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For humans, phenomenal experiences take up a central role in their daily interaction with the
world. In this paper, we argue in favor of shifting phenomenal experiences into the focus of
cognitive systems research and development. Instead of aiming to make arti¯cial systems feel in
the same way humans do, we focus on the possibilities of engineering capacities that are functionally equivalent to phenomenal experiences. These capacities can provide a di®erent quality
of input, enabling a cognitive system to self-evaluate its state in the world more e®ectively and
with more generality than current methods allow. We ground our general argument using the
example of the sense of agency. At the same time, we re°ect on the broader possibilities and
bene¯ts for arti¯cial counterparts to human phenomenal experiences and provide suggestions
regarding the implementation of functionally equivalent mechanisms.
Keywords: Cognitive systems; phenomenology; embodiment; sense of agency.

1. Introduction
For humans, phenomenal experiences are a de¯ning element of many interactions
with the surrounding world. The salient part of turning one's face towards the sun is
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not the abstract registration of the sunbeams but the pleasant quality of feeling the
sun on one's skin. The salient part of putting one's hand on the hot stove is not the
abstract registration of a pain signal but the excruciating quality of feeling the latter
causes, which usually leads to an immediate withdrawal of the hand. The salient part
of holding one's child is not the abstract tactile registration and conceptual
realization but the a®ectionate quality of feeling that comes with it. Phenomenal
experiences provide a di®erent quality of input to cognition as compared to nonphenomenal perception (i.e., abstract registration of stimuli from the environment).
While the presence of phenomenal qualities in our everyday cognition does not
always receive our active attention, their central role becomes clear when trying to
imagine their absence. Cognitive capacities that rely in parts on phenomenal
experiences include, for instance, learning [Mandler, 1989], social interaction
[Gallagher, 2004; Gallese et al., 2007], prospection [Gilbert and Wilson, 2007], and
ethical behaviors [Keltner et al., 2006; Torrance, 2008].
Phenomenal experiences are conceptually closely tied to notions such as consciousness and the self. Phenomenology has therefore been a popular topic of
theoretical and empirical investigation across di®erent disciplines including philosophy [Bayne and Montague, 2011; Chalmers et al., 2004; Crane, 2003; Gallagher and
Zahavi, 2013; Pacherie, 2008], as well as cognitive science and neuroscience [Varela
et al., 2016; Dehaene and Naccache, 2001; Haggard and Clark, 2003; Lamme, 2006]
but 

 bar a few notable exceptions such as Chella and Manzotti [2011], Sloman and
Chrisley [2003], Froese and Ziemke [2009] and Vernon and Furlong [2007] 

