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We argue that, as well as an empirical approach borrowed from experimental psychology, studies of language evolution can also 
benefit from an explorative, participatory approach. This is based on a reflection on an experimental semiotics study where the 
process of arriving at an effective experimental design was equally valuable for developing the theory as the final results of the 
experiment. We suspect that this process is commonplace in many studies, but there is no formal method for documenting or 
exploiting any insights gained. We present methods from video game design and ethnography as candidates for addressing 
this gap and suggest they can be used in a hybrid approach that combines an exploratory phase of cyclic iteration with a final, 
more traditional linear phase. We illustrate these methods with two case studies and argue that a participatory approach can 
harness the creative power of our participants and help us reveal important aspects of our theories.
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1. Introduction
How do researchers arrive at key insights for develop
ing a theory? Recent approaches to language evolution 
using empirical methods have used a psychology para
digm, running experiments with human participants 
where the input to the process of interest is manipulated 
in order to test some differences in output. This process 
is followed by most ‘experimental semiotics’ studies 
into language evolution (Roberts 2017; Nölle and 
Galantucci 2022). This empirical turn has been pro
ductive for the field, particularly for studies of the cul
tural evolution of linguistic features (Tamariz and 
Kirby 2016; Müller and Raviv 2025). It has allowed re
searchers to make significant progress on developing 
hypotheses, engage with research across disciplines, 
and distance themselves from historical associations 
with untestable ‘just so’ stories (Pinker and Bloom 
1990: 714, 715). However, in this paper, we argue 

that some of the central questions about the origins of 
language have been sidelined because of the uncritical 
adoption of psychology methods that may not always 
fit the aims of language evolution studies.

The issue lies in critical differences between the aims 
and research methods of language evolution and psych
ology (perhaps related to the relative age of the fields). 
In most psychology experiments, the object of research 
interest (processes in modern human brains) is also the 
object in the experiment (a participant’s brain). This is 
often not the case for language evolution experiments, 
where the object of study is often pre-linguistic humans 
and the object in the experiment is a modern human 
who already speaks a language. Furthermore, the aim 
of language evolution experiments is not necessarily 
to obtain evidence to support a prediction but to find 
problems with the theoretical assumptions.

We suggest that a missing ingredient for an empirical 
study of the origins of language is an explicit embracing 
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of explorative, iterative design. It is likely that elements 
of this approach are already used by researchers and in
deed are similar to the typical practice of ‘piloting’ in 
psychology experiments. However, the valuable aspect 
of a psychology study is often presented as being the fi
nal results, not the journey of getting to the design. 
While the final results are also valuable in language evo
lution studies as evidence of an effective manipulation, 
we suggest that important insights may be gained in the 
process that led the researchers to arrive at the final de
sign. This suggests that more transparent communica
tion about the journey to the design would be 
productive.

However, there is currently no standard method for 
conducting and documenting this exploratory, iterative 
process. Therefore, in the vein of ethnographic work 
on ‘laboratory life’ (Latour and Woolgar 1979), we re
flect on the actual processes that language evolution re
searchers follow. From this, we suggest that one 
solution lies in embracing the iterative design process of 
video game design alongside the ethnographic method 
of ‘thick description’ (Ryle 1968; Geertz 1973) to harness 
the creative power of ordinary participants against the 
confirmation bias of the researcher. We suggest this ap
proach would be useful for researchers taking a synthetic 
approach to investigating general principles of language 
emergence, as in experimental semiotics (see below), ra
ther than studies of non-human animal communication, 
typological studies of language change, or genetic or neu
roscientific studies of the cognitive basis for language.

We lay out our argument as follows. In the first sec
tion, we contrast the way that empirical language evo
lution studies are presented with a more iterative 
process that seems to occur in reality, revealing a meth
odological gap. We then review exploratory methods in 
other fields and argue that iterative ‘playtesting’ in vid
eo game design may have applications in language evo
lution research. We illustrate this with two case studies, 
arguing that thick description from anthropology is an
other missing piece of the puzzle. Finally, we explain the 
advantages of a participatory approach. Throughout 
the paper, we make it clear that we are calling for 
more transparency, not less rigour.

2. Standard approaches to empirically 
informed language evolution studies
This section discusses the ‘ideal’ approach to language 
evolution studies and differences with the practical pro
cess that researchers actually use. To illustrate these 
points, we use a case study of a (currently unpublished) 
paper we wrote, which we will call ‘PaperX’.

PaperX focuses on the ‘problem of motivation’ 
(Hurford 2007: 131)—identifying the key properties 

of an environment that motivates the emergence of 
complex communication systems. The authors conduct 
a standard ‘experimental semiotics’ experiment to ex
plore how symbolic referential signals emerge. While 
there are many theories of the evolution of semanticity 
from anthropology and other fields, there are few ways 
of testing the theories against each other. The solution 
in PaperX is to run an experiment where modern hu
man participants had to complete a task in a virtual 
world, in this case the video game Minecraft (though 
the use of a video game to conduct the experiment is in
cidental to our main argument about adopting video 
game design methodologies). Participants were seated 
at computers in the same room but could not see each 
other due to a divider placed between them. 
Participants were given a task to complete within the 
virtual world of Minecraft. For example, one condition 
gave them 20 minutes to work together to build a struc
ture out of different coloured blocks (Fig. 1). Each par
ticipant had half the plan they needed to follow, and 
each had access to different block colours, requiring 
them to communicate to each other the position and 
colour of blocks. The participants were prevented 
from communicating using modern language by an ex
periment instructor, who informed them that they were 
not allowed to speak. Instead, they could communicate 
by knocking on the table or using gestures through their 
avatars in the virtual world. Thus, participants had the 
opportunity to develop a symbolic referential system 
during the experiment (e.g. one knock for a red block 
and two knocks for a green block).

