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1 Introduction & Motivation
Human memory forms the foundation of cognition, facilitating our
understanding of the world, allowing the formation of relationships
with others, and determining our sense of self. With the prolifera-
tion of new Artificial Intelligence (AI) technologies - potentially in
combination with wearable AI devices such as Augmented Reality
(AR) glasses, smart pins etc.- we are on the verge of new, extensive
and pervasive digital memory augmentations that could amplify
benefits or exacerbate risks of AI across multiple forms of memory.
As well as tools for thought (TfT), there will be tools for memory
(TfM). Therefore, before we can properly understand how tech-
nologies including Generative AI can affect human cognition, we
believe we first have to understand how they affect memory.

Research has shown how other individual technologies, (e.g., the
internet, smartphones etc.) can be used to offload memory-related
processes, including semantic (factual pieces of information) [6,
7, 36, 39], episodic (memories with a temporal and spatial compo-
nent) [2, 5], procedural (learning and performing skills) [20, 47]
and prospective memory (planning and enacting future actions)
[16, 18]. These and other studies have evidenced how such cognitive
offloading can have beneficial effects on memory, such as freeing up
resources to learn other information, support those with memory
impairments, or “lifelogging” to improve our understanding of our
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lives [5, 6, 8, 17, 18, 21, 38]. However, research also demonstrates
detrimental influences of information-rich technologies (particu-
larly the internet), such as poorer retention and understanding of
information, poorer knowledge transfer to other domains and re-
duced brain connectivity [7, 9, 22, 28, 36, 42]. While these effects
can impact the general population, some benefits and detriments
may have greater impact for those with particular cognitive char-
acteristics [1, 17, 46]. And technologies - including AR and AI -
could affect various types of memory across semantic, episodic
(and autobiographical), procedural and prospective processes [45].

Generative AI (GenAI) models greatly shortcut the process of col-
lating, analysing and producing complex texts, imagery and music,
which users can access by interacting with Large-Language Mod-
els (LLMs). Less time may be spent understanding, consolidating
and re-purposing information, either to the benefit of re-allocating
resources elsewhere, or to the detriment of less knowledge or un-
derstanding [32, 34]. It has also been shown that users can adopt
false memories of what has been seen/experienced when incorrect
or misleading content is produced using GenAI [26, 27], and AI has
been shown to produce manipulative content unprompted [19] and
rewrite web content potentially without the user being aware [25].
Concerns have been expressed over the potential negative effects
of AI on cognitive and design skills [33] as well as the higher-level
coordination of cognitive processes [41].

High confidence in AI or lower domain knowledge led to lower
critical thinking and more reliance on the tools [20], which has led
researchers to call for users to be actively prompted by the system to
reflect on and consider their usage [20, 47]. When having AI guide
them through manual tasks such as using a new coffee machine or
building circuitry, prompts led to significantly better memory of
the process than just passively following instructions [47]. How-
ever, Meta’s “Persistent Assistant” agentic AI [3] autonomously
infers the user’s goals and analyses the environment to provide AR-
rendered guidance on objects of interest, reducing the users active
engagement with tasks, cognition and the world. In “Memoro” [48],
participants preferred an autonomous “query-less” AI assistant over
one that required active interaction. Given the increasing capability
and automation of AI agents more than 50 authors from various
Universities and major industry partners came together to publish
a position paper on “The Ethics of Advanced AI Assistants” [10].
The >200-page paper covers a range of topics, however, there is
little mention of potential positive or negative effects (or ethical
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concerns) regarding human memory; only a short paragraph ac-
knowledging the potential for reliance on AI agents. This suggests
that both HCI and industry are not properly considering how AI
might affect everyday users, especially in terms of automation. It
is critical to understand how AI might affect memory, as research
suggests that the public may make extensive use of it (as well as
technologies such as AR) for a range of memory processes [45].

While research has demonstrated individual effects of technology
on memory, we are yet to see much empirical work on the effect of
AI use - particularly agentic AI [3] and autonomous support based
on generative Multimodal/Vision-Language Models (VLMs) and
contextual inference [23]. Also, rather than looking at individual
effects of technology in specific scenarios, we are lacking a higher
level theoretical understanding of how technologies are integrated
into memory (and wider cognitive) processes. It is therefore nec-
essary to establish the nature of how users engage with genAI
technology for memory purposes and to what extent, as this will
indicate where the likely impacts of AI will fall.

