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The growing HCI agenda on health has focused on different chronic conditions but less so on Long Covid, despite its severe impact
on the quality of life. We report findings from 2 workshops with 13 people living with Long Covid, indicating the challenges of
making sense of their physical, cognitive, and emotional symptoms, and of monitoring the triggers of post-exertional malaise.
While most participants engage in pacing activities for the self-management of fatigue, only a few are aware of the importance of
planning all their daily activities and routines in order to avoid post-exertional malaise. We conclude with design implications to
support lightweight tracking and sensemaking of fatigue symptoms, novel data analytics for monitoring the triggers of post-
exertional malaise and the worsening of symptoms, and support for self-management in order to prevent post-exertional malaise.
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1 INTRODUCTION

The global impact of Covid-19 pandemic has motivated significant research across diverse disciplines with a
predominant focus on the acute infection stage. A growing body of findings however has consistently indicated that
in about 10% of cases [54], the infection is followed by Long Covid or Post-Covid Syndrome consisting of viral
persistence longer than 12 weeks and up to 6 months [34]. Long Covid is characterized by many fluctuating and
relapsing symptoms [18] that vary among patients [34], with the most prevalent and debilitating one being fatigue
[23][37], defined as “unrelenting exhaustion and a constant state of weariness that reduces a person’s energy,
motivation, and concentration” [13]. In some cases, the worsening of fatigue symptoms can last for days or weeks
even after minor physical or cognitive effort, which has been described as post-exertional malaise (PEM) [53].
Despite the substantial medical research on Long Covid, people’s lived experiences of fatigue have been less
explored, with findings conforming the challenges of recognizing the symptoms [26][31].

Designing health technologies is a key area of HCI research targeting a range of physical [22] and mental health
conditions [38] including chronic ones such as chronic pain [43][44], together with interventions for their
management through increasing activity level despite pain [5][44]. However the topic of fatigue [17], particularly
related to Covid-19, has been limitedly investigated. To address this, we employed a phenomenological approach
to the exploration of people’s lived experiences with Long Covid and how such subjective experiences are grounded
in the body. We report findings from 2 workshops with 13 people living with Long Covid, half of them for the last 2
years, indicating many and diverse fluctuating symptoms that people struggle to understand and manage. Our
contributions include richer accounts of the lived experiences of Long Covid, a vocabulary to better describe post-
exertional malaise, and a cycle model for self-management of energy levels: before, approaching, during, and after
PEM, tailored to the specific needs that people living with Long Covid may have at each of these four stages.

2 BACKGROUND

2.1 HCI Research on Chronic Conditions: Fatigue and Pain

We draw from HCI work on chronic conditions including the care values for people living with multiple chronic
conditions, the needs and physical rehabilitation technologies for those living with chronic pain, and on the limited
work for the needs of people living with chronic fatigue. Regarding the latter, a noticeable exception is Davies and
colleagues’ studies exploring symptoms that people living with chronic fatigue would like to be supported by
technologies, the challenges and approaches to self-management and the use of commercial mobile apps for this
[17]. Their findings indicate the variety of daily symptoms with post-exertional malaise and brain fog having the
strongest negative impact on daily life, reduced autonomy and social relationships. Their findings also show that
the main form of self-management is activity pacing or planed and gradual increase of one’s energy level to avoid
PEM. Davies and colleagues generated design implications for chronic fatigue technologies such as supporting
people to identify their energy thresholds to avoid PEM, to plan their daily activities and routines within these
thresholds as informed by energy envelope theory [35], while accounting for daily variations, to better track both
physical and cognitive fatigue with limited user’s effort, and to support motivation for self-management despite
others’ feelings of illness-invalidation.

Other strand of HCI work has focused on chronic pain and self-management technologies for rehabilitation to
support much needed physical activity despite patients’ fear of exacerbated pain [43]. Their findings indicate the
value of accepting and understanding the pain, adjusting expectations, and assuming responsibility for their self-



management by building gradually, slowly, and maintaining gains in their capabilities. In follow-up work authors
designed and evaluated a wearable technology with audio feedback for sonifying real time movement during
functional activities which led to increased body movement awareness and better self-managing through pacing
[44]. Other scholars explored novel smartphone-based tools for momentary self-assessment of pain aimed to
support engagement and reduce effort of quantifying the subjective experience of pain [1]. Healthcare for chronic
conditions is particularly challenging involving lifelong non-linear trajectory consisting of repeated cycles of care
alternating between home and clinical settings [12]. Researchers have also explored the values about self-care
practices of people living with multiple chronic conditions [28], spouses’ values impacting collaborative practices
of care [6], and communication of such values to healthcare providers [5].

