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Abstract
Science aims to transform the subjectivity of individual observations and ideas into 
more objective and universal knowledge. Yet if there is any area in which first-per-
son experience holds a particularly special and delicate role, it is the sciences of the 
mind. According to a widespread view, first-person methods were largely discarded 
from psychology after the fall of introspectionism a century ago and replaced by 
more objective behavioral measures, a step that some authors have begun to criti-
cize. To examine whether these views are sufficiently informed by actual scientific 
practice, we conducted a review of methodological approaches in the cognitive sci-
ence literature. We found that reports of subjective experience are in fact still widely 
used in a broad variety of different experimental paradigms, both in studies that 
focus on subjective experience, and in those that make no explicit reference to it. 
Across these studies, we documented a diverse collection of approaches that lev-
eraged first-person reports, ranging from button presses to unstructured interviews, 
while continuing to maximise experimental reproducibility. Common to these stud-
ies were subjects acting as sensors, intentionally communicating their experience 
to the experimenter, which we termed “second-person” methods. We conclude that, 
despite views to the contrary, first-person experience has always been and is still 
central to investigations of the mind even if it is not recognized as such. We suggest 
that the conversation ought to be reframed: instead of debating whether to accept 
subjects’ first-person knowledge we should discuss how best to do so.
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1  Introduction: from first‑person to third‑person and back

In the early days of psychology in the late nineteenth century, introspection was 
valued as the direct access one can have to one’s own mental states, which, in the 
words of William James, “we have to rely on first and foremost and always” (1890, 
ch. VII). In the initial development of experimental psychology, Wilhelm Wundt in 
Germany, followed by Edward Titchener in the United States, designed an extensive 
set of protocols in which the experimenter and subject exchanged roles and intro-
spection was paired with careful measurements:

A psychological experiment consists of an introspection or a series of intro-
spections made under standard conditions. Some experiments are best per-
formed by oneself on oneself. Most, however, require two persons for their 
performance: the observer O who makes the introspection, and the experi-
menter E who handles the instruments and makes the records. All experiments 
of this kind must be made twice over, O and E changing places. (Titchener 
1901a, b, p. xiii)

However, early on, different labs endorsed incompatible epistemological assump-
tions (e.g. atomistic vs. holistic theories of the mind), which led to contrasting meth-
odologies (e.g. standardized stimuli versus open-ended personalized questions) and 
conflicting results (e.g. an infamous controversy regarding the existence of image-
less thought). While common textbook accounts of the history of introspection 
distort the facts by assuming mistakenly that the same experiments brought forth 
inconsistent results—an assumption that has plagued the reputation of introspection 
as a reliable method to this day—several authors have argued that the problems were 
actually grounded in conflicting theoretical views about the mind and the human 
ability to analyze it (Hatfield 2005; Feest 2012). Given these difficulties and the ris-
ing force of behaviorist research programs in the first half of the twentieth century, 
the introspectionist programme was considered largely defunct by the middle of the 
twentieth century.

The suspicion of “subjective” data was reinforced by a growing recognition in 
experimental psychology of the risks of experimenter biases, which may uncon-
sciously influence both the subjects and the analysis. At the same time, it became 
clear that the behavior of experimental subjects is conditioned by their expectations 
about what is supposed to happen, as well as by the way they think the experimenter 
wants them to behave (Rosenthal and Rosnow 2009). In the process of designing 
protocols to avoid such risks, e.g. using groups of subjects rather than individuals or 
randomized and double-blinded trials, a clear separation between experimenter and 
subject was established as a crucial condition for the scientific credibility of psycho-
logical research. This is exemplified by this passage from Woodworth’s influential 
Psychology textbook:

[In] nearly all tests… the person tested is given a task to perform, and his 
performance is observed in one way or another by the examiner. The exam-
iner may observe the time occupied by the subject to complete the task, or the 
quantity accomplished in a fixed time; or he may measure the correctness and 
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excellence of the work done, or the difficulty of the task assigned. One test 
uses one of these measures, and another uses another; but they are all objective 
measures, not depending at all on the introspection of the subject. (Woodworth 
1921, p. 12)

These methodological improvements no doubt contributed to the overall reliability 
of psychological studies. Increasing emphasis was being placed on the principles of 
replicability and controllability in experiments which placed tight constraints on the 
types of behaviours, and experiences that one could expect to examine. Experiments 
were gradually defined as situations in which an experimenter controls the condi-
tions under which an individual acts by manipulating one condition while hold-
ing all other conditions constant (Woodworth 1934). Thus, experimenters strived 
to constrain the range of behaviors analyzed in each task and trial, excluding from 
the list of analyzable phenomena all the subjective experiences that allegedly defied 
manipulation and quantification.

A turning point in psychology was reached by the middle of the twentieth cen-
tury, when the limits of the behaviorist paradigm became undeniable and cogni-
tive science, the analysis of the human mind in terms of information processing 
(Simon 1980), began its ascendance as the predominant paradigm in the sciences 
of the mind. Yet, while cognitive science brought mental phenomena and theories 
to center stage again, the experimental approaches retained their former character. 
These approaches continued to emphasize replicability, giving preference to control-
ling idiosyncrasies of individual subjects by methods such as randomized control 
groups, but also by constraining the dimensionality of experiential reports. This 
tended to limit first-person reports to non-verbal responses or to choosing from pre-
defined categories of experience often in the form of Likert scales. By the 1980’s 
the advent of powerful new techniques for noninvasive brain mapping including 
positron emission tomography (PET) and functional magnetic resonance imag-
ing (fMRI) launched a whole new era of cognitive neuroscience in which the same 
kind of psychological methods could be linked to putative neural substrates. Yet the 
approach to the characterization of mental processes themselves remained ostensibly 
third-person.

A few years later, philosopher Daniel Dennett introduced a method he termed 
heterophenomenology, which he announced as “the bridge—between the subjectiv-
ity of human consciousness and the natural sciences” (Dennett 2007, p. 249). On 
one side of this bridge would lie exclusively third-person data such as that regarding 
one’s digestive tract or motor movements, i.e., facts that can be safely reduced to 
bottom-up causal explanations. On the other side would be private subjective expe-
riences. The bridge would consist of the public reports of those private subjective 
experiences. While the experimenter could take these reports as a faithful transcript 
of what it is like for the subject to be in a certain phenomenological state, heterophe-
nomenology cautions that she should remain agnostic about the reality behind the 
narratives.

However, it remains a matter of controversy just how far Dennett’s proposal takes 
this skepticism. On a charitable reading, heterophenomenology only requires the 
experimenter to maintain the same healthy skepticism towards subjective reports 
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that one would wisely take to any scientific data. Just as electroencephalography 
must be considered an imperfect measure of neural activity, the reports of subjects 
must be taken as an “uncertain guide to what is going on in them” (Dennett 1991, p. 
94).

Against this backdrop, there have always been self-proclaimed dissidents, those 
who insisted that the richness of subjects’ internal lives was the most crucial and 
primary evidence to be taken into account in science. Some examples are found in 
Russell Hurlburt’s decades-long development of the descriptive experience sam-
pling method (Hurlburt and Heavey 2006a, b), K. Anders Ericsson and Herbert 
A. Simon’s careful study of think-aloud protocols (Fox et al. 2011), or Pierre Ver-
mersch’s influential work on phenomenological interview techniques (1994). In the 
field of cognitive neuroscience, progress in the study of consciousness was grounded 
in the recognition of the crucial role subjective reports play and in the need to over-
come “a century of behaviorist and cognitive suspicion” (Dehaene 2014, p. 46).

In order to cross-correlate subjective reports of consciousness with neuronal 
or information-processing states, the first crucial step is to take seriously intro-
spective phenomenological reports. Subjective reports are the key phenom-
ena that a cognitive neuroscience of consciousness purport to study. As such, 
they constitute primary data that need to be measured and recorded along with 
other psychophysiological observations (Dehaene and Naccache 2001, p. 3)

Francisco Varela’s neurophenomenology proposal (1996) aimed to shake things up 
by arguing for the need to revalue the subject’s inner world and pair up Phenomenol-
ogy with neuroscientific tools to investigate brain activity. Varela’s proposal had a 
significant impact on the work of many cognitive scientists as well as epistemolo-
gists. Among philosophers, the question of the status of introspection as a source for 
evidence in cognitive science began to gain greater interest (e.g., Goldman 2004).

Since the 1990’s, theoretical discussions about whether and how to “trust the sub-
ject” have been abundant. In 1999, the Journal of Consciousness Studies published 
a special double issue that resulted in the influential book The View from Within: 
First-person Approaches, edited by Varela and Jonathan Shear. In 2003, the same 
journal published another two-volume special issue, edited by Anthony Jack and 
Andreas Roepstorff, on “Trusting the Subject”. In 2006 Consciousness and Cogni-
tion published a special issue on Introspection, edited by Morten Overgaard. In all 
three editions, numerous philosophers and cognitive scientists exchanged perspec-
tives on the affordances and liabilities of using first-person experience as an eviden-
tial source of data in science.

We share with many of the authors that have discussed these issues in the afore-
mentioned volumes the idea that science would benefit from overcoming its preju-
dice against subjective experience. However, we suspect that current debates about 
introspection may be out of touch with scientific practice. Rather than subjective 
experience being excluded as a source of scientific data, it maybe that it is simply not 
be being sufficiently acknowledged due to a lack of clarity in the manner in which it 
is defined. Psychophysics, for example, a branch of psychology that stemmed from 
the introspectionist tradition and that currently studies the relationship between 
physical stimuli and the mental responses they elicit, stands as a quite unproblematic 



8009

1 3

Synthese (2021) 198:8005–8041 

field where the perceptive experiences of single subjects are intersubjectively ampli-
fied to support generalizations about the human mind. Still, as Hatfield notes, “this 
general knowledge is to be achieved by introspective observations and their reports” 
(2005, p. 261). Could the use of first-person experience in science be more wide-
spread that is usually assumed?

In order to verify what is the actual practice among scientists of the mind and 
brain, we decided to review the literature and create a taxonomic map of the vari-
ous types of methods that contribute to the sciences of the mind: cognitive science, 
cognitive psychology, neuroscience, and so on. In order to do this, we gathered a 
comprehensive, although not exhaustive, sample of studies and rated the types of 
manipulations, neural recordings, behavioral measures and, of course, first-person 
reports that were used. We then tried to determine if there were any consistent pat-
terns amongst these descriptors. As we suspected, our review confirmed that, despite 
cognitive science’s ostensible third-person orientation, first-person experience is in 
fact widely used across the field in a variety of forms, despite not being recognized 
as such. Common to such studies was the intentional use of communication between 
experimenters and subjects, a feature we define as “second-person methods”. We 
suggest this definition as it encompasses the diversity of ways in which first-per-
son experience is captured. It emphasises that pressing a button in a psychophys-
ics experiment still depends upon first-person experience, and should not simply be 
considered behavior, no less than verbal accounts.

2  A review of the cognitive science landscape

2.1  Disclaimer

When examining the literature regarding the use of subjective reports as evidence in 
science, one gets the impression of an unresolved tension between, on the one hand, 
claims that science should avoid using these reports altogether (following the influ-
ential 1977 article by Nisbett and Wilson) and, on the other, the growing recognition 
of the need to hone the best methods for a systematic use of introspective phenom-
enological reports in the study of conscious processes.

