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. Abstract

Many remembering activities nowadays include technology, such as a phone used to take and view photos, a
laptop with a file structure or search engine to help find documents, and a social media app to post and share
messages to represent someone’s identity. In Human-Computer Interaction and related fields more and more
research goes into learning how to design for remembering. This chapter will be divided into two parts, the
first will focus on motivations to study design for remembering (the WHY), where the second part will focus
on how design for remembering using memory technologies can support people (the HOW).

D. Introduction

The field of Human-Computer Interaction (HCI) studies people interacting with technology and how to
translate this knowledge into good design. This multidisciplinary field combines, amongst others, computer
science, behavioral sciences, and design. Human memory has been studied from early in the history of HCI,
first through the lens of human factors and cognitive ergonomics (Bannon, 1991), which meant a specific focus
on analyzing human behavior and cognitive abilities. e.g., one of the ten usability heuristics for user-interface
design (Nielsen, 1994) recommends to reduce a user’s cognitive load by designing systems to support
recognition instead of recall, thereby focusing on the function of memory, especially the unburdening of
working and short-term memory.

With HCI research developing over time into three waves from usability and groupwork to user experience
(Bgdker 2006, 2015, Harrison et al. 2007, 2011), human memory also became of interest to HCI from a user
experience perspective. This research focuses on individuals’ experiences with technology, not only people’s
responses to a system, but also providing input (e.g., through user research, co-design and participatory design
or evaluations) into newly designed prototypes of systems that aim to support people’s remembering
practices. These systems often focus on the activity and/or practice of remembering of episodic and
autobiographical memories.
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In this entry memory technologies are physical devices with embedded electronics that respond to people’s
actions (interactivity), which are designed to support people’s memory and/or remembering practices, or
memory supporting applications to be used on generic devices, such as phones and laptops. This chapter will
also provide some illustrative examples.

. The Why and How of Designing Memory Technologies

The term memory in this chapter refers to human memory, unless explained otherwise autobiographical and
episodic memory (see Entry Autobiographical Memory), and we distinguish both internal and external
remembering (van den Hoven, 2014) as different parts of the human remembering experience. The distinction
between the two is that internal remembering occurs without any influences from outside the brain, while
external remembering can include components such as physical objects and devices, people, and places.
Sutton et al. (2010) call the latter distributed-scaffolding cognition (see Entry Distributed Memory). Finley et
al. (2018) make a slightly different and more straightforward distinction between internal and external
memory, where their internal refers to information stored inside a person’s brain and external is information
outside of the brain. While these distinctions have been made on several occasions, the boundaries are quite
fluid and in one remembering process one can easily experience both.

Any technology used in relation to memory and remembering has the potential to serve as external memory
and support for external remembering, for example, seeing the icon for a calendar app on an interactive device
can make someone remember a conversation that ended in agreeing to meet up, and the app reminded them
of the need to add this into their calendar. This is called cued remembering, and the remembering process that
HCl research has often focused on by involving external memory cues, which are “physical or digital cues in a
tangible embodiment with an internal effect” (van den Hoven & Eggen, 2014). This internal effect caused by a
cue in a certain environment can bring to consciousness a memory (Tulving and Thomson, 1973).

Before going into more detail on how to design for memory cuing, first let us investigate the motivations for
researching memory technologies.

The Why: Motivations for designing memory technologies

For autobiographical memory (see Entry Autobiographical Memory) its functions are quite well understood
and have to do with the self, social, directives (Bluck & Alea, 2002; Bluck et al., 2005) and adaptive functions
(Pasupathi & Carstensen, 2003; Williams et al., 2008). HCl is a people-focused field, and the motivations for
designing technologies are those that benefit the people who - now or in future - might use such memory
technologies. In that context, often the 5R’s are listed to summarize the value of memory for people (Sellen &
Whittaker, 2010): Recollecting, Reminiscing, Retrieving, Reflecting and Remembering intentions.