To summarize, much HCI research on health has looked at chronic conditions, but limited work has explored
those similar to Long Covid. Some design implications for the management for instance of chronic fatigue and
chronic pain may be also relevant for Long Covid, given that they encourage pacing of activity. However, we know
less about how such strategy can support the self-management of the various symptoms of Long Covid and
particularly post-exertional malaise.

2.2 Long Covid

A systematic review of 81 studies on symptoms and management of Long Covid indicated the prevalence of fatigue,
low energy, muscular weakness, malaise, and cognitive impairment including brain fog, deficit in attention,
articulation, psychomotor coordination, memory and learning which lasted at least 12 weeks after the confirmed
diagnosis, with impact on quality of life consisting of limitations on activity like daily tasks, self-care and mobility;
work like reduced work or inability to resume work; or social impairment like taking part in sport or leisure
activities [9]. These symptoms appear to be more prevalent among female [13] with preexisting conditions
especially depression or anxiety [9][23][36][54], and for some individuals they could worsen in time [9], while
healthcare inequities impacting particularly on vulnerable people living with Long Covid [34].

Health researchers have also suggested that Long Covid has similarities with chronic fatigue syndrome,
characterized also by enduring symptoms, PEM, and reduce daily activity [13], headache, muscle pain, PEM,
unrefreshing sleep and cognitive impairment [54]. Given the limited knowledge of Long Covid, recommendations
have been made towards self-management approaches used for chronic fatigue, such as those involving pacing for
managing PEM, while cognitive impairment can benefit from occupational and speech therapy, stress and relief
therapy [13]. Health researchers have also explored the experiences of people living with Long Covid showing the
fluctuations of their symptoms and their debilitating impact, since these are not easily recognized and are further
worsened by the lack of diagnosis [31]. Further studies with health professionals also emphasized the uncertain
prognosis of the condition, challenging loss and stigma, suggesting the value of listening to patients’ voice, document
monitor symptoms’ fluctuation, educate patients, and encourage self-management of fatigue [26].

To conclude, despite the growing body of work on health research and social science on the lived experiences of
Long Covid, there has been limited consideration of how findings my inform the design of novel technologies.

3 METHOD

In order to explore the phenomenological experiences of Long Covid we conducted a study which received
institutional ethics approval. For this, we recruited participants through adverts on social media, who self-identified

as having experienced fatigue for at least 3 months following Covid-19 infection. We recruited 15 participants and



ran 2 online workshops with 6 and 9 participants, respectively, each lasting 2 hours focusing on participants sharing
and discussing their individual experiences of fatigue. We asked questions about fatigue’s symptoms, triggers,
challenges and participants’ self-management. Due to internet connectivity issues we excluded the inaudible input
from 2 participants, so that the analysis was completed on data from 13 participants: 6 female, 6 male, 1 not
disclosed, age range 25-62, average age 39. Regarding education, 3 participants have Diploma, 3 have BSc degree,
and 6 Postgraduate degree, while 1 did not disclose. Each participant was compensated with gift voucher equivalent
of 50 USD. The workshops were audio recorded and fully transcribed.

Our study draws from the growing HCI interest in the body [16][49] and phenomenology studying phenomena
or experiences [3][24] that challenges the Cartesian body-mind dualism depicting that the body and mind are
separated and distinct [32], in order to explore the lived experiences such as those of designers [40], of people living
with HIV [4], depression [41], stress [39][50], or of those engaged in meditation [15]. We employed a
phenomenological approach to the exploration of people’s lived experiences with Long Covid and how such
subjective experiences are grounded in bodily senses. This approach is reflected in our gathered data reflecting
lived experiences of fatigue as well as in the Interpretative Phenomenological Analysis (IPA) for analyzing
participants’ personal accounts for describing and making sense of their felt fatigue experiences involving three
steps [45]. In the first step, two authors independently read each transcript and annotated significant parts by
capturing their interpretation in the light of study aim, while looking also for differences and similarities across
participants’ accounts. In the second step, the authors used their annotations to inform the development of
emerging themes and the selection of the most relevant ones for the study aim, with the connections between the
themes and their excerpts from transcripts being explored in the third step.