However, the authors discovered that a task based 
around collaborative building did not motivate partici
pants to create a symbolic referential language, as they 
were able to rely on trial-and-error or simple pointing 
gestures. For example, they could raise their avatar’s 
arm and direct it towards a specific point in space or ro
tate their head in a desired direction and stare at the tar
get area they wanted their partner to focus on (Fig. 2). 
In contrast, participants frequently created a symbolic 
referential language when given a different task based 
around maintaining a fire. This condition was designed 
so that the fuel they needed to refer to was distant from 
the participants at the time they needed to refer to it, 
and there was no iconic object in their immediate envir
onment to represent the concept of fuel.

The write-up of PaperX is structured according to an 
ideal series of logical steps, which we will call the ‘linear 
approach’: 

• Identify the relevant theories about the target 
phenomenon

• Identify the causal claims in the theories and gener
ate a testable hypothesis (using tools from causal 
inference)
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• Design an experiment to test the hypothesis using 
principles from experimental semiotics and a com
mon task framework

• Examine the results of the experiment to determine 
whether the hypothesis is supported or rejected

• Use the experimental results to support the core 
causal components of the theory (a robustness ap
proach, Irvine et al. 2013)

The process is visualized in Fig. 3, which is based on 
the traditional ‘waterfall’ model of software engineer
ing (Sommerville 2011: 30), which conceptualizes 
each stage of the process as self-contained and feeding 
forward into the next stage. It captures the central 
idea that running an experiment is often seen as a sep
arate, self-contained phase from the other steps (of 
course, there is iteration at a longer timescale between 
the final evaluation of a theory and the next series of in
vestigations). This is the normal scientific method and a 
clear way to present the logic and results in PaperX.

However, it omits a lot of what actually happened 
during the project. Specifically, the researchers fol
lowed a much more ad hoc or iterative process to arrive 
at the final experimental design. To be clear, we are not 
criticising the methods or results of PaperX nor claim
ing that anything was maliciously concealed, but we 
suspect that other studies use both iterative and non- 
iterative processes, and we aim to discuss the 

differences between them. These differences can be 
categorized into three types.

First, the ideal process suggests a linear progression 
from theory to hypothesis to experiment design to re
sults. However, for PaperX, the actual process was 
much more iterative, largely due to a lack of foresight 
on the researchers’ part. For example, in a pilot (from 
Irvine and Roberts 2016), instead of creating a new lan
guage, the participants’ virtual avatars were immediate
ly killed by an enemy that inhabits the Minecraft world. 
This was not anticipated by the researchers, so the next 
trial was modified to remove enemies. However, in this 
trial, a virtual cow wandered into the arena, distracting 
participants, so all creatures were removed. Next, par
ticipants attacked each other’s virtual avatars, so the 
experiment instructions were modified to emphasize 
cooperation. Next, the participants took so long that 
the virtual day/night cycle moved on, leaving them in 
the dark. So the experiment was modified yet again to 
remove Minecraft’s day/night cycle.

At the time, we saw these events as a standard part of 
‘piloting’ psycholinguistic experiments: tuning inciden
tal parts of the design to focus on the main hypothesis. 
However, as we will argue below, these modifications 
were not always incidental parts of the design but had 
important analogies to the phenomenon we were 
investigating.

The second difference from the ideal process is that 
we investigated a wider range of experimental 

Figure 1. The testing ground for the building experiment, as seen from the first participant’s perspective, is enclosed by a fence, beyond 
which a mountain rises in the distance. The second participant (labelled ‘ExperPlayer3’) observes the completed structure made from col
ourful blocks.
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conditions than is reported in the main paper. This in
cludes a condition with enforced breaks, during which 
participants were still allowed to interact with each oth
er through their avatars in the virtual environment but 
were instructed not to engage in the experiment’s build
ing task. This condition was designed to test whether 
the presence of an opportunity cost (spending time on 
communicating rather than building) discouraged par
ticipants from creating a symbolic communication sys
tem. However, participants mostly used this time to 
fight each other in the virtual environment or, in one 
case, to build a prison for their partner in a virtual space 
located outside the designated experiment area. They 
were able to do so because, during the enforced break, 
they still had access to the building blocks provided for 
the experiment.

The final difference is that we did not have a clear 
idea of the core causal components before starting the 
empirical experiments. Instead, the causal graph which 
we present as the target for testing actually emerged 
from the interaction between our initial hunches and 
the results of the experiment. For example, initially 
the authors did not expect participants to shun a sym
bolic communicating system in favour of pointing and 
trial-and-error. In retrospect, it was an obvious re
sponse on the part of the participants and a clear predic
tion that the researchers could have made. However, 
humans are not good at perspective taking (Sulik and 
Lupyan 2018), and it sometimes requires an outsider’s 
perspective to identify weaknesses in a design. Still, 
we had no formal method for integrating the observa
tions from our results into our hypothesis.

Figure 2. Use of pointing (top row) and gaze (bottom row) in PaperX. The second participant (labelled ‘ExperPlayer3’) taps the ground (top 
left) or gazes at a point (bottom left) to indicate a location (the crosshair indicates where the first participant is looking). The first participant 
then places a block in that location (top right and bottom right).
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In summary, the real process of conducting the re
search (henceforth referred to as the ‘cyclic approach’) 
differed considerably from the logical progression of 
an ideal ‘linear’ study and from what was reported in 
the published report. We suggest that our experience 
is not uncommon, especially in more explorative re
search, including experimental semiotics and computa
tional simulation. Still, we argue that there is no 
standard, formal process for guiding researchers in 
this type of research. In the next sections, we discuss 
possible methods to fill this gap.

