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Abstract Self-monitoring activities are increasingly

becoming part of people’s everyday lives. Some of these

measurements are taken voluntarily rather than being

referred by a physician and conducted because of either a

preventive health interest or to better understand the body

and its functions (the so-called Quantified Self). In this

article, we explore socio-technical complexities that may

occur when introducing preventive health-measurement

technologies into older adults’ daily routines and everyday

lives. In particular, the original study investigated blood

pressure (BP) measurement in non-clinical settings, to

understand existing challenges, and uncover opportunities

for self-monitoring technologies to support preventive

healthcare activities among older adults. From our study,

several important aspects emerged to consider when

designing preventive self-monitoring technology, such as

the complexity of guidelines for self-measuring, the

importance of interpretation, understanding and health

awareness, sharing self-monitoring information for pre-

vention, various motivational factors, the role of the doctor

in prevention, and the home as a distributed information

space. An awareness of these aspects can help designers to

develop better tools to support people’s preventive self-

monitoring needs, compared to existing solutions. Sup-

porting the active and informed individual can help

improve people’s self-care, awareness, and implementation

of preventive care. Based on our study, we also reflect on

the findings to illustrate how these aspects can both inform

people engaged in Quantified Self activities and designers

alike, and the tools and approaches that have sprung from

the so-called Quantified Self movement.

Keywords Design � Challenges � Home � Preventive

care � Self-monitoring � Home-based technology �
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1 Introduction

Two modes of preventive self-monitoring have recently

received attention from the media, business, and research:

self-monitoring as part of a voluntary (in contrast to a

referred treatment) and personal healthcare strategy, and

self-monitoring as part of a personal interest in the so-

called Quantified Self. Both modes of monitoring differ

from tele-care (i.e. where measurements are sent to a

healthcare professional, for example, at a hospital); as they

are not prescribed, the measurements are not sent to a

healthcare institution, and the activity is not done to

monitor an illness, but to monitor health, well-being, and

an individual’s wish to learn about his or her body. A

recent study in the United States of America (USA) con-

firms the trend, in which more and more people are starting

to track health indicators for preventive reasons, and not

only to manage chronic conditions (Fox and Duggan 2013).

In particular, older US adults are more likely to track health
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indicators or symptoms (e.g. weight, diet, exercise, blood

pressure, blood glucose) than younger adults. Furthermore,

older adults are more likely to use pen and paper, and

medical devices, to support their health-tracking activities.

In contrast, younger adults keep their data mostly in their

heads or on a mobile device (Fox and Duggan 2013).

To investigate older adults’ preventive self-monitoring

practices, our initial study was based on a project related

to preventive blood pressure self-monitoring. High blood

pressure (BP) is one example of an increasing age-re-

lated condition among older adults (WHO 2003). For a

typical adult, high BP or hypertension is defined as a

condition in which the systolic blood pressure (SBP—

blood pressure when the heart is beating) is equal to, or

greater than, 140 mmHg and/or a diastolic blood pres-

sure (DBP—blood pressure when the heart is relaxed) is

equal to, or greater than, 90 mmHg (O’Brien et al.

2003). Measuring blood pressure outside of a clinic, for

example, in a person’s home, may be challenging, but

also rewarding. Indeed, home-based self-monitoring

technologies may be one way to support a continuously

independent lifestyle among older adults, for example, by

identifying potential risk factors before they become

severe. Furthermore, home-based self-monitoring of

diverse health parameters may also limit the ‘‘white-

coat’’ phenomenon (O’Brien et al. 2003). The ‘‘white-

coat’’ effect occurs when a person shows higher BP

values at the hospital, owing to anxiety about being in a

clinical environment, or vice versa (normal readings at

the hospital and high values at home).

To help to understand the severity of high BP, we note

that high BP is among the top five health risk factors in

Denmark (Juel et al. 2008), and according to the World

Health Organization (WHO), high BP increases the risk of

heart disease and stroke (WHO 2003). WHO also defines

high BP as one of the most prominent health risk factors in

developed countries (among others, such as obesity, high

cholesterol, and tobacco consumption) (WHO 2003).

A Danish study revealed that 16 % of men and 19 % of

women in Denmark have severe hypertension, and high BP

has reduced the life expectancy of Danes by six to nine

months (numbers from 2007) (Juel et al. 2008). To address

challenges related to an increasingly elderly population,

such as high BP, there is a neo-liberalist idealism that

motivates Danish citizens to take responsibility for their

own lives and healthcare management (Mik-Meyer and

Villadsen 2007). Members of the Quantified Self commu-

nity could, from one perspective, been seen to respond to

this neo-liberalist idealism. However, people within the

Quantified Self community monitor their bio-values not

only because of an explicit desire to manage their health,

but also to better understand and control their bodies and

activities.

The Quantified Self community is typically composed of

proactive people with a general interest in tracking all sorts

of activities related to themselves, relying on the knowl-

edge they can get from the measured parameters. In this

community, it is common for its members to organize

meetings to share and discuss their experiences and prac-

tices. Additionally, the members of this community have

various types of motivators for tracking their values, such

as finding new life experiences, improving several aspects

of their lives, or improving their health status, in some

cases (Choe et al. 2014).

Enabling individuals to be self-sufficient and sustain an

independent lifestyle is one strategy for reducing health-

care costs (Coley et al. 1996). Shifting from disease to

(proactive) individual health management promotes both

home-based and preventive health care in society

(Codagnone 2009; Tentori et al. 2012). Still, there are a

number of measuring guidelines that must be followed to

obtain correct measurements, and people may find it

challenging to obey to these guidelines. In this article, we

discuss challenges and opportunities related to the design

of self-monitoring systems and services. We present

aspects of preventive self-monitoring that emerged from

our BP study, related to: the complexity of guidelines for

self-measuring, the reliability of measurements, the

importance of interpretation, understanding and health

awareness, sharing self-monitoring information for pre-

vention, various motivational factors, the role of the doctor

in prevention, the use of technology for self-monitoring,

the home as a distributed information space, and the

visualization of health data. Then, these aspects are used to

propose a set of design opportunities for both preventive

healthcare self-monitoring and Quantified Self monitoring

activities and technologies based on the results obtained

from our study.

Before introducing our user studies, we discuss related

research focusing on preventive care and preventive self-

monitoring, preventive self-monitoring technologies,

Quantified Self and Personal Informatics, and challenges of

self-monitoring.

2 Related work

This section describes research on the concept of preven-

tive care, Quantified Self research, and introduces both

preventive and Quantified Self monitoring tools and

technologies.

2.1 Preventive care

Mallery and Rockwood (1992) define prevention (in a

healthcare context) as any action that ‘‘delays disease or
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slows its progression’’ (Mallery and Rockwood 1992,

p. 2371). Preventive health measures include primary,

secondary, and tertiary interventions (Stults 1984). Primary

prevention focuses on decreasing the risk of an illness

appearing (i.e. immunizations and health promotion).

Secondary prevention focuses on early detection and

treatment, especially for asymptomatic diseases (e.g. can-

cer, hypertension, and dementia). Tertiary prevention

focuses on rehabilitation to slow deterioration and decrease

disability caused by symptomatic but unreported illnesses,

by using a comprehensive assessment of functions (i.e.

physical, psychological, and social) (Kane et al. 1985;

Mallery and Rockwood 1992; Stults 1984).

