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Purpose: An electronic version of the Dosepak® (EDP) which records date and time of dosing events has been developed to monitor 
adherence to medication packaged in blisters. This study aimed to evaluate its usability and acceptance and to monitor dose-taking 
adherence for optimal implementation in future clinical trials and practice.
Methods: Healthy volunteers aged over 18 years were asked to dispense placebo tablets twice daily from EDPs equipped with a re-usable 
electronic module for a total duration of four weeks. Afterwards, subjects were asked to complete an online questionnaire and partake in 
a short one-on-one interview. The usability of the EDP was assessed using the System Usability Scale (SUS), while dose-taking adherence 
was monitored by EDP records, pill counting, and self-report. The short interview explored user experiences in more detail.
Results: Twenty subjects with median [IQR] age 41.5 [32–49.8] years, 55% female, 45% healthcare professionals, and 20% chronic 
medication users completed the study and found the EDP easy to use, with a mean [SD] SUS score of 78.0 [11.2]. Median [IQR] dose- 
taking adherence was 89% [82–95%] based on EDP records, 96.5% [89–100%] based on pill counting, 92% [91–96%] based on self- 
report, and the levels differed significantly (p < 0.05). Four themes emerged from the interviews: user preference, experience, patient 
burden, and ideas for improvement. Most participants preferred smaller sized blisters. They found the EDP simple to use and did not 
see any patient burden for its use in trials or clinical practice. Some reported forgetfulness and suggested reminders built into the 
blister or sent to their mobile phones. Adequate information or instruction should also be provided for older people and polypharmacy 
patients.
Conclusion: EDP had good perceived usability, was well accepted, and differed significantly from other adherence measurement 
methods. This study provides input to further guide scale-up of the blister packages.
Keywords: compliance, digital health, e-health, patient preference, real-time monitoring, smart packaging

Introduction
Medication non-adherence is a global problem with half of the people taking medication for a chronic condition being 
non-adherent, which highly varies per study and disease.1–3 Non-adherence hinders disease control, placing a burden on 
patient quality of life as well as on healthcare systems. The World Health Organization (WHO) concludes that an 
improvement in patients’ adherence may have a higher effect on people’s health than any other revision in therapy.1 

Therefore, improving adherence and increasing the accuracy of adherence data may in turn enhance health outcomes and 
decrease healthcare utilization and costs.4

While it is generally challenging to objectively measure, monitor and improve adherence, some complex interven-
tions, including digitally supported patient education (eg, with real-time data, sending of reminders, and packaging of 
medications) have been shown to improve adherence successfully.5–8 A meta-analysis of 48 studies revealed that blister 
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packaging interventions when given out by pharmacies were the most effective intervention to increase medication 
adherence.9 For example, calendar blister packages may support and improve adherence, as they provide a visual record, 
thereby helping to identify whether doses have been taken or missed.10

The addition of smart features that record medication intake behavior provides granular data on non-adherence. This 
could be used to individualize patients’ adherence management, support treatment decisions, and support patient self- 
management.11 Multiple smart packaging solutions have been developed and include multidose dispensing systems, 
smart pill bottles, and pill-tracers.12 However, there is still a gap between the development of smart packaging solutions 
and their actual end-use in clinical practice. Indeed, for digital adherence monitoring devices to be optimally imple-
mented in clinical drug trials and daily clinical practice, their usability and acceptance should be systematically 
evaluated.13–17

Recently, an electronic version of the Dosepak® (EDP) has been developed to monitor adherence. It consists of 
a customizable blister package with a re-usable electronic module that records when the package is opened and closed. 
To inform future large-scale implementation, this study aimed to assess the usability and acceptance of the EDP and to 
monitor dose-taking adherence.

Materials and Methods
Study Design
An observational single-arm study with 20 healthy volunteers was performed in July and August 2021. The study 
observed the use of an EDP twice daily for four weeks. After inclusion, all participants had two site visits; one at 
initiation and one after four weeks of use. Prior to the first visit, all subjects attended a 30-minute digital kick-off 
meeting during which information on the study and how to use the EDP were given, including an EDP explanatory 
video provided by the manufacturer. In their first visit, subjects received the EDPs containing placebo tablets and 
written instructions for use. Prior to the follow-up visit, all subjects were requested to complete an online survey. 
During the follow-up visit, subjects returned the EDPs and took part in a short one-on-one interview, lasting 5–10 
minutes.