The goal of the quasi-empirical part of our research was to enrich our stance on 
this debate with a review of the methods that have been in use in the field. We do not 
claim to have presented readers with a complete map of the cognitive science land-
scape, nor to have analyzed the papers in our review with an exhaustive and fully 
replicable algorithm. Our only pretense is to have gathered an interesting collection 
of studies which have greatly contributed to illustrating the claims we will put for-
ward in the third section of the present paper.

This paper is structured using the introduction/methods/results/discussion format, 
conventional in scientific literature, but less commonly found in philosophy jour-
nals. Hence, a reader wishing to understand immediately our argument and conclu-
sions should just go to the Sect. 3. A reader interested in knowing the details of the 
papers in our sample and understanding the tools we used to analyze their features 
should go over the Sects. 2.2 and 2.3.
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2.2  Methods

Our aim was to catalogue a diverse collection of studies in the cognitive sciences 
with respect to their experimental methodologies in order to see to what degree they 
relied on first-person experience and how this was related to other aspects of the 
methodology. We first present in detail the descriptors (‘axes’) we used to describe 
the experiments. We then explain how we selected the studies for inclusion. Finally, 
we explain how we clustered the studies into groups.

2.2.1  The axes

In order to systematically compare and contrast a diverse group of studies with het-
erogeneous and complex experimental methods, we constructed a set of 16 descrip-
tors covering most aspects of the experimental methodology, from the way the sub-
ject reported their responses to questions to the type of neural recordings performed. 
Each descriptor was designed to be quantitative in nature, such that any experi-
ment could be rated on a scale from 1 (low) to 10 (high) for each descriptor. Thus 
a descriptor corresponds to one axis in a 16 dimensional space and any study can 
be represented by a point in that space. This allows us to compare studies quantita-
tively, using the distance between them, and to apply other techniques to analyze the 
occupancy and structure of this space.

The specific axes we developed were as follows:

1. The first axis regards the dimensionality of the reports subjects use to intention-
ally communicate their first-person experience, which ranges from a binary yes/
no button press (classified as 1) to unconstrained speech (classified as 10). Open 
answers to direct questions are rated with the intermediate classification of 5. 
In some cases, experiments included both simple button press reports, but also 
detailed unconstrained descriptions of the subjects’ experiences during the task, 
in which case they would receive a high rather than low rating. The scale of this 
axis (as well as that of all the others) includes all the integers between 1 and 10, 
and when the scale is not applicable (which in this case means the protocols do 
not include reports of any kind), it is indicated by the classification of 0. This 
axis wishes to operationalize the question of the degree to which an experiment/
method enables a subject to report on various qualities of her phenomenal experi-
ence.

2. Axis two, entitled behavioral measures, regards physical measures that are not 
under the explicit and conscious control of the subject (hence, a button press will 
not count as a behavioral measure), and not provided by recordings of the brain. 
They range from coarse behavioral measures such as posture (1), to more precise 
measures, such as an electromyogram (EMG) (3–5, depending on the number 
of electrodes), to fine grained psychophysiological measures (skin conductance, 
pupillary dilation, heart rate and so forth, rated 4–5), combined with motion track-
ing, which are rated from 6 to 10 according to their number and the information 
they provide. This axis addresses the question of how many different aspects of 
behavior each experiment/method collects data from.
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3. With axis three, neural recordings, we rate the quantity and quality of the neural 
information gathered in each study. On the one hand, this depends on the aver-
age temporal and/or spatial resolution of the medium used, which can go from 
magnetoencephalography (MEG) (5), fMRI or PET scans (6), to single neuron 
recordings (9–10). On the other, it depends on the precision of the technological 
apparatus in use in the experience: an electroencephalogram (EEG), for example, 
can be can rated as 1 if it has only one channel, or as a 4 if it has 164. This axis 
operationalizes the question of how much information about the brain a certain 
experiment/method provides.

4. The fourth and fifth axes regard time. Axis four, delay, rates the time interval 
between the moment of experience and the moment of report (or measurement). 
For example, the two moments may be simultaneous (1), the report may be made 
immediately after the experience (2), or it may be made some hours or even years 
later, which implies the involvement of long-term memory (4–10). This axis 
operationalizes the question of how much retrospection is involved in a report.

5. Axis number five, duration, quantifies the duration of the experience that the 
method intends to capture. The possibilities range from the shortest instant that 
one can consciously perceive (1), to experiences that could even last several years 
(9). Cases when the subject generalizes from the sum of similar experiences to 
the consideration that she “always” feels a certain sort of pain or she is “usu-
ally” happy are rated as a 10. This axis assesses how elementary the experiences 
being reported are, while indirectly tackling the question of how much room for 
interpretation a method is likely to give to the subject.

6. In the sixth axis, we classify methods in terms of their degree of reflectiveness. 
Situations where the focus is mostly external to the subject, as for example atten-
tional blink tasks where subjects are asked to identify a number among a sequence 
of letters, are classified as 1, more common cases where the subject is asked 
to report on the “quality of her inner experience” are rated with a 5, and situa-
tions where the object of the subject’s attention is upon herself (e.g. personality 
surveys) are given a 10. With this axis we want to answer the question of how 
self-directed the introspective act is, in each experiment/method.

In most experiments, the subject is asked to achieve some goal, which may be 
more or less rigid and defined. This is done using certain means, which may also 
be more or less constrained. Axes seven and eight regard, respectively, the flex-
ibility of the goal and the flexibility of the means. While the goal flexibility axis 
operationalizes the question of how limited the subject’s options are among a set 
of pre-defined alternatives, the flexibility of the means axis regards the degree to 
which the protocol restrains the options of how to do it. In both these axes, we 
attribute the maximum grade (10) to the minimum level of constraint (i.e. highest 
flexibility).

 7. According to the scale of the goal flexibility axis, a task that has an extremely 
constrained goal, as for instance a task where one has to reach a specific loca-
tion in a computer game, is rated as a 1, whereas experiments in which there 
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is no predefined objective, such as simply exploring real world environments 
without a particular aim, would be a 10. The intermediate ratings correspond 
to tasks that are not fully defined, i.e. a task that allows for different alternative 
solutions (5).

 8. In the flexibility of the means axis, we rate the degree of control the subject has 
over the means she may use in order to achieve the goal of the task. She may 
have no choice at all on how to achieve the goal, for example when simply being 
exposed to visual stimuli (1), she may have multiple options and strategies such 
as in competitive interpersonal games (5), or she may be allowed complete 
freedom of choice in how to reach a specific solution or goal (10).

 9. In numerous studies reviewed here, subjects either underwent some procedure 
to manipulate neural activity or were explicitly selected from a clinical popula-
tion where they suffered from known neural pathologies. The scale for neural 
manipulation axis refers to how specific these neural changes are. It ranges from 
very general manipulations such as those caused by the use of alcohol (1–2), 
relatively specific drugs or diseases (5–6), to very specific, fine-grained manipu-
lations such as transcranial magnetic stimulation (TMS) (7) or the hypothetical 
use of optogenetics in humans (9–10). No manipulation is scored as 0. This 
axis operationalizes the question of how distant from a hypothetical baseline 
the brain state of the subject is.

 10. Studies often included another type of manipulation that, instead of acting 
directly upon the brain, is better explained as a psychological process elicited 
by the experimental setting. In the psychological manipulation axis we address 
the question of the magnitude of these induced changes, by rating experiments 
according to the degree to which the protocol altered the mental state of the 
subjects, without any direct intervention at the neural level. Any task will be 
considered to induce a certain “executive mode” in the subject, which can be 
more or less close to her normal state (1–5). Deep changes due to the protocol, 
either self-induced (such as meditation) or induced by someone else (such as 
hypnosis), are rated according to their intensity (6–10). When protocols do not 
include any task or elicit any particular state via instructions, as in cases using 
ecological momentary assessment (EMA) techniques in real life, this scale is 
considered not applicable; hence they are rated as 0.

 11. The various experimental approaches used in our sample vary not only accord-
ing to the degree of constraints and manipulation, but also to what extent partici-
pants were informed of those constraints and the degree to which the experiment 
involved intentionally withholding information from them.

The scale of axis eleven, regarding the degree of concealment, ranges from being 
minimum (1) when the experimental manipulation, as well as the goals and con-
straints of the task are totally overt and the subject knows everything there is to 
know, to maximum (10) when the subject is completely deceived or completely 
uninformed. In the middle we rate the cases where a significant part of the varia-
bles is hidden but the experimenter does not give false information to the subject, 
or, vice versa, cases where there is a partial deception of the subject but most 
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variables are known (5). This axis operationalizes the question of the degree to 
which subjects are made aware of the experimental protocol.

 12. Axis twelve has to do with the level of ecological realism of the experiment, 
i.e., how close the setup is to a natural environment. For example: sometimes 
experiments utilize a completely artificial context, such as the inside of a fMRI 
scanner (1), other times the experimenter tries to recreate a simulated environ-
ment, as for instance in classical psychophysics experiments (5), and others 
are conducted in an individual’s every day environment (10). This allows us 
to indirectly tackle the question of how genuine one can expect the reported 
experiences to be, given the nature of the setup.

 13. The thirteenth axis is context complexity. This measure concerns the complex-
ity of the experimental setting, which ranges from the absence of any external 
input (1), to simple settings such as those of most perceptual tasks, in which 
the subject just has to look at an image (2), to increasingly complex settings 
which culminate in sophisticated virtual reality setups (9) or real life (10). This 
axis allows us to assess the spontaneity of the experience reported, and infer its 
complexity in stimulus-driven cases.

 14. The fourteenth axis regards the degree to which the subject is in control of the 
stimuli she engages with. It ranges from total lack of control in setups where 
external stimuli, determined by the protocol, are presented to the subject (1), 
to meditation where the participant is engaging in a self-generated cognitive 
act (10). In between these two extremes we find various cases in which the 
subject has a variable degree of control over the setting, either because the 
stimuli come from the natural environment that she is dynamically engaged with 
(4), or because the experience is partially induced by an external stimulus and 
partially constructed by the subject herself, as in cases where a verbal input by 
the interviewer elicits a very complex cognitive process (6). With this axis we 
operationalize the question of the active role a subject has in the elicitation of 
the experience reported.

 15. Axis fifteen concerns the amount of training that the subjects must have in order 
to perform the task. It ranges from no training at all (1), to some days (5), some 
weeks or months (6–7), or even several decades (10). This axis addresses the 
question of how much previous learning is required for the first-person experi-
ence in each method/experiment.

 16. Finally, the Subject N axis reports the number of subjects involved in a typical 
instantiation of each protocol, ranging from one (1) to more than a hundred (10). 
The rating of N operationalizes the question of how idiosyncratic one can expect 
the reports to be.

2.2.2  The sample

We started collecting studies that we found to be most commonly cited among 
authors interested in neurophenomenology (e.g., Hurlburt 1997; Lutz et  al. 2002; 
Ericsson 2003; Petitmengin 2006). We then expanded our focus to include studies 
that are currently published and discussed in conferences about these issues (e.g., 
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Overgaard et al. 2006; Christoff et al. 2009; Ward et al. 2010; Garrison et al. 2013; 
Gallagher et al. 2015).

