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Abstract—Wearable extended reality (XR) embeds compu-
tation directly into everyday physical and social encounters.
Artificial intelligence extends the capacity of such devices from
merely recording images to continually identifying faces, linking
observed subjects to external databases, indexing encounters into
searchable memories, and modifying the wearer’s perceptual
experience. Critically, these processes happen without the con-
scious inspection by either party of the data that went into
the computation. We term this process latent augmentation.
This paper provides a structured conceptual framework built
on five key capabilities: identification, inference, memory, real-
time assistance, and adaptive perception. The five capabilities can
create capability asymmetries between co-present individuals who
appear to be in the same physical situation but have different
access to machine-processed data. Their social effects differ
depending on whether the affected person is aware, unaware,
or uncertain about their application. While it is recognized in
scholarship that smart glasses bring general surveillance risks
and information asymmetries between the observer and the
bystander, the innovation here is the structured five-capabilities
by three-awareness-states framework to understand how latent
and non-visual Al interpretation creates specific vulnerabilities.
Finally, we propose that regulation and system design must
consider downstream machine inferences as the critical boundary
point and not simply sensor-based data collection upfront.

Index Terms—Extended reality, smart glasses, latent aug-
mentation, capability asymmetry, bystander privacy, inference
governance, practical obscurity.

I. INTRODUCTION

The abilities enabled through human technology have al-
ways expanded the set of possible actions available to a person.
A match makes the creation of fire possible on demand, a
flashlight makes vision possible in the dark, and a camera
makes an image available which would otherwise vanish along
with the event itself. Technology expands the range of possible
actions, yet their results can generally be accessed consciously
by the user of the technology. It is possible to see the image in
a photograph, hear a recording, or access information stored
on a device. Even though the action may be facilitated through
technology, the result can still be perceived consciously by the
user.

In terms of artificial intelligence, the relation between a
human and a result changes because the useful output does
not necessarily have to be examined consciously. A camera
may take a picture while an Al system recognizes the person
in the picture, retrieves information about that person from its
memory, compares the current encounter with previous ones,
and makes an inference without the user having to look at the
original picture [1]-[3]. The same process can be performed

with speech, eye movements, physical movements, the location
of a person, or other data which may be collected by an
XR device [4]-[6]. In this case, the informative output is
not what the device captures, but what the system is capable
of deducing from the capture and how that influences the
situation afterward. An observation can become an inference,
and an inference can influence a person’s actions without
anyone knowing what happened in the middle.

Wearable XR creates a situation where this relation is placed
directly into physical interaction. Two people may be in the
same space, see the same things, and appear to be commu-
nicating with each other, yet they may perceive completely
different sets of information regarding that interaction. While
one may see the face in front of them, the other may have
additional capabilities such as recognizing the identity of the
person, remembering encounters they had previously, inferring
various attributes of that person, accessing context-specific
information, or receiving instructions on how to act during
the interaction [7], [8]. The difference may not be noticeable
during the interaction, thus creating an informational asymme-
try which is not apparent from the co-presence of the people
involved.

The effect also depends on whether the person understands
that there is an informational asymmetry. If a person knows
that they may be recognized, interpreted, or permanently
remembered, they may change their behavior even before an
inference is made [9]. However, if a person is unaware of the
process, they may be influenced by decisions made by an Al
based on its interpretation of the interaction. Between these
conditions is uncertainty about the potential capabilities of
the device. Even if smart glasses are not recording something
at the moment, another person may consider whether they
are [10]. Therefore, the possibility of observation can have
an impact even if the capability is not activated, while an
activated capability may influence the interaction without
being revealed.

This paper makes three contributions. First, we define latent
augmentation as machine-processed XR output whose inter-
mediate processing is not fully visible to the affected person.
Second, we cross five capabilities (identification, inference,
memory, real-time assistance, adaptive perception) with aware,
unaware, and uncertain states. Third, we identify design and
governance implications for downstream machine inferences
in social interaction.
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Fig. 1. The Latent Augmentation Framework. Sensor streams in multimodal XR are autonomously translated into five latent capabilities, resulting in latent
capability disparities, which produce different impacts socially depending on whether the relevant parties are informed, uninformed, or unsure.

