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Abstract

Non-adherence to prescribed medication regimens can lead to suboptimal control of chronic

health conditions and increased hospitalizations. Older adults may find it particularly chal-

lenging to self-manage medications due to physical and cognitive limitations, resulting in

medication non-adherence. While automated medication dispensing technologies may offer

a solution for medication self-management among older adults, these technologies must

demonstrate usability before effectiveness can be investigated and products made available

for widespread use. This study will aim to measure usability, workload, and unassisted task

completion rates of an automated medication dispenser and medication adherence dash-

board on the Medipense portal with older adults and their clinicians, respectively. This study

is designed as a convergent parallel mixed-methods observational study with older adults

and their clinicians. Usability will be examined with the use of the System Usability Scale

(SUS) while NASA Load Index (NASA-TLX) will be utilized to assess the workload of both

the device and the adherence monitoring platform. Cognitive walkthrough will be utilized

prior to usability testing to identify series of steps required to use the automated dispenser

and adherence dashboard. The study will assess the unassisted task completion rates to

successfully operate the device. Semi-structured interviews with both types of participants

will provide qualitative data with which to comprehensively gauge the automated dispenser

user experience. The results of this study will allow us to examine usability of both the auto-

mated medication dispensing system and the adherence monitoring dashboard from older

adult and health-care provider perspectives. The results of this study will highlight and

address the challenges with usability that older adults and health-care providers may face

with this device and dashboard. The results of this study will be used to optimize the usability
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of both the automated medication dispenser and the adherence dashboard. In clinical prac-

tice, usability of technology is important to establish prior to full-scale implementation. Prod-

ucts that are not user friendly, add to workload, impact workflow, or are difficult to navigate

by both clinicians and population in general may not be adopted. Usability permits an evalu-

ation of the products, to identify problems that must be addressed prior to implementation

and to ensure products are useful in clinical practice.

Introduction

Worldwide, the population is aging and by 2050, there will be 2.1 billion individuals older than

60 years of age, accounting for 1 out of every 5 people [1]. The increased life expectancy is

resulting in an increased prevalence of chronic disease comorbidities, functional impairment

and concomitant multiple medications use [2–6]. The use of multiple medications introduces

new challenges such as adverse effects, drug interactions, drug-induced diseases, complex drug

dosing regimens, with resulting negative impact on medication non-adherence and an

increase in medication errors [6–9]. Adherence is defined as “the degree to which the person’s

behavior corresponds with the agreed recommendations of a health-care provider” [9]. Medi-

cation non-adherence is of particular importance in the management of chronic conditions.

Non-adherence leads to less than optimal control of chronic health conditions and significant

additional costs for the Canadian health-care system estimated at $4 billion CAD per year [10–

14]. There are numerous reasons why patients do not adhere to a medication regimen. Of the

five different types of factors identified, [15–18] patient and therapy related factors are of par-

ticular importance among older adults. For example, the increasing use of multiple medica-

tions to treat increasing numbers of multi-morbidities results in complex therapeutic

regimens, which directly impact medication adherence negatively [8, 18, 19]. Older adults,

especially those who may have mild cognitive impairment, may become more forgetful, which

decreases medication adherence [19]. Beyond forgetfulness and short-term memory

impairment, a decline in executive function may reduce the ability of cognitively impaired

individuals to organize and plan medication taking activities [20, 21]. In addition, older adults

may accumulate physical limitations which impacts medication taking, resulting in medication

non-adherence. Vision impairment increases the risk of medication errors [22]. Age-related

conditions such as arthritis and Parkinson’s disease impacts the ability to open vials and

punch blister packs [23]. According to the World Health Organization, the rate of medication

non-adherence in developed countries nears 50% [10].

The well-recognized problem of medication non-adherence has spurred the development

of numerous medication adherence technologies. A recent literature review identified 78

devices capable of providing real-time monitoring of medication intake [24]. Among these

devices are vials, blister packaging, pillboxes, storage boxes, and injectable and inhaler devices

embedded with sensors or other technology that permits real-time tracking of medication.