When we started reading and analyzing these studies, our set of 16 axes was not 
yet complete. It was early in the process of comparing them that the axes were fully 
defined. We then collected more studies concerning influential work in cognitive sci-
ence that we judged to explicitly rely on first-person experience (e.g., Haggard et al. 
2002; Libet et  al. 1983; Penfield 1958, 1959; Carhart-Harris et  al. 2016; Lahlou 
et al. 2015). Finally, we included in the review at least one representative exemplar 
of what we considered to be the distinct areas in cognitive science, from psycho-
physics, subliminal priming, work using virtual reality or video games, studies with 
brain damaged patients, studies using TMS or electric stimulation, to more esoteric 
examples of approaching conscious experience such as trip-reports (Erowid), and 
self-experiments. In total, we analyzed 53 studies or reviews. Some of these articles 
included multiple experiments with clearly distinct experimental methodologies, 
and in such cases they were analysed separately resulting in a total of 57 different 
methods (Fig. 1).1

To determine whether our sample could be considered representative of the 
breadth of methods used in the cognitive sciences we pseudo-randomly selected 
20 further papers, which constituted our validation sample. We used an advanced 
Google Scholar search with the following criteria: that they have all three words 
‘subjects’, ‘experiment’ and ‘trial’ in the text, and contain at least one of the words 
‘experience’, ‘interview’, ‘reports’, ‘questionnaire’, ‘cognitive’, ‘psychology’, ‘neu-
roscience’.2 We used the first 20 publicly available papers, describing experimental 
methods and not only theory, returned by this search, and rated them (Fig. 2). We 
then calculated the minimum pairwise Spearman’s rank distance of each study in the 
validation sample to any study in the primary test sample. The minimum distance 
of each method from the validation sample lay within the distribution of distances 
found within our test sample (Fig. 3). None of these new examples thus provided a 
novel or entirely unexplored collection of methods, suggesting that our sample was 
comprehensive.

It is important to note that the different studies we mapped were very heterogene-
ous in their representativeness. While some of them were quite unusual (e.g. Gal-
lagher et al. 2015), others represented a whole tradition of research (e.g. Ratcliff and 
Rouder 1998). However, given the exploratory goal of this review, we considered 
this non-representativeness not to be problematic. We wanted to gather a panoramic 
perspective of a wide range of possibilities in the spectrum in order to develop a tax-
onomy of methods, not a faithful model of the field that could exhaustively account 
for their frequency.

1 Four of these studies included different parts with distinct methods, and thus resulted in eight different 
items in our list.
2 Query string: «subject, experiments, trial experience, OR interview, OR reports, OR questionnaire, OR 
cognitive, OR psychology, OR neuroscience».
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1 Hurlburt & Heavey 2006, 
Hurlburt 1997 8 1 0 4 2 5 10 10 0 3 2 10 10 5 2 1

2 Pe�tmengin-Peugeot 
1999: intui�on 5 1 0 8 3 5 5 10 0 5 3 7 10 6 2 7

3 Pe�tmengin 2006, 2007: 
epilepsy 5 1 4 8 6 5 5 10 4 5 3 7 1 6 2 4

4 Ericsson 2003, Fox et al. 
2011 5 3 0 1 3 5 3 6 0 4 1 4 4 7 2 8

5 Titchener 1901-05, 
Schwitzgebel 2004 3 2 0 2 2 4 1 1 0 4 3 4 3 1 5 2

6 Ratcliff & Rouder 1998 1 3 0 1 1 3 1 1 0 1 4 5 2 1 2 3

7 Csikszentmihalyi 2014 4 0 0 2 2 5 10 10 0 0 2 10 10 4 1 9

8 Ward et al. 2010 3 2 0 2 4 3 1 1 0 3 3 5 3 1 1 9

9 Gould van Praag et al. 
2016 4 0 6 1 4 3 1 1 0 3 1 1 2 1 1 6

10 Cosmelli et al. 2004 2 0 5 1 1 2 1 1 0 2 2 2 2 1 3 3

11 Lutz et al. 2002 5 3 3 2 5 5 1 5 0 3 2 3 4 2 3 2

12 Lutz et al. 2004 0 0 4 1 4 0 3 10 0 8 1 3 1 10 10 6

13 Lutz et al. 2008 3 4 6 3 6 5 3 10 0 8 1 1 2 10 10 7

14 Slagter et al. 2008 1 0 3 2 1 1 2 1 0 2 4 3 3 1 7 8

15 Garrison et al. 2013 4 0 6 3 5 5 3 10 0 8 2 1 4 10 9 8

16 Carhart-Harris et al. 2016 4 0 6 4 7 6 10 10 5 1 4 1 1 5 4 6

17 Haggard et al. 2002 3 3 0 2 1 1 1 1 7 1 3 5 2 3 1 4

18 Kühn et al. 2012 3 3 6 2 1 1 1 1 0 1 3 1 2 3 2 6

19 Caspar et al. 2016 (exp. 2) 3 3 3 2 2 1 3 1 0 3 5 4 6 4 1 6

20 Metcalfe et al. 2007 3 3 0 3 5 5 2 1 0 3 7 5 6 3 1 7

21 Chambon et al. 2012 2 3 6 2 2 5 2 1 0 2 7 1 4 1 1 6

22 Sidarus, Haggard 2016 3 3 0 2 2 5 2 1 0 2 5 5 4 1 2 7

23 Koepp et al. 1998 0 2 6 1 7 0 4 3 0 5 3 2 7 1 1 4

24 Hartley et al. 2003 0 2 6 1 6 0 2 3 0 5 3 1 7 1 7 5

25 Trull et al. 2008 4 0 0 4 6 8 10 10 3 0 2 10 10 5 1 9

26 Feinstein et al. 2011 5 2 0 5 7 6 8 10 6 5 5 10 10 4 1 1

27 Andersen et al. 2008: 
personality traits 4 0 4 7 10 10 5 8 0 3 1 3 1 10 1 9

28 Andersen et al. 2008: 
mood ra�ngs 4 0 4 3 6 5 5 8 0 3 1 3 1 10 1 9

29 Baranski & Petrusic 1994 3 3 0 2 1 5 1 1 0 1 3 5 3 1 2 6

30 Fleming et al. 2012 4 3 6 2 2 5 1 1 0 1 3 1 2 1 2 7

31 Sanders et al. 2016 3 3 0 2 3 5 1 1 0 2 3 5 3 1 3 8

32 Persaud et al. 2007 (exp. 
1) 2 2 0 2 2 4 1 1 6 2 4 4 2 1 1 1

33 Persaud et al. 2007 (exp. 
2) 2 2 0 2 2 4 1 1 0 2 4 5 3 1 2 8

34 Fleming & Dolan 2009 2 2 0 2 2 4 1 1 0 2 5 5 3 1 1 5

35 Charpen�er et al. 2015 4 3 6 7 8 8 1 1 0 2 5 1 3 1 3 7

36 Libet et al. 1983 3 3 3 2 1 5 1 2 0 2 2 3 3 9 3 3

37 Fried at al. 2011 3 3 9 2 1 5 1 2 0 2 2 3 3 9 2 5

38 Jo et al. 2014 4 3 3 3 3 5 2 1 0 2 2 3 3 9 2 3

39 Schlegel et al. 2015 6 3 3 3 6 5 2 1 0 5 10 5 2 1 1 2

40 Penfield 1958, 1959 5 0 0 1 5 5 10 10 8 2 6 1 1 1 1 10

41 Voss et al. 2014 4 5 4 3 6 6 10 10 6 9 1 5 1 3 1 7

42 Ramsoy & Overgaard 2004 5 2 0 2 1 5 1 1 0 1 2 5 3 1 1 3

43 Overgaard et al. 2006 4 2 0 2 1 5 1 1 0 1 3 5 2 1 2 5

44 Pascual-Leone & Walsh 
2001 3 0 0 2 1 5 1 1 7 3 3 2 2 1 1 4

45 Michael et al. 2014 1 3 0 3 2 1 1 1 7 1 3 5 4 1 2 6

46 Gallagher et al. 2015: 
astronoaut reports 10 0 0 1 6 5 8 10 0 4 2 4 3 1 1 10

47 Gallagher et al. 2015: 
simula�on 5 4 4 3 6 5 8 10 0 4 2 4 3 1 1 10

48 Christoff et al. 2009 2 3 6 2 5 6 1 1 0 3 5 1 3 1 2 5

49 Parnas & Henriksen 2014 7 0 0 8 10 6 10 10 3 0 1 8 10 5 1 10

50 Erowid 10 0 0 7 7 5 10 10 5 1 1 10 1 5 1 1

51 Susuki et al. 2013 4 2 0 3 4 6 8 7 0 5 3 3 4 5 1 6

52 Chen et al. 2017 8 2 6 3 6 1 7 5 0 5 2 1 9 1 1 6

53 Cor� & Gillespie 2014 6 2 0 3 7 1 5 8 0 5 10 8 10 5 1 9

54 Lahlou et al. 2014 10 1 0 2 5 5 4 10 0 5 1 10 10 6 5 6

55 Gallagher et al. 2002 6 2 6 1 5 4 3 4 0 3 8 1 2 6 2 4

56 Roberts 2004 3 3 0 1 6 4 1 3 0 1 1 10 10 7 1 1

57 Griffiths et al. 2016 5 4 4 0 1 2 5 10 10 7 5 6 4 8 1 8

Fig. 1  Experimental sample composed of 57 studies (rows), rated along 16 axes (columns)
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2.2.3  Clustering

We first calculated a Spearman’s rank pairwise distance matrix for our rated sample 
of studies. This provided a measure of how different each sampled study was from 

0 1 2 3 4 5 6 7 8 9 10

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Dimension. 

reports
Behavioral 
measures

Neural 
recordings Delay Dura�on Reflec�ve- 

ness
Goal 

flexibility
Flexibility of 

means
Neural 
manip.