In order to do this, we are exploring theories and frameworks on
cognitive integration with technologies from cognitive science, HCI
and philosophy, and wish to discuss the merits and applicability
of these with attendees at the workshop. We hope to arrive at a
shared understanding of which (if any) can best guide the commu-
nity towards understanding the impacts and design of responsible
memory augmentations or tools for memory (TfM): AI-enabled tools
that can maximise the benefits to user capability and performance
while mitigating or avoiding harmful or maladaptive use.

2 Perspectives on Cognitive Integration with
Technology

A number of theories or frameworks attempt to describe how tech-
nology interacts with human cognition (including memory), and
wider theories of cognition/memory include the influence or in-
volvement of environmental objects/phenomena. These include
embedded cognition [29], extended cognition [4], distributed cogni-
tion [14], scaffolding [40], and transactive memory [43, 44]. All touch
on the interaction and/or integration of the individual and their
environment (objects, people, technology), but they diverge on how
the external phenomena interact with an individual’s cognitive
system, and whether the environment acts as part of that system.

2.1 Distributed and Extended Cognition
Established theories in cognitive science propose that, while the
individual receives stimuli from their environment, all cognitive
processing occurs within the brain. However, several later theories
emerged that put greater emphasis on the actions of the agent and
the role of environmental components. These include the related
theories of embodied [31], embedded [29], extended [4] and dis-
tributed [14] cognition. While there are often subtle differences and
conflicting proposals across these theories, they all attempt to recog-
nise that an individual is not divorced from, nor unaffected by, their
environment during cognition. Many cognitive processes involve
either direct actions in the environment (embodied) or external
computational aids (distributed/embedded), and external artefacts
may even be constituent parts of cognitive systems (extended).

Distributed cognition, which has long been incorporated into
HCI [14], considers processes in terms of functional relationships
between participating elements regardless of where those elements
are, and where a cognitive system dynamically employs and coordi-
nates subsystems for a given task. Therefore, cognition involves in-
ternal processes, manipulation of objects and the sending/receiving
of informational representations among agents or elements. While
the approach does not consider external elements to be physical
substrates of an individual’s actual cognitive system, it does empha-
sise that we cannot understand cognition or human performance
without understanding how people engage with their environment,
including technologies, during cognitive tasks. Embedded cognition
[29] takes a similar stance, proposing that individuals make use of
environmental artefacts (e.g., tools) or characteristics (e.g., spatial
relationships) as cognitive aids, supports or shortcuts during cog-
nition, but that thought remains inside the head. If a TfM (or TfT)
is used as a form of embedded/distributed cognition, it primarily
provides support for established memory systems within the brain,
making those processes easier or faster, but not necessarily being
required for the process to occur at all. The use of the TfM will
continue over time as it provides an otherwise unavailable aid to
thought: the user cannot internalise the information that is pro-
vided. For example a user is planning to revisit a city and plan a
route along the best landmarks. The agent in his AR glasses shows
a 3D reconstruction of his previous trip/route as a cognitive aid.

The “extended mind” (or extended cognition) hypothesis [4], in
contrast, takes a more provocative (though potentially less substan-
tiated [13, 29]) perspective. It proposes that, if something in the
environment functions or participates in a process in the same way
it would if it was done inside the head, then it is indeed part of the
cognitive system. Clark and Chalmers [4] provide the example of
a man with memory impairment (called Otto) who keeps a memo
pad with him at all times in which he keeps important information.
They propose that the information in the memo pad acts in the
same way as factual information would in the brain of a healthy
person - it is deeply integrated into Otto’s cognitive processes - and
so it is arguably part of his cognitive system. They propose four
criteria for determining if a situation counts as “extended cogni-
tion”: reliability (the element is always/reliably present to be used),
accessibility/availability (information is found easily and quickly),
trust (the information is trustworthy) and past endorsement (the
individual has used, approved, or endorsed the information in the
past). There are a number of modern equivalents to Otto’s pad,
including note apps, calendar apps, reminders or AI agents.