These are taken through opening of vials or pillbox compartments, puncturing of blisters,

actuation, or injection [24]. These devices offer a sizeable array of features which may impact

the usability of the devices by older adults based on the physical or cognitive limitations they

are facing. Usability is defined as the “extent to which a system, product or service can be used

by specified users to achieve a specified goal with effectiveness, efficiency and satisfaction in a

specified context of use” [25]. In their examination of key usability barriers associated with the

use health technology among older adults, Wildenbos et al. proposed a framework of four key
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categories: cognitive, physical, perception and motivational barriers, deemed relevant for effec-

tive and safe use of technology [26]. Within this framework, cognitive barriers such as declin-

ing working memory, spatial cognition, attention, verbal fluency, and reasoning may impact

errors in the use of the technology, decrease efficiency, learnability, memorability and satisfac-

tion [26]. Physical ability barriers such as declining speed of performance, grip strength, hand-

eye coordination, and flexibility of joints impact errors and efficiency of use [26]. Similarly,

vision acuity, contrast detection, color vision, computer literacy, self-confidence also affects

learnability, efficiency, errors, and satisfaction with use of technology [26]. Therefore, it is

imperative that usability of medication adherence technology is assessed with older adults

prior to utilizing these devices to address medication non-adherence.

Unfortunately, very few studies have examined the usability of medication adherence tech-

nology in older adults. In one study, where the usability of 21 electronic medication adherence

products was investigated in older adults, caregivers and health-care professionals, usability

varied widely, with mean usability scores, as measured with System Usability Scale (SUS) per

product ranging from 0 to 100 [27]. However, the products tested in this study included elec-

tronic blister cards, pillboxes, and prescription vials with electronic caps with a variety of fea-

tures. None of these electronic medication adherence devices automatically dispensed

medications.

In one of the earliest studies examining the perceived usefulness and satisfaction of an auto-

mated medication dispensing device, 96 frail older adults receiving home care used one such

device, the MD.2 dispenser, for one year after which they reported on the ease of use, reliabil-

ity, acceptability, routine task performance and medication management assistance [28]. The

MD.2 medication dispenser was a 13” by 12” by 14” machine, which held 42 medication cups

and could dispense 1 to 6 cups per day. The front of the machine had a delivery ramp, an alert

light, an LCD message screen and a dispensing button. The dispenser dispensed the allocated

medications in a cup when the dispensing button was pressed. In this study, 94% of partici-

pants found the device very easy to use and 84% indicated they would use it in the future.

However, the results are not reflective of initial usability, i.e. immediately following the imple-

mentation of the device. The study did not address the usability concerns that frail older adults

may have faced in the first days or weeks of use. Furthermore, pre-filled cups with unit doses

of patients’ medications were refilled in the MD.2 every two weeks by nurses and not by the

participants. This further limited a true test of usability of the device by participants by limiting

the interaction with the machine to one of mere dispensation. Finally, participants were receiv-

ing home care and had frequent interactions with health-care providers who assisted with the

automated dispensing device.

In their study examining the impact of cognitive impairment on the usability of an elec-

tronic medication delivery device, Ligons et al. demonstrated a significant relationship

between cognitive impairment, measured using Mini Mental Status Examination (MMSE)

scores and percentage of task success. For example, individuals with MMSE scores of 24 and

above (no cognitive impairment) were able to successfully complete 69% of the tasks compared

to only 34% of those with MMSE scores of<24 (p = 0.04) [29]. The automated medication dis-

penser used in this study was designed to deliver medications from single-dose blister cards

based on a schedule programmed by pharmacies. Up to 10 different blister cards could be

loaded into this device and users interacted with the device through a touch screen interface.

At the time of a scheduled dose, the automated dispenser would beep and display a flashing

message on the touch screen, alerting the user to take their medication doses. Participants

were then expected to confirm their readiness to take their medication, retrieve the blister card

from the dispensing drawer, and extract the dose from the blister. The participants were tested

on several usability tasks such as loading and unloading blister cards, removing pills from the
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blister cards, manual drop, and viewing inventory. Usability was measured with SUS and

observed by researchers as they interacted with the dispenser. Only three of the 19 participants

scored SUS at 80 or higher. Task success rates ranged from 10.5% for manual drop to 57.9%

for viewing inventory.

In a more recent study, usability, usefulness, satisfaction and impact on caregiver burden of

an automated medication dispenser was tested with 58 older adults and 11 caregivers [30].

Usability was measured with a SUS and Usefulness, Satisfaction and Ease of Use questionnaire.