This study, albeit not being a formal clinical trial, was registered at the Netherlands Trial Register (Trial NL9535). 
According to Dutch law, the Medical Ethics Review Board of the University Medical Center Groningen (METc UMCG) 
waived the study protocol (number: 2021/363) from formal review as they found the study was not clinical research with 
human subjects as meant in the Medical Research Involving Human Subjects Act (WMO) and there was no infringement 
of the physical and/or psychological integrity of the subjects. This study did, however, follow the declaration of Helsinki 
and the General Data Protection Regulation. No clinical data on the subjects were collected or used during this study, and 
there were no changes to subjects’ care routines other than the use of the EDPs. All participants gave written informed 
consent (IC) before the start of the study.

Participants
The healthy volunteers were recruited directly by the investigators, ZI and TRZ, through the University Medical Center 
Groningen in the Netherlands. They were in good general health and had no known significant health problems or 
illnesses relevant to the proposed study as defined by the WHO and the Royal College of Physicians.18 Subjects were 
employees from different departments at the study site. They were approached personally, and a participant information 
sheet was provided. Subjects were eligible if they were aged over 18 years and provided written IC. Exclusion criteria 
after enrolment were unavailability to participate in the study and withdrawal of IC. After signing the IC, potential 
subjects provided demographic information including age, gender, highest education level, and whether they were taking 
chronic medication (in which contraceptive use could also be regarded as chronic medication). As there were more 
potential subjects that provided IC than EDPs at our disposal, a random selection was made based on the demographic 
characteristics (gender, age, education levels) to acquire a diverse group. The sample size was determined pragmatically 
and in line with previous similar studies.13,19,20 Study materials were provided in English, and all participants stated that 
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they had sufficient proficiency in the English language to understand these. Furthermore, no incentives were provided to 
the participants.

Smart Blister Package
The electronic Dosepak® or EDP (Westrock Healthcare Packaging, Atlanta, United States) is a smart blister package first 
developed in 2017 and equipped with a medication event monitoring system (MEMS®) in the form of an electronic 
module (AARDEX Group, Belgium) to automatically compile dosing events (hereafter referred to as EDP). Figure 1 
illustrates the application of the EDP. The EDP contains medication information on the outer carton with placebo tablets 
packaged in a calendar blister, which included labels indicating the day of the week and symbols indicating morning/ 
evening, and a re-usable electronic module (e-module) affixed to the card. The blister packages with a twice-daily 
regimen were provided by the manufacturer; however, the packages are customizable for different dosing regimens, 
different package sizes, and a variety of pill sizes and numbers. The e-module has a battery life of three years.

It requires two steps to open the blister package: first, the left button should be pressed and held gently, and second, 
the medication card should be pulled out and flipped open. Each blister contains 14 tablets for a twice daily regimen of 
one week. Upon each opening and closing of the pulled-out medication card, the date and time are registered by the 
e-module. Therefore, the e-module should be inserted into the plastic rail of the blister package prior to taking the first 
dose. After pushing out the last dose, the e-module should be removed and inserted into a new package.

feedback

User
Study

investigator

Smart blister package

MEMS® Adherence Software

Chronology plot of adherence

e-module

Reader device

Figure 1 Overview of the medication adherence monitoring system comprising the smart blister package, dose-taking data extraction using web-based adherence software, 
and a feedback mechanism provided by the study investigator to the user based on the recorded dosing history data. Pictures are used with permission from Westrock 
Healthcare Packaging (Atlanta, US) and AARDEX Group (Belgium).
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To access the data stored in the e-module, the e-module is to be read out by MEMS® USB Reader, which is equipped 
with a near field communication (NFC) interface, with a computer connected to the internet and with the Electron Reader 
0.9.3 software installed. The data may then be uploaded to the web-based MEMS® Adherence Software v4, which is 
accessible to the study investigators. The software calculates adherence from the number of registered events that 
followed the predefined regimen, and graphically shows the subject’s dose-taking behavior over time.

Study Procedures Related to EDP
Before providing the EDPs to the subjects, initialization was done for each e-module through the MEMS® Adherence 
Software v4. Patient number, time zone, monitoring starting date, and predefined regimen of twice daily were set up to 
correctly identify subjects. The subjects were instructed to start the use of EDP on a Monday as the first day of the study. 
During the first visit, each subject received four blister packages (one for each week) and an e-module. They practiced 
opening and closing the blister packages in front of the study investigators. During the study period, the use of the blister 
packages was not directly observed by the investigators. However, an instruction sheet was provided to guide subjects 
through all the steps necessary to use the blister packages. Subjects could also reach the investigators, ZI or TRZ, by 
e-mail or phone if they encountered any problems using the blister packages. During the follow-up visit, the study 
investigators scanned the e-module with the reader device to download the dosing history data.

Data Collection
Data were collected through the e-module, an online questionnaire, and in a short one-on-one interview at the end of the 
study. Data were stored digitally in a research electronic data capture (REDCap®) database,21,22 hosted by the University 
Medical Center Groningen.