II. RELATED WORK AND CONCEPTUAL GROUNDING

Current XR systems already capture types of data that can
reveal information beyond what is necessary for the interac-
tion itself. For instance, eye-tracking data not only captures
attention but may also expose private attributes of the person
depending on information about the stimulus they are looking
at [5], [11]. It has been shown that gaze patterns can be used
for modeling decision-making and other aspects of the person,
thus creating the potential for a system to predict and perhaps
even influence the decisions of the user [12]-[14]. As such,
the privacy issues associated with sensor data collection do not
end with the collection itself, because additional information
may be extracted from what the sensor observed even though
it was never provided explicitly by the user.

Another aspect of the societal impact of wearable XR that
has been explored concerns the people around the wearer.
According to the findings of Chung et al., there is a power im-
balance in interactions between a person wearing AR glasses
and others [7]. The inequality is caused by the fact that the
person not wearing any additional equipment cannot see the
information that the wearer sees or control the way they
are represented. This informational disadvantage exists even
before any kind of Al is introduced. Moreover, the question
of modifying perception has also been studied in AR systems
used in real-life settings [15]-[17].

The introduction of Al into the equation makes the possible
outputs of the system even broader. For instance, SocialMind
captures information from a live conversation using multi-
modal sensing and then generates recommendations for the
person wearing AR glasses [8]. AR Secretary Agent can also
identify the interlocutor and extract information based on pre-
vious interactions, making it possible for the wearer to access
information that he would have had to remember himself [3].
From this perspective, the technology is doing some of the job
of remembering for the user. This setup represents cognitive
offloading, where some functions of memory and recall are
transferred from the person to the system [18], [19]. It is

evident from the above examples that the wearer need not
do each act of identification, inference, memory recall, or
help separately as individual mental acts. The wearer can just
switch on the system, and the intervening process will be taken
care of by the system itself.

Prior research has examined these capabilities in separate
contexts. Work on wearable computing considers bystander
privacy and awareness [7], [10]; other work examines infer-
ence from XR sensor data [4]-[6], augmented memory [2],
[20], live assistance [8], and perceptual modification [15],
[16]. We bring these strands together by crossing a system’s
downstream capability with the awareness of the affected
person, so that the same capability can be examined across
aware, unaware, and uncertain encounters.

To construct the framework, we considered work on XR
sensor privacy and inference, informational asymmetry in
wearable technology, augmented memory and assistance, and
perceptual modification. We grouped recurring functions by
what the system can do during an interaction, distinguish-
ing identification, inference, memory, real-time assistance,
and adaptive perception. We separated awareness into aware,
unaware, and uncertain states because the social impact of
a capability may depend on whether the affected person
recognizes its use. This is a targeted conceptual synthesis
rather than a systematic review of the XR literature.

We refer to this situation as latent augmentation and define
it as a case where collected information is processed into
identification, inference, memory, assistance, or perceptual
adaptation without the intermediate process being fully visible
to the affected person.

III. LATENT AUGMENTATION FRAMEWORK

For our purposes, we distinguish the following kinds of
capabilities used for augmentation: identification, inference,
memory, real-time assistance, and adaptive perception (Fig. 1).
By themselves, these capabilities may not be inherently harm-
ful because, in many cases, they might help to increase the
utility of the system for its user. Problems arise when one



of these capabilities affects what a person is able to see or
understand during an interaction while the second person does
not have access to the same capability or know that it is being
applied to them. Hence, these capabilities should be viewed
as possible causes of asymmetry.