In this study, the mean SUS score was 85.74 (SD 12.7, range 47.5–100). More than 75% of par-

ticipants agreed with the statement that the product was easy to use. The automated medica-

tion dispensing system, spencer1, is a rectangular-shaped device with a touch screen, a

narrow opening in the front that allows the dispensation of single multidose medication pouch

and opening at the top for loading of refill boxes. It dispenses multidose pouches of the partici-

pants’ medications at scheduled times. The multidose pouches are packaged in strips by phar-

macies and supplied in boxes that are loaded into the dispenser. Pouches can be dispensed

with the use of a touch-screen interface. Although most participants found the automated dis-

penser easy to use, usability was only measured at the end of the 6-month intervention period.

Similar to the study conducted with the MD.2 automated dispenser, this study did not capture

the usability of the device at the beginning of the intervention. Furthermore, the study did not

observe the participants who successfully carried out the tasks and which required more

assistance.

While all automated medication dispensers appear to have a touch screen or LCD interface

and all appear to dispense medications that are prepackaged into a multidose container, the

usability of the different automated dispensers varies. Some digital interfaces may be challeng-

ing for some older adults, while others may not be able to complete the loading of refills. We

intend to measure both task-specific and overall usability of the automated medication dis-

penser. Therefore, it is necessary to observe how older adults interact with the automated dis-

penser at their initial interaction as well as after a period of regular use. Assessment of usability

and task success at the initial interaction is necessary to identify whether usability challenges

can be addressed prior to long-term implementation. Assessment of long-term usability is nec-

essary to measure learnability of appropriate use of the device to ensure safe medication

dispensing.

Therefore, we aim to study the overall and task-specific usability of a new automated medi-

cation dispenser with older adults at the start of the study intervention and after 6 weeks of

use. We will also examine the usability of a connected real-time medication intake monitoring

dashboard with the participants’ health-care providers. The dashboard enables clinicians to

view the adherence metrics of medications their patients are prescribed while they use the

automated medication dispenser. As with measuring the usability of automated dispensers, the

usability of accessing and viewing adherence data is also just as important to measure. If there

are usability concerns with accessibility of the dashboard, or with interpretability of adherence

metrics by clinicians, useful information may not be utilized in clinic to measure adherence to

medication.

Methods

Study design

This study is designed as a prospective, parallel mixed-methods convergent study. We will uti-

lize both quantitative measures, such as the System Usability Scale (SUS) [31] and NASA Load

Index (NASA-TLX) [32], as well as semi-structured interviews with participants to realize the

potential barriers to appropriate use of the automated medication dispenser and the
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medication adherence tracking platform. Prior to testing the usability of the automated medi-

cation dispenser and the adherence tracking platform, we will collaboratively establish steps

for an appropriate use through the use of cognitive walkthroughs with the developers of the

automated medication dispenser, the adherence dashboard, clinicians, and researchers [33].

An overview of the study process can be found in Fig 1.

The flow diagram describes the detailed process of the study starting with the recruitment

and training of participants, the assessment tools such as the SUS, NASA TLX, Cognitive

Walkthrough, followed by interviews conducted with participants and health care providers

and end with the data analysis.

Study participants

Inclusion criteria. Older adults, aged 65 years and older, will be recruited from patients

presenting to one family health team in Ontario, Canada. Our study is focused on older adults

as they have a higher prevalence of medication non-adherence due to declining medication

self-management capacity resulting from a number of physical, cognitive, sensory limitations.

By ensuring the sample is 65 years and older, we hope to avoid selection bias, as medication

costs are covered by the Ontario Health Insurance Plan (OHIP). Further, as participants pres-

ent with at least 3 medications and 2 comorbid conditions, they would likely constitute a fairly

homogeneous sample reflective of an older adult population. While we did not include these

specific health limitations in pilot study inclusion criteria, we will capture the individual limi-

tations that older adult participants present with, and will favour those with visual or physical

impairments, such as macular degeneration, arthritis, tremors, or others.

Health-care provider participants. Clinicians, including family physicians, pharmacists

and nurse practitioners who are interested in accessing real-time medication adherence data

on the adherence dashboard of their patients who have enrolled in the study will also be invited

to participate.