3. Iterative research in practice: lessons 
from different disciplines
To situate the linear and cyclic approaches within a 
broader epistemological framework, it is helpful to con
sider their relationship to two fundamental modes of 
reasoning: linear inferential reasoning (comprising de
ductive and inductive logic) and cyclical dialectical rea
soning. Deductive and inductive reasoning, in their 
classical definitions, fall under the category of linear in
ference, where reasoning proceeds in a step-by-step 
manner from premises or data towards conclusions. 
In deductive reasoning, a conclusion is logically derived 
from theoretical premises, moving from the general to 
the specific (Pereyra 2018: 3-1). In contrast, inductive 
reasoning draws generalized conclusions from specific 

empirical premises, which strongly support, but do 
not guarantee, the conclusion, moving from the specific 
to the general (Lau 2011: 89). On the other hand, cyc
lical dialectical reasoning, as articulated by Hegel 
([1807] 1977), involves the recurrent re-examination 
of prior issues from newly attained perspectives, often 
through the resolution of contradictions and the 
synthesis of opposing ideas (Rescher 2022: 109).

Accordingly, the ‘linear’ or ‘waterfall’ approaches to 
studies reflect the principles of linear inferential reason
ing, whether deductive or inductive, where progress is 
measured by a forward movement from premise to con
clusion. In contrast, cyclic or iterative approaches mir
ror dialectical reasoning: they embody a cyclical 
process characterized by revision, opposition, experi
mentation, and the gradual refinement of ideas through 
repeated engagement. In what follows, we examine 
how iterative research is conceptualized in different 
disciplines, with particular attention to piloting in psy
cholinguistics, simulation modelling, experimental 
archaeology, and video game design.

3.1 Piloting in psycholinguistics
An iterative approach to experiment design comes close 
to the concept of ‘piloting’: ‘a preliminary piece of re
search designed to ‘road-test’ various design elements 
(e.g. independent variables, dependent variables, details 
of procedure), in order to establish their viability and 
utility prior to the investment of time and money in a 
full study’ (Haslam and McGarty 2019: 130), distinct 
from the sense of initial small-scale study that may be 
published in anticipation of a larger study. In our ex
perience, piloting is seen as a normal part of the experi
mental process in psychology and psycholinguistics 
(e.g. Donnellan and Lucas 2013: 667, present it as 
one of the typical steps in primary research). 
However, there is little discussion of its role in theory 
building, or even methodological guidelines. Indeed, 
while there is a considerable literature on piloting for 
clinical research (see e.g. Thabane et al. 2010, or the 
journal Pilot and Feasibility Studies), we found little 
discussion in cognitive psychology (see supporting ma
terials for a systematic search).

For example, across the 3,760 pages of ‘Stevens’ 
Handbook of Experimental Psychology and Cognitive 
Neuroscience’, piloting is only mentioned three times: 
twice in passing, then Wichmann and Jäkel (2018: 280, 
281) suggest that piloting ‘involves getting the flow of 
the experiment right’, so participants are not exhausted. 
The definition at the start of this section is the only explicit 
one we could find in psychology textbooks (see 
Supplementary data), and we could find no advice on 
the methodology for pilots or their relation to theory.

Figure 3. The linear ‘waterfall’ model of empirical research, based 
on Sommerville (2011: 30).
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When piloting is mentioned, it is often in relation to 
avoiding ‘mistakes’ in the experimental procedure. This 
can include identifying stimuli that elicit unexpected re
sponses (Kingston and Kramer 2013; Spector 2013) or 
avoiding floor and ceiling performance issues 
(Kantowitz et al. 2009: 273). Kekecs et al. (2023) sug
gest that piloting is one of the key methods for increas
ing a study’s credibility by minimising ‘the risk of 
mistakes, unforeseen events and protocol deviations’ 
(Kekecs et al. 2023: 3).

Furthermore, piloting is characterized as distinct 
from developing theory or hypotheses (c.f. Ostrov and 
Hart 2013: 1, see Supplementary data). For example, 
Hales et al. (2019: 19) suggest that piloting ‘enables a 
researcher to finalize their procedures, and also gives 
a clearer picture of potentially unexpected analytic is
sues that may arise. Researchers can then make these 
analytic decisions a priori, ensuring that they do not af
fect the conclusions that are drawn from the results’. 
Indeed, piloting is sometimes mentioned in relation to 
the replication crisis as a potential risk to research integ
rity. For example, Schott et al. (2019) discuss ‘pilot 
dropping’—which they characterize as a kind of 
p-hacking or ‘data peeking’ where the decision of 
whether to continue with a study is made after the re
searcher sees the success or failure of the first few partic
ipants of an experiment. An author who ‘changes her 
data collection plans based on observed data’ is argued 
to run a risk of both Type I and Type II errors, as well as 
potentially needing to collect more data than would be 
necessary due to multiple false starts. The suggested so
lution is to use piloting to finalize the experimental 
method, then exclude the pilot data from the final 
analysis.

Overall, then, piloting is characterised as an attempt 
to avoid ‘mistakes’ and should be isolated from the real 
experiment. It seems that ‘unexpected events’ in an ex
periment are treated as undesirable, and changing a de
sign on the basis of pilot results is seen as risky or 
unethical. We agree that clear separation between pilot 
data and final data is important and we are not suggest
ing that the decision to continue with a study should be 
based on the success of a pilot. Instead, we are arguing 
that, for language evolution, the adjustments to the pi
lot may provide useful insights into the assumptions be
hind the hypothesized mechanisms and should be 
discussed openly. This is in line with similar calls for 
transparency in piloting in psychology. For example, 
Rouder et al. (2019: 6) encourage a lab culture of re
cording and ‘socializing mistakes’, so that ‘they are in
terpreted as reflecting a failure of systems rather than 
a failure of people’. In a similar vein, we want to en
courage a culture of socializing insights that authors 
gain from piloting as an integral part of research.