4 FINDINGS

We report the identified types of Long Covid’'s symptoms, rich descriptions of the lived experiences of post-
exertional malaise and its triggers, and people’s efforts to self-manage their symptoms. We also highlight the key
challenges of both identifying and monitoring the PEM’s triggers, and of limited use of energy envelopes [35] as
self-managing strategy, with energy envelopes reflecting the planned amount of energy to be spent as being within

the limits of one’s available energy.

4.1 Long Covid Symptoms: Physical, Cognitive and Emotional

Findings indicate that half of participants have struggled with Long Covid for over 2 years, and all participants
reported many and diverse physical, cognitive and emotional symptoms of fatigue which are challenging to keep
track, make sense of, and communicate, bearing massive impact on their quality of life.

Physical symptoms were reported by all participants and include pain in muscle and joints and unrestful sleep
or unrefreshing rest, headache, dizziness, and high heart rate, as shown in this illustrative quote: “it takes a number
of forms on day to day. Some days can be absolutely horrendous [...] when I wake up, it will feel like I'm being pushed
into that like gravity is kind of wrapped it up and I'm being kind of sucked, pulled into the bed aches and pains. A lot of.
Because of my fine motor control, I struggle to do up buttons, zip up shirts [...] hold a knife. legs are heavy almost. It's
like dragging feet across the floor, and every small [...] effort and heart rate [spikes]. I'm an avid runner [...] before |
got sick, I had two marathons in two days [and] was training for another [...] when I got my viral infection and COVID
[...] it was different end of the scale [...] from relatively fit to unable to work, walk, cognitively function” [P1].



Cognitive symptoms include long term impairments such as brain fog impacting reading, writing and speech
abilities: “I've gone from being a normal functional person to, well, nothing. I hate it. I can't read anymore. My
concentration won't let me read. I've just listened to audiobooks, but I can't read books. I can't read news, hewspaper
articles very well. Things have to be in bullet points for me to understand them. I can't fill in paperwork” [P2]. Cognitive
symptoms are perceived by participants as more challenging to manage, and more debilitating than physical ones:
“I think that one of the hardest things [was] trusting [your judgement], because you can't think things through clearly
[.-.] Difficult [as] I don't know if my brain doesn't work like it did before or it works just as well as it did before, but just
for short periods, I still don't know that [...] Help? Not much, but there's some kind of help and guidance for people with
their physical symptoms [...] but I can't find anybody that will help me understand whether it's my brain still working
OK and I could go back to my job, or whether I can only do it for short periods. I've just got to try and work it out for
myself, which is really hard to do” [P7].

Emotional aspects of Long Covid are characterized by heightened distress and anxiety for the future expressed
by most participants: “I just wonder how long this is going to go on for [...] Is this for life? This is my worry. And this is
where it's affected my mind really, cause you know, we all want our life back and we don't mind if we get if we know
we're going to get better, our bodies can recover. Or is this for life?” [P6], as well as grief for the profound losses
experienced by all participants: “my life is quite empty [...] You are not having a life” [P4].

Such significant impact on the quality of life ranges from daily activities such as cooking, cleaning, washing or
dressing oneself, to social life and leisure activities, to reduced ability to work and livelihood implications: “there is
definitely a massive impact [...] what I'm able to do [...] see people [as] talking to others [...] is definitely draining [...]
But also, I've had to reduce the number of hours I work [...] I'll turn on alternate days, so that I can rest in between |[...]
it's very difficult to do much else, while also working and dealing with all other symptoms” [P8].

4.2 Llived Experiences of Post-Exertional Malaise and its Triggers

A significant outcome is the rich accounts of participants’ lived experiences of PEM described in different terms and
metaphors such as: “shutdown”, “crash”, “being tipped over the edge”, “standstill’, “complete stillness”, or “completely
drained battery”. Findings indicate that PEM can be triggered by physical moderate or gentle activities, cognitive
activities such as driving or work, emotional activities such as conversations, or stress, as well as overstimulation:

“A few months ago, I went to a therapy pool which was heaven getting in, but once I got home I just about made it
up the stairs and it was like a switch went off in my whole body and I face planted on the landing [...] couldn't move
anything in and my body felt like it shut down [...] And I just had to lie there for half an hour [...] I couldn't cope with
anything. I couldn't speak. I couldn’t look at anything. I was just faced down eyes shut for half an hour, and it is like a
total sensory overload” [P3].

