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ABSTRACT 

Objective: To identify smartphone apps that support hand hygiene practice and to assess their 

content, technical and functional features, and quality. A secondary objective was to make design and 

research recommendations for future apps. 

Materials and Methods: We searched the UK Google Play and Apple App stores for hand hygiene 

smartphone apps aimed at adults. Information regarding content, technical and functional features was 

extracted and summarized. Two raters evaluated each app, using the IMS Institute for Healthcare 

Informatics functionality score and the Mobile App Rating Scale (MARS).  

Results: 668 apps were identified, with 90 meeting the inclusion criteria. Most (96%) were free to 

download. The majority (78%) intended to educate/inform or remind users to hand wash (69%), using 

behavior change techniques such as personalization and prompting practice. Only 20% and 4% named 

a best practice guideline or had expert involvement in development, respectively. Innovative means of 

engagement were used in 42% (e.g. virtual/augmented reality or geolocation-based reminders). Apps 

included an average of 2.4/10 of the IMS functionality criteria (range 0-8). The mean MARS score 

was 3.2/5 (SD=0.5), and 68% had a minimum acceptability score of three. Two had been 

tested/trialed.  

Discussion: Although many hand hygiene apps exist, few provide content on best practice. Many did 

not meet the minimum acceptability criterion for quality or were formally trialed/tested. Research 

should assess the feasibility and effectiveness of hand hygiene apps (especially within healthcare 

settings), including when and how they ‘work.’ We recommend that future apps to support hand 

hygiene practice are developed with infection prevention and control experts and align with best 

practice. Robust research is needed to determine which innovative methods of engagement create 

‘sticky’ apps. 

KEYWORDS: smartphone; mobile health; review; hand hygiene; hand washing; infectious diseases 
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BACKGROUND AND SIGNIFICANCE 1 

According to the World Health Organization[1], good hand hygiene is one of the most simple but 2 

effective means of preventing the transmission of harmful microbes and acquirement of healthcare-3 

associated infections. The severe acute respiratory syndrome coronavirus 2, causing the COVID-19 4 

pandemic, further re-enforces the need for good hand hygiene practice, both within healthcare settings 5 

and in everyday life[2].  6 

 7 

Daily good hand hygiene practice should include washing hands with clean water and soap before and 8 

after eating, handling raw meat or vegetables, changing a nappy, treating a wound and after using the 9 

toilet, touching animals and whenever hands feel or look dirty[3]. In healthcare settings, the WHO 10 

recommendations for ‘5 Moments for Hand Hygiene’ include hand washing before and after touching 11 

a patient, after (risk to) exposure to bodily fluids, before clean/aseptic procedures and after touching 12 

patient surroundings[4]. The WHO 11 steps is an example of guidance on the correct hand hygiene 13 

technique[5]. This includes wetting hands with water, applying soap, rubbing palms, interlacing 14 

fingers and then rubbing palms, cleaning the back of fingers by interlocking fingers, rotational 15 

rubbing of thumbs, rinsing hands with water, drying them thoroughly and using a towel to turn off the 16 

faucet. Other techniques (e.g., WHO 6 steps) combine or exclude some of the steps (e.g., turning off 17 

the faucet). 18 

 19 

Despite the presence of well-established guidelines, adherence to best practice hand hygiene by the 20 

general public and patients is suboptimal. Evans et al.[6] found that 90% of 100 adults did not wash 21 

their hands appropriately after handling raw chicken. In addition, microorganisms of faecal origin 22 

have been found on the hands of one-quarter of adults in the general population, indicating low 23 

compliance of hand hygiene after using the toilet[7]. Randle et al.[8] observed a 56% and 57% hand 24 

hygiene compliance rate for hospitalized patients and their visitors, respectively.   25 

 26 
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Studies on hand hygiene in and health and care staff showed similar room for improvement: home 27 

care (community) nurses were found to have an average adherence rate of 45.6%[9] and nurses 28 

working in intensive care units (ICU) of 52%[10]. A systematic review of literature pertaining to 29 

student nurses concluded that hand hygiene knowledge and compliant behavior was low-to-30 

moderate[11]. Another review synthesized 61 studies in ICU settings and found that mean hand 31 

hygiene compliance by staff was 59.6%[12]. However, this differed by type of ICU, geographic 32 

region and healthcare workers (nursing staff 43.8% and physicians 32.6%). Erasmus et al.[13] also 33 

reported a higher adherence rate for nurses compared to physicians (48% and 32% respectively) in 34 

their review on healthcare workers, with overall median compliance rate being 40%. This may be 35 

because doctors have been shown to perceive hand hygiene as important for protecting themselves, 36 

but not their patients[13], as reflected by better compliance after having direct contact with a patient 37 