3.2 Simulation modelling
Unexpected results are embraced in the ‘simulation mod
elling’ or ‘living machines’ approach (Webb 2000) which 
attempts to build robots based on insect biology, since 
‘the ultimate test of mechanistic understanding is the 
ability to build a machine that replicates the function’ 
(Webb 2020: 1). The robot behaviour is compared 
with insect behaviour, with an emphasis on using phys
ical implementations tested in real environments. Poor 
performance provides ‘an opportunity to reject [hypoth
eses] and then improve performance by modifying the 
model’ (Mangan et al. 2023: 2). This approach builds 
on ‘synthetic psychology’ (Braitenberg 1984), and 
Langton’s ‘synthetic’ (versus more traditional ‘analytic’) 
approach to artificial life (Langton 1989), which try to 
identify the mechanistic ingredients necessary to create 
a phenomenon by building it from the ‘bottom up’. 
That is, like artificial life studies seek to synthetically dis
cover the ingredients for the emergence of emergent phe
nomena like flocking, PaperX was trying to find the 
ingredients that led to the emergence of semanticity. 
However, while artificial life aims to explore complex 
spaces that were not tractable with analytic methods/ 
what is the best design, Webb’s simulation modelling 
puts more emphasis on the problems we can find with 
theory along the way. Similar approaches have been 
used in language evolution, for example, the ‘Talking 
Heads’ experiments of Steels (1997, 2003; see also 
Smith 2014).

Language evolution lacks the same kind of ground 
truth to test the experimental results against. Still, if 
the experimental phenomenon is rigorously defined 
and a useful analogue of the real target phenomenon, 
we argue that it is still possible to use experimental 
semiotics to provide negative evidence and suggest as
pects of a theory which require improvement (Irvine 
et al. 2013). However, this requires focusing on aspects 
that were unexpected or did not work, which is rare.

3.3 Experimental archaeology
Experimental archaeology (Wadley 2023) uses contem
porary materials in realistic environments to test the 
plausibility of conditions for practices or the manufac
ture of objects to ‘test out hypothetical scenarios using 
potentially authentic materials and conditions’ and al
low researchers to ‘be inventive and develop new 
ways to enlarge our understanding by proxy’ (Outram 
2008: 2). For example, Bednarik’s ‘replicative archae
ology’ study of seafaring with Palaeolithic technology 
found that the amount of planning and communication 
involved, and its implications for the cognitive and lin
guistic abilities of Paleolithic humans, ‘become evident 
in a way that remains entirely inaccessible to 
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conventional archaeology’ (Bednarik 1998: 142). 
Similarly, various experiments have explored the need 
for verbal communication while teaching tool making 
(Ohnuma et al. 1997; Putt et al. 2014; Ruck 2014; 
Stade 2017). Contemporary participants were taught 
stone tool making by teachers using only gestures, only 
verbal communication or both. The actual tools made 
by participants were then assessed for effectiveness. 
Shilton (2019) concludes that there is no conclusive evi
dence that verbal language improves the transmission of 
tool-making skills, challenging prior theories. However, 
experimental archaeology is still not explicit at a high 
level on methods for arriving at these insights.

3.4 Video game design
While video game design may seem like a distant indus
try with very different goals, there are many parallels 
with experimental semiotics research. First, some ex
perimental semiotics research literally involves video 
game design. For example, Nölle (2021) uses the 
Unity game engine to build experiments (the same en
gine as for the game Overcooked, which we discuss be
low), Namboodiripad et al. (2016) track gesture using 
Microsoft’s Kinect for the Xbox, and Ravignani et al. 
(2013) uses Nintendo Wii controllers to measure pri
mate rhythmic abilities. Games also provide model sys
tems for cultural evolutionary dynamics (Strimling and 
Frey 2020; Allen et al. 2024). Virtual reality has been 
predicted to ‘play a pivotal role in advancing our under
standing of language evolution’ (Nölle and Peeters 
2025; Deffner et al. 2024).

However, we focus on more abstract principles of vid
eo game design. Practices have been developed to rigor
ously test games for player satisfaction, broadly labelled 
‘user testing’ or ‘playtesting’ (Choi et al. 2016). The aim 
is to identify barriers to the player’s experience rather 
than check the software’s performance. Playtesting is a 
kind of iterative, user-centred interface design (Stone et 
al. 2005), which describes practices around building 
software using repeated phases of design, prototyping, 
and user testing. It recognizes that observing users en
gage with prototype systems is a more effective way of 
identifying problems in usability than the a priori predic
tions of designers (Nielsen 1993). Accordingly, in con
trast to a linear waterfall model, it encourages stages of 
development to overlap and inform each other 
(Sommerville 1995: 7). The main outcome for user test
ing is ‘a list of usability problems and suggestions for im
provements in the interface’ (Nielsen 1993), and 
ultimately a better qualitative understanding of ‘how 
users behave and why’ (Fessenden 2024).

Playtesting video games is an extension of user testing 
that seems particularly relevant for experimental 

semiotics since many games are embodied and many ex
periments have ludic qualities. Here, we focus on the 
practices of Valve, an award-winning video games de
veloper responsible for several highly successful games 
selling tens of millions of copies each (e.g. the 
Half-Life series, the Portal series, Counter-Strike, 
Team Fortress, see Brown 2023). While most game de
velopers use playtesting, Valve is known for using it in
tensively: Half-Life involved around 200 2-h playtest 
sessions, identifying thousands of issues (Birdwell 
1999). Mike Ambinder, head of user experience for 
Valve with a background in experimental psychology, 
describes Valve’s approach in experimental terms: 
‘We see our game designs as hypotheses and our playt
ests as experiments to validate these hypotheses’ 
(Ambinder 2009; Bromley 2011).

That is, designs proposed by the developers are hy
potheses about designs that would cause players to 
have fun. During playtests, the whole design team 
quietly observes players playing the game, noting quan
titative and qualitative responses (e.g. game progress, 
body language, and explicit feedback). These evalua
tions provide empirical tests of the hypotheses and 
help set goals for modifications of the design which 
are tested in turn. The process is iterated until all bar
riers to player enjoyment have been identified and ad
dressed. Iteration can take place at very short 
timescales (e.g. 1 week). In summary, ‘get data early, 
get data often; iterate constantly’ (Ambinder 2009).