 has
widely been ignored in the ¯eld of arti¯cial intelligence (AI). We argue in favor of
changing this, suggesting to shift phenomenology into the focus of cognitive systems
research and development. Among others, phenomenology can, in a similar fashion to
its function in biological systems, facilitate the self-evaluation of a systems state in
the world. This in turn aids learning about and interacting with the physical world
and other agents. Furthermore, adopting a phenomenological stance introduces a
di®erent set of assumptions about the nature of cognition and intelligence, and
provides a foundation for enactive AI [Froese and Ziemke, 2009] and enactive
embodied cognition [Varela et al., 2016], which highlights the importance of
phenomenal lived-experience from a ¯rst-person point of view.
Section 2 of the paper introduces necessary working de¯nitions on the AI side,
while Sec. 3 brie°y reviews the relationship between phenomenology, enaction, and
embodied cognition. Section 4 then proceeds to explore in what manner phenomenal
experiences contribute to the cognitive functioning of biological systems, and how
they can be of relevance for cognitive systems. In Sec. 5, we explain our proposal to
focus on engineering a functional (rather than experiential) equivalent of human
phenomenology, where we start our journey towards implementing arti¯cial phenomenology by introducing representationalism as a conceptual foundation bridging
cognitive science and AI. Section 6 conceptually contrasts di®erent agentive
experiences and discusses attempts to computationally recreate the sense of agency.
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We then spell out the requirements for a functional equivalent in cognitive systems
and suggest a general blueprint for the implementation of arti¯cial phenomenology.
Finally, Sec. 7 summarizes our main arguments and concludes on the potential
research- and application-sided impact of successfully engineering arti¯cial
phenomenology.
2. Arti¯cial Intelligence and Cognitive Systems
We adopt the description by Nilsson [2009] regarding the aims and means of AI: AI is
that science devoted to making machines intelligent, and intelligence is that quality
that enables an entity to function appropriately, i.e., to act e®ectively and with
foresight in its environment. This de¯nition allows for a continuum of capacity levels
in AI systems, ranging from simple technological systems to human-level machine
intelligence [McCarthy, 2007; Besold and Schmid, 2016].
A cognitive system is an AI system that can be considered to be on par with
humans in that it is similarly able to perform at least one type of task that
corresponds to the exercise of a human cognitive capacity such as goal reasoning,
perceiving and responding to di®erent types of stimuli from the environment, or
analogy-making. Furthermore, we take a functionalist stance [Piccinini, 2010] in that
cognitive systems do not have to con¯ne themselves to methods that are strictly
biologically plausible but can employ any technologically realizable means of (re)
creating human-level cognitive capacities.
3. Phenomenology, Enaction, and Embodied Cognition
Phenomenology, as a philosophical stance on the nature of reality, can be loosely
viewed as a reconciliation of philosophies of idealism and realism [Vernon and
Furlong, 2007]. While this relationship is complex, in the following we focus on how
phenomenology captures the co-dependence of a cognitive agent and the world in
which it is embedded and, consequently, the importance of phenomenal experience to
that cognitive agent. Idealism holds that reality is ultimately dependent on the mind
of an observer and has no independent existence. In contrast, realism holds that
reality exists absolutely and independently of an observer and, either by reason or by
sensing, an agent comes to understand its form and structure. Phenomenology o®ers
a third way. According to the phenomenological perspective, our perceptions of the
world are a function of what we are: reality is conditioned by experience and
experience is conditioned by the nature of the system and its history of interaction
with reality. This dependence of reality on the ontogenetic state of an individual is
sometimes referred to as radical constructivism [Von Glasersfeld, 2013].
Phenomenology provided the foundation for a new branch of cognitive science 


one that takes issue with the cognitivist approach that grew out of the realist tradition [Froese and Ziemke, 2009; Varela, 1992] 

 known as enaction or enactivism
[Varela et al., 2016; Stewart et al., 2010]. It asserts that cognition is a process whereby
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the issues that are important for the continued existence of a cognitive entity are
brought forth or enacted: co-determined by the entity as it interacts with the
environment in which it is embedded. Co-determination implies that the cognitive
agent is speci¯ed by its environment and at the same time that the cognitive process
determines what is real or meaningful for the agent. Enaction, in turn, provides a core
foundation for embodied cognition, which asserts that \many features of cognition
are embodied in that they are deeply dependent upon characteristics of the physical
body of an agent, such that the agents beyond-the-brain body plays a signi¯cant
causal role, or physically constitutive role, in that agents cognitive processing"
[Wilson and Foglia, 2017]. Embodied cognition and enactive AI assert the importance of the totality of embodied experience in understanding the world in which the
cognitive agent is embedded, including the a®ective emotional aspects of cognition
[Stapleton, 2013]. Sharkey and Ziemke [2001] correspondingly refer to weak
phenomenal embodiment where the principles of phenomenal embodiment are
simulated by an arti¯cial agent.
The co-determination aspect of our enactive, embodied stance does not make it a
solipsist or idealist position of ungrounded subjectivism, but neither is it the commonly-held position of unique 

 representable 

 realism. It is fundamentally a
phenomenological position. It is worth noting that this does not exclude a representationalist view. However, since we are advocating the importance of experiences
and are building on the foundations of phenomenology, the constructivist concept of
system-relative representation applies (in contradistinction to classical referential
representation): representations derive from \situated cognitive processes whose
dynamics are merely modulated by their environment rather than being instructed
and determined by it" [Peschl and Riegler, 1999].
4. A potential Role for Phenomenology in Cognitive Systems
A core challenge for every cognitive system is how to best 