Many participants reported several triggers, while a few reported all four types: physical, cognitive, emotional
and overstimulation: “anything from a loud noise to a bright light, to trying to speak to someone for too long, not just
the physical exertion or emotional exertion [but also] cognitive exertion [...] it tends to be a delayed reaction when it
comes to the physical [...] if I do a workout, I feel pretty good at the time and then two-three days later it will be off a
cliff. Inregard to [...] noise and light, it really kind of just sends me crashing down. [...] some weeks will be better than
others [...] could feel my battery is draining [and I was] going into to work one day and feeling very unbalanced, very
shaky, very heavy, and quite sea-sick [...] unable to focus on anything and I think I tipped myself over the edge at that
point, then spent the next two weeks in bed in a dark room [...] any kind of stimulation noise, lights, mental, physical
stimulation just left me unable to do anything” [P1]. Stress in particular also triggers PEM as: “it can compound [other



symptoms] and make it worse [...] one of my school friends passed away [and] | would have been upset anyway, but
actually it just completely floored me [...] because we are running you know with very little reserves so that little added
extra you just can't cope with” [P6].

An important outcome is the different impact of the lived experiences associated with the physical, cognitive,
emotional and overstimulation triggers. Several participants mentioned that cognitive triggers have immediate
impact but are more challenging to manage, than physical ones whose impact may be both immediate or delayed;
“I think I could maybe find ways to work and manage the physical fatigue sometimes, but then the cognitive fatigue I
don't. That seems to be one of the biggest barriers for me” [P12].

4.2.1 Challenges: Identifying PEM Triggers, Communicating about Fatigue

A significant finding is the challenges of identifying and recognizing one’s PEM triggers among the many symptoms
fluctuating daily or weekly: “there are so many symptoms, so many, and they come and go randomly without any
particular reason for them” [P4]. Findings also show that people’s effort to track and reflect on in order to recognize
the combination and intensity of their symptoms leading to PEM: “my whole body feels like it's wading through
treacle, and then and 1 feel increasingly weak as I get more fatigued and I might start to become a bit more
uncoordinated and drop things [...] start to get balance problems as well [...] brain fog and my cognitive problems will
get worse [...] looking back now, I realized it was because [ was in a big_ crash” [P12].

Another important challenge regards the invisibility of the condition hindering people’s efforts to communicate
its massive debilitating impact: “cannot be explained” [P5], “most times when I explain it to others like this, they [do
not] understand.; they feel I'm saying things like that's not possible” [P9], “I try to explain and [family, friends] just
don't understand sometimes [and] affects some relationships [...] it often gives off the vibe that I'm a bad student who
I'm really not” [P10], which in turn leads to reduced social support: “a lot of my friends [and family] have been very
supportive [...] especially in that initial stage [but if | say] I'm fatigued I know. Well, just get over it [...] it is socially
quite challenging [...] the stigma around that” [P1].

4.3 Self-Management of Long Covid: Preventing Post-Exertional Malaise

Given the limited support from healthcare providers for the management and treatment of their condition, most
participants have to rely on their own effort to manage their symptoms. Interestingly, despite the abundant
accounts of PEM, no participant called it using the medical term, and even fewer articulated the focus of their self-
management to prevent PEM like in this example: “I am much better than I was a year ago, but I don't know if I'm
recovered or just start to learn to manage the fatigue more, and avoid the crashes” [P12]. Activity pacing was
perceived as also empowering, as well as accepting and working within one’s limited energy: “/before] you would
have battled through and making things worse, [planning means] taking that control back, and saying I will do this,
this, and this, and this will have to go by the wayside, was actually quite liberating [...] act proactively [...] rather than
actively just destroying yourself by trying to do too much” [P1].

4.3.1 Challenges: Limited Use of Energy Envelopes, Limited Monitoring of PEM Triggers

While many participants reported pacing as a self-management strategy, their understanding and implementation
of pacing reflected limited use of energy envelopes, varying greatly among them from (i) awareness of the need to
avoid behaviors triggering PEM: “I attend CBT workshops, and I sort of became aware of some of my behaviors, and
[now] I tend to avoid stuff because I know that if I just do nothing, I feel better. If I do stuff, it makes me fatigued” [P4];



(ii) resting and taking breaks: “more manageable if I rest enough and pace [and] take regular breaks when I undertake
activities” [P8]; (iii) planning without energy envelopes: “you have to pace absolutely everything [...] when you're
going to cook and what [or] I can't clean a bathroom all in one go [...] one day I'll clean the sink the next [the] bath
[and] make sure [...] you're not going to totally exhaust yourself, planning the whole time” [P3].