Academics have argued that, while the internet and smartphones
can provide considerable support for memory - particularly seman-
tic [9, 36], prospective [17] and, to a lesser extent, episodic [5, 30] -
these uses should not yet be considered extended cognition/memory
[35], partly due to a failure to meet the availability criterion (infor-
mation can take time to find). Smart [35] then proposes that the
web could be considered an extended memory (cognitive) system
by making online information more accessible and more suitably
poised to influence and scaffold our everyday thoughts and actions.
It could be argued that genAI and tools for memory could meet
these improvements, as AI can retrieve information from a users
past and provide it quickly, easily and in ways designed to influence
thought (decision-making, understanding, opinion etc).
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As genAI improves, particularly LLMs and agentic AI, all four
criteria for extendedmemorymay be increasinglymet. The person’s
memories (and associated information) that are presented will be
more reliable (i.e. dependably present through smartphones, AR
glasses, AI pins etc), trivially accessible (through natural language
input and output) and, depending on the accuracy of the models,
trusted and endorsed (i.e. user has approved of previous AI outputs).
The extent of extended memory may partly depend on how often,
in what ways, and in what circumstances a user engages the TfM
functionality. For a TfM to constitute extended memory it would
need to perform functions that the user may be capable of but that
they choose to offload, or those that they may not be currently
capable of but that complement some internal process. An example
is someone who is discussing the events of a social occasion with
their agentic AI who captured (or otherwise understands) what
happened (via microphone, cameras with VLMs etc.). The user
gives their perspective on an awkward conversation while the AI
provides an alternative, perhaps more factual, portrayal to help
clarify what happened. However, the autonomous nature of AI
adds complications. If AI is doing the remembering/thinking on
behalf the user without them acting, this becomes less like extended
memory and more like potentially maladaptive offloading.

2.2 Scaffolding
Cognitive scaffolding typically refers to a support, structure or aid
that is provided to an individual to help them learn something new,
often in the context of caregivers and children. The need for the scaf-
fold reduces over time until it is no longer needed. Greenfield [12]
described the scaffolding metaphor as having five characteristics:
it provides a support; it functions as a tool; it extends the range of
the worker; it allows the worker to accomplish a task not otherwise
possible; and it is used selectively to aid the worker where needed.
Sutton [40] adds that scaffolding is “merely temporary, to be dis-
pensed with at the appropriate stage of development”. Therefore,
an external element should be considered a memory or cognitive
scaffold if it helps an individual improve memory competence or
learning and achieve self-sufficiency, rather than an ongoing tool
or one that performs a task the individual is already capable of.

Scaffolding is a useful general concept for understanding the use
and influence of a given technology for memory (or cognition). The
metaphor is easy to grasp and has simple (though vaguely delimited)
criteria for evaluating the given support. However, the term could
be inappropriately applied to TfMs (or TfTs) that provide any form
of support to a user regardless of how, why and over how long the
tool is used, and how/whether it affects the user’s memory. In these
cases it may gloss over maladaptive use or reliance under the guise
of “scaffolding”. A number of AI functions could certainly count as
scaffolding, wherein they allow a user to remember something they
otherwise could not, for example teaching usersmemory techniques
like mnemonics or chunking until they are able to apply them
independently. However, other AI functions enact an achievable
memory process on behalf of the user, such as telling them where
they left their keys, or Meta’s Persistent Assistant [3]. Whether
‘scaffolding’ is the right description will depend on the regularity
and timescale of use: temporarily & selectively vs. used repeatedly
as a matter of course. Scaffolding is generally considered beneficial,

but some TfM may not be scaffolding, or not used like scaffolds, as
their use is practical and output driven rather than for the purpose
of learning or cognitive improvement. In these cases their impact
could be maladaptive or harmful.

2.3 Transactive Memory
Transactive memory describes how groups of people collabora-
tively store and provide information. One person is not capable
of knowing everything, and so there are benefits to social groups
where important knowledge or skills are shared between different
members. There is also a responsibility on each member to hold
and provide useful knowledge. Wegner [44] says that transactive
memory systems (TMS) depend on three processes: Directory Up-
dating (knowledge of who knows what), Information Allocation
(processes that determine who is to be responsible for storage) and
Retrieval Coordination (plans for gaining information frommembers
based on relative expertise). While TMSs have historically been
applied to interactions/processes among people, the proliferation
of information technologies and internet-connected devices has led
some to propose that the internet or smartphones may now act as
transactive memory partners [42].