Brown (2023) describes cases where this process led 
to rapid development of important elements that were 
not obvious to the designers. For example, during play
testing of Portal, they observed players struggling to 
understand what was part of the puzzle and what was 
decoration. In response, they revised the aesthetic to 
be clean and uncluttered. When playtesting this new de
sign, players did indeed solve the problem, but mistook 
the real game for a tutorial. The designers realized that 
the environment now looked too artificial, and there 
was a missing dramatic element. Consequently, they in
vented GLaDOS, an antagonist AI obsessed with test
ing puzzle-solving abilities. That is, this aesthetic and 
central character—now iconic in video game culture 
(Harkin 2020)—were a product of Valve’s iterative 
game design process rather than the developers’ initial 
vision. Ambinder describes the benefits of this process 
as aiding idea generation, identifying problems, and 
solving design arguments. Importantly, it creates a feed
back loop between playtesting (experiment results) and 
revised design (hypotheses).

Game developers also use ‘thinking aloud’ methods 
where players verbalize their thoughts while playing 
(Hoonhout 2022). Similar methods were used in a lan
guage evolution study by Byun et al. (2022): users of 
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different sign languages met for the first time and play a 
communication game based around referring to col
ours. Some of the strategies were not transparent, so 
Buyn watched the recorded trials with the original par
ticipants and asked what they were thinking, helping to 
guide the data coding.

In summary, video game playtesting involves prac
tical testing, rapid iteration and an explicit feedback 
loop between player behaviour and design ‘hypoth
eses’. This process seems different in several ways to 
the way that psychology methods are presented. 
Table 1 summarizes some of the differences. For ex
ample, psycholinguistic experiments aim to test 
whether a hypothesis is supported. In contrast, video 
game playtesting aims to test the robustness of the 
game design. Psychology participants are treated as 
realistic learning mechanisms, while playtesters are try
ing to ‘break’ the hypothesis. Psychology experiments 
test participants in large batches, and researchers are 
supposed to be blind to results during testing, mainly 
because researchers are interested in average behaviour 
and generalising to a population. In contrast, the play
testing loop can be applied by developers after every tri
al, because they are interested in the range of 
behaviours and mapping the limits of the design space. 
Psychology sees pilot studies as ancillary to the main 
goal, and mainly useful for ‘bug testing’, while playtest
ing is piloting. Ultimately, psychological experiments 
are aimed at testing hypothesized predictions while 
playtesting is aimed at testing assumptions.

Reflecting on our own practice, we see several paral
lels between playtesting and studies of language evolu
tion. We are also trying to identify a design 
(environment/arena) that will lead to a particular re
sponse in participants (to invent a symbolic referential 
system), and trying to evaluate these designs by running 

people through them. That is, the participant data were 
not the end-goal, but a way of evaluating the theory. As 
Schell (2015) puts it, ‘the whole point of playtesting is 
to make clear to you that some of the decisions you 
were completely comfortable with are completely 
wrong’ or, closer to the bone for us, Birdwell (1999)
states ‘nothing is quite so humbling as being forced to 
watch in silence as some poor playtester stumbles 
around your level for 20 minutes, unable to figure out 
the “obvious” answer that you now realise is complete
ly arbitrary and impossible to figure out’. That is, ex
perimental semiotics has tended to use evaluation late 
in the design process, and focus on measurement evalu
ation (how well it worked). We are advocating for 
evaluation to be iterative and diagnostic (looking for 
many problems, Stone et al. 2005: 22, 23).

3.5 Case study: key properties of the arena of 
language evolution from video game design
In this section, we review the development of 
Overcooked (Ghost Town Games 2016), which used it
erative playtesting to identify several key properties 
that manipulate the need for communication. 
We show how these principles may also be relevant 
for theories of language evolution.

In Overcooked, 2–4 players must work together to 
run a kitchen (chopping, cooking, cleaning, and serv
ing). The developers of the game explicitly wanted to 
design situations where players would be motivated to 
communicate with each other—similar to PaperX. 
Although players have identical abilities and informa
tion, aspects of the environment create asymmetries. 
For example, the layout of one kitchen has a long table 
separating the fridge and the cooker, meaning it is 
quicker for one player to fetch the food from the fridge 
and pass it over the table for another player to cook. 
Other levels make movement between different parts 
of the kitchen impossible, or only allow one player to 
pass at a time. Under a time pressure, these asymmetries 
motivate players to communicate to coordinate roles 
and complete tasks efficiently (Brown 2018).

However, during playtesting, the designers found en
vironmental asymmetries alone did not lead to a persist
ent pressure to communicate: ‘after the initial flurry of 
activity and communication players would start to set
tle, cooperation became fairly rote and cooperation un
spoken’ (Duncan 2016). The designers used iterative 
playtesting to develop several solutions, including:

• Having more tasks than players, forcing players to 
switch roles.

• Disruptions: Task demands change to prevent re
petitive strategies (e.g. the layout of the kitchen 

Table 1. Comparison between psychological experiments and 
video game playtesting.

Psychological experiments Video game playtesting

Is hypothesis supported? Is hypothesis robust?

Participants are realistic 
learning mechanisms

Participants are game testers 
trying to ‘break’ the hypothesis

Participants are tested in 
batches

Participants tested incrementally

Interested in average 
behaviour

Interested in the range of 
behaviour

Attempt to generalize to a 
population

Attempt to find limits of the 
design space

Testing hypothesized 
predictions (evaluative)

Testing assumptions (diagnostic)

8                                                                                                                                                                         S. G. Roberts et al.
D

ow
nloaded from

 https://academ
ic.oup.com

/jole/article/10/1/lzaf006/8362096 by guest on 10 D
ecem

ber 2025



changes so that players are separated and forced to 
change tasks).