The online questionnaire consisted of the validated System Usability Scale (SUS),23 ten additional questions (see 
Supplementary Table S1), and the validated 5-item Medication Adherence Report Scale (MARS-5).24,25 The SUS is used 
to assess usability for a wide range of products and consists of ten statements with answers given on a 5-point Likert scale, 
ranging from “Strongly disagree” (1) to “Strongly agree” (5). The SUS score ranges from 0 to 100, with a higher score 
indicating higher perceived usability, whereas a score of 68 is considered the average.23 The ten additional questions 
concerned the usability and acceptability of EDP blister package use. The answers were also given on a 5-point Likert scale, 
ranging from “Strongly disagree” (1) to “Strongly agree” (5). The MARS-5 consists of five statements about non-adherent 
behavior. The statements reflected on the use of smart blister packages (with placebo tablets). Subjects indicated to what 
extent each statement applied to them on a 5-point Likert scale, ranging from “Always” (1) to “Never” (5).24,25 The MARS-5 
score ranges from 5 to 25 and higher scores indicate higher self-reported adherence.

Interviews were conducted by two investigators (ZI and TRZ). The interview was audio recorded, for which all 
participants gave consent. Subjects were asked a selection of open-ended and closed questions following a predefined 
interview guide (see Supplementary Material S1), aiming to receive additional feedback and elaboration on their 
experience, usability, and acceptance of the EDPs. Interview questions included what the participants experienced during 
use of the EDP and their preferences, ideas for improvements, and any other comments. All questions were asked in 
English, while participants were given the opportunity to respond in Dutch when preferred. After the interview, the study 
investigators read out the dosing history data from the e-module and discussed the documented dose taking behavior with 
the participants.

Study Outcomes
The primary outcome was perceived usability and acceptance of the EDP. The secondary outcome included dose-taking 
adherence from the EDP records, to be compared with the widely used measurement methods of pill counting and self- 
reported adherence.

Data Analysis
Descriptive statistics were used to describe characteristics of the study population, usability of EDP, and dose-taking 
adherence. SUS and MARS-5 scores were calculated as described previously.23–25 All questionnaire data were tabulated 
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using Microsoft Excel (2016), and results are presented using bar graphs. Data are presented in numbers, percentages, 
mean (standard deviation, SD), or median (interquartile range, IQR) when appropriate. Whether the data were normally 
distributed or not were determined visually with histograms and statistically with the Kolmogorov–Smirnov test.

While no gold standard exists and mixed-methods for adherence measurement are advised,17,26,27 differences in dose- 
taking adherence levels as measured by pill counting, self-reported adherence, and EDP records were compared. The 
Kruskal–Wallis test was used, with the null hypothesis that there were no differences among the three measurement 
methods. As the EDP was hypothesized to report more granular data that might introduce less bias, differences of 
adherence estimates with pill counting and self-report were graphically displayed through Bland-Altman plots28 using 
Analyse-it software (version 5.50, Leeds, UK) in Microsoft Excel (2016). All statistical analyses were performed using 
IBM® SPSS® Statistics 28.0 for Windows with p < 0.05 considered significant.

Dose-taking adherence was defined as the percentage of registered package openings, in which placebo tablets were 
pushed out from the EDPs as scheduled. Dose-taking adherence measured by EDP records was expressed as percentage 
of recorded dose-takings on schedule by the following formula: (total number of tablets recorded as taken on schedule)/ 
(total number of tablets provided) × 100%. Dose-taking adherence by pill counting was calculated by the formula: (total 
number of tablets provided – total number of tablets left)/(total number of tablets provided) × 100%. The total number of 
tablets provided for each subject was 56 (14 tablets times four weeks). Self-reported adherence level was aggregated as 
the percentage of the MARS-5 score, eg, a MARS-5 score of 20 is equivalent to 80%.29

Tablets were considered to have been taken on schedule when the blister package was opened twice daily (between 
3:00 a.m. and 3:00 a.m. on the next day) and when these openings were recorded by the e-module. Filters were applied to 
the MEMS® Adherence Software v4, where ≥15 minutes between openings were considered to be different recordings. 
Also, a somewhat more precise definition of adherence was tested where a tablet was considered to have been taken on 
schedule if it was taken between 3:00 a.m. and 3:00 p.m. or between 3:00 p.m. and 3:00 a.m. the next day for the 
morning and evening dose, respectively (see Supplementary Figure S1).