In 2013 Ward [42] referred to the internet as a “supernormal stim-
ulus”: a disruptive form of transactive memory partner that may
lead to maladaptive use, because it is an all-encompassing one-stop
shop (which may have replaced our semantic memory [9]). When
choosing transactive memory partners (related to Information Allo-
cation and Retrieval Coordination) we prioritise efficiency, accessibil-
ity and expertise, which the internet - and arguably LLMs/agentic
AI - excels at [9, 42]. It is important to understand whether TfM/TfT
are treated like transactive memory partners by users because they,
like the internet, may be designed in a way where they are not a
bi-directional partner: they may place no responsibility on the user
to remember anything in return. Not only could these disruptive
technologies affect motivation and ability to learn, they may also
impair metamemory (knowing what we know, knowing how to
learn), impeding the formation of new memories [42].

Heersmink & Sutton [13] argue that internet-based memory is
not a true transactive partner. Unlike in social transactive systems,
there is no two-way dialog or negotiation/agreement to meet the
Directory Updating or Information Allocation criteria. They state
that “The main reason for [not considering human-internet interac-
tions as TMS] is that in general these interactions are unidirectional,
lacking the more deeply integrated two-way or reciprocal information
flow which characterises some socially distributed cognitive systems”
(p.151). However, this could change with genAI TfMs, where they
meet more ofWegner’s criteria to count as a true transactive partner.
LLMs/agents can be conversed with and told or configured what to
remember, adding in bi-directional dialog and even negotiation, and
it can proactively tell/remind us things based on context or inferred
needs. AI tools can have wide-ranging perceived expertise or mem-
ory stores and simplify access to a range of complex memories and
associated information. AI models also rely on interactions with
users for training and improving performance. Wegner et al. [43]
emphasize the cognitive interdependence of individuals in TMS:
all people rely on each other for their cognitive performance. The
dialogical nature of LLMs/agents means that memory processes
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and sharing could move more towards social TMS processes, and
therefore much deeper cognitive integration (and reliance).

2.4 Dimensions of Cognitive Integration
While the theories and frameworks described above have their
proponents, they have also met with criticism, such as Clark &
Chalmers’ [4] four criteria for extended cognition being too general,
overlapping or not providing robust real-world examples [13, 29, 37].
As mentioned, Heersmink & Sutton [13] dispute whether web-
based technologies can be considered true transactive memory
partners.While the arguments in favour ofmemory/cognition being
embedded or distributed are compelling, they do not necessarily
help researchers understand in what ways environmental artefacts
interact with or affect memory or cognition.

Heersmink & Sutton [13] propose that, whether an interaction
with technology counts as e.g., “extended mind” matters less than
how they interact, and to what extent. Therefore they conceptualize
relations between the internet and its users in terms of cognitive
integration. They propose 7 dimensions of integration:

• Information Flow (one-way, two-way and reciprocal)
• Accessibility (reliability of information access)
• Durability (one-off, repeated, permanent)
• Trust (in veracity of information)
• Procedural Transparency (ease of use, invisibility of tech)
• Informational Transparency (ease of understanding)
• Individualisation (relevance/specificity to user vs generic)
• Transformation (how a cognitive system is transformed)

These dimensions provide researchers with concrete and testable
means of measuring the manner and extent of cognitive integra-
tion with a given technology. The authors themselves evaluate
the dimensions on three websites: Wikipedia, IMDB (movie data-
base) and Google search. They conclude that the web is not deeply
cognitively integrated but instead better seen as scaffolding for
memory/cognition: Wikipedia and IMDB had low-to-medium inte-
gration while Google search had medium-high.