Exclusion criteria. Older adults participants who are non-French-speaking will be

excluded as the Family Health Team primarily serves a French population. Additionally, indi-

viduals with a diagnosis of dementia (any type) or cognitive impairement as noted in their

electronic medical record will be excluded as this could impact participants’ ability to learn

and accurately use the dispensing device.

Health-care provider participants. Health-care providers whose patients have not

enrolled in this study will be excluded.

Sampling technique. We will use purposive sampling techniques to recruit both types of

participants in this study.

Sample size

A sample size of 5 is adequate to identify up to 80% of the usability problems with a device;

[34] therefore, we will aim to recruit at least 5 and up to 10 older adults and their health-care

providers, including their family physician, nurse practitioner and pharmacist, to test the

usability of the automated medication dispenser and adherence dashboard.

Location

This study will be conducted at the Équipe de santé familiale communautaire de l’Est

d’Ottawa, which has two sites in Ottawa. Currently, 12 doctors, 4 nurse practitioners, 4 regis-

tered nurses, 1 psychologist, 1 social worker, 1 clinical pharmacist, and 1 dietitian serve

approximately 9,000 patients (June 3rd, 2023).
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Fig 1. Description of the study process.

https://doi.org/10.1371/journal.pone.0296528.g001
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Recruitment period

The recruitment period is planned from January 1st 2024 to February 28th 2024.

Automated medication dispenser

In this study, we will use Medipense RxPense1 dispensing device (9.84” by 14.06” by 18.09”)

[35], with a remote monitoring solution that ensures that the user will take the correct medica-

tions at the proper time. The medication device has a 7” high resolution color touch screen,

speakers and video camera built-in, health monitoring and communication information system

(Figs 2 and 3) Medications in this packaging will hold up to two weeks’ worth of medication

supply with 56 individual containers delivering up to 8 doses a day. The device notifies users

about their forthcoming dose using voice prompts, visual alarms, remote notifications to a

wearable alert device, email or SMS alerts. If a user misses a dose, the designated caregivers will

be notified through SMS or email. It records and documents the use of all prescriptions, includ-

ing “as needed” prescriptions and over-the-counter medications. Medications are securely

locked into the device and can only be dispensed when the user is authenticated at the proper

time using biometric or radio-frequency identification, or a password. Any missed doses will be

kept in the RxPense1 device. The dispensing mechanism is arthritis friendly, while the display

supports visually impaired persons. Verification and audit trail is also provided with images

during and following pill dispensation. An audit trail is securely stored (HIPAA and PIPEDA

compliant) in the RxPense1 Cloud. Instructions are written in big letters, while symbols are

easy to read and are supported by voice and acoustic signals audio alarms, chimes, and recorded

voice playback of the caregiver or other recognized person as programmed.

The figure describes the technical details including cloud based management features,

emergency features, security aspects, language capacities, manual, early and vacation mode

medication release features, audit trail information, support, and pricing information.

The figure describes further packaging support information, the device capacity, including

PRN dosing, how to fill the device, taking doses, addressing missed doses, the wait time for fill-

ing, the validation, authentication, and notification process, contamination handling, notifica-

tion of caregiver process, and home health monitoring.

The RxPense device is connected to the RxPense1 Portal and provides users real-time

access to relevant information, monitoring, and adherence by all defined members of the circle

of care [36]. The RxPense1 Portal allows tracking and reporting of medication adherence on

an organizational and patient level. Prior or following medications dispensation, patients can

be asked questions about their well-being, health or consumption habits. Additional commu-

nication is possible via SMS or email and the caregiver is notified by email or SMS if pills are

skipped or not taken. The caregiver can initiate direct video conference with the patient device.

The caregiver can access the audit trail. Only the patient, or authorized caregiver may remove

the pills when the dose is ready. The patient voice can be used to authenticate and RFID/NFC

technology is available and a tap or wave with a registered tag. A verification and audit trail is

also provided with images during pill dispensing and after patient takes the pills. A detailed

product description is included in the publication appendices. Data collected may be stored

and anonymized for further analysis. Reports are displayed to the patient on the RxPense Hub

screen. It can also capture, monitor, and store vitals (through external sensors) in the elec-

tronic patient record.