Participants acknowledged the low cognitive load of such planning, for which they used units of time, while the
energy required by each activity remains tacit: “that’s not a huge cognitive load [rather] simple calculation [like] |
can do an hour exercise a day maximum;. [...] if I'm meeting with friends, I keep that to one hour [...] I actually like
planning [...]I feel like I've got a bit of control” [P5]. Findings also indicate (iv) active planning of activities with
energy envelopes, as mentioned by only one participant: “counting how many spoons I would need for each activity
[...] do I have enough for the day? Overtime that has really helped scheduling the activities [...] use a wheelchair [as I]
struggle to walk more than 1015 steps [...] live a sort of normal life, but with these additional tools” [P8].

Study outcomes also reveal limited use of analog or digital tools for tracking their fatigue symptoms and
monitoring PEM triggers. We have seen any instance of diaries or mobile apps, and only two participants reported
the value of heart rate monitoring within wearable devices: “I found really helpful having a heart rate Fitbit to check
[heart rate over 100 bpm] because then [ know that I need to slow down” [P8], and “I have [also] found that there is
a relationship between my heart rate and my fatigue, so definitely my heart rate will go up when I've kind of reached,
reaching the limits of it, and if I don't respond to that, then I definitely have a much bigger, bigger crash” [P12]. These
quotes further illustrate the value of body awareness and of automatic tracking of bodily cues for preventing PEM.
Interestingly, for some participant, unlike physical exertion with more visible cues, the cognitive one appears to be
more subtle and hence more difficult to understand and manage: “I think I could maybe find ways to work and
manage the physical fatigue sometimes, but then the cognitive fatigue I don't. That seems to be one of the biggest
barriers for me” [P12]. Findings also suggest limited support for monitoring emotional and triggers which may be
difficult to anticipate and manage given that they tend to involve social or work activities which are less in one’s full
control. In addition, we have also seen limited accounts of participants anticipating overstimulation and planning

for limiting its impact, with most of them limited overstimulation after they have reached PEM, i.e., dark room.

5 DESIGN IMPLICATIONS

Our study aims to explore the lived experiences of Long Covid. Our findings confirming those from health research
regarding the numerous and varied symptoms of this syndrome [18][23][34][37][53], as well as their fluctuation
impacting the lived experience of Long Covid making them difficult to recognize [31] or manage [26]. Our findings
also highlight two important additional insights. The first is that such physical, cognitive and emotional symptoms
can last beyond 2 years rather than up until 6 months as previously suggested [34]. The second, concerns PEM. This
has been suggested as the most significant and unique symptom of chronic fatigue syndrome [14][25], and our
findings highlight that PEM characterizes also Long Covid.

Regarding PEM, we provide a richer vocabulary to articulate the lived experience of PEM through metaphors
related to shutting down, complete energy drain, complete stillness, crashing, or falling which extend the previously
limited reports of lived experience of PEM. A noticeable exception here is poignant first person account of PEM in
extremely severe chronic fatigue suggesting the importance of avoiding going over one’s energy limit as the
worsening of the symptoms may become permanent, and energy limit further reduced [14]. Vocabularies have been
previously proposed as HCI contributions [20][42]. The vocabulary we propose is important given participants’

various idiographic accounts of PEM which may be difficult to recognize as such by healthcare providers, in addition



to participants’ challenges of making sense of their fatigue symptoms, and of monitoring the triggers and the
worsening of their symptoms in order to anticipate and avoid the occurrence of PEM. However, preventing PEM
has been suggested as crucial for self-management of chronic fatigue [14] through activity pacing as the key strategy
[10]. Regarding self-management, findings indicate participants’ willingness to engage in planning as means to
reclaim agency for the self-management of their condition, also suggested as important in the self-management of
chronic pain [43]. To address these challenges, we articulate the following design implications.