Kane et al. (1985) present four main areas of interven-

tion for preventive strategies: (1) specific conditions or

illnesses that result in dysfunction (e.g. cardiovascular

disease, cancer), (2) risk factors that may be categorized as

unhealthy behaviour, rather than illness (e.g. smoking, lack

of exercise, unhealthy diet), (3) conditions that require

caregivers’ intervention (e.g. depression, drug abuse, visual

and hearing impairment), and (4) dealing with conse-

quences of caregiving and medical care (e.g. drug side

effects, functional disability in overprotective environ-

ments) (Kane et al. 1985). Furthermore, it is important to

understand the differences and similarities between pre-

vention and promotion in health care (Czeresnia 1999).

Many health promotion measures (e.g. for older adults) are

related to primary or tertiary prevention and aim for

behavioural change in older adults at risk, or to improve

their functional capacity (Czeresnia 1999; Mallery and

Rockwood 1992). However, lifestyle changes or preventive

care activities (e.g. healthy diet, regular exercise, avoiding

alcohol, or smoking) may be sufficient for some, but not

all, healthy older adults. As older adults are not a homo-

geneous group, preventive care that aims to modify a risk

factor after its effects have been identified may not be

effective, especially for frail older adults (Kane et al.

1985). An older adult with a diagnosed symptom may need

monitoring and individual assessment, including medica-

tion adherence support, to control a specific condition [e.g.

high BP (WHO 2003) or diastolic dysfunction (Epstein and

Wei 1992)], and avoid excessive or ineffective treatment

(O’Brien et al. 2003). For example, people over 80 years

old are more likely to suffer from diastolic issues (a lack of

arterial-blood oxygen when the heart is relaxed) (Epstein

and Wei 1992).

Similarities and differences between chronic illness

management and prevention do exist and have been anal-

ysed by Glasgow et al. (2001). They also investigated

whether or not the chronic care model (CCM) proposed by

Wagner (1998) is suitable for prevention. The similarities

include: (a) ongoing planned care with ‘‘proactive follow-

up’’; (b) complexity, owing to multiple health behaviour

changes or risk factors; (c) illness/reactive care is inade-

quate; (d) active patient involvement is required; and

(e) patient activation to recognize and take individual

action towards care activities (Glasgow et al. 2001). The

differences include: (a) visits to the doctor for prevention

are less frequent than for chronic illnesses; (b) patients with

chronic illnesses have stronger motivation to change

health-related behaviour; (c) patients’ care needs are

greater for chronic illness care [e.g. medication adherence

(Dalgaard et al. 2013a)]; (d) prevention often happens

outside the medical culture; and (e) prevention is less often

tracked (Glasgow et al. 2001). Although differences and

similarities do exist, Glasgow et al. (2001) suggest that an

extended version of CCM may be suitable for under-

standing, improving, and developing preventive care. Our

study recognized these similarities and differences to better

understand preventive self-monitoring practices at home.

2.2 Preventive self-monitoring

When compared to disease management, preventive health

care has been less researched (Codagnone 2009). However,

examples do exist, such as Beaudin et al. (2006), who use

mock-ups of diverse data visualizations to reveal user

reactions to home monitoring for proactive health care and

well-being. One of the most common examples of pre-

vention is accident detection (e.g. falls), which has been

addressed using sensors and algorithms (Fahmi et al. 2012).

Self-monitoring of health parameters as part of primary

prevention has been tightly coupled with health promotion

and challenges related to lifestyle and behaviour changes

(Klasnja et al. 2011). In secondary prevention, the concept

of embedded assessment has been introduced by Morris

et al. (2005), to promote the early detection of declining

health. Early detection should integrate monitoring, com-

pensation, and prevention, to provide value beyond the

assessment, to address clinical barriers (e.g. infrequent,

delayed, and limited focus of assessment) and individual

barriers (e.g. privacy concerns, complex terminology, self-

monitoring device constraints, fear of diagnosis of dis-

eases) (Morris et al. 2005). Additionally, tertiary preven-

tion is exemplified by monitoring how often and how well

instrumental activities of daily living are performed by

ageing adults (Lee and Dey 2010).

2.3 Preventive self-monitoring technology,

Quantified Self, and Personal informatics

We now sequentially present the three related topics of

preventive self-monitoring technology, followed by a sec-

tion on Quantified Self, and one on Personal informatics.

Technology to support preventive self-monitoring

strategies, as part of a voluntary and personal healthcare
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interest, often makes use of technology that is on the

market. Traditionally, devices to support preventive

strategies are designed and developed for the medical

domain, and they have already been tested and are acces-

sible as off-the-shelf products. Examples of such products

include blood pressure monitors, glucometers, ECG, INR

metre, peak flow meters, and pulse oximeters. One special

characteristic of the medical devices is their strong focus

on the reliability of the measurements, and they have been

put on the market after appropriate testing. In addition,

some commonly used devices, such as the body weight

scale, are developed for personal care, rather than for

medical reasons (Ashiful et al. 2012; Baker and

Kirschenbaum 1993; El Assaad et al. 2003).

Although much research and product development take

place within the clinical field, there is also the parallel

development of a less formalized, non-institutional,

‘‘grassroots’’ movement interested in quantifying the body

(Smarr 2012). Quantified Self enables ‘‘self-knowledge

through numbers’’ (Rivera-Pelayo et al. 2012, p. 1).

Quantified Self is a movement, a set of tools, and a com-

munity interested in better understanding the body and its

physical and mental functions and activities through bio-

measurements. Although self-tracking tools often focus on

recording bodily functions, Quantified Self has a broader

and voluntary focus that aims to record and quantify almost

every aspect of everyday life with the goal of self-im-

provement (Lupton 2013b, c). Ubiquitous computing

(UbiComp) technologies and smartphone apps provide new

ways for people to track their behaviour more frequently

than before, fostering personal reflection and self-discov-

ery. Although it cannot be expected that self-dedicated

technology and practices will eliminate illness, it may help

to reduce global healthcare costs through the resulting

preventive reflection and actions (Hood and Flores 2012;

Smarr 2012).

Through the development of mobile phones, with

more and more sensors embedded in each new model,

more data may be obtained ‘‘by everyone’’ (Smarr 2012).

More and more special-purpose and commercial body

and health parameter measuring tools also exist. Personal

Informatics tools are the ones that enable people to

collect personal information and facilitate their reflection

on their behavioural data (Li et al. 2010). Rather than

being just a class of personal tools, Li et al. (2011) note

that these further extend the concept of Personal Infor-

matics to an ‘‘activity’’, with the same aim of supporting

the collection of, and reflection on people’s personal

data. Self-tracking and Quantified Self technologies (e.g.

Fitbit, Jawbone UP, NikeFuel, WakeMate, Withings

Scale) belong to these types of systems that focus on

data collection and quantification of a variety of every-

day activities (e.g. work, leisure, and self-care) such as

diet, exercise, sleeping patterns, weight, blood pressure,

hearing function, work productivity, social behaviour,

and alcohol and tobacco consumption (Lupton 2013b;

Swan 2012; Wiederhold 2012; Yau and Schneider 2009).

The Quantified Self movement is rather experimental by

nature, and the movement’s followers measure, test, and

reflect on their bio-values over time (Rivera-Pelayo et al.

2012). Hence, Quantified Self is empirical, rather than

built on proven research models (Rivera-Pelayo et al.

2012).