In the following sections we present three motivation categories that include these functions and values 1 -
functional process support; 2 - memory performance augmentation; and 3 - emotional experience facilitation.
Each of these motivations will be illustrated with a set of interactive memory technologies, aimed to show the
different approaches, albeit not exhaustive. We also note that some of these technologies can be used across
motivations, for example with different use groups and in new settings.

Functional process support

An important motivation to study memory technologies is to understand and support the functional retrieval
process of information from memory through a process involving technology now or in the future. With the
move from predominantly physical memory media to digital, we need technology to create, access, edit,
retrieve, or re-experience our memory media. By memory media we mean any type of medium that is user
created or accrued and is relevant to their personal memories, e.g. photos (see Entry Photography),
documents, souvenirs, videos, concert tickets, social media posts, heirlooms, streaming media histories,
location or health tracking information and more. Different manners in which these personal possessions can
relate to personal memories have been identified (van den Hoven et al., 2021), which is relevant for memory
technology design.

HCI research includes studies to understand people’s experiences with remembering practices and memory
technologies in everyday life (when research aims to inform design practice, this is called research for design,
or RfD, Frayling, 1993), where other studies aim to lead to a new or improved design of memory technologies
(when design action is used in research, this is called research through design, or RtD, Frayling, 1993). Examples
of research for design into people’s remembering experiences include the study of different memory media,
such as photos (e.g. Broekhuijsen et al., 2017; Petrelli et al., 2014), physical artefacts (e.g. Kirk & Sellen, 2010;



Petrelli et al., 2008, Zijlema et al., 2017), sounds (e.g. Dib et al., 2010) and personal quantified data (e.g. Elsden
et al., 2015). Other RfD studies focus on specific remembering activities, such as reminiscing (van Gennip et
al., 2015), the use of physical and digital mementos (Petrelli & Whittaker, 2010) or for specific purposes, such
as recording memories for posterity (Lindley, 2012) and for finding out which memories become valuable (Mols
et al., 2014). Research through design includes studies that use design or designing as part of the research
process, such as studies looking into how everyday life remembering can be supported through newly designed
systems, such as text-based Pensieve (Cosley et al., 2012), physical artefact-focused Living Memory Box
(Stevens et al., 2003), sound-based FM Radio (Petrelli et al., 2010) and photo-based (e.g. the Audio Photo Desk:
Frohlich & Fennell, 2007; 4Photos: O’Hara et al., 2012; and Digital Photo Browser, van den Hoven & Eggen,
2008). RtD can also include research participants’ designs, such as a study into family-created time capsules to
study what future technology should support (Petrelli et al., 2009).

To summarize, a substantial body of work in memory technologies in HCl aims to support people’s existing
remembering processes and capacities, focusing on improving or redesigning either memory media or
remembering activities.

Memory performance augmentation

Aside from memory technologies supporting the remembering process, a popular motivation to study memory
technologies has been to improve people’s memories, from reducing cognitive load, as mentioned earlier, to
supporting people with health-related memory challenges, to compensating for human memory’s perceived
imperfections. Most people are aware that their memories are fallible, and they assume that this needs fixing,
for example by aiming to prevent forgetting.

The research into memory augmentation goes all the way back to Bush (1945), who proposed the Memeyx, a
device that looked like a desk and could contain lots of records and communications to supplement personal
memory. Early work on lifelogging (for an overview, see O’Hara et al., 2008) was inspired by technological
possibilities and had been based on the assumption that recording as much as possible would enhance human
memory by avoiding forgetting. This problematic assumption led to the critique that lifelogging research needs
to focus on understanding human memory first (Sellen & Whittaker, 2010). Since then, more considerate
lifelogging work has been published in HCI (e.g. Elsden et al., 2015; O’Hara et al., 2008), for example one
memory technology that does not assume that recording improves memory is Ritual Camera: a device that
automatically photographs dinner table settings every evening for a 14-day period. These photos are then used
to create digital media in the form of visualizations that highlight the differences to support everyday life
reflection and remembering (Mols et al., 2016). Based on empirical observations of people using memory
technologies four design principles have been identified for new types of lifelogging systems that better
support human memory (Whittaker et al., 2012). These principles relate to selection, embodiment,
reminiscence and reflection and synergy not substitution.

