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ABSTRACT

Behavior change interventions addressing medication nonadherence tend to focus on intentional behavior and seem to
ignore the fact that even motivated people can sometimes
forget to take their medication. Behavior change often
conjures up ideas of modifying or breaking bad habits; we
argue that focusing on the development of good habits
could be used to support memory and reduce unintentional
non-adherence caused by forgetfulness. But the purposeful
development of reliable habits is not easy. Our research
shows that daily routines play an important role in
supporting remembering of a medication regimen. We
believe that, by facilitating the creation of good habits
embedded into one’s own personalized daily routine,
technology could not only reduce unintentional medication
non-adherence, but also provide a better support in other
types of health-related behavior change interventions.
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INTRODUCTION

Behavior change interventions aim to alter a set of behavior
patterns [12] and in many cases rely on creating, changing
or breaking habits [11]. Even though behavior is facilitated
by both intentions and habits [18], the majority of healthrelated behavior change interventions focus on intentional
behavior [12], especially those targeting medication nonadherence [6]. And yet, even motivated people can sometimes forget and simple forgetfulness is the main cause of
30% of cases of unintentional non-adherence [19]. It affects
both chronic health conditions and preventative therapies:
for example, each year approximately one million unwanted
pregnancies in the US are caused by medication nonadherence [15] and as many as 76% of women who conceived while using oral contraception did so because they
had not taken their pills regularly [9].
Interventions explicitly addressing forgetfulness are few
and far between, and they tend to neglect the habitual
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nature of medication-taking and the fact that medication
regimens can be easily incorporated into daily routines.
Instead, these interventions and available technology focus
on timer-based reminders and alerting patients to take
medication at a specified time [6, 17, 20]. This approach
requires patients to respond immediately so that the action
is not forgotten [3], which can cause problems: interventions often use text messages [7, 20] that cannot be
postponed and many reminder apps do not offer the snooze
option [17].
We argue that habits play as important a role in supporting
medication adherence as they do in other health-related
behavior change interventions. Our investigation of medication-taking strategies shows that regardless of the type of
regimen, daily routines are key in supporting remembering,
even though they can be fragile. A technology guiding users
and facilitating the creation of personalized, resilient
routines that match their circumstances could not only
support medication adherence, but would be beneficial to
other areas of health-related behavior change.
HABITS AND BEHAVIOUR CHANGE

Habits are an effect of the gradual learning of patterns of
behavior and associations between the task or its features
and the environment (e.g. physical location, preceding actions), especially when actions are regularly performed in a
sequence in a stable context [21, 13]. Like implementation
intentions [5], they are represented mentally as goal-action
pairs controlled by contextual cues, and the strength of the
association depends on the frequency of the behavior [1].
Many health goals such as maintaining healthy diet or
taking medication often rely on repeating a specific behavior, and this repetition is key in supporting habit formation
[10, 16]. Repetition leads to increased automaticity of
behavior, which reduces cognitive load and allows people
to efficiently complete their tasks without much deliberation [2]. At the same time, automatic behavior is characterized by unintentionality, uncontrollability and a lack of
awareness [2], which can lead to repetition and omission
errors [4]. Nevertheless, the automaticity of habitual behavior and the links between the task and the environment
make habits a useful tool in supporting medication-taking.

HABITS AND MEDICATION-TAKING

Many medication regimens are habitual in nature: medications need to be taken regularly and within a particular
period of time, and just as with other habits, patients learn
to associate their doses with a specific time of day, location
or event. Associating medication with routine events such
as meals is especially beneficial, as the presence of the
routine guides the behavior and provides more contextual
cues [14]. According to the Medication Adherence Model
[8], such patterned behavior is an important part of
medication-taking and supports patients’ memory as it is
personalized, unique for each individual and reflects their
lifestyle and daily activities.
To understand to what degree daily routines support medication-taking and reflect patients’ everyday lives, we conducted two surveys with populations representing two
distinct medication regimens: long-term habitual preventative therapy and a short-term, strict regimen.
Remembering Oral Contraception