2.4 Challenges of self-monitoring

While typical medical devices for self-monitoring have

been designed according to the medical model driven by

health professionals (Storni 2013), Personal Informatics

systems and Quantified Self tools have a strong techno-

logical focus on system design (Swan 2012) and often

neglect the medical perspective. Although these technolo-

gies have facilitated and automated the data collection for

self-monitoring, both medical devices and Quantified Self

tools often neglect the individual or ‘‘citizen perspective’’

(Ballegaard et al. 2008, p. 1809; Storni 2013). In particular,

home-based monitoring technologies have not recognized

the complexity of the lived experience (Fitzpatrick 2011;

Lupton 2013a; Verdezoto et al. 2014) while monitoring

health and disease, which goes beyond self-monitoring, in

many ways (Grönvall and Verdezoto 2013). When using

self-tracking technology for self-care, both the individual

and the medical perspectives should be considered in sys-

tem design (Das and Svanæs 2010). Following this initia-

tive, for example, Quantified Self tools present problems

regarding the accuracy of the self-measured values. For

instance, Montgomery-Downs et al. (2012) report a study

on the validity and reliability of Fitbit, regarding activity

monitoring in which they report an overestimation of sleep

time and quality, owing to a misidentification of the wak-

ing pattern as sleep. Intensive validation is needed, if

devices such as Fitbit are to be used for self-care, espe-

cially by populations with specific and critical health needs

(Montgomery-Downs et al. 2012). Furthermore, the strong

emphasis on quantification of health outcomes, such as

achieving dietary or glucose-level goals, may hinder the

real value of self-monitoring. For instance, Turner-

McGrievy et al. (2013) report no difference in health out-

comes of diet and physical activity, when using automatic

or manual self-tracking tools. As the numeric values are

one of the aspects that support self-learning and self-re-

flection (Grönvall and Verdezoto 2013), most of these

technologies have neglected the inherent qualitative

aspects of self-reflection, whereby the numeric values are

interpreted and given meaning (Lupton 2013c; Swan

2013).
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The foregoing technologies may not be enough to sup-

port preventive health self-monitoring activities, as this

may require: (1) a better understanding of preventive self-

monitoring needs while investigating the lived experience

of the individual (Ballegaard et al. 2008; Fitzpatrick 2011;

Storni 2013) and (2) a proactive activation of people’s self-

care abilities (Glasgow et al. 2001; Wagner 1998) for

prevention, to complement the role of the ‘‘informed,

activated patient’’ (Wagner 1998), when considering mul-

tiple perspectives on self-care (Das and Svanæs 2010). A

lack of consideration of multiple perspectives on self-care

and an overemphasis on quantification may cause unin-

tended side effects, such as obsession and stress, rather

than empower people with self-care (Lupton 2012, 2013a;

Storni 2010). A negative health outcome may be the result,

as shown by a recent report, in which healthy, overweight

people who lost weight had a 15 % higher mortality rate

than those who maintained their weight (Sørensen et al.

2013).

3 Method

This study integrated qualitative studies and a quantitative

survey in three main steps. First, an initial and exploratory

phase defined a relevant target group, using interviews and

cultural probes. Second, we selected a specific health

parameter of interest for our study (i.e. blood pressure), and

we conducted several workshops, semi-structured inter-

views, and blood pressure self-measurement activities in

people’s homes. The third and final step was a quantitative

study to confirm and further explore preventive self-mon-

itoring activities in the Danish population. These three

main steps are described in the following subsections.

3.1 Defining the target group

An initial qualitative study including ten participants (four

women and six men) with an average age of 61.8 years (SD

11.95) took place during the project’s start-up phase. Since

chronological age was not a central question, participants

were selected according to their relationship to the Danish

healthcare system, matching the three levels of preventive

health measures [i.e. primary, secondary, and tertiary pre-

vention (Stults 1984)]. Four participants were categorized

in the primary prevention group (one healthy without a

diagnosis and three taking preventive medication and at

risk of going into treatment), three participants were cate-

gorized as belonging to the secondary prevention group

(people with chronic diseases, but that have changed their

lifestyles to prevent further disease-related deterioration),

and three participants in the tertiary prevention group (two

in physical therapy after arterial thrombosis and one former

cancer patient). Participants were interviewed about their

personal motivation regarding health, in relation to their

knowledge of their current health status, their health data

sharing needs, what motivated them to change behaviour,

their use of self-monitoring technologies at home, and their

experience with self-monitoring technology, perceived as

beneficial or not. Additional material (photographs taken

by the participants using disposable cameras) was collected

as probes.

3.2 Exploring challenges through a case study

of preventive blood pressure health monitoring

Based on findings from the previous step, the project group

decided to focus on people that are motivated to maintain

an existing healthy status, and avoid deterioration or the

onset of illness, that is, prevent frailty. The project then

recruited a new group of participants from a local senior

activity centre. The participants were ten active older

adults that perceived themselves as relatively healthy.

Participants were between 65 and 84 years old. At the

activity centre, our work extended into a user-involved

design process, including interviews and workshops with

the older adults. Together with the older adults, the project

team investigated challenges and attitudes towards the

preventive action of blood pressure self-monitoring. Blood

pressure was selected for analysis of self-monitoring,

owing to its complexity (number of steps to follow in order

to record a valid measurement), importance (relationship to

other risk factors), and device availability (e.g. presence of

blood pressure measuring devices at older adults’ homes),

identified through the initial photographic probes. Addi-

tionally, a nurse was involved in the project and partici-

pated in the first workshop. Two of the participants left the

project after the first workshop, owing to the detection of

high BP. All sessions were recorded and took place at the

senior activity centre.

3.3 Quantitative study for further exploration

and confirmation of preventive self-monitoring

activities

To include a broader population to further explore self-

monitoring activities and the workshop results, the project

partners conducted a quantitative study. A web survey was

developed and distributed through the formal project

partner’s social media networks.

The questionnaire included 29 questions that helped to

better understand the following eight areas: (1) overall

health status, (2) technology and device ownership, (3)

sharing of generated data, (4) perceived gains from using

self-monitoring technology, (5) use of technology, (6)

practical use (of technology), (7) home security-related
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technology (burglar alarms, etc.), and (8) level of physical

exercise. The survey also included questions regarding

personal information (e.g. age, gender, location). We

received 191 responses to the survey, but only 165 were

completed and hence considered valid for our analysis. The

survey participants were adults between 22 and 83 years

old and were from all regions of Denmark. The capital and

two (of five) regions had significantly higher numbers of

returned surveys.

3.4 Data analysis

Our empirical material from our studies was analysed using

both inductive and deductive content analysis. A deductive

approach is a top-down, analytic-driven way to provide a

more focused analysis of specific aspects of the data,

whereas an inductive analysis is a bottom-up approach that

relies on the themes that are identified in the data (Braun

and Clarke 2006). In our study, the most relevant themes

come from our diverse studies and workshop activities

(inductive), on the one hand, and from the accounts of the

most relevant challenges of the related work (deductive)

that is presented in Sect. 2.4 (e.g. lack of understanding,

privacy, aesthetics issues with self-monitoring devices,

difficulty in understanding clinical terminology, people’s

attitudes and perceptions about self-monitoring, problems

with measuring devices) (Ashiful et al. 2012; Morris et al.

2005; Parati et al. 2010; Tentori et al. 2012). Additional

interviews were conducted with two participants, to con-

firm some results of the analysis. The themes were itera-

tively identified by the two authors and discussed with the

other members of the project, especially the project leader

and the ethnographer involved. Themes were consistent

among the participants in the various studies, and the

diverse themes highlight particular aspects of self-moni-

toring that challenge self-care activities in non-clinical

settings.