Psycho. 
manip. Concealment Eco realism Context 

complexity Control Training Subject N

58 Kempf 1999 judgments about a product 4 0 0 3 7 3 5 4 0 1 2 6 6 3 1 8

59 Bridgeman et al. 1981 induced displacement 3 4 0 2 3 4 2 1 0 3 5 5 4 1 1 2

60 Greenwald et al. 1996 subliminal priming 1 3 0 2 1 1 1 1 0 2 7 5 3 1 1 8

61 Dehane et al. 1994 error-related nega�vity (ERN) 1 3 3 1 2 1 1 1 0 1 1 4 2 1 1 5

62 Marks 1973 visual imagery 4 3 0 3 5 1 2 2 0 2 5 5 4 1 2 8

63 Evans & Pezdek 1980 mapping real-world distances 1 3 0 1 4 1 1 1 0 1 4 5 3 1 2 6

64 Slovic & Fishhoff 1977 judgements of probability 5 0 0 1 0 1 2 10 0 1 7 6 10 1 1 10

65 Marcel 1983 unconscious percep�on 2 2 0 1 1 3 1 2 0 2 4 5 3 1 2 5

66 Lavie et al. 2004 a�en�on and working memory 1 3 0 2 1 1 1 1 0 3 4 5 3 1 2 4

67 Hoyer & Brown 1990 brand awareness and choice 5 0 0 3 5 5 1 5 0 1 6 6 5 5 1 10

68 Notebaert et al. 2009 post-error slowing 1 3 0 2 3 1 1 1 0 1 5 5 2 1 1 5

69 Sternberg 1966 memory 1 3 0 2 3 1 1 1 0 2 4 5 3 1 2 4

70 Buckner et al. 1996 word-comple�on 0 0 6 0 6 0 1 5 0 3 4 1 4 1 1 2

71 Buxton & Meyers 
1986

motor task w/ two hands 0 3 0 0 5 0 1 5 0 2 5 5 3 5 2 6

72 Smith & Swinyard 
1983

a�tudes vs. Behavior 4 2 0 2 6 4 2 2 0 3 6 6 6 3 1 9

73 Osu et al. 2004 motor task w/ force fields 0 3 0 0 7 0 1 2 0 2 5 5 4 1 2 4

74 Astafiev et al. 2004 EBA response to body movement 1 1 6 1 5 1 1 1 0 2 2 1 2 1 1 6

75 Fontani et al. 2005 effects of Omega-3 4 5 3 6 9 7 1 1 2 2 6 4 3 1 1 8

76 Phelps et al. 2001 threat, fear, amygdala 2 4 6 3 6 5 1 1 0 4 7 1 2 1 1 5

77 Eslinger & Damásio 
1986

Alzeimer's and memory 3 3 0 3 5 1 1 3 6 2 3 6 4 2 1 5

Fig. 2  Validation sample composed of 20 pseudo-randomly chosen extra studies (rows), rated along the 
same 16 axes (columns)

Fig. 3  Histogram of euclidean distances between each of the 57 rated studies in the experimental sample. 
Crosses show the minimum euclidean distances between each of the validation sample studies and the 
experimental sample
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every other study based on their scoring across all 16 axes. We then performed a 
hierarchical clustering analysis with optimal leaf ordering and nearest neighbor link-
age. This method clustered papers that were broadly similar to each other. All analy-
sis was performed using MATLAB 2016a, The MathWorks, Natick, 2016.

2.3  Results

2.3.1  A matter of flexibility

It was evident from our analysis that a wide variety of methods are employed in 
cognitive science, most of which touch on first-person experience in some way—
that is, they systematically involve a subject intending to communicate their experi-
ence to an experimenter. To begin to characterize the trends within this diversity of 
approaches, we first performed a hierarchical clustering analysis on the data (Fig. 4). 
This suggested that the studies fell into two broad clusters that correspond to, on the 

Fig. 4  A heatmap with dendrograms showing hierarchical clustering of each of the 57 papers (y axis) 
and each of the 16 rated categories (x axis) into clusters (branches representing flexible cluster in blue 
and constrained cluster in green)
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one hand, studies with high flexibility of means (axis 8) and high flexibility of goals 
(axis 9), and, on the other, studies with low flexibility of means and goals. This we 
confirmed by comparing the ratings for these axes between each putative cluster 
(Fig. 5). For this reason we have labelled the first cluster the Flexible cluster, and the 
second the Constrained cluster.3

The primary distinction between Flexible and Constrained studies can be 
described as how rigid and strictly defined (vs. flexible and loosely defined) the 
approach to collecting data from participants was. Supporting this distinction, stud-
ies falling within the Flexible cluster also tend to have higher ratings in control (axis 
14) than studies in the Constrained cluster. This means that subjects in flexible para-
digms tend to have more control over the input they encounter. In addition, studies 
in the Flexible cluster tended to also score higher in duration (axis 5) of reporting, 

Fig. 5  Distributions of ratings (filled circles) and medians (bars) for flexibility of the means and goals for 
cluster 1 (blue) and 2 (green)

3 The median values of both flexibility of the means (axis 8) and flexibility of the goal (axis 7) were sig-
nificantly higher in the Flexible group of studies (p < 0.001, Wilcoxon signed rank test).
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Fig. 6  Experimental sample re-organized according to the results of the clustering analysis

0 1 2 3 4 5 6 7 8 9 10

9 2 11 3 15 10 14 8 7 5 4 6 1 12 13 16

subject ma�er Neural 
manip. Behavior

Conceal-
ment

Neural 
record Training

Psycho 
manip. Control

Flexi. 
means

Goal 
flexi. Dura�on Delay

Reflec�- 
veness Reports

Eco 
realism

Context 
complex.

Subject 
N

FLEXIBLE CLUSTER

USING MEDITATORS

12 Lutz et al. 2004 "uncondi�onal loving-kindness 
and compassion"

0 0 1 4 10 8 10 10 3 4 1 0 0 3 1 6

13 Lutz et al. 2008 impact of compassion medita�ve 
state on affectve reac�vity

0 4 1 6 10 8 10 10 3 6 3 5 3 1 2 7

15 Garrison et al. 2013 focused a�en�on medita�on 0 0 2 6 9 8 10 10 3 5 3 5 4 1 4 8

REGULAR SUBJECTS

low input

57 Griffiths et al. 2016 mys�cal experience in drug trip 5 4 4 0 1 2 5 10 10 7 5 6 4 8 1 8

40 Penfield 1958 1959 episodic memories 8 0 6 0 1 2 1 10 10 5 1 5 5 1 1 10

16 Carhart-Harris et al. 
2016 LSD experience 5 0 4 6 4 1 5 10 10 7 4 6 4 1 1 6

41 Voss et al. 2014 lucid dreaming 6 5 1 4 1 9 3 10 10 6 3 6 4 5 1 7

47 Gallagher et al. 2015: 
simula�on

the experience of awe and 
wonder

0 4 2 4 1 4 1 10 8 6 3 5 5 4 3 10

46 Gallagher et al. 2015: 
astronaut reports

the experience of awe and 
wonder

0 0 2 0 1 4 1 10 8 6 1 5 10 4 3 10

51 Susuki et al. 2013 sense of ownership (rubber-
hand)

0 2 3 0 1 5 5 7 8 4 3 6 4 3 4 6

4 Ericsson 2003, Fox et 
al. 2011

the process of finding a solu�on 
to logical problems but not only

0 3 1 0 2 4 7 6 3 3 1 5 5 4 4 8

28 Andersen et al. 2008: 
mood ra�ngs anxiety and mood 0 0 1 4 1 3 10 8 5 6 3 5 4 3 1 9

27 Andersen et al. 2008: 
personality traits personality 0 0 1 4 1 3 10 8 5 10 7 10 4 3 1 9

3 Pe�tmengin 1006, 
2007: epilepsy epilep�c seizure an�cipa�on 4 1 3 4 2 5 6 10 5 6 8 5 5 7 1 4

50 Erowid altered states of consciousness 
caused by drugs

5 0 1 0 1 1 5 10 10 7 7 5 10 10 1 1

high input (natural environment)

26 Feinstein et al. 2011 fear 6 2 5 0 1 5 4 10 8 7 5 6 5 10 10 1

1
Hurlburt 1997, 
Hurlburt & Heavey 
2006

the quality of pris�ne experience 0 1 2 0 2 3 5 10 10 2 4 5 8 10 10 1

54 Lahlou et al. 2015 behavior in everyday life 0 1 1 0 5 5 6 10 4 5 2 5 10 10 10 6

2 Pe�tmengin-Peugeot 
1999: intui�on intui�on 0 1 3 0 2 5 6 10 5 3 8 5 5 7 10 7

49 Parnas & Henriksen 
2014

sense of being a subject of 
awareness (sense of self)

3 0 1 0 1 0 5 10 10 10 8 6 7 8 10 10

25 Trull et al. 2008 affec�ve instability in borderline 
personality disorder

3 0 2 0 1 0 5 10 10 6 4 8 4 10 10 9

7 Csikszentmihalyi 2014 emo�onal state in daily life 0 0 2 0 1 0 4 10 10 2 2 5 4 10 10 9

53 Cor� & Gillespie 2014 cyranic illusion (exp.2) 0 2 10 0 1 5 5 8 5 7 3 1 6 8 10 9

CONSTRAINED CLUSTER

THIRD-PERSON EXPERIMENTS

VIDEO GAMES / VIRTUAL REALITY / MOVIES (high input complexity + long dura�on + low ecological realism + psycho manip.) AND NEURAL RECORDING

52 Chen et al. 2017 memories of a movie 0 2 2 6 1 5 1 5 7 6 3 1 8 1 9 6

23 Koepp et al. 1998
mental correlates of dopamine 
release in goal-directed motor 
task (video game)

0 2 3 6 1 5 1 3 4 7 1 0 0 2 7 4

24 Hartley et al. 2003 route following and wayfinding 0 2 3 6 7 5 1 3 2 6 1 0 0 1 7 5

OTHER SETUPS

medium to high concealment, high dura�on, medium reports, neural recordings

35 Charpen�er et al. 2015 economic decision-making with 
emo�onal cues

0 3 5 6 3 2 1 1 1 8 7 8 4 1 3 7

39 Schlegel et al. 2015 voli�onal movement and 
conscious willing

0 3 10 3 1 5 1 1 2 6 3 5 6 5 2 2

55 Gallagher et al. 2002 the inten�onal stance 0 2 8 6 2 3 6 4 3 5 1 4 6 1 2 4

LIBET-TYPE (high control)

37 Fried at al. 2011 urge to move 0 3 2 9 2 2 9 2 1 1 2 5 3 3 3 5

36 Libet et al. 1983 experience of wan�ng or 
intending to act

0 3 2 3 3 2 9 2 1 1 2 5 3 3 3 3

38 Jo et al. 2014
�me of inten�on to move, �me 
of movement, effort, difficulty of 
the task

0 3 2 3 2 2 9 1 2 3 3 5 4 3 3 3

PSYCHOPHYSICS
WITH NEURAL MANIPULATION (TMS or disease)

44 Pascual-Leone & 
Walsh 2001 awareness of visual mo�on 7 0 3 0 1 3 1 1 1 1 2 5 3 2 2 4

32 Persaud et al. 2007 
(exp. 1)

awareness; confidence regarding 
visual percep�on

6 2 4 0 1 2 1 1 1 2 2 4 2 4 2 1

17 Haggard et al. 2002 perceived �me of 
ac�on/movement/tone

7 3 3 0 1 1 3 1 1 1 2 1 3 5 2 4

45 Michael et al. 2014 ac�on understanding 7 3 3 0 2 1 1 1 1 2 3 1 1 5 4 6

WITH MEDITATION TRAINING

14 Slagter et al. 2008 aªen�onal blink: iden�fying a 
number among leªers

0 0 4 3 7 2 1 1 2 1 2 1 1 3 3 8

WITH NEUROIMAGING

10 Cosmelli et al. 2004 binocular rivalry 0 0 2 5 3 2 1 1 1 1 1 2 2 2 2 3

9 Gould van Praag et al. 
2016 color synaesthesia 0 0 1 6 1 3 1 1 1 4 1 3 4 1 2 6

18 Kühn et al. 2012 dura�on of a �me interval 0 3 3 6 2 1 3 1 1 1 2 1 3 1 2 6

30 Fleming et al. 2012 confidence abour perceptual 
decision-making

0 3 3 6 2 1 1 1 1 2 2 5 4 1 2 7

48 Christoff at al. 2009 mind wandering 0 3 5 6 2 3 1 1 1 5 2 6 2 1 3 5

21 Chambon et al. 2012 sense of agency 0 3 7 6 1 2 1 1 2 2 2 5 2 1 4 6

WITH HIGHER INPUT COMPLEXITY

19 Caspar et al. 2016 
(exp. 2)

sense of agency and of 
responsibility

0 3 5 3 1 3 4 1 3 2 2 1 3 4 6 6

20 Metcalfe et al. 2007 sense of 
agency/control/perfomance

0 3 7 0 1 3 3 1 2 5 3 5 3 5 6 7

BASIC PSYCHOPHYSICS: 2AFC; fully defined protocol; no control; no neural recordings nor manipula�on