Recorded interviews were transcribed in full by ZI and TRZ using F4transkript (Dr. Dresing & Pehl GmbH, Germany). 
Interview questions answered in Dutch were translated using Google Translate, with the translation checked and, where 
necessary, corrected by TRZ who is a native Dutch speaker. The transcribed versions (with possible translations) were shared 
with the participants for their approval, and no disagreements were noted. The transcripts were all uploaded in ATLAS.ti 9 
Windows (ATLAS.ti Scientific Software Development GmbH, Germany) and further analyzed with this software.

Qualitative data were analyzed by ZI and TRZ using inductive thematic analysis in six steps as described by Braun 
and Clarke.30 Units of analyses were generated that were related to the main questions asked during the interview, which 
included explicit content on user experience, preference, patient burden, possible changes, and improvements (see 
Supplementary Material S1). All interviews were either transcribed or read by each of the investigators to become 
familiar with the data. Next, open coding was performed to develop the codes revealed in the data. Generated codes were 
either keywords or descriptions of answers given by the participants, or one-word summaries for answers given to closed 
questions, and the definitive code list was established by agreement between the investigators. Then, all transcripts were 
re-read independently and cross-checked for the assigned codes, and any discrepancies were discussed. Codes were then 
grouped into subthemes, where some codes were discarded due to being irrelevant or not being mentioned enough times. 
The subthemes were categorized within the main themes, which reflected the units of analysis: (i) user experience, (ii) 
user preference, (iii) patient burden, and (iv) ideas for improvements. Selected quotes were provided as examples of 
identified subthemes, which were discussed by the investigators. Answers to closed questions were quantified for the 
number of participants per category.

Results
All 20 subjects completed the study. Characteristics of the study population are described in Table 1.

Usability of EDP
The mean (standard deviation, SD) SUS score was 78.0 (11.2), ranging from 57.5 to 95.0. Usability was above average 
(SUS score >68) for 75% (n = 15) of the participants. The outcomes of the SUS scores are provided in Figure 2. 
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Ninety percent (n = 18) of the subjects responded that most people would learn to use the EDP very quickly and that the 
EDP was not unnecessarily complex. All participants felt very confident using the EDP.

The outcomes of the additional questions concerning usability and acceptability are given in Figure 3. Ninety percent 
(n = 18) of the subjects agreed the EDP was simple to use and that the instructions on the package were clear. Half of the 
participants (n = 10) mentioned that the blister package was not easy to carry around and found it difficult to remember 
taking the placebo tablets at the correct time. Ninety percent (n = 18) of the subjects found that it was easy to transfer the 
e-module, and 70% (n = 14) found it clear when to change the e-module. Moreover, half of the participants (n = 10) 
would have liked to get feedback on their “medication” taking behavior, in terms of their performance on pushing out the 
placebo tablets during the study period on schedule.

Dose-Taking Adherence
All participants transferred the e-module to all blister packages, as there were reports on pressed-out tablets from each blister 
package. There was no extra event recorded by the EDPs for checking the habit of dose-taking or so-called “curiosity 
openings”. It was later confirmed during the interviews that no subjects had opened the blisters without taking tablets out.

Differences in dose-taking adherence levels are shown in Supplementary Figure S2. Adherence levels measured by 
pill counting, self-report, and EDP records differed significantly (p < 0.05). The median (IQR) adherence levels for EDP 
records were 89% (82–95%), ranging from 48% to 100%. A perfect adherence (100%) was seen in one subject. The 
median (IQR) dose-taking adherence for pill counting was 96.5% (89–100%), range 52–100%. The pill counting showed 
that 40% (n = 8) of the subjects brought back fully empty blister packages; in this group, a wide range of adherence 
behavior was observed by the EDP record, ie, between 82% and 100%. The median (IQR) self-reported adherence was 
92% (91–96%), ranging from 80% to 100%. Only 20% (n = 4) of the subjects self-reported no non-adherent behavior. 
These subjects had adherence levels of 93–96% as observed by the EDP records.

Furthermore, differences in adherence as measured by EDP records and pill counting were observed in 75% (n = 15) 
of the participants. Differences between EDP records and pill counting or self-reported adherence estimates are shown in 
Figure 4. Observed discrepancies in adherence level can be the results of differences in reliability and precision of the 
measurement methods (see Discussion section below).