4 Case study: preventive blood pressure health
monitoring

After defining the target group as perceived healthy older

adults, we started exploring an initial set of possible health

parameters to further investigate the challenges of self-

monitoring at home. We initially reviewed a list of health

parameters suitable for self-monitoring, provided by one of

the project partners (Verdezoto et al. 2012). These health

parameters are summarized in Table 1 and included

parameters such as peak expiratory flow, systolic and

diastolic blood pressure, and blood glucose level. These

parameters are arranged in various categories that refer to

specific medical conditions for which these health

parameters are usually collected and monitored, such as

(a) asthma and COPD, (b) hypotension, prehypertension,

hypertension, and hypertensive crisis, (c) hypoglycaemia

and hyperglycaemia, (d) hypercholesterolaemia, and

(e) obesity. From this initial set of health parameters, we

purposefully selected blood pressure (BP) for further

exploration, owing to: (1) the level of complexity involved

in taking the measurement, based on the number of steps a

person must follow to obtain a valid measurement, (2) the

relevance of BP as one of the most important risk factors in

Denmark, and (3) the presence of BP measuring devices in

older adults’ homes during the initial qualitative study.

After selecting BP for further exploration, we conducted

several workshops to investigate the challenges and

opportunities to support preventive self-monitoring activi-

ties. Workshop activities explore why, how, and when

preventive self-monitoring activities could be performed as

part of everyday activities, and are presented in detail in the

following subsections.

4.1 Workshop #1: understanding self-monitoring

activities

An early goal of the project team was to get a better

understanding of self-monitoring activities, and their

importance with regard to older adults’ health. The work-

shop participants received an introduction to BP (causes,

Table 1 Sample of health data

a. Lung function

Peak expiratory flow

b. Heart function

Systolic pressure

Diastolic pressure

Heart rate

c. Glucose tolerance

Blood glucose level

Glycosylated Haemoglobin

Haemoglobin

d. Cholesterol

Low-density lipoprotein, LDL (‘‘bad’’)a cholesterol

High-density lipoprotein, HDL (‘‘good’’)b cholesterol

Triglycerides

Total cholesterol

e. Weight and body mass index (BMI)

Weight

Height

BMI

Waist

a Informally called ‘‘bad cholesterol’’
b Informally called ‘‘good cholesterol’’
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symptoms, consequences, and actions to control BP) and to

measuring BP, by the nurse affiliated with the project.

During the workshop, participants were asked to take their

own BP (see Fig. 1a), and they all engaged in the activity,

using a digital BP measuring device. A group discussion

was held during and after each activity. Findings from the

first workshop indicated that the complexity of the BP

measuring guidelines challenged self-monitoring activities.

4.2 Workshop #2: understanding older adults’

routines

A second workshop was conducted two weeks after the

first. We employed a modified version of the day recon-

struction method (DRM) (Kahneman et al. 2004), both

asking participants to recall activities, and link activities

with places in their homes, to further investigate older

adults’ daily routines. We applied the modified DRM to

explore difficulties and possibilities of integrating BP

measurement activities into everyday routines.

As part of the workshop, participants engaged in a

drawing and reflection activity about their homes and daily

routines (see Fig. 1b). The workshop participants were

asked to: (a) sketch floor plans of their homes (see example

in Fig. 2a), (b) list their activities before they leave home

(in the morning, or when they consider their morning to be

concluded) and after they return home (in the afternoon, or

when they perceive that they started their evening activi-

ties), and (c) order the activities using numbers on the

drawing. One of the researchers gave an example of how to

sketch the floor plan and how to list the activities before the

drawing activity started. One participant needed assistance

from a researcher to perform the task. After the initial

sketching activity, the participants verbally presented and

shared their sketches and routines. Once all participants

shared their sketches and routines, a group discussion fol-

lowed, about the possibilities and implications of using

self-monitoring technologies throughout the day, and how

measurements could affect daily activities.

Findings from the second workshop revealed differences

between older adults’ morning and evening routines. The

evening routines were generally more diverse among the

participants and less stable, owing to the older adults’

active lifestyles. Therefore, a further investigation into how

older adults might perform BP self-monitoring at home

was initiated. The participants were requested to take BP

self-measurements at home until the next workshop, #3

(Sect. 4.3). The participants were provided with digital BP

measuring devices and were asked to measure and record

their BP for at least three days in a row (mornings and

evenings), during a one-week period (as suggested by the

nurse, according to existing guidelines on how to take a

correct BP measurement at home) (Parati et al. 2010). The

participants were given these guidelines (e.g. do not smoke,

drink coffee, eat, or consume alcohol in the half-hour

before measurement) verbally and in printed form. The

participants also received a printed template on which they

Fig. 1 Workshops: a understanding self-monitoring activities; b understanding older adults’ routines

Fig. 2 a Floor plan sketch of a participant’s home; b a paper-based

template for registering the BP measurements
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could register their pulse and BP values, together with the

date and time of the measurement (see Fig. 2b). BP mea-

surements are registered as systolic blood pressure (higher

value) and diastolic blood pressure (lower value). Fur-

thermore, the template included a field for additional

comments (e.g. which arm they used).

4.3 Workshop #3: validation and interpretation

of BP values

To share their experiences of self-monitoring and to validate

previous findings, the workshop participants were invited to

a third workshop. At this workshop, the participants pre-

sented the collected BP information, the BP measurement

guidelines they had applied, and the difficulties they expe-

rienced when performing the measurement task.

Next, we wanted to investigate what and how BP

information may be presented to older adults in an under-

standable way. The participants were given eight different

colour image pairs, combining weekly and daily mea-

surement overviews, to elicit feedback regarding visualiz-

ing data from self-monitoring technologies, as suggested

by Beaudin et al. (2006). Examples of these weekly and

daily overviews are illustrated in Fig. 3. For example, the

weekly BP overviews were represented in three different

formats, using: (1) colour-coded charts with icons, circles,

starts, or squares, not specifying exact values (e.g. see

Fig. 3a); (2) vertical and horizontal bars (see Fig. 3b); and

(3) line charts (see Fig. 3c). The daily overviews were

represented by four different formats, using: (1) icons to

represent specific BP values (see Fig. 3d); (2) text values of

BP (see Fig. 3e); (3) speedometers visualizing BP values

(see Fig. 3f); and (4) colour-coded bars representing BP

values (see Fig. 3g). These weekly and daily visualizations

were combined, one pair was shown at a time, and the

participants commented and gave feedback on the pre-

sented visualizations. To conclude the workshop, the par-

ticipants engaged in a group discussion about how to

visualize and facilitate the interpretation of health data for

individuals that have no previous knowledge of medical

data.

5 Results: aspects of preventive self-monitoring

In our quantitative survey, 131 respondents (of 165) had no

chronic disease (see Fig. 4a), and 86 of these participants

owned a health self-monitoring device (see Fig. 4b). This

suggests that people without chronic conditions are inter-

ested in their health and desire ‘‘to stay healthy’’ as long as

possible.

In detail, the quantitative results show that 17 % of the

men and 28 % of the women in the sample population had

one or more chronic conditions. The most common con-

ditions were COPD, diabetes, asthma, allergies, and heart-

related problems. Between the people with and without a

chronic condition, the most common self-monitoring

technologies were heart rate monitors (11 of those with a

chronic condition and 48 of those without) and pedometers

(12 of those with a chronic condition and 38 of those

without). Many also had scales with integrated BMI mea-

suring (eight of those with a chronic condition and 22 of

Fig. 3 Examples of visualizations using: a icons for overview; b bar graphs for overview; c line charts for overview; d icons for details; e text

for details; f speedometer for details; and g colour-coded bars
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those without) or BP measuring devices (ten of those with a

chronic condition and 26 of those without).