 or, at least, e®ectively 


evaluate its state in and interact with the environment in which it is situated. For humans,
there are at least two possible ways of solving these interconnected problems: one route
builds upon high-level knowledge-based reasoning capacities, another one relies on
phenomenal experiences and the learned understanding of their implications.
The ¯rst approach requires perception, representation, reasoning, and evaluation
(i.e., the reasoning route). Schematically, the pathway from perceiving a property X
of the world in a given situation to assessing the valence of this instance of X could go
as follows:
(1) Perceive sensory input(s) fXg.
(2) Represent the perceived inputs: R1 ðfXgÞ.
(3) Provide R1 ðfXgÞ as input to a high-level reasoning process P , together
with information regarding additional external factors F , system knowledge K,
etc.: P ðR1 ðfXg; F ; K; . . .ÞÞ.
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If terminating successfully, P returns as output a category label for R1 ðfXgÞ,
such as pleasure or pain (including the empty label ;, i.e., no perceived quality):
P ðR1 ðfXg; . . .ÞÞ7!fpleasure; pain; . . . ;g.
(4) If a category label other than ; has been assigned, a subsequent reasoning step Q
then determines an experiential quality in terms of, e.g., weak or strong, based on
R1 ðfXgÞ and the category label: QðR1 ðfXg; categoryÞÞ7!fweak; strong; . . .g.
(5) In most cases, a ¯nal evaluative step involving another reasoning process V then uses
R1 ðfXgÞ, the (non-empty) category label, and the experiential quality to infer a
valence evaluation of this particular instance of X in terms of, e.g., attractive or
aversive: V ðR1 ðfXg; category; qualityÞÞ7!fattractive; aversive; . . .g. The outcome of this evaluation can, for instance, feed into an action loop, triggering an
action that leads to a change in behavior.
Phenomenal experiences by contrast provide immediate, more unmediated access
to and evaluation of the possible options open to the cognitive agent. The phenomenological process from perception to evaluation (i.e., the experiential route)
does not involve high-level knowledge-based reasoning:
(1) Perceive sensory input(s) fY g.
(2) Represent the perceived inputs: R2 ðfY gÞ.
(3) Map from R2 ðfY gÞ — and possibly system-internal information S — to an
evaluation of the experiential category, quality, and valence in terms of, e.g.,
pain or pleasure, weak or strong, attractive or aversive: EðR2 ðfY gÞ; SÞ7!
ffpleasure; pain; . . .g  fweak; strong; . . .g  fattractive; aversive; . . .g; ;g.
Again, the result of this mapping might feed into an action loop.
Note that at this point no commitment regarding the precise form of representation appearing in the reasoning route or the experiential route, respectively, has
been made. It may well be that distinct representations occur in the corresponding
\assign a representation to" steps, in which case R1 and R2 may be di®erent in nature
and depend on whether the representation subsequently serves as basis for reasoning
or for a phenomenal experience.
One notices a similarity between the reasoning route and the common way in
which AI in practice conceives of the interface between a system and its environment via evaluative functions. Generally, these functions take into account at least
two types/sets of input, either explicitly or implicitly in how the function has been
crafted: (i) a set of current system and world states, often together with representations of potential actions of the system, and (ii) a set of goals (i.e., desired
system or world states). The function output is an evaluation of the set of states
relative to the set of goals. This abstract characterization is applicable independent
of the nature of the precise formalism or modeling technique used. But does this
conformity with a general approach in AI also mean the reasoning route is the
preferable one?
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Comparing both approaches, three advantages of the experiential route become
apparent: (i) increased e±ciency and tractability, (ii) reduced requirements regarding additional information, and (iii) increased generality. Mapping directly from
perceptual representations to evaluations removes the reasoning process from representation to category label (step 3 in the schematic outline). This process will often
involve the exploration of a signi¯cantly-sized state space 

 due to its reliance on
other external information, system knowledge, etc. 