• Dead time: Some tasks take time to complete with
out needing player activity (e.g. cooking rice). The 
efficient response is to multitask, also helping to 
switch roles and potentially requiring the recruit
ment of others to step in if things get out of hand.

• Public goods: Some activities are not directly re
warded and considered menial (e.g. washing 
dishes), but benefit everyone. Players must coord
inate about who will do these.

These factors force players into asymmetric roles that 
change, motivating players to communicate continu
ously and from reciprocal perspectives. These factors 
also feature in some theories of language evolution 
(table 2). For example, fire maintenance (Twomey 
2013) involves dead time and is a public good. 
Collaborative hunting (Sterelny 2012) involves role as
signment and disruption. We note that honeybee com
munication about the location of nectar involves role 
switching, dead time, and public goods, but it is not 
clear there are disruptions and indeed, the communica
tion system is genetically ritualized rather than learned. 
Furthermore, a combination of all these factors may be 
rare enough to explain why only humans have language 
(see also e.g. Sterelny 2012). We note that theories 
based on fire maintenance exhibit all the factors above.

More generally, the design of Overcooked suggests 
that the more abstract property of ‘asymmetry’ may 
be a key property of an arena that motivates the emer
gence of symbolic communication. For example, dis
placed reference (Kazakov and Bartlett 2004) involves 
asymmetry in information and within-group competi
tion (Knight et al. 1995) involves asymmetry in repro
ductive abilities. Various predictions are testable, such 
as whether gamers communicate most about task de
mands when asymmetry is highest (cf. Peña and 
Hancock 2006; Ensslin 2011), or whether complex 

non-human communication arises in environments 
that have parallels of asymmetrical design (e.g. honey
bees switch tasks, have dead time and public goods 
when caring for larvae; primate alarm calls are moti
vated by an asymmetry in information; ants have asym
metries in abilities). In summary, iterative playtesting 
generated insights that might be helpful for developing 
language evolution theory, suggesting that it is a pro
ductive methodology.

3.6 Case study: designing an arena for 
language evolution
In this section, we describe the application of the play
testing approach to a language evolution experiment. 
This relates to the experiment for the second arena in 
PaperX based on maintaining a fire. In this arena, one 
participant was trained as a ‘miner’ to fetch materials 
from a distant mine, and another participant was 
trained as a ‘smelter’ who refined the materials and 
knew which material was needed next. The expectation 
was that, since they could not point at the distant mate
rials, participants would develop a symbolic system for 
the smelter to communicate to the miner which material 
was needed.

The authors took a cyclic, iterative approach. The 
methods were similar to the previous experiment, but 
a video game playtesting schedule was followed: One 
trial of the experiment was run, the behaviour was 
documented, and then the researchers met to discuss 
the results. During this discussion the researchers iden
tified issues, related them to the theory and hypothesis, 
and changed the design. Those changes were imple
mented, and then another trial was run. This happened 
in the order of days, rather than the typical process of 
collecting a larger sample for a more limited number 
of designs over weeks. This playtesting process was 
used to refine the experiment design and explore the as
sumptions of the theory, but we emphasize that the final 

Table 2. Key properties identified by the design of Overcooked, and whether various arenas of communication exhibit them.

Key property Bee honey production Fire maintenance Collaborative hunting

More tasks than individuals to 
promote role switching

Worker bees may have a dozen 
different tasks (Johnson 2010)

No No

Dead time to promote multitasking Honey takes time to concentrate 
during storage

Fire burns without 
intervention

Keeping watch, waiting 
in ambush

Disruptions that change task 
demands to prevent ritualization

No Rain, shifts in fuel structure 
which affect airflow.

Prey flight responses, 
injuries

Public goods to promote 
coordination

Produces food for the whole hive Provides heat, light for all Provides food, 
materials for all
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results reported in PaperX come from a standard appli
cation of psychological experimental principles on a 
separate cohort of participants that was run after this 
more exploratory stage.

One practical question was how to document the 
participant behaviour to bridge the gap between evi
dence and theoretical insights. We suggest that this 
can be accomplished by ‘thick description’. This is the 
anthropological practice described by Geertz (2005)
for making detailed descriptions of human behaviour. 
Other qualitative, descriptive approaches are available 
(Bernard 2017), but thick description seemed to fit the 
experiment well. We applied this practice to observing 
and documenting participant behaviour, effectively us
ing it to create a ‘laboratory notebook’ (Schnell 2015). 
The thick description included observations about par
ticipant characteristics, task behaviour, emotions, and 
responses to the post-task interview. For example: 

The participants were a Masters student and PS 
[Professional Services] staff who knew each other. 
The two participants went immediately to the 
mine. After some hesitation, the smelter pointed at 
one box and the miner opened it and brought it 
back to the furnace with the smelter. … After this, 
they would meet up next to the final deposit box. 
Because they’d already made a stock of ingots, the 
smelter used the ingots to indicate which ore to get 
(e.g. holding a gold ingot to signal to get a gold 
ore). In the interview, the smelter said that they tried 
to construct a language, and the miner stated they 
had not realised they were trying to do this. But 
they said they didn’t need a signalling system after 
inventing the system of pointing to the ingots.

The process of writing these observations as well as re
viewing them, and interpreting their meanings in total
ity during analysis provided an opportunity to reflect on 
the ‘unexpected’ behaviour of participants. Rather than 
treating these as a bug or ‘mistake’ to be avoided, we 
realized they provided insights into important analogies 
with the theories we were trying to test (Table 3). For 
example, the case where player avatars were killed by 
the enemies present in Minecraft presented an oppor
tunity to reflect on the assumptions about predation 
risk. After all, the real world is not free from dangerous 
predators, so is one of the assumptions that our ances
tors were in an environment with relatively low preda
tion risk? This insight revealed links to other theories 
that explicitly include predation risk, such as the rela
tion between predation, group size, and division of la
bour (Dunbar 2004), that collective vocalization 
deters predators (Kight and Lewis 2017), and various 
theories of reduced selection pressures due to self- 

domestication (Thomas and Kirby 2018). Similarly, 
for the case where one player built a ‘prison’ for the oth
er, we updated the instructions to make it clearer that 
participants were cooperating. However, this also re
vealed to us our theoretical assumptions about cooper
ation (Knight et al. 1995; Dessalles 1998).