The survey results do not reveal a clear difference

between the chronic and non-chronic groups, with respect

to whether they own at least one health self-monitoring

device at home. Among the 110 responders who did own a

self-monitoring device, 43 said they used it for prevention

purposes and 42 said they used it because of a general

interest in health. Eleven participants replied that they

monitored because of the need to track a chronic condition.

The others monitored for ‘‘other’’ reasons. Among the

responders, 77 % could see themselves using self-moni-

toring technology to supplement existing health services

and 60 % were open to using self-monitoring instead of

existing services. The data do not indicate a correlation

between the willingness (or lack thereof) to use self-mon-

itoring technology instead of existing health services, and

the responder’s age. However, there was a strong tendency

for participants to dislike sharing their data, or to share it

with their general practitioner only. Also, 16 % would like

to share their data with homecare workers, 33 % with

healthcare professionals (other than their GP), and 14 %

would be open to the idea of sharing these data with their

family and friends.

Nine themes were identified during the analysis, high-

lighting particular aspects of preventive self-monitoring

that are important to consider when designing self-moni-

toring technologies that would integrate into people’s

everyday lives. The nine themes are: (1) the use of self-

monitoring technology, (2) the complexity of measuring

guidelines, (3) reliability of the measurements, (4) inter-

pretation, understanding, and health awareness, (5) visu-

alization of BP values, (6) the home as a distributed

information space, (7) sharing self-monitoring information

for prevention, (8) motivational sources, and (9) the role of

the doctor in prevention. We now present the nine chal-

lenges that emerged from our study.

5.1 The use of self-monitoring technology

The workshop participants had a rather general under-

standing of technology. They all had mobile phones and

modern household appliances. They were interested in

computers to some extent, as they all took a beginner’s

computer class at the senior centre where we arranged the

workshops. The participants (except for one, who later

withdrew from the project) did not have previous experi-

ence using a BP measurement device at home. They all

could operate the digital, off-the-shelf BP measurement

device after its introduction in the first workshop. However,

there is a difference in being technically able to operate a

device and to actually obtain valid measurements (e.g. to

comply with all guidelines related to a valid BP measure-

ment). Although usability is a main concern in most system

designs, especially for end-user or consumer products, the

study reported here did not directly investigate usability

and interface issues. Instead, the main interests of this

study were on challenges, and user experiences when tak-

ing correct BP measurements, and how to support correct

data generation. Our study addressed possible concerns that

may influence the quality of the measurements, once the

device itself is correctly operated. During the first work-

shop, all participants learned the guidelines that exist to

guarantee a valid BP measurement.

From the quantitative studies, we could see that health-

monitoring technologies have a presence in people’s

homes. Heart rate monitors, BP monitors, and pedometers

were the most frequently available devices among the 131

respondents without chronic conditions. Furthermore, they

preferred that measured data were recorded automatically.

Data that the participants suggested to be recorded were

(number of respondents, within parenthesis): (1) physio-

logical parameters, such as weight and blood pressure (89),

(2) diet (74), (3) well-being parameters, such as depression

and stress (44), and (4) cognitive functions, such as

Fig. 4 a Number of

participants with and without a

chronic condition; b number of

participants who own a health

self-monitoring device
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memory and analytical skills (43). Twenty-four partici-

pants replied that they would not like to measure any health

data about themselves. Additionally, BP measuring devices

were found in people’s homes during the initial qualitative

study, through the use of cultural probes. This confirmed

our selection of BP as the main health parameter for this

study.

5.2 The complexity of measuring guidelines

An important aspect of preventive BP self-monitoring is

the complexity of the measuring guidelines. This com-

plexity relates to the guidelines or recommendations to

which someone must adhere, to guarantee a valid (BP)

measurement. For example, one should sit and rest for

5 min before measuring BP. Our workshop participants

mentioned several difficulties in measuring BP in accor-

dance with the established guidelines. A common issue

discussed among workshop participants was that they did

not (in their perception) have enough time to correctly take

a measurement (and hence, apply to the guidelines of

resting before taking a BP measurement, or other time-

constraining guidelines, such as not eating, drinking, or

smoking 30 min before the measurement). Indeed, older

adults have other activities than self-monitoring to attend to

during the day.

When examining the self-collected data from the moni-

toring activity at home, it was clear that all workshop

participants took their morning BP measurements. How-

ever, three workshop participants experienced difficulty in

integrating the evening measurements into their routines

and hence omitted one or more of these measurements. For

these participants, developing and adjusting routines to suit

the BP measurement guidelines were complicated during

the evening, owing to active lifestyles, for example.

Indeed, a male participant with a very active social life

could not find the time to carry out the preventive mea-

surement task for three days (two measurements a day) in a

row (this configuration was suggested by the project nurse).

He said ‘‘I cannot do it this week [looking at his agenda],

maybe next week I can try…’’ Analysing the workshop

participants’ floor plans of their homes and the activities

situated therein confirmed the characteristics of morning

and evening routines. In general, we found that the morn-

ing routines were better established than the evening rou-

tines, as they appeared more stable, and were easy for all

participants to recall.

5.3 Reliability of the measurements

The reliability of measurements taken by laypeople in their

homes is here in foci. Owing to the complexity of the

guidelines when conducting valid home-based

measurements, and the lack of contextual information (e.g.

whether a person rested, talked, consumed alcohol, or

smoked before or while taking the measurement) that

might indicate failure to follow the guidelines, for example,

the reliability of the measurements may be compromised.

For instance, the participants had to take more than one BP

measurement to ensure and verify their measurements.

Four workshop participants took the measurements on one

or both arms (this being contextual information), two or

three times in a row, during the home self-monitoring task

to assure and verify their measurements. Even though we

asked participants to write down all contextual information,

the only information that a few of them wrote down was

about the arm from which the measurement was taken,

because they stated that most of them did not remember to

write down such situations. In addition, one participant

wrote down a technical issue with the BP self-monitoring

device related to low battery. When the contextual infor-

mation is missing or misleading, readings may show

unexplained erroneous values that might not accurately

reflect the current situation. For example, the readings may

show stage one hypertension, but this could be related to

missing contextual information (e.g. the participant did not

follow the guidelines and did not report non-adherence to

the guidelines) related to the measurement. We also

observed that measurements could be accidentally taken

incorrectly, for example, owing to an incorrectly placed

cuff. Additionally, we found possible misreporting owing

to handwriting mistakes (done by two participants) or a

malfunctioning device (the battery issue reported by one

participant).

5.4 Interpretation, understanding, and health

awareness

People must not only become aware of and understand the

consequences of unintentional mistakes or misreporting

that may compromise the reliability of measurements, but

also they must be able to interpret and understand the

meaning and implications of the measurements. During the

initial qualitative study, a participant said, ‘‘the scale shows

too much. Could my weight gain be a side effect to the

pills? I can feel and see that I have gained weight’’. From

our workshop activities, it became clear that all participants

were well aware of, and understood, the importance of

lowering their BP if they had elevated BP. However,

methods for lowering BP were less understood, and the

workshop participants were interested in learning more

about how they could decrease their BP values. In general,

all workshop participants could use the BP measuring

device we provided, after limited initial training. However,

moving from correct device usage to a proper under-

standing of the measurements (i.e. the numeric values of
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the BP) was more challenging. Although the participants

managed to take proper measurements, some of them failed

to understand or interpret the measured values. For

instance, half of the participants had a BP value over the

normal level when they made their first measurement

during the first workshop, and therefore, the nurse asked

them to repeat the measurement on the opposite arm, to

compare the BP values. The nurse suggested that the lower

value (taken from either of the two arms) should be con-

sidered the reference point for future measurements. The

nurse stated that a higher value from a specific arm is due

to an obstruction of the arteries in the side of that arm. The

nurse played an important role, explaining the meaning of

the values from each arm and the importance of taking the

measurements at least twice a day (morning and evening),

three days in a row.