 or the execution of a lengthy
chain of individual reasoning steps, putting a (oftentimes too) heavy performance
burden on the reasoner. Moreover, the successful performance of the high-level
reasoning mechanism in many cases requires further knowledge, which might not be
available to the cognizer at the relevant point in time. Factors constraining access to
relevant information can again be performance-related due to, for example, limited
computational resources, or be caused by a genuine lack of knowledge from the
systems point of view. Phenomenal experiences, by contrast, are assumed to be
mostly independent from a cognizers high-level knowledge [Deroy, 2013; Raftopoulos
and Müller, 2006]. Finally, generating evaluation functions as required for
the reasoning approach is far from trivial and hitherto lacks a general answer or
methodology.
Currently, two approaches for creating evaluation functions are in use: Either the
system designer directly de¯nes (i.e., hard-codes) the functions or she creates a system mechanism generating them following certain rules and patterns (i.e., learning
them). Both approaches rely on high-level reasoning over processed perceptual input
(interpreting perceptual representations with respect to goal states, encoding corresponding evaluation mappings from representations to output values) either a priori
by the designer or by the system during run-time. This often causes a lack of generality and generalizability because evaluation functions must be grounded in a
speci¯c domain or action space so that they can be de¯ned in a comprehensive way.
Furthermore, they rely on the presence or absence of de¯ned domain elements or
action possibilities, limiting the systems application domains in practice. Here, again,
we believe that a phenomenology-inspired approach o®ers a remedy, since it relies
only on the immediate sensory readings of the system and a mapping from sensor
outputs and internal system information to experiential evaluation and consequential
action, possibly mediated by a®ective factors [Shanahan, 2006; Ziemke and Lowe,
2009].
We will return to these observations from an implementation-oriented perspective
in Sec. 5. For now, they motivate our argument that a computational recreation of
phenomenology promises to mitigate several long-standing hindrances on the way
towards building AI systems with human-level capacities. This raises the question
how one can engineer phenomenology and whether this necessarily means imbuing
arti¯cial systems with the ability to perceive phenomenal experiences identical to
human phenomenology.
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5. Engineering Arti¯cial Phenomenology
We argue for engineering arti¯cial phenomenology (i.e., a functional equivalent of
phenomenal experiences) rather than human-like phenomenal experiences. The
reason for this is two-fold. On the one hand, scientists currently do not have suf¯cient understanding of how phenomenal experiences arise. In philosophy, this lack
of understanding (and the pessimistic outlook on whether understanding will ever
arise) is referred to as the Hard Problem [Chalmers, 1995]. Although various philosophers and researchers deny the severity of the Hard Problem [Dehaene, 2014;
Dennett, 2000], an account of the processes and mechanisms underlying phenomenal experiences is as-of-yet absent. This practically means that there is no starting
point for implementation. On the other hand, due to a lack of kinship between
arti¯cial systems and humans assuming similarity of the phenomenal experience is
unwarranted: It might well be that human phenomenal qualities are an epiphenomenon resulting from the precise forms of representation and/or processing in
humans [Dehaene et al., 2018].
At ¯rst sight, these might seem like knockout arguments against arti¯cial phenomenology. However, do the phenomenal experiences need to be identical or would a
functional equivalent on the side of the machine su±ce? Against that backdrop we
suggest to focus on engineering a capacity that ful¯lls the same functions as
phenomenal experiences do within cognitive processes but which remains agnostic
regarding the actual qualitative dimension. Indeed, one of the principles of phenomenology and enaction is that an agents understanding of its world, and its learned
ability to successfully negotiate the di±culties with which it is confronted in its
world, is a consequence of its own particular embodiment, including its phenomenal
experiences. Consequently, we make recourse to phenomenological research in cognitive science and philosophy where a representational view is often applied to both
cognitive capacities as well as phenomenal experiences. In representationalist views of
cognition four important elements can be distinguished: The user who uses the
representation to guide her behavior, the object (which can be an action or event)
that is being represented, the vehicle of the representation which is the physical
carrier, and the content, namely, the information carried by the vehicle [Cummins,
1989; Dretske, 1988]. These contents can take di®erent forms; they may be available
or unavailable for verbal report, they may involve di®erent senses, etc., [Chalmers
et al., 2004]. The basic idea is that an experience is characterized by how the user
construes the world. Experiential states can thus be distinguished from each other
based on the way the user is representing the world at any given moment.
Representational accounts of experiential states o®er a natural interface to
approaches in AI falling under the computational cognition paradigm [Pylyshyn,
1980]. To perform computations, a system has to represent the relevant information,
independent of the precise form of the corresponding representations. The assumption that cognitive representations are necessary for phenomenal experiences and
that the quality of the experience is determined by the content of these
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representations thus seems natural from the AI point of view 