First, the capability of identification means that the system
can identify a person and connect their identity to external
information [1]. Second, the capability of inference is similar
to identification in the sense that it allows information to
be derived from sensor data. However, while identification
connects directly observable features to an existing identity,
inference may derive information which was not directly
provided by the person. Namely, a person’s attention, emo-
tional state, preferences, and intentions may be derived from
sensor data [5], [6], [12]. Third, the capability of memory
allows previous interactions to be saved and made available
for future reuse [2], [20]. Fourth, the capability of real-
time assistance involves providing certain recommendations or
pieces of information to the user while interacting with another
person [8]. Fifth, the capability of adaptive perception involves
changing what is visible, audible, or otherwise perceptible to
the user [1], [15], [16]. Despite the different purposes of these
capabilities, each of them changes the conditions under which
the interaction occurs.

The impact of the above-listed capabilities is heavily de-
pendent on the person’s awareness regarding their use. We
distinguish between three kinds of awareness: aware, unaware,
and uncertain. Aware means that the person knows that some
form of augmentation is taking place and, hence, can change
their behavior because of this. Unaware means that a person
does not know that some capability is being used on them and,
hence, may behave in the usual way while still being affected
by its consequences. Uncertain means that the person knows
that the device may have these capabilities but does not know
whether they are being applied. It is possible to be aware of
a capability being active without knowing about what data it
works with and how it generates the output. Three states of
awareness pertain to awareness of capability application.

The combination of capability and awareness results in dif-
ferent kinds of asymmetries. Thus, for example, identification
may result in a person limiting what they reveal when they
are aware of this capability, while another person may remain
unaware that their information has already been retrieved.
Memory may result in a difference between people who are
aware that their encounter will be saved in some form of
memory and those who are unaware of this fact and, hence,
expect it to disappear into normal human forgetfulness [20],
[21]. Finally, real-time assistance and adaptive perception may
be even harder to notice for the affected person because they
may not know that additional information is being received or
that a modification of perception is occurring.

IV. SociAL EFFECTS OF AWARENESS

This is how the technical aspects of asymmetry should be
described. As for the social ones, they are reflected in the re-
sponses of the people involved in the interaction. When a per-

son realizes that they can become an object of identification,
inference, and memory operations, it does not really matter
whether any technology was actually applied. Just thinking
about its possible use can change people’s behavior [9], [10].
In other words, the result of the augmentation may take
place before the actual augmentation itself. In this way, the
person can decide not to give away any particular piece of
information, not to do anything specific, and to behave in a
certain way which will look socially appropriate considering
possible future inferences.

In the same way, an uncertain situation can affect behavior
since the person does not know which exact capabilities of the
device are currently working [10]. For instance, while interact-
ing with someone who wears smart glasses, the person may
know that the device is capable of recording, identification,
information retrieval, or providing other forms of assistance,
yet there is no way to find out which exact capabilities are
working at a given moment. As a consequence, the interaction
is influenced not only by the currently active capabilities
of the device but by all of its possible capabilities as well.
Uncertainty becomes a factor in the interaction and changes
people’s behavior similarly to known observation.

Another problem caused by unawareness is that the affected
person is unable to react to the asymmetry. When the system
performs identification of the person, makes some inferences
regarding them, or gives a suggestion to the user without
informing them about this process, the resulting behavior
of the user may appear to be absolutely spontaneous and
free from any external influence. Thus, the Al affects the
interaction indirectly, while the person reacts to the decision,
recommendation, or change of behavior without knowing that
machine-processed information played a role in causing it.

As a conclusion, it should be stated that the problem is
much broader than privacy. Information may be unknown to
both participants, but it can still have consequences for one of
them. The general problem is that a person’s ability to interact
in a common space without the constant transformation of
their actions into machine-readable information, which may
later have some impact on this interaction or another one,
is reduced. Privacy is a part of the general issue, yet the
core of the problem is whether social interactions can remain
temporary and ambiguous [21]-[23].

V. EMERGENT INCENTIVES AND GOVERNANCE

Such asymmetry in the relationship between the parties
involved in the development of surveillance technologies does
not require any special intentions from these parties. The
user of XR may only want to get more information, while
the platform will strive to increase the utility of the device,
providers will strive to increase the adoption of their sys-
tems, and institutions will try to gain an advantage from
available information. There is nothing contradictory in this
case, and these needs may complement each other in the
following manner: more sensing can enable more inferences
and increase utility, while more adoption can bring more
information needed for system improvement [24], [25]. Thus,



such a condition may emerge even without anyone intending
it.