When reporting the BP measurements using the printed

templates provided, one workshop participant used sym-

bols (e.g. lines and ‘‘?’’ signs) to group them and identify

values within the normal BP range. In addition, three

workshop participants took additional readings from both

arms, to compare and understand the BP values, thereby

supporting the interpretation. Furthermore, an understand-

ing of their current health status may support older adults in

achieving a sense of health awareness, in terms of main-

taining or achieving an improved health status. A partici-

pant from our qualitative study stated, ‘‘For many years I

forgot about exercise. 5–6 years ago I had a slipped discs. I

have avoided surgery with the help of painkillers and

exercise’’. In general, we confirmed that high blood pres-

sure is indeed a non-communicable disease, as people may

not be aware that they have high BP. The non-communi-

cable aspects of high BP became clear in our study, as two

participants left the project after they became aware that

they had high BP after the first workshop.

5.5 Visualization of BP values

Our workshops revealed that older adults have some dif-

ficulties in understanding BP readings. Even though they

could take the measurements, they experienced difficulties

in interpreting the resulting values (as described above).

Thus, we explored various ways to enhance their under-

standing of BP data, using visualizations. In this activity,

we explored two levels of information, the weekly over-

view and the detailed view of measured values from the

current day, as illustrated in Fig. 3.

5.5.1 Weekly overview

First, workshop participants found the visual coding of the

charts useful. They used it as an indicator of the meaning of

the various BP values, such as ‘‘low’’, ‘‘normal’’,

‘‘borderline’’, ‘‘high’’, and ‘‘very high’’ (see Fig. 3a). A

workshop participant stated, ‘‘It is simple and easy to

understand…’’ However, they felt that the charts were not

precise when the BP values were not shown, and they liked

the combination of measured values and line charts (see

Fig. 3c). Second, participants found the simplicity of the

line chart useful. However, one workshop participant did

not find the dots in the curve to be relevant. For example,

one participant commented, ‘‘… maybe you could add the

smiley faces to the curve’’. This presupposes that people

might need to know the various meanings of the smiley

faces, if they were associated with the home-based mea-

surements. Third, workshop participants agreed on a simple

way to see the actual value of the measurement through the

bar graphs (see Fig. 3b). However, two workshop partici-

pants did not understand the meanings of the values and

suggested that the bars could have additional indicators to

represent the meaning of the value.

5.5.2 Daily details

First, workshop participants found the icons useful, but also

indicated some problems with the iconic data representa-

tion (see Fig. 3d). A workshop participant stated, ‘‘It is

simple, appealing and funny, and it is easy to understand,

but not precise’’. Second, workshop participants relied on

text values, as this allowed them to simply extract and see

the actual measurement value (see Fig. 3e). Third, one

workshop participant found the speedometer useful (see

Fig. 3f), saying that it is ‘‘kind of’’ relevant since blood

pressure is like a speedometer. This participant com-

mented, ‘‘It [the blood pressure] goes up and down’’.

However, workshop participants also agreed that in some

cases, a speedometer might not be precise. Finally, work-

shop participants found the colour indicators of the colour-

coded bars—‘‘red-toned bars’’—useful, and perceived

them as a good strategy for showing the daily measure-

ments. A participant said, ‘‘The idea of the daily overview

is kind of ok’’ (see Fig. 3g).

5.6 The home as a distributed information space

From our initial qualitative study, we observed how people

and everyday objects are immersed in various spaces in

which the information may be distributed and interchanged

in many ways, according to people’s routines, activities,

and preferences. In a distributed information space, people

and artefacts may be either mobile or fixed agents, across

various operation centres, where activities take place

(González et al. 2005). From our data, we identified several

operation centres at home that are dedicated spaces for

specific activities, such as the kitchen, bathroom, dining

room, living room, garage, and bedroom.
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Specific activities are performed in these operation

centres, such as cooking in the kitchen and watching TV in

the living room (see Fig. 5). For instance, one of the par-

ticipants from the qualitative study stated that she has the

TV on almost all the time, as it gives her a feeling of safety

while performing everyday activities. Indeed, people can

perform other activities in these spaces, or various every-

day objects may be moved about the home, bringing a

different meaning with them. For instance, when the

workshop participants drew sketches of their homes, it was

possible to observe how participants visualized and com-

municated their routines across various spaces in their

homes. Analysis of the drawings disclosed four similarities

of participant behaviour: (1) there are common places for

specific routines among the participants (e.g. brushing their

teeth or hair happens in the bathroom), (2) morning rou-

tines are more established than evening routines (as

explained above), (3) activities may occur in one or more

places (e.g. listening to the TV while reading the news-

paper in another room), and (4) more than one activity may

take place at the same time (e.g. eating breakfast and

reading the newspaper).

When an object is moved into a different space, it may

change its meaning, as it migrates into a different context.

One particular example of an object changing meaning as it

is moved into different contexts is the distribution of

medication across various spaces in the home, according to

people’s routines (Dalgaard et al. 2013a). Figure 6a illus-

trates a situation in which some medications were on top of

a washing machine in a bathroom, whereas other medica-

tions may be on a kitchen cabinet, or in a bedside table,

according to the routines. Another example is illustrated in

Fig. 6b. Here, the small heart-shaped box has sentimental

meaning, and it has been brought to the kitchen to provide

a feeling of safety, as it has a specific emotional value for

the participant.

5.7 Sharing self-monitoring information

for prevention

Each setting and context provides diverse possibilities for,

and challenges to, performing self-care activities (Axelrod

et al. 2009; Grönvall and Kyng 2012). For example, a

person’s emotional connection to a place and how he/she

perceives himself/herself in that space may affect the

willingness to self-monitor at a particular place. Hence,

attitude is highly individual and may also depend on how

people are currently populating the space in question. All

the workshop participants had concerns about sharing ill-

ness-related information and performing measurement

activities outside the house. For example, taking BP mea-

surements at a friend’s house or at a restaurant was con-

sidered unacceptable, even in a more private space, such as

the restroom. It should be noted that the measurements were

related to preventive monitoring, rather than monitoring of

an identified illness. At the very least, this may have two

effects: (1) the older workshop participants did not feel that

whether or not they took their BP measurement, it was a

matter of ‘‘life or death’’, and (2) workshop participants did

not wish to address health-related issues (preventive care),

if their activities (planned or not) might be misinterpreted as

illness related. This was also confirmed by the qualitative

study. For example, one participant stated ‘‘I’m not inter-

ested in coming off as ill, because I’m not’’.

In general, the respondents to the quantitative study

were not willing to share their health information and

preferred to not involve others in their health management.

However, 69 % of participants mentioned that they would

like to share their data with their physicians, if needed. In

contrast, workshop participants from the qualitative study

shared the interpretation task with someone from their

immediate family, for example a spouse, to verify whether

a measurement had been correctly taken or not.

Fig. 5 Examples of operation centres at home: a the kitchen and b the living room
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5.8 Motivational sources

When the workshop participants understood the impor-

tance of BP measurements, they asked further questions

and showed greater interest in our activities. In the

project, we identified three main motivational sources.

The first motivational source came from the individual

and their desire for independence. For instance, a par-

ticipant from the qualitative study stated, ‘‘To have to be

dependent on others—I don’t like that. I would rather be

able to do it myself’’. In particular, the participants in

the qualitative study expressed major concerns regarding

the feeling of being independent. A participant said, ‘‘It

is hard to have to depend on others, and to continue to

do so’’.