 as does the fact that
di®erent cognitive systems with di®erent architectural properties may obtain
di®erent qualitative experiences from the same representation.
In the remainder of this paper, we use the sense of agency as exemplary experiential phenomenon to spell out the issues that arise when trying to implement arti¯cial phenomenology and our proposed solutions to these challenges.
6. Implementing an Arti¯cial Sense of Agency
Typically developed human adults experience a \sense of agency", i.e., the feeling
that one can cause e®ects through ones actions [Haggard and Chambon, 2012]. The
sense of agency contributes to important aspects of human cognition, such as causal
learning (e.g., by allowing to learn through intervention [Lagnado and Sloman,
2002]), social and moral interaction (e.g., through responsibility [Caspar et al., 2016,
2018]) and self-awareness (e.g., by being able to distinguish self from other [Jeannerod, 2004; Tsakiris et al., 2007]). The availability of a functional equivalent of the
human sense of agency would decisively contribute to cognitive systems engineering.
At least two di®erent phenomena are associated with the term \sense of agency":
the \judgment of agency" and the \feeling of agency" [Synofzik et al., 2008]. Upon
closer examination, there is a fundamental epistemological di®erence between both
notions. In the case of the judgment, a postdictive reasoning step gives rise to the
assumed status as agent in the world 

 considering oneself as agent provides the
best explanation for the observations from the environment [Synofzik et al., 2008].
The judgment of agency is essentially a post-hoc belief about one's agency and one's
in°uence in the external world at a given time. In contrast, in the case of the feeling of
agency, agency is experienced as a phenomenal quality based on a representation of
what the world is like. This representation is thought to come about through a
predictive process about the consequences of one's actions and a comparison
with the observed state of the world [Synofzik et al., 2008; Blakemore et al., 1998;
Zaadnoordijk et al., 2019]. The feeling of agency is not considered a belief as it does
not require conceptual content [Bermúdez and Cahen, 2020; Crane, 1992] making it
more comparable to a perceptual state instead (for discussion see [Bermúdez and
Cahen, 2020; Crane, 1992; Zaadnoordijk and Bayne, 2020]). This di®erence
has signi¯cant impact when considering an implementation: while the judgment
of agency is equivalent to a form of ex post inference to the best explanationa
a In

practical terms, the system must decide whether a change in its environment is most likely due to its
own actions. Implementing the reasoning steps required for the judgment of agency, thus, puts several
facets of the Frame Problem [Dennett, 2006] on the agenda. Conclusively deciding which aspects of the
perceptual input are relevant for the judgment of agency is likely to be computationally intractable (see
McDermott [1987] for computational aspects of the Frame Problem), as is the subsequent reasoning process
(see McCarthy [1981]; Ginsberg and Smith [1988] for the quali¯cation and rami¯cation aspects of the
Frame Problem). Fortunately, the judgment does not have to be infallible 

 not least because also
humans can err when being asked to judge their agency in settings where an immediate observation is not
possible [Wegner, 2002].
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(i.e., a form of abductive reasoning [Mooney, 2000; Denecker and Kakas, 2002]), the
feeling of agency requires an immediate, prospective approach.
Several groups of researchers attempted to equip arti¯cial systems with this
prospective sense of agency or closely related capacities. Pitti et al., endowed a robot
with the ability to detect and 

 within \the here and now" [Pitti et al., 2009] 