Table 1 Baseline Characteristics of Study Population 
(N = 20)

Characteristics Study Population

Age, years

Range (min, max) 19–62

Median (interquartile range, IQR) 41.5 (32–49.8)

Gender, n (%)

Female 11 (55)
Male 9 (45)

Highest Education Levela, n (%)

Secondary 1 (5)

Vocational 4 (20)
Higher professional 8 (40)

University 7 (35)

Chronic Medication User, n (%)

No 16 (80)

Yes 4 (20)

Healthcare Professional, n (%)

No 11 (55)
Yes 9 (45)

Note: aAccording to the Dutch education system.
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Chronology plots of tablet taking as recorded by the EDPs for two example participants are presented in Figure 5. The 
blue dots indicate the opening and closing dates and times when placebo tablets were removed from the blister packages. 
The upper plot (Figure 5A) shows a subject with an adherence level of 96% (taking 54 out of 56 tablets) and a pill 
counting adherence of 100%. Two skipped doses were recorded during the study period; however, one of those was not 
exactly skipped, but rather on day 3 the subject reported taking a previous (day 2) evening tablet a few hours before the 
morning tablet and took the next evening tablet on schedule. The lower plot (Figure 5B) represents a subject with an 
adherence level of 48% (taking 27 out of 56 tablets) and a 52% pill counting adherence. This subject reported 
forgetfulness in taking the tablets on schedule, particularly in the evening. Furthermore, on day 2 the subject took two 
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doses in the evening, which by the used definition of adherence was still adherent behavior (see the definitions discussed 
in Supplementary Figure S1).

Reasons for non-adherence reported by the study participants are shown in Figure 6. Most subjects reported taking the 
placebo tablets from the blister packages as instructed. However, some participants disclosed forgetfulness in taking their 
tablets, rarely (n = 6), sometimes (n = 7), or often (n = 3). The statements related to altering the dose, stopping for 
a while, deciding to miss out a dose, and taking less than instructed were indicated by n ≤ 3 participants.

Qualitative Assessment
The one-on-one interview further explored the usability and acceptability of the EDPs. The analysis of the interview 
content is provided in Table 2. The thematic analysis found four themes with 21 subthemes.
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Theme 1: User Experience
The theme “user experience” of the EDP was further categorized into six subthemes: easy to use, size of package, hard to 
remember, opening of package, e-module transfer, and application in combination with regular medication. When asked 
about the experience of the participants with the EDP, most of them responded that the EDP was easy to use. They 
expressed their concerns about the size of the EDP, that it was hard to remember to take the medication, and the opening 
of the package. Subjects’ experience with the change of the e-module at the end of the week was mixed. They described 
that they could combine the use of the blister package with their regular medications as well.

A

B

Figure 5 Recorded dose taking from the EDPs (blue dots) on a twice daily regimen over four weeks for subjects with an adherence level of 96% (A) and an adherence level 
of 48% (B). EDP electronic Dosepak®.
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Figure 6 Self-reported (non)adherence to the smart blister package assessed with MARS-5. None of the participants reported “always” for all questions. MARS-5 5-item 
medication adherence report scale.

Patient Preference and Adherence 2022:16                                                                                       https://doi.org/10.2147/PPA.S374685                                                                                                                                                                                                                       

DovePress                                                                                                                       
2551

Dovepress                                                                                                                                                             Izzah et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Table 2 Results of Interview Content Analysis

Theme Subtheme n (Total Times 
Mentioneda)

Participants’ Quotes

User 
experience

Easy to use 13 (19) “It was actually really easy to use, it is really hufterproof [colloquial Dutch-English 

hybrid word for foolproof], I don’t know what you can do wrong.” [ID 17/28 years]

Size of package 10 (16) “Maybe it’s a little bit big package, but I think that can be easily changed, and that 
depends on the medication I guess.” [ID 17/28 years]

E-module transfer 8 (13) “The only thing you have to think about, if you take the next dose package, is that 

you have to transfer the e-module.” [ID 02/45 years]
Hard to remember 7 (8) “I don’t feel a merit from using this smart blister, because it doesn’t tell me if I forget 

to take it.” [ID 06/32 years]

Opening did not go 
well

5 (7) “Every now and then it opened very easily and every now and then it got stuck on 
something, no idea how. But the only solution was not to do it so gently, but then 

again.” [ID 04/30 years]
Combination with 

regular medication

2 (2) “Well. it was not a really big problem, because I also had to take some medicines for 

myself in the afternoon. So, I combined them with this smart blister.” [ID 13/55 

years]

User 
preference

Being monitored 5 (7) “I think you are more aware that you take it, because you’re like, well, I don’t want 

to fail [or look bad], so … then I have to make sure I do it right. So it does have a, 
I think, especially in my case, a positive side.” [ID 20/36 years]

Week days/pictures 

on blister

6 (6) “Being able to see it on the day itself whether or not you have had your pill indeed is 

practical.” [ID 19/33 years]
Push-out flexibility 3 (3) “With my own medicines, you can push them out in advance, and then put them all 

in one box to take with you, and that is not possible with this one either, so that 

makes it a bit difficult.” [ID 04/30 years]
Adherence check 3 (3) “To check yourself how your adherence is, that seems to me an important extra 

functionality.” [ID 02/45 years]