The second motivational source derives from social

relationships and a general interest in health. For instance,

the qualitative study participants mentioned reasons for

engaging in preventive self-monitoring. A female partici-

pant said that she and her companion would like to con-

tinue to be able to take care of their grandchildren, love

each other, and live their lives. In the quantitative study, 42

participants had acquired a self-monitoring device because

of a general interest in their health.

The third motivational source is related to the perfor-

mance of daily activities. All participants from our study

expressed a desire to continue to be able to do the things

they normally do, and remain in their homes as long as

possible. For instance, a participant from the qualitative

study stated, ‘‘Going out and shovelling snow—I was

surprised by how well it went. Our house is on a corner, so

there was a lot of snow. But I wanted to do it! I am a little

stubborn. I have to continue to be able to do the things I

have always done’’. This was confirmed by the quantitative

study, where 43 participants (of the 110 respondents that

owned a self-monitoring device) used monitoring devices

for prevention, as they would like to remain ‘‘as young as

possible’’, and monitoring their health may help them to

achieve that.

5.9 The role of the doctor in prevention

The quantitative study shows that 61 % of the participants

who use self-monitoring devices for prevention would like to

replace existing healthcare services (e.g. counselling, doctor

visits) with self-monitoring, whereas 76 % of the participants

who use self-monitoring devices for prevention would like to

use them to supplement existing health services. Older adults

are more reluctant to replace primary health care with self-

monitoring technology. However, the quantitative study

shows that older adults are willing to acquire new self-moni-

toring technologies to maintain or improve their health (22 %

of the older respondents), but only after the technology has

been on the market for a while and been tested (30 % of the

older respondents). During preventive care activities, the role

of the doctor may assume more of an advisory function. The

study showed that workshop participants did not consider

involving the doctor unless they were really ill, or their mea-

sured values were not within the normal range. Here, doctors

can help in the interpretation of the measured values, or sup-

port and follow up on those who perform preventive care

activities. Such activities might support older adults to get

confident with preventive self-care activities. For instance, a

participant from the qualitative study said, ‘‘The last two years

we have been able to get our health checked through the

company. But I always knew approximately how my health

was, but it is always nice to be confirmed in your beliefs, and

get a self-esteem boost. It also shows that the way I choose to

live… that I don’t really need to make any changes. By getting

several check-ups, you can also see a trend, which tells me

where I’m heading. That is a good indication’’.

6 Design opportunities for preventive BP self-
monitoring

The findings indicate that current (BP) self-monitoring

technology cannot fully support the needs of preventive

self-monitoring in practice. For example, the complexity of

(a) (b)

Fig. 6 Example of everyday objects distributed around the home: a the medication and b the heart-shaped box
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the guidelines that must be followed to guarantee valid BP

measurements, and the lack of contextual information may

compromise the reliability of the measurements. Even

though participants were able to take the (morning) mea-

surements in a complex, distributed information space,

such as the home, they failed to interpret and understand

these measurements. Also, when designing self-monitoring

Quantified Self tools or medical devices for bio-measure-

ments, one has to understand the laws and regulations that

are related to each form of measurement system and ser-

vice. For example, there are more regulations related to

medical devices, compared to consumer-segment Quanti-

fied Self services and tools. In this section, we discuss

design opportunities for home-based self-monitoring that

aim to enhance people’s capacity for self-care, and pro-

mote preventive self-monitoring activities at home. Later,

we present an example of how these design opportunities

may enhance Quantified Self tools.

6.1 Rethinking preventive self-monitoring of health

parameters, in terms of a positive experience

Most monitoring devices that have been designed to help

people, including older adults, to monitor health parame-

ters, to gain control of and/or prevent an illness or dis-

ability, originate in a clinician’s perspective, rather than

those performing self-monitoring (Morris et al. 2005;

Storni 2010). As a consequence, to a great extent, current

monitoring devices neglect the personal perceptions and

motivation that make people control their health and well-

being. Our study emphasizes that our participants have

various motivational sources, which go beyond the actual

self-measuring activity. In this sense, exploring how social

aspects of people’s everyday lives may increase the moti-

vation to self-monitor [e.g. RunWithUs; Gil-Castiñeira

et al. (2011)] and be a good strategy for supporting the self-

monitoring activity. The social environment is important,

as many older adults want to be independent as long as

possible, continue the activities they are used to, and to

reside longer in their own homes. For example, our older

project participants wanted to stay active and be able to

visit friends, attend an activity centre, travel, or take care of

their grandchildren. To not consider older adults’ motiva-

tional factors might negatively influence their use of pre-

ventive self-monitoring in their everyday lives.

Furthermore, sharing self-monitoring information plays a

different role in prevention than in chronic disease man-

agement. Most of the workshop participants in our study

considered preventive self-measurements as an individual

effort that must be performed within the privacy of the

home, and not in a social environment. The study partici-

pants feared they might be perceived as ill or weak, when

they are not. Moreover, the complexity of the guidelines

associated with bio-measurements turns the preventive

self-measurement tasks into a complex endeavour that

interferes with (existing) everyday activities that take place

in and outside the home (a highly distributed information

space with various operation centres). Hence, when con-

sidering the peculiar characteristics of preventive self-

monitoring, there is a need to provide older adults, and

society in general, with a positive experience of self-mea-

surement activities. Creating a positive experience may

involve rethinking preventive self-monitoring as a tool that

may support people in their achievement of personal goals,

driven by their own motivation. A positive experience

associated with the use of preventive self-monitoring

technology would facilitate better integration of the mon-

itoring activity and the older adults’ daily routines. One

way to promote such integration is to support the planning

of the self-care activity, in this case, self-monitoring, as

part of people’s everyday lives (Dalgaard et al. 2013b).

This integration would facilitate both older adults’ partic-

ipation in self-care activities and also that of younger adults

who engage in tracking practices, and they should be

considered from the outset of the design process (Grönvall

and Kyng 2012). Indeed, as Bannon (1991) proposed more

than 20 years ago, we should consider humans as actors,

not factors. In society, considering self-monitoring a

wellness activity rather than a disease-related activity may

avoid stigmatization (Güldenpfennig and Fitzpatrick 2013)

and help to create a positive experience that may increase

the sharing of health information with close family mem-

bers and friends.

6.2 Supporting the active and informed individual

In order to support the active and informed individual to

monitor BP at home, healthcare technology designers should

(re)consider the role of the individual using the technology

(e.g. older adults) as proactive people (Rogers 2006). To

support proactive people, a proper understanding of why

they would follow a health intervention (e.g. using pre-

scribed medication or self-monitoring) is necessary not only

to enhance individual health awareness, but also to facilitate

its integration into people’s everyday lives (Dalgaard et al.

2013a). In our study, older adults seek to interpret, under-

stand, and get meaning from the measurements related to

their current health status. Thus, self-monitoring may sup-

port this learning activity (Dunlosky et al. 2007). In situa-

tions where self-monitoring promotes learning, the role of

the doctor is shaped to support this interpretation process

(preferred by some of our participants), or to confirm their

personal interpretation and understanding of their current

health status. To facilitate the interpretation and under-

standing of health data, visualization techniques may be used

to provide older adults with the information needed to

Cogn Tech Work

123



improve health awareness (Lee and Dey 2011). For instance,

our visualization activity reported that older adults rely on

text values, rather than icons. They want to know the exact

values, even if they do not understand their meaning. The

workshop participants valued the visualizations, as they gave

both an overview and details of BP data (see Fig. 3g). By

presenting a combination of charts and a colour

scheme representing BP levels (low, normal, borderline,

high, and very high), visualizations would complement and

enrich the actual BP values of an existing monitoring device

(see Fig. 7a). A graphic interface that combines colour-

coded and line charts (as suggested by participants—see

Fig. 9) may provide a clear overview, embedding the tem-

poral dimension (logging and making sense of BP data) to

support individual self-reflection.