(55.1%) than before (38.4%)[14].  38 

While barriers to hand hygiene in general adults have not been extensively researched, many factors 39 

explain why health and care providers do not hand wash appropriately[15-18]. These barriers are 40 

related to awareness, familiarity, agreement, self-efficacy, outcome expectancy, the ability to 41 

overcome the inertia of previous practice and external barriers[19]. For example, a lack of knowledge 42 

of hand hygiene protocols can be explained as a lack of awareness and familiarity with guidelines. 43 

Additionally, skepticism and the belief that gloves are sufficient, align with the lack of agreement 44 

with best practice guidelines and of outcome expectancy. External barriers may include limited hand 45 

hygiene training and training that is too theoretical and passive[14,20].  46 

Interventions aiming to improve hand hygiene compliance in health and care staff and general adults 47 

have been evaluated and include monitoring and providing performance feedback, electronic 48 

reminders, workshops, educational campaigns and using cues (e.g. visual posters or examining 49 

disinfected hands under ultraviolet lights)[18,21-24]. These mostly address barriers related to lack of 50 

awareness, overcoming inertia of previous practice and improving self-efficacy.  51 

 52 
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Interactive and engaging digital interventions may help to overcome some of the barriers to hand 53 

hygiene. Primarily, mobile apps can be more affordable than traditional hand hygiene interventions 54 

(estimated to be £146-3035 when accounting for staff time and resources)[23]. When compared to 55 

automated monitoring systems[25,26], smartphone apps can monitor instances within communities 56 

and provide feedback on technique. In addition, they do not require significant financial investment 57 

and can provide educational material, which is recommended in adjunct to monitoring systems[26]. 58 

Interventions delivered on mobile devices can also be creative, less time consuming, use multiple 59 

behavior change strategies and be continuously available (e.g., at home), so may reinforce habitual 60 

behavior to help overcome engrained previous practice and change perceptions/attitudes (e.g. 61 

skepticism)[27]. However, many digital interventions experience poor uptake, and very few are 62 

‘sticky’ (i.e. enjoyable to use and engaging). While it is unknown as to what exactly makes 63 

technologies sticky[28], some expected characteristics include being intuitive, accessible, engaging, 64 

motivational, personalizable and providing triggers, such as external cues or reminders[29,30]. 65 

Smartphones naturally incorporate some of these aspects. For example, mobile apps are easily 66 

accessible, making them ideal for behavior change by using techniques such as self-monitoring, goal 67 

setting, increasing awareness/familiarity and improving self-efficacy.  68 

 69 

Previous research has already compared which technologies may help to improve hand hygiene 70 

compliance[31] and has identified that mobile apps may be an appropriate new way of addressing 71 

suboptimal hand hygiene[32,33]. However, the app market is saturated with health apps, with over 72 

318,000 available in 2018 and an additional 200 added daily[34]. Many of these have not been 73 

formally evaluated nor developed with experts, creating concern about the extent to which they 74 

distribute reliable health information and in the case of hand hygiene, encourage good practice. 75 

 76 

OBJECTIVE 77 
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The objective of this review is to provide an overview of what hand hygiene mobile apps are currently 78 

available and to assess their content, technical and functional features, and quality. A secondary 79 

objective is to make recommendations for the future development of similar apps. 80 

MATERIALS AND METHODS 81 

We conducted a systematic review and content analysis of hand hygiene mobile apps in line with 82 

previous app reviews[35-39]. Where relevant, the review was reported in alignment with the PRISMA 83 

guidelines[40].  84 

Search strategy and inclusion criteria 85 

While the target audience of this review was intended to be healthcare providers, an initial scoping 86 

search highlighted that few apps specified their intended users. App markets do also not enable for 87 

categorization of target users, unless they are children. Therefore, we included apps aimed at adults in 88 

general. 89 

We identified apps on the 19th November 2020, from two UK app markets (App Store and Google 90 

Play) using the keywords ‘hand hygiene’ and ‘hand washing.’ Apps that focused on hand hygiene 91 

(hand washing or sanitation) and targeted at adults were included in the review. Those aimed at 92 

children, groups/organizations (rather than individuals), and particular health hygiene issues other 93 

than hand hygiene (e.g. wearing masks to protect against COVID-19) or those not in English were 94 

excluded.  95 

App selection 96 

A two-step screening process was conducted. First, one author (NG) screened the app markets for 97 

relevant apps by looking at their titles and descriptions. Duplicates between the app markets were 98 

removed. Second, three authors (NG, SMA, AJSS) downloaded the apps to confirm their eligibility. 99 

Two authors reviewed the apps in the Google Play store (NG and SMA) and two in the App store 100 