8 Ward et al. 2010 color synaesthesia 0 2 3 0 1 3 1 1 1 4 2 3 3 5 3 9

31 Sanders et al. 2016 confidence on auditory and 
knowledge-based tasks

0 3 3 0 3 2 1 1 1 3 2 5 3 5 3 8

33 Persaud et al. 2007 
(exp. 2)

awareness; confidence about 
performance in ar�fical grammar 
task

0 2 4 0 2 2 1 1 1 2 2 4 2 5 3 8

22 Sidarus & Haggard 
2016 sense of agency 0 3 5 0 2 2 1 1 2 2 2 5 3 5 4 7

34 Fleming & Dolan 2009
wagering on the basis of 
performance (confidence vs. loss 
aversion)

0 2 5 0 1 2 1 1 1 2 2 4 2 5 3 5

6 Ratcliff & Rouder visual decision-making 0 3 4 0 2 1 1 1 1 1 1 3 1 5 2 3

29 Baranski & Petrusic 199 confidence on visual task 0 3 3 0 2 1 1 1 1 1 2 5 3 5 3 6

43 Overgaard et al. 2006 conscious visual percep�on of 
simple s�mulus

0 2 3 0 2 1 1 1 1 1 2 5 4 5 2 5

42 Ramsoy & Overgaard 
2004 subliminal percep�on 0 2 2 0 1 1 1 1 1 1 2 5 5 5 3 3

5 Titchener 1901-05, 
Schwitzgebel 2004

discrimina�on of sounds and 
colors, op�cal illusions, etc

0 2 3 0 5 4 1 1 1 2 2 4 3 4 3 2

11 Lutz et al. 2002 the experience of seeing a 3D 
image

0 3 2 3 3 3 2 5 1 5 2 5 5 3 4 2

SELF-EXPERIMENTATION

56 Roberts 2004 mood and physical varia�ons 0 3 1 0 1 1 7 3 1 6 1 4 3 10 10 1
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i.e. to report on longer experiences, e.g. several seconds-long experiences rather 
than short instants.

The hierarchical clustering analysis also suggested a number of potential subdivi-
sions within the two main clusters, several of which we could easily identify and 
attribute meaning to (Fig.  6). In the Flexible cluster, one group of studies had in 
common the use of complex stimuli, usually in a naturalistic context, while a second 
group favored simple stimuli. One large sub-group of the Constrained cluster was 
particularly notable. It was defined by the traditional characteristics of psychophysi-
cal paradigms: two-alternative forced choice tasks, with a rigid protocol in which 
the subject has no control over a simple external input, and in which there are no 
neural recordings or neural manipulations. We also note variations on this typical 
format: studies using neural recordings; studies using very complex input (e.g. video 
games); studies using neural manipulation; studies where the subject has high con-
trol over the stimulus (e.g. Libet-type experiments, where the stimulus is the spon-
taneous “urge” to flex the wrist); and three studies where subjects do not report on 
their experience at all. In each of these three studies participants are asked to per-
form a task, compassion meditation in one (Lutz et al. 2004), and to play a computer 
game in the other two (Hartley et  al. 2003; Koepp et  al. 1998). In the two latter 
examples, aspects of the participants’ gameplay provided performance metrics, and 
in the former, novice and experienced meditators were compared, allowing experi-
ence to be a proxy for meditation ‘performance’. In each case these behavioural per-
formance metrics were sufficient, alongside neural recordings, to test systems level 
hypotheses.

The methods used in both the Flexible and Constrained clusters include a variety 
of approaches that include neural recordings. One might expect that neural record-
ings would be more common in the Constrained cluster, however the frequency and 
spatiotemporal specificity in their use did not differ strongly between these clusters. 
The limitations of our sample mean that we cannot make conclusive claims about 
the prevalence of neural measurements alongside flexible protocols in cognitive sci-
ence as a whole. Still, these data suggest that there is progress being made with 
neural data even with Flexible studies. The methodological challenges facing the 
analysis and interpretation of neural data within more flexible protocols appear to be 
in part addressed by combining expert subjects, in these cases meditators, who may 
be likely to have more consistent reports and behavior despite decreased experimen-
tal constraints placed upon them.

In general, while studies in both clusters collected a range of data regarding 
subjective experience, studies belonging to the Flexible cluster tended to use high-
dimensional reports, while studies that fell into the Constrained cluster tended to 
use low-dimensional reports.4 Interestingly, however, there were several studies 

4 A Pearson Rank correlation test showed a significant positive relationship between the flexibility of the 
means and dimensionality of reports (r = 0.5, p < 0.001, n = 56).
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that used medium- to high-dimensional reports despite having been grouped under 
the Constrained cluster. Some of them included no explicit reference to the impor-
tance of leveraging the subject’s first-person experience, e.g. Schlegel et al. (2015), 
a study using hypnosis to study conscious will in action, or Chen et al. (2017), an 
fMRI study about shared memories. Others were developed by experimenters that 
explicitly valued the use of introspective methods and were aiming at improving 
such methods, including Lutz et al. (2002)’s neurophenomenological study on the 
possibility of guiding the study of brain dynamics by using introspective reports, 
Ramsoy and Overgaard’s (2004) study on subliminal perception, and Gallagher 
et al’s. (2002) paper on the intentional stance. Importantly, when comparing the dis-
tributions of ratings for the dimensionality of phenomenological reports, we found 
that while they are higher on average in the Flexible than in the Constrained cluster, 
they clearly overlapped (Fig. 7).

Fig. 7  Distribution of ratings 
(filled circles) and medians 
(bars) for dimensionality of 
reports in flexibility cluster 1 
(blue) and constraints cluster 2 
(green)
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2.3.2  Experimental reproducibility

Increased flexibility—or decreased constraints—in performing a task provides 
opportunities for capturing a richer picture of subjective experience. Many studies in 
the Flexible cluster (and some in the Constrained cluster) used methods of reporting 
that allowed subjects to express themselves in free-form text or verbal responses. A 
central advantage in having such high-dimensional subjective reports was that there 
may be valuable nuance that could be gathered from intimate and detailed accounts 
of first-person experience. It is precisely this type of data that might otherwise be 
lost by experimenters limiting the dimensionality of reports a priori to simple Likert 
scales or behavioral responses.

At the same time, less constrained paradigms create challenges for experimental 
reproducibility, a concern that was at the heart of criticism brought against intro-
spectionism. We can see two tactics taken to address this issue in contemporary 
studies. The first is to take steps to mitigate the increased variability that may be 
expected to ensue from decreased experimental constraints. Generally speaking 
there are two main sources of variability in typical cognitive studies: across-subject 
variability due to inter-individual differences, and within-subject variability due to 
uncontrolled variations across repeated tests. One way of dealing with inter-subject 
variability is to increase the number of subjects. Indeed, studies in the Flexible clus-
ter tended to have a higher number of subjects than those in the Constrained cluster. 
However, increasing the number of subjects can only reduce variability if some form 
of averaging is applied—a step that may tend to obscure the very details that may be 
the aim of less constrained approach.

Another approach to variability is the use of expert participants. In Lutz et  al. 
(2004, 2008), and Garrison et  al. (2013), subjects were engaged in a meditation 
task with a specific goal (e.g. to achieve a state of unconditional loving-kindness 
and compassion) but were allowed high flexibility of possible cognitive means 
to complete this task. Here, the experimenters leveraged decades-long training in 
meditation of their experimental subjects, who were hypothesized to be more pre-
cise (less variable) at examining their own experience as a result of this training. 
This approach has been recommended by neurophenomenologists (Varela and Shear 
1999a, b) as a way of reducing variability of first-person reports without constrain-
ing them a priori. While extensive training can be expected to reduce within-subject 
variability, training itself will not only make reporting more precise, but will often 
tend to mold experience itself in certain directions, thereby constraining it implicitly. 
Therefore, training in different schools of meditation might be expected to increase 
cross-subject variability even as it reduces within-subject variability in each indi-
vidual or cross-subject variability within a school.

An alternative to training is to re-expose participants to the experimental tasks or 
conditions until the variability of their reports decreases. Arguably, this method has 
similar advantages to those of training whilst allowing for unanticipated aspects of 
experience to come to light. An important paper in our review that used this method 
is a study by Lutz et al. (2002) that is often cited as the quintessential example of the 
benefits of pairing phenomenological and neuroscientific tools (the “neurophenom-
enological paradigm”). Interestingly, this study fell within the Constrained cluster in 
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our analysis, the significance of which will be highlighted shortly. As this method is 
particularly well suited to highlighting idiosyncratic individual experiences, it does 
not address the problem of cross-subject variability and is better suited for within-
subject comparisons.

While the approaches listed above aim to reduce uncontrolled variability in one 
way or another, it is also possible to take advantage of such variability rather than 
seek to reduce it. This is particularly applicable when seeking to establish a rela-
tionship between two measures, which would co-vary if they were indeed related to 
one another. For example, if the goal is to correlate subjective reports with neural 
measures, then temporal variability in a subject’s state should impact both subjective 
report and neural measures. As described by Garrison et al. (2013):

[We ask] participants to pay attention to how their own moment-to-moment 
experience changes, and to report how changes in their own experience relate 
to changes in the feedback graph. In this way, variability within individuals, 
and even variability within task blocks, does not confound results, but instead 
is utilized to more tightly couple subjective experience with brain activity 
(Garrison et al. 2013, p. 117).

A second tactic for dealing with problems of reproducibility in studies with high 
flexibility is the use of experimental interventions, such as drugs or electrical stimu-
lation. Intervention studies are the hallmark of modern clinical trials and can make 
use of well-established paradigms to isolate the effect of a particular variable, the 
intervention, by comparing measures across “treatment” and “control” groups. 
Interventions can be combined with a wide range of task designs and degrees of 
constraint, and make a potentially powerful addition to studies using flexible report-
ing. For example, Voss et  al. (2014), used a within-subjects comparison to study 
the impact of electrical stimulation on lucid dreaming. During REM sleep, subjects 
underwent fronto-temporal transcranial alternating current stimulation (tACS) at 
various frequencies, alongside simulated stimulation, with no current flow. After the 
stimulation, they were awakened and asked to report on the quality of their dreams. 
The within-subject comparison between different conditions (different frequencies 
as well as sham stimulation) allowed for the isolation of the causes of the variations 
detected by the subjects in their own dreaming experience. Carhart-Harris et  al. 
(2016), studied the phenomenology associated with LSD using a blinded, placebo-
controlled, across-subjects comparison: both treatment and control groups were pre-
pared as if they were receiving the drug, but only one group actually received it. 
Thus, while “trusting the subject” to describe their experience, this design helped 
to prevent subjects from unwittingly using their knowledge of the study to bias 
their descriptions. The experimental design also used within-subjects comparisons 
between the reports collected at three different time points post LSD and placebo 
injection as a way to better isolate the perceived effects of the substance.