The lack of contextual information inherent to the moni-

toring devices provides opportunities for UbiComp and

context-aware technologies to support self-monitoring of

health data within and outside of a complex, distributed

information space. The opportunities for UbiComp health

technologies apply not only to chronic care (González et al.

2005), but also to preventive care, and outside a clinical

setting. One way to address the lack of contextual informa-

tion has been to proactively assess the level of movement and

sound during the rest period, while taking the measurement,

to inform about compliance with the measurement guideli-

nes (Kusk et al. 2013). Furthermore, self-monitoring tech-

nology for preventive care may provide an opportunity for

people to reflect on their health data, and help them to take

action on their (current and future) health situation. For

instance, existing efforts to establish guidelines for data

collection that supports self-reflection (Li et al. 2011) on

personal information are not yet reflected in, or available in,

self-monitoring devices in older adults’ homes. In contrast to

proactive self-monitoring technology, we suggest support-

ing proactive individuals such as our proactive older adults,

by providing a simple tagging functionality [e.g. TiY

(O’Murchu and Sigfridsson 2010)] for contextual informa-

tion (e.g. whether the measurement was taken before or after

breakfast or whether the person drank alcohol or coffee

before the measurement), to document, reflect on, and

understand the dynamic nature of the measurements. The

tagging functionality could also serve as a tool to validate the

reliability of the measured data and to enhance the users’

awareness of their current health status. Thus, using visual-

ization and tagging techniques may facilitate the interpre-

tation of health data and support the active informed

individual in learning about their health. All the aforemen-

tioned opportunities could support older adults’ health edu-

cation and self-learning activities related to preventive care.

6.3 Implications of our findings for designing

Quantified Self tools for BP Self-monitoring

The findings and the above-mentioned design considera-

tions may inform the design of medical devices, as well as

the design of Quantified Self tools. Here, we discuss some

implications of the foregoing aspects and how the design

opportunities may be applied in the redesign of existing

tools. On the one hand, Fig. 7 illustrates an example of a

Quantified Self tool that enables the user to track BP

readings. In this example, an overview of BP is provided

through a simple chart (see Fig. 7a) and the details of the

BP measurements through text (see Fig. 7b). On the other

hand, typical medical BP measuring devices do not provide

these functionalities, making it more difficult to understand

the various measurements.

Even though the Quantified Self device informs the user

of some of the relevant measurement guidelines to be taken

before a measurement, they do not (similarly to medical

devices) enforce the application of the measurement

guidelines (Grönvall and Verdezoto 2013). For instance, in

Fig. 8, we see an example of someone using a blood

pressure measuring device while continuing his everyday

Fig. 7 a Line

chart visualization of BP; b data

table visualization of BP

readings
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activities. These everyday activities may hinder correct BP

measurement. For example, to comply with the existing

guidelines for recording a valid BP measurement, the

individual should not be talking or crossing his legs during

the measurement. Also, the person should rest for five

minutes and avoid food, alcohol, and caffeine for 30 min

prior to the measurement.

To support a positive experience of self-monitoring

while still keeping the reliability of the measurement, the

system should consider people’s everyday activities and

their individual motivations. In this sense, a calendar

functionality (Dalgaard et al. 2013b) that integrates the

self-monitoring activities with the user’s other activities

may help to promote a positive experience of taking a

correct measurement. As a result, the self-monitoring

activity may be planned, moved, and adjusted, according to

people’s everyday activities, supporting their personal

motives.

To reflect on technology support for the active and

informed individual, we introduce a number of mock-ups

that emerged from our workshops and that materialize

opportunities to consider some of the aforementioned rel-

evant aspects, when designing non-clinical monitoring

support. For example, to support individuals’ self-learning

and reflection, designers of health monitoring (preventive

self-monitoring and Quantified Self) technology should

address how best to enhance the visualization of overview

data (see Fig. 7a) with various mechanisms (i.e. coded

colour values) that may support the interpretation and

understanding of the measured data. In this sense, for

example, Fig. 9a illustrates the combination of a line

chart and coded colours that may facilitate an under-

standing of the BP values, as explained above.

Furthermore, Fig. 9b also illustrates how the BP values are

enhanced with various colours, to attach meaning to them.

Regarding the tagging functionality, Fig. 9b visualizes the

activity of ingesting caffeine before measuring the blood

pressure (see the blue oval in Fig. 9b), for example, to

attach contextual information to measured values, and

enhance self-reflection. In a Quantified Self context, rather

than a purely preventive, self-monitoring situation, a tag-

ging functionality might also support understanding of

measured values, and document, for example, how various

amounts of coffee may affect blood pressure in various

situations.

Regarding the visualization of the details of BP data,

Quantified Self tools usually present the information in two

different ways. Figure 7a illustrates the average value

when tapping on a specific measured value in the overview,

by using text together with a specific colour, to add simple

meaning to the value. Another representation of details is

illustrated in Fig. 7b, in which all the measured values are

listed, together with the average value. As suggested by our

participants and explained above, the details of the self-

measured values may be enhanced to add meaning, for

example, by using colour-coded bars representing the

various BP levels (see Fig. 10—low, normal, borderline,

high, and very high). Additionally, the contextual infor-

mation should also be presented in the vicinity of the

measured values, to add necessary contextual information

that supports learning and reflection (see the blue oval in

Fig. 10).

7 Conclusion

In this paper, we have explored preventive self-monitoring

activities by older adults in non-clinical settings. The study

has focused primarily on BP measurements, but some of

the findings presented herein may be applicable to other

bio-monitoring scenarios. However, this should be further

studied and understood, as people may use various self-

monitoring technologies and strategies for prevention.

Successful, home-based, preventive health monitoring

may be highly beneficial for both the individual and soci-

ety. However, our study reveals a number of aspects that

may undermine the positive impact of individual health

measurements. An important challenge is the integration of

BP measurement guidelines into an individual’s daily

routines. With a successful integration, progress such as a

better understanding of which life situations affect the

body, both positively and negatively, may be achieved. To

support the successful integration of health self-monitoring

(e.g. blood pressure) into individuals’ everyday lives, one

has to consider personal motivational factors, the home as a

distributed information space, and how health information

Using the Quantified Self BP device

Fig. 8 Self-measurement with the Quantified Self BP measuring

device in a non-clinical setting. Ellipses highlight elements that might

hinder the reliability of BP measurements according to the measuring

guidelines
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is presented in non-clinical settings. For our study partici-

pants, a precise representation of the BP values was of

utmost importance, to facilitate the interpretation and

understanding of their health. Our findings call for

rethinking preventive self-monitoring of BP (and possibly

other health parameters), to generate a positive user

experience by considering the individual’s perspectives,

needs, and desires, while keeping the reliability of the

tracked information. One way to provide this positive

experience is by supporting the active and informed indi-

vidual, in order to improve older adults’ health awareness,

while supporting their independence at home. We also

describe how our findings may inform the design of

Quantified Self tools that have similar shortcomings to

medical devices, for example lack of contextual informa-

tion. The design opportunities presented in this paper may

be transferrable to other age groups, as more people are

becoming aware and starting preventive care activities

before they get old.
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