It means that we deal with the problem of positive feedback
here because the usefulness of latent augmentation gives a
motive to increase its extent. If identification gives an easier
way to interact, there is a motive to improve identification.
If past interactions can be remembered, there is a motive to
remember more of them. If assistance can be personalized
using some information about a person, there is a motive to
increase sensing and thus increase the specificity of assistance.
Thus, different capabilities, initially aimed at solving different
problems, may gradually connect in a single system where
sensing, inference, memory, and assistance occur continuously.

It also means that regulation aimed exclusively at limiting
the amount of sensor data can be ineffective for the following
reason. The same data can have very different effects depend-
ing on how it is used and what inference can be made from
it. Eye movement data making it possible to improve image
rendering is quite different from eye movement data used
to draw an inference about the uncertainty of a person and
thus change their advertisements or provide an opportunity to
influence them in some way. Thus, the problem is not only
what data can be collected but also what inference can be
drawn from this data and how it can be used [11], [14], [26],
[27].

The principle that may be used for the regulation of latent
augmentation is the visibility of consequential capability use to
the people affected by it [17], [27]. Of course, this cannot mean
the disclosure of all computations made within the system
because it may make many systems ineffective. However,
it means that a person affected by the system should be
aware that they are interacting with a system having some
capability of identification, inference, memory, assistance, or
adaptive perception, especially when this capability affects
them. The purpose of this limitation is not the prohibition of
augmentation but the prevention of useful capabilities from
becoming invisible tools for influencing a person without
providing them with an opportunity to understand and respond
to this asymmetry.

VI. DISCUSSION AND FUTURE WORK

The purpose of the framework is to offer a way to character-
ize different types of latent augmentation and their influence
on the nature of the interaction. The five capabilities can
occur either individually or in combination, while the level of
awareness on the part of the affected person can vary during
the process of interaction. Thus, it becomes possible not only
to characterize the technical capabilities of the system but also
to demonstrate that the same capability may have different
social consequences depending on the level of awareness of
its use.

It will be helpful to examine which combinations of capa-
bilities can be observed in particular XR environments and
which of them contribute the most to asymmetry. Also, it
might be useful to investigate which levels of disclosure are
sufficient to reduce the consequences of uncertainty without

complicating the system’s functionality. Thus, one can say
that the framework is rather an attempt at structuring further
research into the social aspects of the latent augmentation
phenomenon.

VII. CONCLUSION

It is the development of wearable XR that enables the
involvement of artificial intelligence in physical and social
interactions. Nevertheless, the most significant and unique
aspect of this type of interaction is that information can
have an impact on this interaction without anyone consciously
analyzing the initial information and the process of its interpre-
tation. Depending on the type of interaction and the purpose
being served, the information obtained during the interaction
can be utilized for identification, inference, memory, real-
time assistance, and adaptive perception, hence changing the
interaction without revealing the intermediate process. This
phenomenon is termed latent augmentation, which is described
in terms of five capabilities and three states of awareness.

The social issue raised by the phenomenon of latent aug-
mentation goes beyond the scope of privacy infringement.
In case a person knows that he or she might be identified,
analyzed, or remembered by a machine, he or she may change
their behavior before the capability is actually employed.
The absence of awareness allows these capabilities to affect
the interaction without allowing the person to respond. The
outcome of this process will be an asymmetry in the interaction
due to the fact that the technical conditions remain hidden
behind the shared physical space.

In this way, the integration of wearable XR into people’s
lives will make it necessary to think about the capabilities
of these machines not just in terms of the information that
they can sense, but rather in terms of what kinds of machine-
processed information are permissible to influence interactions
between people. However, the preservation of the usefulness
of augmentation does not mean that the consequences of its
employment should remain invisible to people.
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