Cost 3 (3) “Well it will probably be more expensive, this one, when you’re looking at the 
money aspect, but if that outweighs someone’s illness progression, which means less 

hospitalization, then I think you already have a win in that.” [ID 20/36 years]

Child-safe packaging 1 (1) “A safe package, because you have to do two things before opening. And that I think 
is a good thing.” [ID 14/60 years]

Eco-friendly 

packaging

1 (1) “The packaging itself is really not environmentally friendly in my opinion.” [ID 04/30 

years]

Patient 
burden

Possible reasons 

given

11 (12) “Hmm. I don’t think so [see the EDP as a patient burden], except the size of the 

package” [ID 06/32 years] 
“Only when the patient has to take a lot more other drugs, then I think it’s really 

difficult.” [ID 04/30 years]

Ideas for 
improvement

Add reminder 10 (15) “If you are an hour later than usual, you get a notification such as ‘remember, you 

have not pushed it out yet’.” [ID 03/46 years]

Change package size 11 (12) “My major suggestion would be to make the blister smaller or put more tablets into 
a blister, because it’s a large package for only 14 tablets.” [ID 08/62 years]

Give direct access 

to data

3 (6) “The next step would be I guess that you can see it real-time or that you can see 

it in an app or something and then you can daily see if you took your medicine.” 
[ID 17/28 years]

Add app/website 

connection

4 (4) “You can access on the website how did you do with the smart blister package, so 

you can have any idea … Okay so I have to adhere or take the pill at the exact time.” 
[ID 18/19 years]

Add e-module to 

each package

2 (2) “The most easy is of course that every package in itself would have a measuring 

device. So that you don’t have to transfer it yourself.” [ID 02/45 years]

(Continued)
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Theme 2: User Preference
User preference of the EDP comprised seven subthemes: being monitored, week days/pictures on the blister, push-out 
flexibility, child-safe packaging, adherence check, cost, and eco-friendly packaging. A total of seven subjects preferred 
using the EDP over standard blisters, seven did not know, and four observed no difference. Two participants preferred 
using the standard blisters. The main reason for choosing the EDP would be the idea of being monitored or to check their 
own adherence.

Features of the blister package itself were also mentioned, such as the labels for weekdays and pictures displayed on 
the package, and that there was a two-step opening procedure or child-safe packaging. Some participants remarked that 
as the medication should only be taken out at the moment of intake, they could not combine the EDP with (week) boxes 
or prepare them in advance. Also, the possible cost of the package and environmental burden were mentioned by the 
subjects.

Theme 3: Patient Burden
Sixteen out of 20 participants did not regard the EDP to be a patient burden. The remaining four gave an unclear answer 
to the question regarding this topic. Some reasons that were given for a possible patient burden were patient groups 
(elderly people, patients with arthritis, polypharmacy patients) and the package size.

Theme 4: Ideas for Improvement
Improvements to the EDP were addressed in seven subthemes: reminder, size, direct access to data, app/website 
connection, adding e-module to each package, adding signal for data log, and transparent packaging. Subjects mostly 
addressed the incorporation of a reminder and the size of the EDP. Some mentioned that they would like to have direct 
access to the data and suggested that a connection to an app or website would improve the system. Other suggestions 
were to add an e-module to each package and a light signal if the data were logged or if the module ran out of battery and 
to exchange the e-module for a logger with electronic wires. Two subjects suggested to make the package transparent, as 
they were asked not to open the package without pushing a dose out, but they wanted to check if they took the dose 
correctly.

Discussion
Study Findings
This study is the first to report on the usability of an EDP before being implemented in clinical trials or real-world 
practice. The study results elucidated that the EDP is perceived as a valued and usable tool to monitor medication 
adherence. The adherence level as registered by the EDP was comparable with the other adherence measures, although 
some differences between the measures were observed. Qualitative data indicated that the EDP was perceived as easy to 
use, child-safe, and giving no patient burden. Recommendations were to change the package size, to incorporate 
reminders, and to give the participants direct insight into their performance.

Table 2 (Continued). 

