit associations and default information retrieval looks to be much more dif-
ficult. While in the Categorization task, we observed a substantial reduction of approximately
50% in incorrect responses for both planet and dinosaur, the Completion task and the Se-
mantic Feature Production task were mixed. In the Completion task and the Semantic Feature
Production task, we identified a decrease of 20% for planet, while insignificant changes were
observed for dinosaur. Consequently, it appears that modifying individuals’ explicit classifica-
tion schema is significantly more feasible than altering salient features and what information is
retrieved by default.

Turning now to local questions—that is, questions about what factors influence the revision
of specific concepts—the contrast of planet and dinosaur offers at least one clue to why
we were successful in revising planet. As discussed, the revision of planet appears to be
better known than the revision of dinosaur among adults. Perhaps the increased awareness
of planet played an important role in its success, suggesting conceptual revision is something
that should be built up to instead of something that can be done in a single intervention (see
Carey, 2011).

Looking at the difference between the two planet interventions, a few more guesses can be
drawn about why we were successful at revising planet, especially in the longer intervention
that included pictures.11 Adding pictures and detail to our stimuli did not by itself have an

11 Some caution is required here, as the difference between the two planet stimuli was smaller than 15% across
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effect on conceptual revision, as evidenced by lack of revision of dinosaur among participants
who saw the longer intervention containing images. However, length and different format appear
to have played some role in uptake of the revised planet, suggesting that multimodal formats
may be a useful tool for some propagation projects.

Nevertheless, it is important to exercise caution when drawing conclusions at either the
global or local level, as our interpretations are based on a limited and initial data set from two
natural kind concepts. In any case, let us summarize a few highly tentative conclusions about
propagation that could serve as the basis for future work:

• Global Level:

1. Short explanatory stimuli are capable of revising natural kind concepts.
2. For natural kind concepts, changing classification patterns appear to be relatively

straightforward.
3. For natural kind concepts, it is more difficult to modify associations and information

retrieved by default than classification patterns.
4. Changes involving splitting and/or shrinking concepts may prove easier than changes

involving combining and/or expanding concepts (see Fischer, 2020)

• Local Level:

1. planet’s ease of revision may have depended on previous exposure.
2. Visual aids may have helped revise planet, but this appears to be a feature of

planet, not visual aids’ use in general.

Up until this point, our discussions and interpretations have assumed that our measures capture
conceptual revision in planet. In the next section, we respond to the objection that in fact the
measures capture something non-conceptual.

4.2 Objection: This Is Only Belief Revision
How confident can we be that we observed a conceptual change instead of a belief-based change?
On content internalist frameworks, the distinction between beliefs and concepts can be quite
subtle. Indeed, some of the conceptual engineers discussed above take concepts to be belief-
like in that they are stable bodies of information (Fischer, 2020; Machery, 2017). On such
an account, what makes concepts unique is that they are retrieved quickly, automatically, and
independent of context, which means they affect inferences, categorizations, and other cognitive
functions (Machery, 2017, 210-211). For example, someone may correctly believe that—due
to the geography of French Guyana—France’s longest border is with Brazil, but not have this
information elicited quickly, automatically, and independently of context when they read the
word “France”. Instead, the information retrieved by default may involve Paris, the French flag,
France’s European borders, and/or facts about France’s economy. This retrieved information,
as it changes from person to person, is someone’ concept of France on such an account, while
the belief about France’s border with Brazil is not.

Is there reason to think that the measures described above actually captured changes in
concepts as opposed to changes in beliefs? In the experiment, the three measures followed two
patterns. The Categorization task – a multiple choice question about scientific kinds – changed
dramatically, regardless of stimuli or concept. The other two tasks, Completion and SFP, both
of which were open-ended free responses, only significantly changed in response to one of the
four stimuli. This suggests that the Categorization task is picking up on different, more plastic,
phenomena than the SFP and Completion tasks. Categorization is taken to be one of the key

all three measures.
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functions of concepts (Bloch-Mullins, 2018; Machery, 2009), and so we take the default reading
of these findings to be related to concepts. However, one significant possibility, not ruled out
here, is that the more plastic phenomena are beliefs as opposed to anything properly considered
concepts. On such a reading of the results, participants are changing how they categorize
Pluto and seagulls, not because of any change in conceptual content, but because of belief-level
phenomena, such as the belief in the facts Pluto is not a planet and birds are dinosaurs. That
is, the Categorization task, despite the intention behind its inclusion, is acting as more of a test
of scientific knowledge rather than how they automatically classify objects.