5.1 Support for Lightweight Tracking of and Sensemaking of Fatigue Symptoms

Findings indicate that the numerous, fluctuating and apparently random symptoms challenge people’s efforts to
remember, communicate, and make sense of them, while the need for capturing Long Covid symptoms through
patients’ voices has also been also advocated by health researchers to better understand the condition and support
its diagnosis [26][31]. Here we can think of lightweight tracking tools such as ecological momentary assessment
(EMA) on smartphones or watches for capturing self-reports of fatigue symptoms through validated scales with few
items in order to limit users’ burden and prevent worsening of symptoms. Similar caution for users’ low burden has
been suggested for capturing the subjective experience of pain [1]. Our findings indicate that unlike physical
exertion, cognitive or emotional one is more challenging to make sense of. To sensitively address this need, we
suggest careful selection of measuring scales for all three categories of identified symptoms: physical, cognitive and
emotional exertion. These can include both mental effort scales [33][52], or emotional exertion scale of Maslach
Burnout Inventory [30]. Self-reports should also include few, carefully curated items to capture contextual
information that can support users understand the reason of their exertion: activity name, its social context, and
environmental stimuli, i.e., noise, light. In addition, self-reports can be augmented with both environmental sensors,
as well as wearable sensors for capturing data on users’ activity, interaction with their environment, as well as heart
rate variability (HRV). The latter is important, given consistent findings showing HRV as promising biomarker for
stress [26], cognitive load [46] and cognitive impairment [19], as well those indicating the association of Long Covid
with dysregulation of autonomous nervous system, particularly HRV dysregulation [4]. HRV could be recorded
through integrated biosensors [11] such as electrocardiography (ECG) chest strap or photoplethysmography (PPG)
wristband, while sensitively balancing the accuracy of the former with the wearability of the latter [51].

5.2 Data Analytics for Monitoring PEM Triggers and Worsening of Fatigue Symptoms

Study outcomes indicate participants’ efforts to recognize when they are approaching PEM and the various triggers
that can cumulatively push them over the edge of their energy limits, be them physical, cognitive, emotional or
sensory triggers. To address this challenge and its additional cognitive burden, we can envisage novel set of
analytics based on machine learning and federated learning algorithms to provide privacy/security on patient data.
Many ML techniques have been used for classifying the severity of chronic fatigue based for instance on immune
biomarkers captured through invasive tools [48]. In contrast, less work has focused on non-invasive tools such as
mobile health technologies [8] integrating multimodal sensing data and self-reports for fatigue assessment [29], or
HRV and accelerometer data for detecting fatigue severity [21]. We can imagine new algorithms taking as input the
data from the EMA, wearables, or less explored environmental sensors to predict the worsening of the symptoms
and the likelihood of PEM occurring. Such technologies may be used to evaluate the impact of novel interventions

or make Al-based recommendations for self-management as further detailed.



5.3 Supporting Self-Management of Fatigue Symptoms and Prevention of PEM

Findings indicate a cyclic journey of Long Covid, marked by the problematic occurrences of PEM. This suggests the
need for more nuanced self-management tools, tailored to where people are within the cycle of energy management
with regard to PEM: before, approaching, during, or after. Before PEM stage, if people are comfortably within their
energy limits, they can be helped to maintain it by engaging in pacing and activity planning as previously suggested
by HCI work on chronic fatigue [17]. Ours extend previous findings by highlighting the added value of personalized
feedback for activity pacing, together with psychoeducation on activity planning, since most of our participants
engaged in taking breaks, albeit only a few were aware of the importance of planning all their daily activities and
routines as informed by the energy envelope theory [35]. Here we can imagine for example lightweight screen-
based interactions either on smartphones or smartwatches from which people select key daily activities from a list,
together with estimated energy levels required by each one, against their estimated overall daily energy.

Approaching PEM stage requires careful reduction in the daily energy expenditure as well as replenishing it
through rest. We also suggest the value of personalized recommendations for respite microinterventions, both
analog or digital, involving for instance the nature’s restorative value or progressive muscle relaxation [47]. The
latter can include for example body scan presenting additional benefit for increasing body awareness.

During PEM stage people require complete rest and no stimuli, for which dark rooms and white noise [14]
may be preferable. In terms of design implications, we can think of understimulation bubbles such as smart spaces
with limited external stimuli such as images or sounds.

After PEM stage people can be supported to gradually increase exposure to sensory stimulation, by planning
for activities with minimal energy demands in order to not exceed their low level of daily energy. Here we can
imaging novel technologies such as interfaces for sonification of movement used for pacing activities in the self-
management of chronic pain [44]. These can be extended with rest and respite microinterventions to encourage
replenishing of energy.

6 CONCLUSIONS

To better understand the lived experiences of Long Covid, we conducted workshops with 13 people, half of whom
have lived with this condition for the last two years. Findings indicate people’s challenges of making sense of their
diverse and fluctuating symptoms, and of monitoring the physical, cognitive, emotional, and perceptual triggers of
post-exertional malaise. We contributed with richer accounts of lived experiences of Long Covid, a vocabulary to
describe PEM, and a cycle model for self-management of energy levels: before, approaching, during, and after PEM.
We articulated design implications for lightweight tracking and sensemaking of symptoms, novel data analytics for
monitoring PEM triggers, and support for self-management to prevent PEM.
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