Theme Subtheme n (Total Times 
Mentioneda)

Participants’ Quotes

Add signal for data 

log

2 (2) “Maybe, now you have the check for having a pill with the electronic device, but 

I don’t know if it’s possible to get a signal like with tiny electronic wires or 
something.” [ID 12/44 years]

Make packaging 

transparent

2 (2) “I think if the package is transparent, I can check if I take it correctly or not.” [ID 06/ 

32 years]

Note: aEach subtheme could be mentioned more than once by a subject.
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Interpretation
The perceived usability of the EDP was good, as reflected by the mean SUS score of 78, which is well above the average 
score of 68.31,32 Usability has been scarcely reported for other smart blister packages, which differ in technology and 
intention of use, making direct comparisons difficult. The SUS score in our study was similar to a previous study on 
usability of a smart blister package with event-detection microcircuitry (a mean SUS score of 82.6 ± 14.8).33 In another 
study, most users of a smart blister package connected to a web-based portal through an NFC-connected phone also 
found it was easy to use in a questionnaire (47/52 reported it was easy to use).34 As the SUS score does not cover all 
usability aspects, such as personal experience and uncontrolled environment, additional questions were asked. The 
additional questions showed participants’ difficulties with carrying the system around and with remembering to take the 
medication, which were further addressed in the qualitative assessment.

Significant differences were observed in adherence levels as measured by pill counting, self-report, and the EDP 
records, the reasons for which could not be detected within the scope of this study. However, these differences in results 
were expected as differences in reliability and precision of the methods have been demonstrated in other studies.27 For 
use in clinical trials, pill counting is subject to an upward desirability bias and only gives an idea on the average 
adherence (not day-to-day variability), while self-report is subjective and tends to overestimate adherence with 
a desirability and recall bias.27 Electronic monitoring is considered the most objective method in measuring adherence 
and gives more in-depth information on medication taking behavior.35 Still, opening and closing the blister package does 
not actually reflect dose ingestion, especially when so-called “curiosity openings” occur, or multiple pills are taken out in 
advance. Data exist that openings are a good proxy for drug intake,36 but “true” pill ingestion measurement may only be 
possible by more complex or invasive methods, such as directly observed therapy, using digital pills, or measuring drug 
concentrations in body fluids or tissue.20,37–39

Medication event recording devices could improve adherence in patient-centered care, providing subjects with 
feedback in terms of a graphical display of adherence performance.14 The performance records could enable healthcare 
professionals to tailor interventions based on subject’s individual adherence patterns. However, before use in clinical 
trials or daily health care, smart adherence monitoring tools are advised to be checked systematically15,16 and through 
usability testing by end-users. Monitoring equipment that does not function properly has been reported previously,15 

including in trials with human immunodeficiency virus (HIV)-positive patients40 and transplant recipients.41 Reports on 
smart blister testing give more insight into functionality, usability, and robustness and contribute to developing the 
technology further.13

The main three recommendations given by the participants in this study were to decrease the package size, to 
incorporate reminders and to give the participants direct insight into their performance. First, half of the participants 
commented on the size of the blister package. Most preferred smaller portable packages, as they brought their 
medications to the workplace or other locations during their holiday (the study period overlapped with the summer 
holiday period). This finding is consistent with previous studies, which revealed that users prefer devices that are small in 
size and those that do not attract attention when used in public.7,35,42 In this study, package size was arbitrarily chosen as 
a standard size and can be adjusted by the manufacturer, which was recommended by the participants in this study. When 
the package has to be combined with other medication, eg, in patients with polypharmacy, multi-dose systems or 
electronic pillboxes may be more acceptable to reduce the total size of the medication.

Second, subjects suggested to incorporate alarms in the system to remind them when to take medication. Because this 
study looked not only at current usability but also potential for improvement and new features in the future, the reminders 
fitted with the last objective. As forgetfulness is the most reported reason for non-adherence, reminders can be beneficial 
for modifying the behavior of unintentionally non-adherent subjects who are willing to take the dose but forget it or are 
inaccurate in their intake behavior.35 When alarm systems could efficiently help them to achieve their goal of being 
adherent, which is a definition of usability, this knowledge is of added value. The reminder system could either be built 
into the blister itself or be prompted by a (mobile) application. Blister wallets such as the Helping Hand® can register 
openings and provide reminders through color-coded light signals or beeping signals.15,43,44 In systems incorporating 
data transfer to an online platform, reminders can be sent via SMS or “push notifications” if the blister was not opened or 
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when data transmission failed.45,46 Although an alarm or reminder function is important, the effort required to set up the 
alarm on the smart blister system, the risk of faulty signals (due to data transmission delay) and signal fatigue should also 
be considered.42

Third, the participants would prefer to directly access their own data. In the EDP tested in this study, data transfer was 
performed with a specific reading device, also used in other reported studies.14,27 Connection to a mobile phone was also 
an option in other previous studies.45,46 In the latter case, data can then be stored on the patient’s phone and transmitted to 
an online database.45 If the blister packages are connected to a mobile/web-based application, patients have direct insight 
into their medication taking behavior, even without having their medication close by. Real-time data could also be 
beneficial for remote adherence monitoring, as healthcare providers have direct access and the participant does not need 
to bring the packages to a location with a reader device. To our knowledge, no smart blister packages with real-time data 
have been reported to enable the user to directly see their own data during the implementation stage.