Blinding is a particularly powerful experimental method that is also applicable to 
many other facets of experimental design. For example, in Gallagher et al.’s (2015) 
study of astronaut experiences, hermeneutical analysis of diaries was performed by 
those blind to the examined hypotheses to reduce the possible effect of experiment-
ers being biased in their interpretation of the data.
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2.3.3  Triangulation

In discussing the role of introspective methods in contemporary cognitive science, 
several authors have argued for the use of triangulation as a potentially powerful 
approach in advancing neurophenomenology and the understanding of first-person 
experience in general (Jack and Roepstorff 2002; Gallagher 2002). Triangulation is 
typically defined as the simultaneous collection of (1) subjective reports, (2) neural 
recordings, and (3) behavioral measurements. Surprisingly, even though a variety of 
papers amongst those we assessed here were strong in two of the three components, 
none were highly rated in all three.

This suggests that, while triangulation may be a powerful approach, it may be 
challenging to implement or it may still not have gained sufficient traction in the 
field. Although behavioral measures should on the whole be simpler to implement 
than neural recordings, we noted a relative dearth of highly quantitative behavio-
ral methods, such as eye tracking, in the sampled studies. When they were pre-
sent, they were very low dimensional (usually limited to levels of performance or 
reaction time), especially in the Constrained cluster where they were never rated 
higher than 3 out of 10 on our scale. In the Flexible cluster, behavioral measures 
were also often absent, but in four out of the 24 studies (17%) we gave ratings of 
3 or 5.

Despite the scarcity of behavioral data, we found several studies that at least 
come close to triangulation: Charpentier et al. (2015), Gallagher et al. (2002, 2015), 
Fleming et al. (2012), Jo et al. (2014), Lutz et al. (2002), Schlegel et al. (2015) and 
Voss et al. (2014). Interestingly, they were equally likely to be in the Constrained or 
Flexible cluster.

2.3.4  Different types of experiences

Finally, our review shows a clear and important difference between the two clusters 
in the types of experience they take into account. In the Flexible cluster, papers are 
mostly dedicated to experiences that are currently at the edge of explanation and 
that have not yet been, and might not easily be, reduced to more operationalized 
behavioral responses. For example, experiences such as those elicited by psyche-
delic trips, or the awe of seeing the Earth from space, might not be straightfor-
wardly reflected in the behavior of subjects nor adequately captured by low-dimen-
sional reports using predetermined Likert scales or button presses. Conversely, the 
Constrained cluster contained studies focused mainly on experiences that tend to 
be expressible behaviorally, or have been previously operationalized, such as per-
ceptual experience, decision confidence or loss aversion, which have been carefully 
shown to be highly correlated with third-person measures such as, respectively, 
performance in a detection task, post-decision waiting time, or a characteristic 
wagering pattern.



8025

1 3

Synthese (2021) 198:8005–8041 

3  Discussion: the presence of first‑person experience

3.1  Summary

The place of subjective experience in scientific explanation is commonly viewed 
with suspicion, even in sciences purporting to deal with the most intimate and 
subjective aspects of individual experience. Accordingly, it is seldom discussed or 
acknowledged in the mainstream cognitive sciences. In recent years, an opposition 
to this view has arisen, with a number of authors strongly insisting on the value of 
first-person experience and arguing forcefully against it being largely excluded from 
cognitive science. We agree that first-person experience is fundamental to cognitive 
science and allied fields such as cognitive neuroscience. However, we contend that, 
far from it being excluded from these sciences, it is in fact nearly ubiquitous within 
them, yet largely unacknowledged. We support this view using a review of the 
landscape of current research. We quantified a sample of 53 selected studies from 
cognitive science literature. This sample was chosen to include as broad a range of 
experimental approaches as possible amongst studies purporting to address some 
aspect of human cognition. Consistent with our hypothesis, we found that the large 
majority of studies required subjects to report on their first-person experience. What 
varied across these studies was the degree of freedom in the report, from psycho-
physics (very limited), to semi-structured interviews, to self-report questionnaires 
(freeform). A small minority of studies did not include subjective report—specifi-
cally Lutz et al. (2004), Koepp et al. (1998) and Hartley et al. (2003). Thus, first-
person approaches were not required in the cognitive sciences, but were far from 
being neglected.

To try to understand better what distinguished studies considered (by philoso-
phers) to be “first-person” from others, we classified each of 57 different experi-
ments in these studies along 16 quantitative descriptors (see Sect. 2.2.1) correspond-
ing to different characteristics of the experimental approach. We aimed to capture 
the nature of the information gathered in each experiment (which type of subjective 
reports, behavioral measures and neural recordings were used), the kinds of experi-
ence targeted by these measures, and the characteristics of the task performed by the 
subjects, as well as of the experimental setup.

This revealed that the studies surveyed clustered into two main groups: one we 
labelled the Flexible cluster, which comprised studies that typically allowed sub-
jects substantial freedom, and the Constrained cluster, which grouped studies where 
subjects had a more limited set of behavioral alternatives. Flexible cluster studies 
tended to collect higher dimensional reports than those in the Constrained cluster, 
but the distinction between the two main clusters was not primarily grounded in 
the reporting methods, rather in the constraints of all kinds imposed on behavior by 
the task—such as limited head movement, two-alternative forced choice tasks, etc. 
Moreover, only authors of studies in the Flexible cluster typically acknowledged the 
use of first-person data.

Thus, we conclude that first-person experience is being explored with a variety 
of different methods in the cognitive sciences, and that the debate in philosophy 
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regarding the place of phenomenology in cognitive science is to some degree out 
of touch with experimental reality. We suggest that once the ubiquity of first-per-
son experience in cognitive science is acknowledged, a main challenge for the field, 
together with philosophy, will be to thoughtfully utilize the space of alternative 
methodological approaches in order to help bring the richness of subjective data into 
scientific light. We hope that our analysis has contributed to revealing how large the 
space for methodological exploration is.

3.2  First‑person experience is conveyed via second‑person methods

“First-person experience” is conventionally defined as the subjective and quali-
tative phenomena that constitute the inner world of an individual, the what-it-
is-likeness to be that individual. In contrast, “third-person observations” con-
ventionally concern behavioral or physiological phenomena that are externally 
measurable by observers and are hence “objective”. Third-person data may 
include volitional responses such as button presses or facial expressions as well 
as processes that subjects do not even voluntarily control, such as skin conduct-
ance, neural activity or reaction times. Even with a commitment to brain-mind 
identity, the explanatory gap between these subjective and objective perspec-
tives can seem dauntingly wide. How could an external observer possibly link an 
objective behavioral measure to any first-person experience, to which, by defini-
tion, she has no access?

Yet, as we examine the long list of experiments in our review, we find in all of 
them a common approach to bridging the gap between first-person and third-person, 
which is the intentional use of communication between experimenters and subjects. 
It is precisely through such acts of communication that a willing subject can convey 
her inner experience to another person. We propose that the methods in which acts 
of communication are used to provide data about first-person experience be named 
“second-person methods”.

Figure 8 illustrates this terminology with an example from psychophysics. The 
example was adapted from Cosmelli et al. (2004) and depicts a subject in a binocu-
lar rivalry task. Here, we can identify three levels of description: the level of first-
person experience, the level of second-person report, and the level of third-person 
data. First, there is the first-person experience itself of seeing a given stimulus at 
a given time t (1). The subject expresses this experience in the form of a second-
person report, which in Cosmelli et al.’s experiment is pressing one of two buttons 
to indicate the presence or absence of the stimulus, but could also have been a verbal 
‘yes’ or ‘no’ response (2). Finally, the experience can be indirectly accessed from a 
third-person perspective through physiological and behavioral data, such as neural 
recordings or pupillary dilation (3).

The main advantage of assuming a second-person terminology is that it allows 
us to distinguish these three levels very clearly. If we consider subjective reports 
as first-person data, we are not taking into account the difference between what 
one feels and what one says she feels, which is a mistake. Only the subjects them-
selves have direct access to their subjective experience, despite their intention and 
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sometimes trained and highly skilled competence in translating it into a report. By 
second-person reports, we mean the utterances, reports, button presses, and other 
public objects that constitute the data on which cognitive science can be based (Pic-
cinini 2009). On the other hand, though, if we consider such reports as third-person 
objects, we do not take into account the difference between data that depends on 
what the subject feels and translates into words—hence data that depends on her 
ongoing experience—and data that does not. The second-person terminology allows 
us to capture both these differences.

Crucially, what distinguishes second-person reports from mere third-person 
observations is the intention of the subject to convey her experience, together with 
the “intentional stance” (Dennett 1996) whereby the experimentar interprets her 
utterances or gestures as words and symbols. An objective button press by a subject 
is linked to that subject’s subjective experience by her understanding of the meaning 
that the experimenter assigns to the action and her intention to translate her phenom-
enological experience into this category. The same button press by a subject who 
does not wish to articulate her inner experience or experiences a lapse in the ability 
to do so remains an objective measure but is no longer a second-person report.5

Fig. 8  Illustration of an experi-
ment (adapted from Cosmelli 
et al. 2004) where the first-
person experience is conveyed 
via second-person methods 
and captured indirectly through 
third-person measurements

5 Note that the sense in which we here use the phrase “second-person methods” is distinct from the 
stricter use Varela and Shear (and their followers) give it in (1999b, b). They refer to interview methods 
in which an expert mediator is required for the subject to be able to notice her own experience and put 
it into words. We instead use the term “second-person” to label all the reporting methods whereby a 
subject communicates aspects of her subjective experience to another person. It is also different from 
the sense in which Andreas Roepstorff speaks of the “second-person perspective”, which pertains to “the 
fact that so much of human consciousness and perception is directed against and mediated by inputs from 
other people” (2001, p. 762). However, our account of second-person methods is very close to Jack and 
Roepstorff’s call for a reconsideration of the “communicative interaction” that is present “both when the 
experimenter gives the instructions and when the subject describes their experience” (2002, box 1).
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Second-person reports are not always accurate. Errors can be reduced by having 
trained or otherwise skilled participants, but subjects may inadvertently fail in their 
attempt to identify and/or understandably communicate their mental states. In that 
case, the second-person data provided by their reports will be inaccurate. This is 
something that the subject may or may not be able to indicate, depending on whether 
she is aware that her description is incomplete. But as long as subjects are not inten-
tionally lying, the epistemological status of their reports remains unchanged, as they 
are the result of the intentional communication of information by the subject regard-
ing her first-person experience.

The distinction between second- and third-person data is clear enough in the 
case of verbal reports, because verbal (or written) communication is nearly always 
conscious and intentional. In the case of nonverbal reporting, the distinction can be 
more subtle. An experimenter cannot distinguish with absolute certainty whether a 
subject’s button press signified a meaningful attempt to interpret inner experience 
or instead resulted from deliberate lie or careless movement. Experimenters must 
therefore rely in part on other aspects of the experimental methodology to help inter-
pret the epistemological status of such data. The subject herself often has a opinion 
about whether she was in fact conveying some meaningful information about her 
first-person experience, so-called metacognitive access, which itself can be queried 
using scales or button presses. Experimenters may also make use of other cues such 
as the consistency of reaction times or the correlation between nonverbal reports 
and other behavioral or physiological measures. A verbal debriefing after the experi-
ment is often used to ascertain whether the subject’s experience and reporting was in 
accord with what the experimenter expected.