Oral contraception was selected as an example of a longterm habitual regimen. 971 women (76% aged 18-25)
responded to the survey [17]. At the time of the survey,
16% of women were taking the Pill for less than a year,
57% for 1-5 years and 27% for over 5 years. Their remembering strategies reflected the habitual nature of the regimen
and were highly personalized. Taking the Pill was linked to
routine events such as waking up (35%) or going to sleep
(28%), and women kept their pills by the bed (52%), in a
handbag or a purse (20%) or in the bathroom (9%). For
61% of survey respondents pill-taking was a part of their
daily routine. However, while the presence of routines
supported their memory, they still missed doses (41%
completely forgot a pill at least once in the past month and
69% took it late), although less often compared to women
for whom pill-taking was not a part of the routine (56%
completely forgot and 86% took it late at least once in the
past month).
The reliance on routines had its price: changes in the daily
routine (54%), being busy or distracted (47%) and
travelling (23%) were the main reasons of forgetting. This
illustrates the fragility of routines and dangers of automatic
behavior, and presents an opportunity for a technology that
could help to tailor more robust and personalized remembering strategies. However, only 25% of respondents reported using some sort of technology, mainly their cellphone’s alarm clocks (20%), which cannot support habit
formation. Only 45 women (5%) used reminder apps to
help them remember, including 14 women (1%) who used
dedicated medication reminder apps. All remembering
strategies are summarized in Figure 1.

Figure 1. Remembering strategies developed by women taking
oral contraception (N=971)

term single-dose habitual regimen with those developed by
patients on a short-term multi-dose strict regimen, and to
explore the role routines play in supporting both of them.
88 parents filled in the survey. They reported forgetting
quite often: 59% missed 1-2 doses and 19% missed 3-4
doses last time their child was on antibiotics. Assuming an
average of three daily doses need to be taken for a week,
there are 21 opportunities to forget, which means that 59%
of respondents reported missing 5-10% of doses and 19%
reported forgetting 15-20% doses. Given that the majority
of respondents admitted they did not use any specific
strategies and “simply tried to remember” (61%), the high
number of missed doses does not come as a surprise.
However, even though it was assumed that technology
could be more useful in supporting short-term strict regimens, only 24% of respondents used reminders. Remembering strategies are summarized in Figure 2.
Routines and a stable context were important in supporting
remembering. 28% of respondents said that antibiotics were
a part of their daily routine. To support their memory, 85%
of respondents kept antibiotics in the kitchen and 75% in
the fridge or a kitchen cabinet, which made taking the doses
with meals easier.

Remembering Antibiotics

The second survey investigated how parents remember their
children’s antibiotics. The aim was to compare and contrast
remembering strategies developed by patients on a long-

Figure 2. Strategies developed by parents to remember their
children's antibiotics (N=88)

Discussion

Remembering medication is a habitual action and as such
relies on repetition and daily routines. Results of both
surveys show that, regardless of the type of regimen, remembering strategies are similar and reflect personal
circumstances. In both cases routines play an important role
in supporting medication-taking, although that role differs
between the two groups.
Among women taking oral contraception, pill-taking is
often attached to a specific daily action or an existing
routine. Because women tend to take their pills for years,
with time they form a habit and can remember without
using any external aids – the behavior becomes automatic.
Antibiotics, on the other hand, become temporarily attached
to existing events and “ride” on existing routines (such as
regular meals) until the end of the treatment. In this case
there is not enough time to form a new independent habit,
but existing routines and the location provide enough cues
to support remembering.
HOW CAN TECHNOLOGY SUPPORT DAILY ROUTINES?

These two studies show that contextual cues that are unique
for each individual and their personalized routines are
effective remembering strategies and can be used to support
both long-term preventative therapies such as oral contraception and short-term strict regimens such as antibiotics.
The presence of routines and stable context guide the
behavior and reduce cognitive load, making remembering
easier. However, at the same time the fact that routines
depend on a specific context and cues makes them vulnerable to change. This vulnerability, however, opens up new
opportunities for technology-based support.
Results of these studies also show that people tend not to
use technology. To better understand why, we conducted a
review of 229 medication reminder apps available for
iPhone and Android smartphones [17]. We discovered that
the apps not only focus on timer-based reminders and do
not support habit formation, but also the majority of them
do not provide a simple ‘snooze’ option, which makes it
harder to respond to the reminder. However, despite these
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