Other unexpected behaviours raised revealed further 
assumptions. For example, one pair used one knock for 
gold ore and three knocks for emerald ore. They ex
plained that this reflected the number of syllables in 
the target words. In another trial, participants pointed 
to a green block that was part of the training area to re
fer to emerald ore. While these might be interpreted as 
‘bugs’ exploiting a prior linguistic system, it raises ques
tions about the role that iconicity might play in the the
ory. The researchers assumed the experiment was 
immune to iconic affordances but, as is often the case, 
humans are good at finding patterns. The second case 
in particular suggests that even if the intended referent 
is distal, there still may be proximal objects with analo
gous properties that can be pointed to (e.g. pointing to 
something brown to refer to wood), removing the need 
to create linguistic symbols. This is an additional argu
ment for why pointing inhibits the evolution of symbol
ic systems which did not occur to the researchers until 
they consciously reflected on the behaviour.

Even behaviour that seemed tangential or incidental 
was useful. For example, one participant reported get
ting bored walking back and forth to get materials, 
causing them to lose focus and engage less with the 
task. This prompted us to make the physical route to 
the mine more challenging, which seemed to fix the 
‘bug’, but more importantly revealed a key cognitive as
sumption of the scenario: that the ‘miner’/forager is 

Table 3. Observations and insights from the case study.

Observation Insight into our 
assumptions about …

Participants killed by enemies Predation risk

Participant A built a jail for 
participant B

Cooperation

Participant A found difficult not to 
say ‘please’.

Politeness

One knock for gold, three for 
emerald, to reflect syllable 
structure of English words.

The role of iconicity

Participant got bored going back and 
forth to the mine.

Motivation and 
attention

The miner switched roles with the 
smelter, meaning they didn’t need 
to communicate

Role switching
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able to maintain memory, attention, and motivation 
(Brinck 2001; Corballis 2019), reminiscent of the im
portance of ‘disruption’ in the Overcooked example. 
Another participant reported difficulty inhibiting them
selves from saying ‘please’ and ‘thank you’, suggesting 
that politeness could provide its own ‘arena’ for lan
guage evolution (Mühlenbernd et al. 2021).

Even in the main experiment phase, participants 
came up with unexpected solutions. For example, in 
one experiment the participants switched roles. This 
meant that the player who knew the order of materials 
was also the one fetching them, meaning that the pres
sure to communicate disappeared and they did not in
vent a symbolic system. Similarly, in the building 
arena, in one case a participant just placed random 
blocks for the other to leave or remove. These cases 
are very creative solutions that had not occurred to 
the researchers, and they raised questions about the as
sumptions about role switching and how fragile the 
conditions for motivating symbolic systems may be.

In summary, playtesting was useful not only in ad
justing the conditions for the main experiment, but in 
developing the theory itself. The participants helped 
the researchers explore the design space of our experi
ments. The causal structure of the theory that is pre
sented in PaperX is the product of participants 
helping us to explore the design space of our experi
ments and of serious reflection on their behaviour.

4. Discussion: a participatory approach
After reflecting on the video game approach to playtest
ing, we realized that it had changed our attitude to the 
role of participants. In classic psychological experiments, 
participants are passive subjects, often uniformed about 
the aim of the experiment, and assumed to be exhibiting 
normal behaviour. In contrast, video game playtesting 
treats participants as active participants or collaborators 
in trying to ‘break’ the hypotheses. Game testers are 
knowledgeable about the domain and are used as a 
source of creative thinking. Indeed, there is a whole sub
culture of ‘speedrunning’ games, where players find cre
ative exploits and technical glitches to complete games 
in the shortest time possible. It is commonplace for a 
game that has undergone substantial play testing and 
bug testing to be released only for players to discover 
some exploit within days. For example, the creator of 
Animal Well expected some puzzles to remain perman
ently unsolved, but the community solved them within 
a week. Other games have been exploited to such an ex
tent that players can ‘beat’ games that were designed to be 
‘unbeatable’. This is achieved through a process of 
knowledge collaboration paired with competitive prac
tice (Escobar-Lamanna 2019). In a similar way, PaperX 

benefitted from participants ‘breaking’ the experiment 
by finding creative solutions that the researchers had 
not considered.

This shift in attitude reminded us of crowd sourcing 
or ‘citizen science’ approaches, and more broadly of 
the participatory ethnography movement (Blomberg 
and Karasti 2012), which ‘deliberately and explicitly 
emphasizes collaboration at every point in the ethno
graphic process, without veiling it’ (Lassiter 2005: 
15). In the Minecraft case study, participants demon
strated very creative thinking. They had become in
formants, our guides to knowledge about the 
phenomena we were researching. This kind of contribu
tion could be acknowledged more openly in language 
evolution research (indeed, PaperX does so). More gen
erally, this is also an argument for more diverse partici
pant populations in order to elicit more diverse 
perspectives and solutions.