Outcomes

We aim to examine the overall usability with the System Usability Scale (SUS). The SUS has

been used to examine the usability of medication adherence products in previous studies [31].
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It is a quick and easily administered end-of-test subjective assessment of the usability of a

product. It consists of 10 statements (5 positive and 5 negative) which are scored immediately

after testing a product on a 5-point Likert scale. Scores range from 0 to 100, higher scores indi-

cating enhanced user-friendliness of the product. We will also examine the workload involved

in using the automated medication dispenser and the adherence tracking platform. Human

mental workload is an important concept associated with usability. It refers to the cost associ-

ated with performing a cognitive task and can be used to predict operator and/or system per-

formance [37]. Interaction between workload and usability drive objective performance of

technology. Indeed, a previous study demonstrated that higher workload associated with set-

ting up and using a medication adherence product correlated with declining SUS scores [27].

In this study, the NASA Load Index (NASA-TLX) will be used to measure workload [32]. The

NASA-TLX consists of six subscales: mental, physical and temporal demands, frustration,

effort, and performance. Participants will be asked to rate each of the above-mentioned vari-

ables on a 20-point scale that measures from high to low (scored from 0–100). Finally, before

we initiate the usabilty studies, we will conduct a cognitive walkthrough of the automated

medication dispenser and adherence tracking platform collaboratively with the developers of

Fig 2. Description of the Medipense device_page 1/2.

https://doi.org/10.1371/journal.pone.0296528.g002
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the dispenser and the research team. Cognitive walkthrough methodology examines the level

of difficulty in completing particular tasks within a system and will enable the researchers to

identify the pain points of using both the automated dispenser and adherence dashboard by

older adults and clinicians, respectively [33]. Key tasks for using both the automated dispenser

and the adherence dashboard will be determined a priori by investigators. These include key

tasks that are completed frequently or critical to complete, as well as those that exhibit the core

capabilities of the system. Participants are then invited to “use” the automated medication dis-

penser or the adherence dashboard while thinking aloud and under observation by investiga-

tors; points at which the completion of key tasks fail will be noted for further development and

iteration on a cognitive walkthrough checklist. Think aloud refers to participants verbalizing

their thoughts as they complete the tasks required to use the automated medication dispenser

or the adherence dashboard [38]. Think aloud enables researchers to gain insight into what the

participant is thinking and reflect on why errors occur. Unassisted completion rates of all tasks

(number of steps completed accurately without assistance/total number of steps) and key

errors (and reasons for these errors) will be reported [39].

Fig 3. Description of the Medipense device_page 2/2.

https://doi.org/10.1371/journal.pone.0296528.g003
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Intervention

Patients who agree to participate will test the device at home. All participants will be trained by

the developers of the automated dispensing system. A nurse will provide home support to par-

ticipants. The duration of the usability study will be 6 weeks per older adult participant. We

plan 2 visits per participant. During the first visit (Visit 1), which will take place at the begin-

ning of the study period, all participants will provide informed consent and will be trained to

use the automated medication dispenser. Following the training, participants will be asked to

use the automated dispenser to access one dose of their medication regimen while thinking

aloud and being under observation by a research team member. As part of the cognitive walk-

through, participants will be observed by a member of the research team as they use the dis-

penser. A research member will note whether each step in accessing the medication dose is

completed successfully without assistance. These sessions will be audio recorded. If the partici-

pant encounters problems, these will be noted in detail by the research assistant using the Cog-

nitive Walkthrough data collection sheet. Once this medication has been dispensed, the

participant will be asked to complete SUS and NASA-TLX. Following the completion of both

tools, each participant will participate in a one-on-one semi-structured interview designed to

investigate their impression of the device, the particular problems they encountered with the

dispenser, and discuss any assistance they required to successfully complete the task of dis-

pensing the medication. Once the interview is completed, researchers will complete a second

round of training with the participant to ensure they are able to use the automated dispenser

effectively for the remainder of the study duration. At the end of the 6-week duration of the

study, the second visit (Visit 2), the participants will again complete the SUS and NASA-TLX.

Another semi-structured interview will be conducted to investigate the participants’ user expe-

rience of the device over the 6-week period.