However, based on the dimensions of integration the authors
propose, it can be argued that genAI, particularly agentic AI and
TfM/TfT, would be much more deeply integrated, arguably count-
ing as a truer form of extended cognition. GenAI/TfM/TfT could
have reciprocal Information Flow, as agents learn from users and
users learn from agents. GenAI is increasingly Accessible, espe-
cially if we are to adopt wearable devices (e.g., AR glasses) driven
by AI [11, 15, 24]. Interactions with genAI/TfT would likely have
repeated if not permanent Durability, as users regularly get produc-
tive, informational or entertainment value. Trust will depend on
the accuracy of the models and utility of the output, but repeated
engagement could act to improve models over time. LLMs can po-
tentially provide very high Procedural Transparency, as interactions
can occur through natural language interactions over voice or text
prompts. Informational Transparency will depend on a number of
factors regarding how information is presented or visualised to the
user, but natural language can improve ease of understanding. AI
agents and tools already learn from user input history to tailor or
refine responses, and the utility of responses will increase as the
specificity to the user’s situation increases, which calls for high
Individualisation. Finally, we are yet to fully see whether or how AI

may Transform cognitive processes, but early research in HCI sug-
gests that cognitive strategies, processes and outcomes are already
changing [20, 33, 41, 47].

3 The Role(s) of AI in Memory Processes:
What Are We Forgetting?

Theme 1 of the CHI 26 Tools for Thought workshop covers the
design and usage of GenAI tools, including the questions “What
are useful framings for the role of GenAI that inspire effective design
and usage?” and “Can we theoretically ground [usage] strategies...?”.
In this paper we contribute towards answering these questions by
discussing several theories that attempt to explain how cognitive
processes might be integrated with, and affected by, environmen-
tal artefacts including technologies such as TfM or TfT. We focus
specifically on memory, however, the theories (excluding transac-
tive memory) apply to cognition as a whole as well as memory.

These theories have been used to explore the design or impact
of some technologies on memory formation (and/or cognition) but
primarily the internet, and relatively early/basic internet functions
at that (e.g., text webpages, Google search, calendars, reminders).
They are potentially powerful theories for understanding cognition
as a whole but they are yet to be used to understand how other, more
modern, technologies might integrate with memory/cognition. As
we have argued in each section, GenAI technologies - including
LLMs/VLMs and agents - may be uniquely positioned to deeply
integrate into memory and wider cognition due to the way(s) in
which they can provide information and the potential ease with
which users can engage with them. This could lead to significant
benefits to memory: the less that a person needs to hold in biological
memory the more capacity they may have to dedicate to more
complex recollections or information processing. Or the timely and
context-relevant ‘recall’ of information by a tool could improve
task performance, understanding or wellbeing. In contrast, poorly
(or maliciously) designed TfM/TfT could allow users to offload
increasing amounts of valuable memories to AI, or inadvertently
settle into an ecosystem of convenience and efficiency, leading to
maladaptive use and losses in memories themselves, metamemory
and potentially even brain matter.

Therefore, we argue that the HCI community - in particular, at-
tendees of this workshop - need to engage with theories of cognitive
integration and properly interrogate the role of GenAI across mem-
ory processes. We currently lack the theoretical underpinnings to
fully understand the implications of this, nor the empirical approach
to measure any short or long-term impact. To define and practice
responsible cognitive augmentation, first we must conceptualize
cognitive theories of augmentation (what does it change/impact
and how), then define how we can empirically examine the human
impact of prolonged and everyday usage, to prove there exists irre-
sponsible augmentation. Only then can we identify the dimensions,
criteria or characteristics that can be designed for and/or evaluated
in the pursuit of responsible Tools for Memory.

4 Grand Challenges in Tools for Memory
As in our recent work [45], we recommend that academics, com-
panies and policy makers prioritise the following issues, and we
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are keen to discuss and collaborate with workshop attendees and
interested stakeholders in order to work towards these goals.

Identify Foundational Theories. To better and more quickly
understand howmemory (and wider cognition) is affected by genAI
the community needs to not only identify theories that ground
usage strategies but also theories that explain how cognition is
integrated with technologies more generally.

Establish the Key Benefits and Risks. Concrete evidence is
needed to establish where the main benefits and harms of TfM lie,
allowing us to target priority needs or vulnerabilities. This could be
achieved through lab studies, participatory design or consultation
with domain experts in memory and neuroscience.

Automation andMemory. Memory consolidation benefits from
active engagement with events but genAI can perform a number
of functions autonomously on behalf of the user, who may prefer
’query-less’ interaction. Therefore, it is necessary to understand
the effects of automation vs. active engagement, as well as the
acceptance or need for usage prompts in the general public.

Long-Term Effects of Use. The consolidation of memory re-
quires time and repetition. If technology has supportive or disrup-
tive effects then they may occur over long time periods and so,
alongside lab studies, longitudinal research is also needed.
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