However, beliefs are not the only thing that would explain the increased plasticity of the
Categorization task over the other two tasks. Another possibility is that the Categorization
measure is more sensitive to particular kinds of conceptual change than the SFP and Completion
measure. For example, there are multiple terms that are polysemous in that they have a loose
folk meaning and a more precise scientific meaning. In the everyday sense of “fruit”, tomatoes
are not fruit, but in the technical sense of “fruit” tomatoes are fruit (Engelhardt, 2019; Landes,
2021; Machery & Seppälä, 2011). Being able to understand the senses in which tomatoes are and
are not fruits requires two distinct concepts, specifically fruit as a culinary/social kind and fruit
as a botanical kind. A possible outcome of attempting to revise planet and dinosaur is that,
like FRUIT, people end up with two concepts – folk and scientific counterparts to each other –
which the Categorization task is for some reason sensitive to in a way the SFP or Completion
tasks are not.

That said, even if we grant that the Categorization task is merely picking up on changes of
belief, this skepticism does not extend to the other two measures. For one, the SFP task does not
seem to be picking up on beliefs because the information it collects is not obviously propositional
and so not obviously belief-based in the way the Categorization task may be. The SFP task
asks participants to list what features come to mind related to some thing. Therefore, the
SFP task measures salient properties of the concept as opposed to mere beliefs about the kinds
(Machery, 2009; McRae et al., 2005). Because there is significant disagreement in cognitive
science and philosophy of mind about how concepts are structured (see Bloch-Mullins, 2018;
Casasanto, 2015; Quilty-Dunn, 2021; Vicente & Martínez Manrique, 2016), the SFP task might
not measure core conceptual content, but the SFP task nonetheless appears to measure some
prominent aspect of the concept. Moreover, because the results of the Completion Task closely
follow the results of the SFP task in all interventions, the responses in the Completion and SFP
tasks appear to have a common etiology.

4.3 Expanding the Method to Other Conceptual Engineering Frame-
works

The experiment and resulting data has been discussed through the lens of content internalist
conceptual engineering, which understands the target of conceptual engineering to be concepts
and understands concepts to be token psychological entities. While this is currently a popular
conceptual engineering framework, it is by no means the only one on the market. Other frame-
works include those that propose that the goal of conceptual engineering is semantic meaning
(Cappelen, 2018; Sterken, 2020), speaker meaning (Pinder, 2020, 2021), or conceptual content
that is grounded in facts external to individuals (Haslanger, 2020; Sawyer, 2020; Scharp, 2013).
In this section, we discuss the significance of the masked time-lagged method to other frame-
works. We specifically focus on two prominent families of frameworks that focus on language
instead of concepts, namely speaker meaning accounts and semantic externalist accounts.

The methods described above can easily be expanded to speaker meaning accounts of con-
ceptual engineering. Speaker meaning accounts of conceptual engineering take the goal of con-
ceptual engineering to be to change what people take themselves to mean by the words that
they utter (Pinder, 2020, 2021). Speaker meaning conceptual engineers do not aim to change
what a word means in some broad, interpersonal sense. Instead they target the intentions and
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beliefs speakers have related to using a specific term (although on some frameworks, linguis-
tic intentions, linguistic beliefs, and meaning go together). Thus, similar to content internalist
frameworks, speaker meaning conceptual engineering places the target of conceptual engineering
in token psychological states. The best way to test what speakers intend to mean by a term is
to have them produce speech acts using the term and coding how the term is used. For that
reason, the Completion task may be a suitable measure, although multi-sentence productions
would provide richer sources of data about speaker intentions.

When it comes to applying the findings of our studies to semantic externalist frameworks of
conceptual engineering, the extension of this study is not as straightforward because semantic
externalists do not place the focus of their theories on token psychological states. Nonetheless,
when we dig into the role token psychological states generally play in semantic externalist
accounts of meaning, we can see that not only can masked time-lagged designs answer questions
about how to spread true beliefs about meaning or reference changes that has already occurred,
it can also answer questions about how best to use our limited ability to change externalist
meaning or reference.