In this sense, the experimental studies above align 
with other participatory approaches. For example, the 
Language Evolves project taught science-fiction au
thors language evolution theories, then ran a short story 
competition on the theme of language evolution 
(Roberts et al. 2021). Part of the aim was to harness 
the speculative skills of science-fiction authors and their 
ability to embody radically different perspectives in or
der to reveal gaps in our theories and suggest new ave
nues for research. For example, when discussing 
PaperX, one of the authors asked ‘what happens 
when it gets dark?’ This point had not occurred to the 
researchers but was obvious to an author putting them
selves into the shoes of our ancestors. In another ex
ample, the short story The Precious Space by Tim 
Byrne was inspired by experimental semiotics experi
ments: explorers trapped in a temporal anomaly invent 
a new gesture system for diplomatic negotiation. While 
most theories imagine language evolving in cooperative 
scenarios, this story offered another perspective—lan
guage evolved to help navigate disagreement. 
Exploring this idea further, the researchers found a the
ory from the 1970s by Soviet scientist Porshnev (1974). 
This offers an opportunity to revisit this theory using 
modern methods, creating a productive loop of collab
oration between researchers and authors.

5. Conclusion
We have argued that experimental approaches to study
ing language origins can benefit from an explorative ap
proach that embraces rapid piloting and explicitly 
reflects on unexpected results in order to uncover gaps 
in the theory. We suggest that methods from video 
game development (playtesting) and ethnography 
(thick description) can provide concrete methods for 
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conducting this approach. Here we make some final ob
servations about our position.

We feel that our own research practice is closer to 
video game design than to traditional psychology meth
ods, and not just because we were using a video game 
for data collection: we were using the experiments as 
a way of evaluating the robustness of theories about 
language evolution and for finding weaknesses in the 
assumptions of the theories. For example, the insight 
that pointing is a barrier to the emergence of symbolic 
referential signals did not come from the theory or hy
pothesis stages, but from reflecting on the unexpected 
results and how they related to the theory.

We suspect that many researchers in language evolu
tion and many researchers in other fields doing explora
tory research already implicitly follow this kind of 
process. However, few studies discuss this explicitly. 
Therefore, we suggest some modification to the ‘linear’ 
process described above into a ‘hybrid’ model that com
bines cyclic and linear phases: 

• Identify the relevant theories about the target 
phenomenon

• Identify the causal claims in the theories and gener
ate a testable hypothesis (using tools from causal 
inference)

• Design an experiment to test the hypothesis using 
principles from experimental semiotics and a com
mon task framework

• Run a small number of trials
• Use thick description to capture participant 

behaviour
• Identify failures and unexpected results, and relate 

these back to the theory/hypothesis in terms of un
identified assumptions

• Revise the theory/hypothesis and iterate this pro
cess until no more unexpected results are found

• Run a new set of final experiments to test the ro
bustness of patterns

To visualize this, we draw again on user interface de
sign theory, and adapt the ‘waterfall’ model into a hy
brid ‘waterwheel’ model which combines both the 
cyclic, iterative piloting phase and the final linear ex
periment phase (Fig. 4). This is similar to some game de
velopment life cycle models, with the final phase aimed 
at the final release of the game (Ramadan and Widyani 
2013). Given the discussion of participatory research 
above, if we see participants as a central resource for ex
ternal evaluation on all aspects of a project, we might be 
able to go even further and adopt a ‘star-shaped’ ap
proach, based on maximally iterative software develop
ment, where external evaluation is the nexus that 
connects all the other phases (Hix and Hartson 1993).

There are several challenges to adopting the hybrid ap
proach. First, we acknowledge that there are good rea
sons that psychological experiments avoid drawing 
conclusions based on single trials of an experiment. We 
are also not advocating p-hacking: p-hacking involves 
running the same experiment until the critical differences 
become statistically significant. Instead, we are advocat
ing changing the experiment until all the hidden assump
tions in the design are revealed. We also note that this 
method is particularly suited to finding problems with 
theories rather than positive support, for which standard 
psychological methods are more suitable.

Second, video game design is aimed at engineering an 
effective commercial product so there are questions 
about its legitimacy for conducting scientific research. 
However, it has much in common with exploratory ex
perimentation as discussed in the philosophy of science 
(Steinle 2002; Waters 2007; García and Velasco 2013). 
In particular, we see a parallel with the idea that research
ers work with ‘local theories’ which inform ‘auxiliary hy
potheses’ (temporary, working hypotheses) that they use 
to make choices about their research design (Colaço 
2018) or, indeed, with the ethnographic distinction be
tween ‘big-T’ and ‘little-T’ theories (Snow et al. 2003; 
Lichterman and Reed 2015; Wherry 2017). There are re
lated concepts in the design theory of ‘design experiments’ 
as an important step in exploratory phases (Gibbons and 
Bunderson 2005), as well as the study of ‘ideation’ (Shah 
et al. 2003; Stremersch 2024) and creativity (Lubart 
2001). The value of using video game playtesting will like
ly apply to exploratory research rather than confirmatory 
research, and especially where the target system under in
vestigation cannot be accessed directly (as in language 
evolution).

Figure 4. A hybrid ‘waterwheel’ approach to empirical research, 
with cyclic and linear phases.
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Third, while playtesting uses participants who are dir
ectly representative of their target population and proto
types that are in the same medium and mode as their 
target product, some experimental semiotics experi
ments assume that modern humans are suitable for 
evaluating theories about ancient humans, raising ques
tions about parallels with cognitive and social abilities, 
and with virtual environments (Irvine et al. 2013; 
Müller and Raviv 2025). This could mean that the meth
od is more suitable for investigating general conditions 
for language emergence than what actually happened 
in the case of humans (Roberts 2018). There are related 
questions about how naive participants should be, and in 
line with playtesting, we suggest a range of experience 
and informedness may be useful in different situations.

Finally, evolutionary linguistics has used psychology 
methodology and practice to enhance its position as an 
empirical science. Researchers may resist radical 
changes in procedures. However, we are only advocat
ing that playtesting is used as one part of research prac
tice. That is, papers may adopt playtesting to refine the 
assumptions of the theory and finalize the experimental 
design, then use that design in a more traditional psych
ology process to obtain the final results.

We look forward to reinvigorating many theoretical 
debates using new empirical methods.
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