Health-care providers whose patients have agreed to participate in the study and who are

interested in accessing the medication adherence dashboard will be invited to participate in a

one-day training module where they will be trained on the steps required to access and inter-

pret their patients’ adherence data. During this training session, they will also be asked to pro-

vide informed consent. Once trained, they will be provided access to their patient’s medication

adherence information. One week after their patients begin using the automated medication

dispensing device, they will be asked to access the medication adherence tracking platform

while under the observation of a research team member, who will note the challenges the

health-care provider encounters while accessing and using the platform. Similar to the older

adult participants, health-care provider participants will be invited to think aloud as they use

the adherence dashboard. At the end of this session, the health-care provider will complete

SUS and NASA-TLX questionnaires and participate in a semi-structured interview designed

to further examine the usability of the dashboard, and identify medication adherence data

access and interpretation pain points.

At the end of the six-week study period a semi-structured group interview with all health-

care providers will be conducted to gather further information about the device experience.

Data collection

In addition to SUS and NASA-TLX, we will also collect socio-demographics (age, self-identi-

fied gender, sex at birth, medical conditions, name and dosing regimen of prescribed and “as

needed” prescription and over-the-counter medications, number of doctors and other health-

care providers involved in the patient’s care, and physical or sensory barriers (for example,

physical strength of upper extremities, pain, numbness, tremor in upper extremities, vision or

hearing impairment) to medication management. We will ask participants whether they use
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any medication taking aids as well as how long they have used these. We will capture the type

and intensity of caregiver support that older adult participant access at home. Demographic

data (age, self-identified gender, sex at birth, years of practice, discipline, patient roster size)

for health-care providers participating in this study will also be collected.

Analysis

Descriptive statistics (mean, range, standard deviations and/or frequencies) will be reported

for quantitative measures (demographic data, SUS and NASA-TLX). Changes in SUS and

NASA-TLX scores between the first and second visits among participants using the automated

medication dispenser for 6 weeks will be examined for significance with a paired t-test. Statisti-

cal analysis will be conducted with the use of R [32].

Error rates will be calculated by dividing the number of tasks errors made by each partici-

pant while using the automated medication dispenser or the adherence dashboard divided by

the total number of steps required to use the dispenser or dashboard. Unassisted task comple-

tion rates will be measured by dividing the total number of tasks completed by each participant

without assistance while using the dispenser or dashboard. Error rates, unassisted completion

rates between the two visits will be compared with a paired t-test. Errors identified during the

think-aloud sessions will be coded qualitatively and classified into themes for each task.

Think-aloud sessions and semi-structured interviews for both groups of participants will be

audio-recorded, transcribed verbatim and examined for completeness and accuracy by two

independent research team members prior to the initiation of data analysis. The framework by

Braun et al. [40] will be used to perform thematic analysis for the semi-structured interviews.

Two transcripts for each of the participant types will be coded independently by two research

team members to identify preliminary codes. These codes will be compared between the two

transcribers to resolve any discrepancies, develop a consensus on codes and their definitions/

meaning, and finalize a coding manual. This coding manual will be used as a reference for cod-

ing the remaining transcripts by one research team member for each type of participant inde-

pendently. Codes that are generated will be classified into themes.

Ethical approval

This research project has undergone ethical review and approval by the Hôpital Montfort

Research ethics board (HM-REB) ID 19-20-08-020, Ottawa, Ontario, Canada. Prior to enroll-

ing in the study, participants will be informed, in writing, of the study details and will provide

written, informed consent for limited data abstraction from their medical records.

Impact

Completing the pilot usability study for automated medication dispensing device will permit a

determination of whether older adults are able to use the device for its intended purpose at

home. Examining the usability of the real-time medication monitoring and adherence portal

will be important to identify whether health-care clinicians are able to easily access the adher-

ence data for the management of their patients.

The results of this study will be disseminated through a peer-reviewed publication in scien-

tific journals (nursing–pharmacist journals as well as the Canadian Family Physician journal

and Family Medicine Forum), presentations at scientific conferences and discussions with the

developers of the dispenser device. The results will be shared locally: Journées Montfort con-

ference, nationally Family Medicine Forum, and internationally, at the North American Pri-

mary Care Group (NAPCRG). A data sheet (info graphics) of the results will be shared with

Senior’s residence groups (Chartwell, Alavida, Amica, etc.) and additional stakeholders such as
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pharmacies. This study will provide quality standards for the developers to test and optimize

the functionality of the automated medication dispensing device and the adherence monitor-

ing platform to meet the needs of both older adult and clinician end-users. The implementa-

tion of the automated medication dispensing device having being tested using the described

tools will ensure that older adults are able to use the device appropriately at home as well as

ensure that clinicians use the adherence data available to manage medication non-adherence.