Strengths and Limitations
This study sheds light on user experience from the questionnaires and interviews, where the interview gives more 
detailed insight into user preferences and EDP-related issues. As with (phase I) trials for new medicines, before providing 
patients with an intervention, it needs to be tested in “healthy” volunteers first. This may minimize the risk of severe 
adverse events in real patients, who are usually more vulnerable. The recommendations given by the participants can be 
used for further development to increase end-user satisfaction. This study recruited a heterogeneous group that included 
different age and education level groups, healthcare professionals and non-healthcare professionals as well as a mix of 
chronic medication users and non-medication users. Non-users reflected first time medication users, so they could add 
value with their (naive) experience of blister package usage.

The results should be considered in the light of the following limitations. This study could not explain the gap in 
human/system discrepancies and was not designed to assess robustness and full accuracy. Furthermore, the study design 
was limited by the short length of the study (one month) while many medications are intended for chronic use. 
Moreover, this study was prone to the Hawthorne effect, which may contribute to an artificially higher adherence 
rate.7 The standard twice-daily regimen chosen in this study might be easier for people to be adherent to, compared to 
a three or four times daily regimen. The sample size was small, and the number of participants was chosen pragmatically 
and in line with numbers used in similar studies.13,19,20 However, a sample of 20 people should be able to find 
a minimum of 95% and an average of 98% of the problems.47 Moreover, the study population was limited with respect 
to extrapolation to the end-user population due to (i) the lack of experience from elderly patients aged 65+ years because 
of technical difficulties during the recruitment and concerns regarding mobility for attending the study visits; (ii) the 
distribution of education level that did not fully reflect the general population (as there were more highly educated 
subjects among the study’s participants); and (iii) the limited number of chronic medication users (while individuals 
without previous experience that start using medication may also be part of the target population). A selection bias 
existed in the study population, which consisted of employees of an academic healthcare facility that may have higher 
health literacy and other preferences than the population of end-users. However, as healthcare professionals will have an 
important role in implementation, they add value in the development phase of monitoring devices. Their experiences 
could advocate for benefits to other healthcare practitioners in the use of the device. Further studies could be conducted 
to distinguish features that appeal to different subgroups, eg, healthcare professionals and patients. Furthermore, as with 
all qualitative studies, organizing and ordering comprehensive interview data for analysis is complex and more prone to 
selection and observational biases.

Future Perspectives
The study results may stimulate future research in features to improve adherence, such as adding reminders and direct 
data access, whereas the robustness and accuracy might be further investigated. Future studies could focus on drug 
stability of the medication inside the blisters and cost–benefit analyses. Smart blister packages require equipment for data 
transmission and supporting infrastructure (eg, computer, internet connection). On the one hand, both this equipment and 
the smart blisters themselves come with additional costs compared to current practice. On the other hand, improved 
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adherence to medications is associated with reduced healthcare costs (eg, hospital admissions) and may compensate the 
cost incurred from the electronic monitoring devices.48,49 Further cost-effectiveness research in this field is therefore 
warranted. For a wider use in clinical practice, there is a need for further fine-tuning of the smart packages to optimally fit 
patients’ needs and usability. Trials should be performed with patients using real medication to determine long-term 
adherence either to chronic medication, eg, for hypertension, HIV, or post-transplant care, or to short-term medication, 
eg, antibiotic, antifungal, or analgesic treatment. Inclusion of elderly patients should be considered in order to respect the 
needs of the elderly in the packaging design as age and comorbidities may impact the usability of drug products.34 As the 
adherence measurement methods used in this study are not able to objectively confirm real drug intake, biochemical drug 
measurements are recommended to further validate adherence data, preferably through non-invasive methods.39

When deemed sufficiently validated, the use of smart blister packages may be further scaled-up in clinical trials as 
well as daily practice. In real medication studies, the adherence data could be used to interpret clinical outcomes or 
pharmacokinetics. The smart blister packages could also be applied in self-management programs, to discuss adherence 
patterns with the patient, for instance, before adding medication or switching therapies. Furthermore, remote monitoring 
could support patient follow-up, especially when face-to-face appointments are limited, such as during a global 
pandemic.50

Conclusion
The participants perceived the EDP usability as good, being an acceptable tool to monitor adherence. The dose-taking 
adherence levels measured by EDP, pill counting, and self-reported adherence differed significantly. Through the 
interviews, recommendations were given which can be used to guide scale-up of the EDP. Further investigations may 
be conducted on the robustness and accuracy.
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