Before-mentioned example studies were all aimed at people with healthy memories, but a lot of research has
been done to support those with memory challenges (see Entry Dementia). For example, certain applications
of lifelogging turned out to be beneficial to people living with dementia (PLWD) and their carers (Crete-
Nishihata et al., 2012, van Rijen et al., 2020).

After many decades of memory technologies being developed based on incorrect assumptions of how human
memory works, recently this has seen a shift.

Emotional experience facilitation

This third motivation is a more recent trend and not aimed at improving human memory, instead the focus is
on the emotional and experiential side of remembering (see Entry Emotions) and how to facilitate these
experiences using memory technologies.

This includes a wide range of applications (RtD), such as to support mourning the loss of a loved one, e.g.
StoryShell (Moncur et al., 2015), to support oral storytelling for indigenous communities, e.g. StoryBeads
(Reitsma et al., 2013), to support a social remembering experience, e.g. through Pipet (Meerbeek et al., 2010),
but also to support sentimental remembering using audio for PLWD (Campbell et al., 2019). The experiential
side of studying memory technologies now even has a bespoke method in HCl and design, which is called
Memory probes (Tsai & van den Hoven, 2018), which allows participants to express their valuable memories
by recording traces of use on their cherished objects. Designing for meaning includes remembering and
memories as one of the main reasons to provide meaning to objects, which in turn can give insights into how
to design objects to have a link with memories (Orth et al., 2018).



The next section will also include relevant examples about each of these types of motivations and in particular
those studies focusing on the creation or use of memory cues.

The How: Remembering through cues

This section provides an overview of the different cues supported by memory technologies and their different
modalities stimulating users’ senses, primarily sight and hearing. It also discriminates between internal and
external cues, as well as automatically or manually captured as well as crafted cues. Such cues are intended to
support recall of episodic or autobiographical memories for both healthy adults and for memory impairment
due to ageing or dementia, although emerging work has started to focus also on other impairments such as
those experienced by people living with depression (Qu et al., 2019), or on other memory processes beside
recall, namely forgetting, and how these can be also supported by novel forms of memory technologies.

Given the ability of technologies such as smartphones and lifelogging devices to capture “here and now”
experiences, it is not surprising that much HCI research on memory has focused on how such technologies
capture cues for episodic recall (Sellen et al., 2007). Such cues can be both external, capturing the external
physical environment, but also internal when they capture people’s emotional experiences (van den Hoven &
Eggen, 2015). External cues reflect people, objects, places or activities and have been often captured through
photos (Sellen et al., 2007) (see Entry Photography), audio recordings (Dib et al., 2010), as well as objects
(Petrelli et al., 2008) such as memory boxes integrating sound and smart objects (Frohlich & Murphy, 2000).
Consistent findings have shown powerful emotional recall from pictures and videos (Finley et al., 2018). A
landmark example of memory technology capturing external cues is SenseCam (Harper et al., 2007), a
wearable device for automatic caption of over 1000 photos per day, whose value for supporting episodic recall
in dementia has been indicated by a rich body of work (Lee and Dey, 2007). We have also seen emerging work
aiming to summarize the large number of photos captured through lifelogging devices such as wearable
cameras, with findings showing that such video summaries are perceived as more attractive and valuable
memory aids (Viet Le et al., 2016).

If external cues capture contextual details of the external environment, internal cues capture internal aspects
of the experience such as emotional arousal whose importance for organizing episodic memories has been
long acknowledged (see Entry Emotions). An example of such technology is AffectCam which integrates a
wearable camera and a galvanic skin response sensor allowing the identification of photos taken at moments
of high arousal which can be better recalled with richer details than memories associated with low emotional
arousal (Sas et al., 2013).