Discussion

Our patient population will be using three or more chronic medications and we will test the

device for a 6-week period at home. We expect that the results will reflect the feasibility of the

usability, and workload of the device from the patients’ perspective. In addition, it will assess

three things: the usability of the RxPense platform for health-care providers, patients and,

potentially, caregivers; real-time adherence monitoring from a health-care provider perspec-

tive; and integration of this system into the primary care sector. Real-time monitoring of

adherence will allow caregivers a better understanding of the factors related to non adherence

as well as the opportunity for early interventions. Objective, in time adherence information on

the patient or aggregate level will help clinicians to unmask and understand the dimensions of

non-adherence. It will create a shame- and blame-free environment to ask questions as objec-

tive information is discussed. The relationship between clinician communication and adher-

ence has been studied since the 1960s [41]. A meta-analysis by Zolnierek and colleagues in

2009 points out that physician communication is significantly positively correlated with

patient adherence and that there is a 19% higher risk of non-adherence among patients whose

physician communicates poorly than among patients whose physician communicates well

[42]. Enhanced communication and interaction between the prescriber and the patient will

unmask various patient behaviours that can be addressed directly and help to better under-

stand real life at home barriers to adherence. Studies show that patients make changes to their

prescription regimen (e.g., adjusting doses, or times) whilst withholding the information from

their health provider [43–45]. Improved knowledge of changes may facilitate more conversa-

tions with the health provider and lead to improved shared decision-making, or increase

needed patient education and information on their medications or prescription regimen, lead-

ing to better self-management. The collected information will also have the potential to inform

the health provider on side effects the patient may be encountering, thus improving medica-

tion adherence. On the aggregated data level, a tailored approach to adherence specific com-

munication processes and routinely asking questions can be developed and can involve

patients [45].

Strengths of the study

The study answers a need to assist patients living with comorbidities who take multiple medi-

cations. Adults rarely report the problems they have with medication management. Our study

assesses the usability of an innovative device and digital platform from a patient and provider

perspective. Patients are recruited from a team-based primary care interdisciplinary environ-

ment that serves a middle-income active population (the majority of the population is between

15 and 65 years of age) in suburban Ottawa, Ontario. The study uses standardized, established

usability assessment tools as well as targeted questions and semi-structured interviews to

understand the system challenges. It assesses adherence in real time, in the patient’s home. An

advantage of this study is that it provides guidance to future patients who must navigate com-

plex multidrug regimens by eliminating the need for patient decision-making concerning

what medications to take, how much, and at what time, thereby improving adherence. Further,
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the dispenser mechanism will prevent patient medication overadherence and administration

of medication at incorrect time intervals.

The system possesses the ability to wirelessly transmit patient medication adherence data,

providing opportunities to assess and monitor patient medication adherence in real time. The

information can be interpreted by the patient, caregiver and health-care provider. In addition,

health-care providers can interpret information of adherence challenges and attempt to iden-

tify specific population characteristics to include the learning in adherence improvement mea-

sures. The findings of this study will provide structured information for future research to

exclude and avoid identified usability issues of dispensing devices and adherence monitoring

systems, will guide policy makers to establish standards for dispensing devices and adherence

monitoring systems, and will guide practitioners, caregivers and users in the best possible use

of this or similar systems.

Limitations of the study

Given the novel aspect of the study, the project might highten the participant’s level of anxiety.

Participants are asked to test a product they have not been exposed to before for essential

health matters, and this could negatively impact the results. In addition, because the opening

of the device dispensing drawer is used as a proxy measure for adherence, patient actions such

as failing to ingest removed medications can lead to inaccurate estimates of patient medication

adherence and raise concerns about their medication adherence monitoring accuracy because

of potential patient behaviors.

The sample size and six-week time frame of the study could be too small to detect chal-

lenges of the dispensation system and adherence monitoring system. Other, currently uniden-

tified barriers to the use of the device might bias the results in such a way that certain types of

information might not be detected or again, information about this information would be

detected. The use of technology is a prerequisite, yet the study might include participants who

are technology-challenged. As the participants are self-selected, this could lead to selection bias

towards participants who favor technology.
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