3.3  Second‑person reports are not necessarily introspective

One of the merits of the second-person terminology is that it makes the continu-
ity between low- and high-dimensional reports clearer. From the moment we under-
stand that methods apparently as distant as psychophysics and Descriptive Expe-
rience Sampling are actually equally bound by the intentional communication 
between subject and experimenter, thus belonging in the same category, this ter-
minology becomes the most adequate. It includes studies with both high and low 
dimensionality of reports, that use verbal as well as non verbal tools as a way to 
report on the subject’s experience.

However, one may wonder whether the “second-person” terminology is a way to 
shy away from using the term “introspection” to avoid the risk of losing grip on this 
notoriously difficult terrain. While we assert that psychophysics is grounded in the use 
of second-person methods, there remains some question as to whether low-dimen-
sional reports such as button presses are the result of an “introspective” process or not.

There are many definitions of introspection. In a broad sense, introspection is 
understood as “deliberate and immediate attention to certain aspects of phenomenal 
experience” (Hatfield 2005, p. 279). According to this perspective, any second-per-
son report is an introspective report. In a more restrictive sense, however, introspec-
tion can be defined as the act of reflecting upon one’s phenomenal experiences—“a 
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reflective second-order cognitive act that thematizes first-order phenomenal experi-
ence, and makes that experience the object of reflection” (Gallagher and Overgaard 
2006, p. 278). According to this definition, introspection occurs only when the sub-
ject reflects upon her experience, which is different from immediately attending to 
it. To use the common “inner observation” metaphor, introspection as attention is 
similar to the casual look with which one sees the world as one goes about doing 
other things, whereas introspection as reflection is rather like the systematic obser-
vation required when one wishes to seize an image in detail. Personality tests and 
self-assessment methods—whereby subjects are asked to examine their own states 
of mind, emotions, or mood—are typical methods involving reflective introspection. 
But many experiments in cognitive science do not obviously require the use of reflec-
tive introspection. In the binocular rivalry experiment, for example, the image seen is 
a subjective experience on which individuals are asked to report via button presses. 
When they press a button indicating that they are seeing image A rather than B, they 
are reporting on a concurrent first-order phenomenal experience (seeing the image). 
According to Gallagher and Overgaard’s perspective, this proceeds without the need 
for a second-order introspective reflection about that experience:

We can report on what we experience without using introspection because we 
have an implicit, non-introspective, prereflective self-awareness of our own 
experience. [In an experiment where I’m asked to press a button when I see a 
light come on,] at the same time that I see the light, I know that I see the light. 
This knowledge of seeing the light is not based on reflectively or introspec-
tively turning our attention to our own experience. It is rather built into our 
experience as an essential part of it, and it is precisely that which defines our 
experience as conscious experience. (Gallagher and Overgaard 2006, p. 279)

Conversely, one can also easily imagine scenarios in which the result of a com-
plex and painstaking introspective process could be reported using a button press. 
Indeed, it may be possible to access the very same kind of subjective experience 
using introspection or not, depending on task instructions and perhaps training, and 
have it reported using the same sort of button press. For example, one thing is to 
report on what one sees (perception) and another is to report on the experience of 
seeing (introspection). Using the broader definition of introspection as deliberate 
attention, a given task could be performed with lesser or greater introspective skill. 
Slagter et al. (2008), for example, documented the impact of a 3 month Vipassana 
meditation training in the performance of subjects in an attentional blink task. After 
this training, subjects’ showed an improved capacity of “being attentive moment by 
moment to anything that occurs in experience, whether it be a sensation, thought or 
feeling”. On the basis of these results, we would expect that had these subjects been 
tested before and after on a given perceptual task it could have been performed more 
introspectively after the training.

According to Mazviita Chirimuuta, we may avoid the difficult task of finding a 
consensual definition for introspection but still distinguish between “minimally-intro-
spective” and “introspection-heavy” tasks in the well-known terrain of psychophysi-
cal experiments. The former are tasks in which subjects are asked to report on the 
presence/absence of the stimulus or on its apparent properties (e.g. color, movement), 
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while in the more introspection-reliant tasks, subjects engage in less immediate judg-
ments, such as “careful comparison of sensory experiences that bear non-obvious 
relationships of similarity and difference to each other” (Chirimuuta 2014, p. 918). 
This is not an easily quantifiable distinction, but such an intuitive qualitative differ-
ence is corroborated by similar dichotomies found within the psychophysics tradi-
tion, which sometimes distinguishes between “class A” and “class B” experiments. 
In “class A”, the experimental subject is treated like a “thoughtless measuring instru-
ment” while in “class B” she is expected to be “a critical being who can attend to and 
reflect on her own conscious states” (Chirimuuta 2014, p. 922).

Our survey includes several methodological descriptors that may be useful indi-
cators of the type or degree of introspection used in a given case. Our fourth descrip-
tor, “delay”, measures the time interval between experience and report, which is 
likely to be correlated with the degree to which a subjective report relies on a time-
consuming process of introspection. A very short time interval between experience 
and report will prevent subjects from introspecting deeply, while when there is more 
time available for reflection, introspection is possible and perhaps even encouraged. 
When the distance between experience and report is too large, however, introspec-
tion will arguably give way to retrospection or recollection. The sixth descriptor, 
regarding the degree of “inward reflectiveness” of the protocol, can also provide 
indirect information about their introspective-ladenness. If the reports regard explic-
itly the inner experience of the subject, such as feelings or thought processes, they 
will most likely rely on her introspective skills. On the other hand, if the object of 
attention is external to the subject, even though it still regards inner experience, 
introspection may be expected to be less engaged in the process leading from experi-
ence to report, unless explicitly directed.6

6 We are aware there are more radical positions where introspection may be much less involved in meta-
cognition than is commonly assumed. One such position is Peter Carruthers’ theory about the lack of 
introspective access to judgments, decisions and the like, according to which “our knowledge of our own 
attitudes results from turning our mindreading capacities upon ourselves” (Carruthers 2009, p. 121). In 
other words, our knowledge of our beliefs and intentions stems from an unconscious interpretative pro-
cess based on perceptual or quasi-perceptual cues, rather that on a putative direct access to phenomenal 
experience. We believe that an assessment of this kind of theory is orthogonal to the scope of the present 
paper, although we are sympathetic to rival positions, such as Alvin Goldman’s, according to which, even 
if people sometimes confabulate when the introspective access to their propositional attitudes, for some 
reason, is defective (e.g. split-brain subjects), the default access method we use to become aware of our 
mental states in normal situations is still introspection, which should be accepted as a good evidential 
source, to be used under operational conditions that can be easily identified, allowing us to agree upon 
a certain “range of introspective reliability” (2004, p. 14). The question some may ask is: what would 
the consequences be if one were to follow Carruthers’ theory instead? Under his higher-order theory of 
consciousness, according to which “it is the availability of globally broadcast states to the mindreading 
faculty that is responsible for their phenomenally conscious status” (p. 124), introspection is a necessary 
condition for consciousness, which means that the absence of the former would entail the absence of the 
latter. We are not committed to such theory, though. According to our perspective, consciousness is a 
precondition for introspection, but the reverse is not true. Even if our cognitive access to a subset of our 
mental states, such as our propositional attitudes, is not direct nor transparent, there is still something it is 
like to experience such beliefs, intentions and judgments. The metacognitive access subjects have to their 
mental states may be the result of some sort of interpretation, but they are still experienced as part of the 
subject’s phenomenal world. Also, even if part of our mental states are unconscious, that does not invali-
date the fact that subjects are able to report on the conscious states they effectively have.
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It is evident that introspection needs to be better understood both phenomenologi-
cally and neurally and that its precise definition remains elusive. In contrast, what 
constitutes second-person data is clear. Whenever a subject becomes part of the 
experimental setup as a detection or measuring device (Piccinini 2009) of her first-
person experience, the data becomes second-person. The validity of second-person 
data collected depends not on the degree of introspection but on the ability of sub-
jects to understand what is asked of them and to intentionally convey in a meaning-
ful way their subjective experience to another person, even when that experience 
is immediate and their self-awareness is prereflective. And so while there may be 
ongoing terminological discussion as to what introspection is, all sides of the dis-
cussion will likely agree that all data gathered from introspection can be considered 
what we term second-person. Whether introspection was employed, and in which 
manner, in the collection of second-person remains an important question, but a sec-
ondary one.

3.4  First‑person experience is everywhere

It has been prominently argued in the literature that first-person approaches (what we 
have termed second-person methods) are required for the study of subjective expe-
riences that seem not readily detectable using behavioral measures. These include 
experiences such as dreams (Voss et  al. 2014), visual imagery (Marks 1973a, b), 
synesthesia (Ramachandran and Hubbard 2001), psychedelic trips (Carhart-Harris 
et  al. 2016), spiritual experiences (Lutz et  al. 2008) and ineffable emotions (Gal-
lagher et al. 2015). For these sorts of cases, it is easy to assume that research based 
on less-constrained linguistic reporting is likely to be needed before an element of 
the experience can be distilled to a binary or scalar quantity. Personality tests and 
self-reported psychiatric diagnostic instruments, such as the Beck Depression Inven-
tory (Beck et al. 1961), are prominent examples in which questions of an extremely 
subjective and introspective nature have been translated into multiple-choice 
answers. While one may debate the validity of such measures, it is apparent that the 
dimensionality of reporting may be reduced arbitrarily far, so long as sufficient care 
has gone into ascertaining their meaningfulness for subjects.

However, as we have argued above, it is not only complex introspection-laden 
topics such as these that require the use of first-person experience. Even in experi-
ments based solely on third-person data, i.e. when the primary behavioral or physio-
logical data is available to collect even regardless of the subject’s intention to report 
it, subjective aspects of experience may still play an important role. The fact that 
an unambiguous and imminently quantifiable behavior such as a button press can 
nonetheless be considered an intentional report of a subjective state, similar to a 
verbal response in an interview, has seldom been recognized in the literature. Even 
the adversaries of an overly reductionist cognitive science often assume that but-
ton presses are “objective behavioral responses” (Cf. Jack and Roepstorff 2002, 
Box  1), as opposed to subjective reports. However, when we analyze the various 
means available to a subject in order for her to report her first-person experience, 
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from yes/no button presses, to numerical scales and multiple choice questions, to 
open-answer questions, to semi-structured interviews or diary entries, we find that 
all of these reporting methods can be used by subjects to voluntarily provide the 
experimenter with information about their subjective experience. The methods vary 
in the number of dimensions they include, which increase exponentially as subjects 
are given freedom to express themselves with their own words rather than via pre-
defined categories of experience. Still, these differences regard only the complex-
ity and tractability of the data, not their epistemological status. It is an illusion to 
think that scientific experiments on mental processes can banish the issues regarding 
the evidential status of these reports simply by reducing the dimensionality of the 
response to a binary choice.

Besides the reports themselves, first-person experience and second-person 
methods (intentional communication) are essential through many other aspects of 
the broader experimental context. As Dennett himself acknowledges, this “prac-
tice of talking to subjects (…) is an ineliminable element in psychological experi-
ments” (Dennett 1991, p. 74) To design tasks, scientists must understand to some 
degree the experience their subjects go through, which in part relies on using 
their own experience in similar contexts. On the other hand, subjects are typically 
expected to understand through verbal instructions what experimenters want them 
to do: the goals and rules of the task, and their understanding depends on a shared 
language through which subjective experiences are translated into words and can 
thereby be discussed publicly. According to Max Velmans, this exchange allows a 
transition from subjectivity to intersubjectivity to occur, since, “through the shar-
ing of a similar experience, subjective views and descriptions of that experience 
potentially converge, enabling intersubjective agreement about what has been 
experienced” (Velmans 1999, p. 304).