Apart from automatically or manually captured cues, HCI research on memory technologies has explored to a
lesser extent how people can actively generate or create such cues themselves, for example through drawings
or doodles on mobile apps allowing for creative expression while representing emotions associated with
specific events or for example through colors and shapes or emotionally evocative content such as rain (Sas et
al., 2015). Such work is important as it marks a shift from the predominant focus on the recall stage being
supported by lifelogging devices to memory technologies also supporting people’s engagement in the
generation of cues as quick drawings or doodles that people create at the encoding stage.

Most of HCI work on memory technologies has focused on episodic memories, whose emotional component
has been much acknowledged. Nascent work has started to focus also on a specific type of episodic memories,
namely self-defining memories. Given their role in the self-memory system (Conway & Pleydell-Pearce, 2000),
self-defining memories which reflect enduring concerns (Singer & Blagov, 2004) are essential for maintaining
the sense of self in old age and particularly in dementia.

Exploratory work on cues for such memories suggest the value of physical objects including the crafted ones
made through embroidery, weaving or woodcraft, and reflecting loving relationships which are key for the
relational self (Sas, 2018). Such objects however are hard to find and access for each self-defining memory, so
novel technologies to support their recall are much needed. One such novel tool technology is the use of 3D
food printing for generating personalized flavors for cuing recall of self-defining memories in old age with
findings indicating that most of cued memories are recalled with intense feelings of being brought back in time
(see Entry Mental Time Travel and Entry Odor Memory), strong positive affect, and sensorial richness (Gayler
et al.,, 2021a, 2022a). This is an interesting research direction extending the traditional visual and audio
modalities commonly used for both capturing experiences and for cuing their recall.



Flavor has therefore become a new cuing material that leverages taste, smell and touch and which despite its
strong relationship with emotional experiences has been less explored in HCI work on memory technologies.
Creating flavors as memory cues requires supporting people to become sensitized to their eating experiences
for instance through novel design methods (Gayler et al., 2021b) and novel interfaces allowing people to
capture multisensory food experiences and to craft such flavor cues for later recall (Gayler et al., 2022b).

Much HCI research on memory technologies has focused on augmenting memory in healthy adults, or
addressing memory impairments in old age or dementia (see Entry Dementia) predominantly on touchscreen
(Joddrell & Astell, 2016) and less so on large displays (Sas et al., 2020). Interestingly, other forms of memory
impairment have been less explored. A noticeable exception is the exploration of negative bias,
overgeneralization and reduced positivity as memory impairments characterizing affective disorders such as
depression (Qu et al., 2019. Such work highlighted the limitations of traditional memory technologies focused
exclusively on cue-based retrieval, and less so on the disruption of the generative retrieval processes
characterizing depression, and which may benefit from support to access an episodic memory from the general
events rather than cues for such episodic event which may be counterproductive (Qu et al., 2019).

Finally, while most HCI work on memory technologies has supported recall, the forgetting process has been
much less explored (with notable exceptions, Bannon, 2006 and Ramos et al., 2016). This focus on supporting
forgetting contrasts with the total recall paradigm of lifelogging technologies which, by large, aims to support
exhaustive retrieval, but reflects situations where people may want to forget, and lifelogging devices become
problematic. One such situation is digital break up when people’s digital possessions such as photos, social
networking sites contacts and relationships status, emails, music, or videos are pervasive and evocative, thus
painful cues of problematic emotional experience related to past relationships (Herron et al., 2016; Sas et al.,
2013). Further work has also extended this exploration of forgetting to the grief experiences and the value of
digital disposal for ritualistic letting go to counterpart the limitations of the mere act of deletion (Sas et al.,
2016).

. Summary

This chapter provides an overview of Human-Computer Interaction work on memory technologies with a focus
on personal or generic interactive devices or applications supporting remembering of autobiographical or
episodic memories. The chapter unpacked the design rationale of these technologies and details the rich body
of work on different cues that such memory technologies have focused on, both most common ones such as
photos and videos, as well as novel directions such as 3D-printed food.
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