Externalists will not want to say that our experiment revised the concept Planet or meaning
of “planet”. They will instead contend either that a) “planet” always excluded Pluto (Ball,
2020; Kripke, 1980, e.g.,), b) the concept or meaning was revised in 2006 by the International
Astronomical Union, or c) revision of “planet” or Planet occurred at some later date when,
for example, the new linguistic norm became the dominant one among English speakers (Evans,
1973).12 Even if semantic externalists contend our experimental data does not reveal anything
about how to change meaning, the experiment does shed light on how conceptual engineers can
help individuals become aware of changes in meaning. While on many of these frameworks,
the meaning of people’s utterances containing“planet” has changed since 2006, these sorts of
changes can happen without people’s awareness (see Pollock, 2021; Wikforss, 2015). Thus,
externalists can still view the experiment as testing phenomena related to propagation. While
the experiment did not change meaning, it propagated true beliefs about the meaning of “planet”
in light of changes that have occurred.

The masked time-lagged design can do more than show how to spread true semantic beliefs
related to revisions, however. Semantic externalists can use the masked time-lagged design
proposed here to determine the most effective ways to change meaning—even if meaning is
grounded externally to individual speakers. To see this, we need to focus on what externalists
take ground semantic facts. For semantic externalists, the meaning of a word-type or utterance-
type (that is, what a word means, in general) is determined by some combination of linguistic
facts and non-linguistic facts. While they disagree about which linguistic and non-linguistic
facts matter, many, if not most non-linguistic facts, such as the joints of natural kinds, are
outside of conceptual engineer controls (Cappelen, 2018). This limits the scope of what sort
of changes are possible. Nonetheless, many meaning-determining linguistic facts are within the
scope of empirical methods (Koslow, 2022; Sterken, 2020; Thomasson, 2021), and a subset of
those meaning-determining facts are things conceptual engineers have (limited) influence over.
This is because many linguistic facts are grounded in, among other things, intentions and beliefs
of individual speakers—that is, token psychological states (see Nimtz, 2021).

To illustrate how global and local questions about intentional semantic externalist meaning
change can be tested, consider a version of an Evans-style metasemantics, where the reference
of a word-token is determined by the dominant causal source of all the uses of that word-
token (Evans, 1973; Leckie & Williams, 2019). On this view, my use of “cat” refers to cats
because most of the people around me use “cat” in a way that traces back to cats. What things
there are in the world to be a dominant causal source is by and large outside of conceptual
engineers’ control. Nonetheless, this Evan-style view locates part of the ground of reference in
the collective uses of a community of speakers. The collective use of a community of speakers
12 That said, the data in the control group raises doubts that it has in fact become the dominant use of

“planet”.
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is, at rock bottom, a large number of token beliefs and practices about language. Therefore,
changing meaning by changing psychological states is possible if enough psychological states
change to disrupt the current dominant source (see Sterken, 2020). How to best use resources
to disrupt the dominant source is something experimental methods can study. In fact, this will
look similar to the speaker meaning account discussed above, as it will involve studying how
people shift the way they speak in light of an intervention.13

The Evans-style view is merely illustrative of the larger constellation of semantic externalist
theories. Semantic externalists generally take some sort of linguistic norm or practice to play a
role in determining the meaning of word-types, such as the collective use of a causal historical
chain (Kripke, 1980) or linguistic conventions (Lewis, 1969). Linguistic norms and practices
are partially or wholly composed of linguistic beliefs and intentions, although the way linguistic
beliefs and intentions combine to form norms may be extremely complicated (Lewis, 1969; Nimtz,
2021). This means that semantic externalists can study how to change meaning by studying how
to bring about collective shifts in linguistic beliefs and intentions. Here we find ourselves in the
realm of token psychological entities, and so semantic externalists can test what factors influence
meaning or reference change using variations of the above empirical masked time-lagged design.
Granted, no amount of experiments will make externalists semantically omnipotent – they will
still be limited in what they can change by linguistic and non-linguistic facts outside of their
control. This is not a problem unique to externalism, however. Internalist conceptual engineers
will also be limited by features of our cognition that will prevent certain proposed changes from
taking hold (Fischer, 2020; Machery, 2021). Nonetheless, the more we learn through experiments
about how the grounds of conceptual content or semantic facts change, the better conceptual
engineers will be at revising or replacing conceptual content or semantic facts.

5 Conclusion
Many philosophers have recently begun theorizing that the aim of philosophy should be to
develop revised concepts and spread those revised concepts to the right people. Little is under-
stood about how the propagation of such revised concepts could be spread or even measured.
In this project, we demonstrated how a masked time-lagged design could be used to directly
test the revision of participants’ concepts. We specifically attempted to revise dinosaur and
planet, finding tantalizingly mixed results. While our stimuli seems to have successfully revised
planet in participants, the same cannot be straightforwardly said for dinosaur. Therefore,
further work is needed to study the process of propagating conceptual changes for the ends of
conceptual engineering now that an empirical framework is in place.
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