Although humans can obviously perform tasks with no verbal instructions, just 
as animals must do, this is rarely done. And even when purely behavioral meas-
ures are used as proxies for cognitive states as, for example, pupillary dilation for 
surprise (Preuschoff et  al. 2011) or post-decision wagering for confidence (Per-
saud et al. 2007a, b), they must have been previously validated through second-
person reports that correlate them with first-person experience. In our sample, 
only three studies did not directly leverage subjective experience or second-per-
son methods in their experimental design. For example Lutz et al. (2004) exam-
ined the relationship between compassion meditation in long term meditators and 
gamma synchrony. The experimental design did not require the participants to 
communicate with the experimenter, but simply to engage in meditation. Simi-
larly Koepp et  al. (1998) examined striatal dopamine release in participants as 
they engaged in a computer game; participants simply played the game and again 
were not required to report on aspects of the gameplay to the experimenter. How-
ever, the choice to examine dopamine release during computer game play, or 
gamma activity during meditation did not come about in the absence of knowl-
edge gained from first-person experience and second-person methodologies. For 
example, the choice to examine gamma band oscillations via EEG was informed 
by a body of knowledge previously built from descriptions of the mental strat-
egies engaged by meditation practitioners and their subsequent experiences. 
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Similarly, the choice to use a certain type of video game has likely relied on 
hypotheses influenced by the personal experience of the experimenter or their 
collaborators, maybe as gamers themselves. In fact, even in experiments without 
experimenter-subject communication of any kind, hypotheses are generated in the 
mind of the experimenter through a subjective creative process that is very poorly 
understood. In the field of cognitive science, they may often draw on conjectures 
based on the experimenter’s own subjective experience of the relevant phenom-
ena. Without this source of (almost never acknowledged) inspiration, the experi-
ments themselves would never occur.

Many experiments also have debriefing interviews, to ensure that what sub-
jects did in their task, e.g. while playing a video game, corresponds to what 
experimenters interpret they were doing. Those interviews may even be used to 
exclude some data from the experiment, testifying to their importance.

Taking all these considerations together, it is apparent that there is a consider-
able contradiction between the omnipresence of first-person experience in the 
cognitive science experiments and the discourse regarding its under-represen-
tation. Several authors have claimed that cognitive science is neglecting first-
person experience as a rich and promising source of data. Anthony Jack and 
Andreas Roepstorff, for example, ask:

What would be your response if you were told that most cognitive scien-
tists habitually overlook a valuable source of evidence about mental pro-
cesses? Every time an experiment is conducted, there are data simply wait-
ing to be collected but persistently neglected (2002, p. 333)

From our standpoint, however, this is an overly gloomy image of what is hap-
pening in the field. Not only do scientists’ first-person experiences permeate 
all their work, but second-person methods—any methods in which subjects 
deliberately communicate their first-person subjective experience to the exper-
imenter—in fact span a very broad spectrum ranging from binary non-verbal 
responses to free speech. Accepting such a definition of second-person data, it 
is clear that cognitive science has never ceased to use them, it has simply tended 
to use reports of lower dimensionality and to constrain the subjects’ behavior in 
the tasks as a way to reduce variability, allow quantification, and control for con-
founds. Still, when subjects intentionally and consciously choose to communi-
cate their phenomenal experience verbally or otherwise, they are conveying part 
of their first-person experience and scientists trust them prima facie.

What we see in our review is that, overall, studies in the Flexible cluster 
tended to approach first-person experience explicitly, discussing the issues in the 
manuscript, while studies in the Constrained cluster tended to take the subject’s 
phenomenal experience into account only implicitly. However, this does not 
imply that in one cluster first-person experience is included and in the other it is 
absent. First, since even the most rigorous and constrained psychophysics tasks 
rely on subjective second-person reports, throughout the vast majority of studies 
we examined, subjective experience was critical even when it was not explicitly 
acknowledged as such. Moreover, we found no sign of a well-defined frontier 
between methods used by those that care about first-person experience and those 
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who would rather avoid it entirely. Rather than discrete differences that might be 
implied by clustering, there was a continuum in the dimensionality of second-
person reports used across studies. Despite the tendency of the dimensionality 
of reports to co-vary with other task constraints, this was not always the case. 
The 2002 study by Lutz et  al. which fell under the Constrained cluster is one 
example of this. While this study was explicitly concerned with the subjects’ 
phenomenal experience and it used open-ended second-person reports, it was in 
most other respects the same as more conventional studies in cognitive science 
in its design and methods.

3.5  The need for triangulation

Our survey also indicated that the triangulation of reports with the combination of 
neural and behavioral measures is underexplored. Despite the acknowledgement of 
its importance in the recent literature, experiments that use more than two meth-
ods to target the same phenomenon are still rare. We are aware that the criteria we 
used for our sampling were neither exhaustive nor unbiased, which prevents us from 
inferring the prevalence of certain methods with respect to others. Still, we note that 
behavioral measures were totally absent from 15 experiments and were very seldom 
rated higher than four out of ten on the scale (meaning that measures such as pupil 
dilation, heart rate or skin conductance were almost never used).

A more extensive inclusion of implicit behavioral or physiological third-person 
measures (not involving deliberate communication with the subject) in parallel with 
intentional second-person reports has a double advantage. On the one hand, it allows 
for better control of the accuracy of reports. The subjects’ awareness of their ongo-
ing experience can be considered a measuring device. Like any such instrument, 
this human ability can be appropriately calibrated in order to improve its reliability. 
One way of doing so is to confront the subjects’ measurements (the reports) with 
results from other instruments (behavioral and physiological measures) with which 
we hypothesize them to be correlated. On the other hand, the use of reports may also 
enrich the understanding we have of the behavioral and neural measures. A good 
example of this can be found in the 2002 study by Lutz, Varela and colleagues, in 
which detailed reports about a simple subjective visual experience guided the inter-
pretation of neural data. The training of subjects in the identification of different 
types of subjective experience during the task allowed for the subdivision of tri-
als into subtle phenomenological clusters which were subsequently correlated with 
synchrony patterns of neural activity that would have otherwise been dismissed as 
noise.

3.6  The road to operationalization

There was a wide range of phenomena in the studies we reviewed. In the Flexible 
cluster, the targets of study covered a range of subjective experiences that could be 
considered somewhat ineffable: difficult to define and to communicate in a manner 
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that is certain to be understood similarly by subjects and experimenters. An example 
of this is the sense of ownership over a particular body part (Susuki et  al. 2013). 
Such a sensation is not straightforward to explain in words, but can be demonstrated 
through its violation via a multisensory illusion. In the Constrained cluster, on the 
other hand, many of the phenomena being studied are relatively easy to operational-
ize. For example, many sensory or perceptual phenomena are tightly coupled to an 
external stimulus and can be readily demonstrated, even if they have a subjective 
component. Binocular rivalry is one such example. However, the Constrained clus-
ter also included examples of seemingly ineffable phenomena such as “confidence” 
or “sense of agency”. In a majority of these cases, the experimenters are working 
with concepts that have been effectively operationalized, typically through a series 
of studies, possibly spanning work over many years by many labs.

Given these characteristics, we suggest that the studies represented by the Flexible 
and Constrained clusters reflect not only distinct and complementary approaches, 
but are appropriate to two different stages in the development of an understanding 
of subjective phenomena. The Flexible cluster is typical of an initial stage of inves-
tigation in which the phenomena are not yet pinned down and defined in a tractable 
and communicable manner. The Constrained cluster reflects a more refined stage, in 
which the phenomena are (or should be in principle) more securely operationalized. 
When the target of study is truly difficult and novel, the less-constrained initial stage 
may be a necessary precursor of the more constrained stage. Less-constrained tasks 
and richer phenomenological reports would be critical to avoid imposing overly 
strong a priori assumptions on something that is not yet entirely understood. Even 
phenomena that seem commonplace and consensual may in fact benefit from such 
an exploratory scrutiny.

It is important that experimenters are cognizant of the status of the concepts that 
they are dealing with, as failure to do so can lead to important problems in the inter-
pretation of what appear to be simple phenomena.7 Terms for ineffable phenomena 
are also sometimes deceptively simple. For example, “happiness” is a widely used 
word that may cover a wide range of possible phenomenological states, ranging 
from physical well-being to emotional valence to pleasure or even satiation. Ask-
ing subjects to simply rate their happiness may result in their reporting a wide range 
of subjective phenomena. It is important that experimenters recognize that there is 
always a gap between what subjects are experiencing and what they are reporting. In 
many cases, different subjects may be experiencing different things, even if they are 
lumping them under the same label (i.e. lack of precision). Subjects may also, by the 
nature of the constraints imposed by the experimental setup, experience precisely 
the same thing, yet still systematically mislabel it (i.e. precision without accuracy). 
Unintentional experimenter bias and the tendency for subjects to unwittingly con-
form to the expectations of the experimenter can undermine the honest intentions of 
both sides to communicate about subjective experience.

7 LeDoux (2014) has recently alerted us against this “substitution” fallacy (Kahneman 2011, p. 12), 
claiming that when we do research on fear responses in rats, we are missing confirmation of the most 
crucial element of fear: the subjective experience of feeling frightened.
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These potential pitfalls highlight the importance and difficulty of operation-
alizing first-person experiences and point to the critical role of communication 
between the experimenter and the subject. The instructions given to a subject, 
which customarily receive only cursory description, require that subjects truly 
internalize and understand instructions. This will be difficult if not impossi-
ble to ascertain by a simple verbal affirmation, yet this is often the basis for the 
inclusion or exclusion of a subject’s data. The simplest form of experience, such 
as the direction of movement in a random dot kinematogram, is something an 
experimenter can likely share and communicate with ease with any experimental 
subject. But even slightly more nuanced experiences may not be so consensual 
between the experimenter and subject. These considerations will be magnified 
when working with subjects whose backgrounds differ from the experimenter’s, 
such as with subjects with clinical disorders.

It is our view that the sciences of the mind have always depended upon the care-
ful articulation of first-person experience. This has been the case, despite attempts to 
deny it, through ever-changing viewpoints on subjective experience, from the earli-
est days of psychology, to introspectionism, through behaviorism and all the way to 
contemporary cognitive science. The epistemological conundrums that challenged 
introspectionism were never solved through a secure and universal procedure and 
they are not limited to studies that explicitly grapple with subjective experience. The 
overarching challenge of how to translate the unique and ineffable into the clear and 
reliable continues to pervade the cognitive sciences. Nevertheless, science has suc-
ceeded in providing insight into seemingly any particular subjective phenomenon 
that has been tackled. This suggests that, while neither wholesale dismissal nor blan-
ket assurances are possible, individual problems are amenable to progress. A path 
forward to address any particular topic calls for confronting its phenomenal aspects 
explicitly and head on, recognizing the importance and difficulty of the process, and 
bringing to bear as many sources of knowledge as are available.
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