predict contingencies in sensorimotor networks using a neural network emulating
spike timing-dependent synaptic plasticity, with the robot starting to act upon the
contingencies. The authors took this as behavioral representation of one of the most
basic levels of self-awareness and agency. Schillaci et al. [2016] followed an approach
relying on sensory attenuation [Blakemore et al., 2000] in order to allow a robot to
di®erentiate between self-produced and externally produced actions, interpreting this
capability as a ¯rst step towards arti¯cial sense of agency. Further examples include
Nagai and Asada [2015]'s work implementing a predictive learning architecture that
learns about self-other detection, goal-directed actions and helping behaviors by
virtue of learning sensorimotor contingencies, the work on body-ownership by
Lanillos and Cheng [2018], and the system created by Hwang et al. [2018] emulating
basic imitation learning of gesture sequences.
What is common to all these projects is that they focused primarily on contingency detection. But obtaining the agency evaluations necessitates one further
step beyond the detection of the contingency between predicted and observed world
state [Zaadnoordijk et al., 2019]. Following the pattern for phenomenal experiences
laid out in Sec. 4, provided with the perceived world state as sensory input, and the
predicted world state within the system-internal information at the current point in
time, the detection of an equality relation between both generates a mapping to sense
of agency as experiential category. This direct mapping allows for a performance
evaluation of the phenomenal quality of sensory input without falling victim to the
previously discussed resource and generality constraints to which reasoning-based
approaches are necessarily subjected. This, of course, unavoidably triggers the
question for the genesis of the required mapping function. Di®erent approaches are
imaginable, including learning from observed statistical regularities between internal
states, bodily movements and subsequent consequences triggered by stimulus-elicited
goal-directed behavior; which would be similar to the hypothesized mechanisms
allowing human infants to overcome the challenges of bootstrapping the sense of
agency [Zaadnoordijk and Bayne, 2020].
7. Conclusion
The challenge in engineering a functional equivalent of human phenomenal experiences resides in leaving out the qualitative dimension without also stripping away the
bene¯ts of having phenomenal experiences discussed in the introduction. As argued
throughout this paper, since phenomenal cognition is driven by the systems perceptual experience via its sensory input, a possible solution is a direct mapping of
certain sensory ranges combined with a snapshot of system-internal information onto
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immediate \phenomenal values". At this point, the important property is the ¯nite
and known range of both the sensors and the internal representational mechanisms of
the system (which from a principled point of view holds for static and learning
systems alike). The experiential route neither requires an exhaustive enumeration
and interpretation (and, thus, a restriction) of the space of possible perceptual states
and their representations, nor does it involve a computationally costly evaluation of
the current system and world state relative to any goal states. The reduction of
relevant information to the perceptual representations together with system-internal
properties and application of a direct mapping to qualitative categories with
associated evaluation values therefore increases the tractability of the computational
process and the generality of the approach. The subsequent output values serve as
direct functional counterparts of human phenomenal experiences, for example triggering evasive reactions if undesirable \pain" is encountered or providing positive
reward and consequently motivation to continue an action if desirable \pleasure"
arises. This facilitates learning and acting in the world in a generalized and tractable
way assigning actions based on their predicted outcomes and assessing actual action
outcomes, in the manner anticipated by the simulation hypothesis [Hesslow,
2002, 2012].
We grounded our general argument in the context of arti¯cially implementing the
sense of agency as assumed foundation of several higher-level cognitive capacities 


including causal learning and social interaction. We zoomed in on the feeling of
agency explicating the natural correspondence to the experiential route of state
assessment as computationally more tractable option. This enables the agent to
smoothly perceive its own agency, di®erentiate its action e®ects from others and
consequently act appropriately relative to its own goals, the social conventions,
and so on.
Our proposal coheres with a recent contribution by Man and Damasio [2019] who
argued for implementing feelings and motivations into robots. Although their terminology di®ers from ours, the basis of their proposal is largely consistent what we
have suggested here. However, while they focused on the necessity to implement
homeostasis to provide robots with their own goals (e.g., survival) and the material
properties of the robot to achieve these goals, this paper aimed to formalize arti¯cial
phenomenology and is primarily rooted in cognitive (systems) science rather than
biology and material science.
In terms of applications, arti¯cial phenomenology promises to unlock a new
qualitative dimension in humancomputer interaction (HCI) settings, especially in
situations involving collaboration and, hence, the establishment of a theory of mind
[Meltzo®, 1995]). Arti¯cial phenomenology would greatly contribute to both system
behavior resembling human agents as well as complex user-modeling capacities.
Regarding the former, consider for instance Forbus [2016]'s \software social
organisms". These computational agents are supposed to integrate seamlessly into
everyday contexts and act in a way so that \people should be able to relate to [them]
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as collaborators, rather than tools" [Forbus, 2016]. This involves behavior that can
meaningfully be interpreted by humans, similar to the way we rationalize a pet's
actions. The system behavior triggered by arti¯cial phenomenology 

 if properly
attuned, in appearance reproducing actions as evoked by phenomenal experiences in
humans 

 will further a®ord anthropomorphization beyond current levels, following
an approach similar to the employment of anthropomorphism in social robotics
[Du®y, 2003]. With respect to the augmented user-modeling capacities resulting from
arti¯cial phenomenology, given a user's sensory information, the system can have
more immediate and better-informed access to the user's cognitive state provided
that the labels (\pain", \pleasure", etc.) are mapped to sensory input ranges in such a
way as to su±ciently coincide with the actual phenomenal experiences of a human
interaction partner. In this way, identifying the likely phenomenal experiences the
user is going through based on the environmental conditions, interpreting observed
user behavior or forecasting future user actions becomes signi¯cantly easier.
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