(NG and AJSS). The iPhone SE (iOS 13.6.1), iPhone 7 (iOS 14.2), Samsung Galaxy J6 (Android v8.0 101 
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Oreo) and Samsung Galaxy S20 FE (Android v10.0) devices were used. Some apps required 102 

additional devices, so we also used the Xiaomi Mi Smart Band 4 and the Destek V5 virtual reality 103 

headset. 104 

Data extraction 105 

Two authors independently assessed the functionality and quality of each app and recorded relevant 106 

information on a data extraction sheet in Excel. This included descriptive information, content, 107 

technical and functional features and quality (see Table S1 for a summary of the data extraction 108 

items).  109 

The descriptive information included the name of the app, the version number, the developer, the 110 

market/s in which the app was available, the cost, whether the app was affiliated with a professional 111 

body, the average user rating and the number of ratings.  112 

We explored content by identifying the purpose of each app and common behavior change techniques 113 

it employed. The behavior change techniques included self-monitoring, feedback, goal setting, social 114 

support, reward/threat, prompting practice and/or personalization[41-43]. These were the most 115 

commonly reported behavior change strategies used in mobile apps, as identified by Taj et al.[44] and 116 

Dugas et al.[45]. Other content-related information included whether the app mentioned aligning with 117 

any best practice hand hygiene guidelines and the comprehensiveness of the content.  118 

To assess the comprehensiveness of the content, we developed common criteria from reputable 119 

sources and guidelines on hand hygiene[3-5,46,47], and determined whether or not these were present 120 

in each app. Similar methods were used by Lalloo et al.[48] and Grainger et al.[37]. The four criteria 121 

were: (1) context (e.g. when to hand wash as in the WHO ‘5 Moments for Hand Hygiene,’ or for the 122 

general public after sneezing or using the toilet, and before eating), (2) use of soap or hand sanitizer 123 

(when soap is not available) (3) specific overall timing/length of hand wash (e.g. 15-60 seconds), and 124 

(4) skill (e.g. the WHO 11 steps to hand washing).  125 
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We also extracted information on technical and functional features. Technical features included 126 

whether the app had a privacy strategy (e.g. policy, login, two-factor authentication) and whether it 127 

used innovative features. We considered features innovative if they used any of the following 128 

technologies: geolocation tracking (e.g. GPS), virtual or augmented reality, virtual assistants (e.g. 129 

Siri), smartwatches (e.g. Wear OS or Apple Watch), personal profiles or gamification (e.g. scores, 130 

competition or characters). Other information included whether it worked offline or specifically asked 131 

the user to work in the background or enable push notifications. 132 

As in some other mobile app reviews[49,50], functionality was assessed using the IMS Institute for 133 

Healthcare Informatics functionality score[51]. It consists of seven criteria and four subcategories (see 134 

Table 1), rated 1 if they apply, or 0 if they do not apply. We removed the item ‘Evaluate data’ because 135 

it pertains to whether the entered data can be evaluated by patient/provider, provider/administrator, or 136 

patient/caregiver, which was not relevant to the apps in our review. A total score was generated by 137 

summing the items, with a maximum score of 10. Reviewers resolved disagreements through 138 

discussion.  139 

 140 

 141 

Table 1. IMS Institute for Healthcare Informatics functionality score criteriaa and descriptions. 142 

 143 

Functionality scoring 

criteria 

Description 

1. Inform Provides information in a variety of formats e.g. text, photo, video 

2. Instruct Provides instructions to the user e.g. app use guides, instructions to interpret 

charts 

3. Record Captures user-entered data e.g. hand washing log or score or location for 

where (or not) to hand wash 

3.1 Collect data Able to enter and store health data on individual phone e.g. steps taken, 

location 

3.2 Share data Able to transmit health data e.g. export, upload or email data 

3.3 Intervene Able to send alerts based on the data collected or propose behavioral 

intervention or changes e.g. hand washing alarm based on users data, hand 

washing reminder when movement or step count is detected 

4. Display Graphically display user-entered data/output user-entered data e.g. hand 

hygiene trends chart 
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5. Guide Provide guidance based on user-entered information, and may further offer 

further help e.g. recommendations for improving technique or frequency of 

hand hygiene based off user data 

6. Remind or alert Provide reminders to the user e.g. hand hygiene notifications 

7. Communicate Provide communication between users, consumers or others and/or provide 

links to social networks e.g. in-app community or upload hand washing data 

to Facebook 

aThe criterion ‘Evaluate Data’ was removed as it was not relevant to the apps in our review. 144 

 145 

In line with previous mobile app reviews[35,37-39], quality was assessed using the 19-item Mobile 146 

App Rating Scale (MARS)[52]. Items were rated on a 5-point Likert scale (1= inadequate, 2= poor, 147 

3= acceptable, 4= good, and 5= excellent), with items categorized into four dimensions: engagement, 148 

functionality, aesthetics and information quality. Each author independently rated each dimension and 149 

calculated an overall mean score. A mean score between both reviewers was then calculated. A 150 

question in the scale asks: ‘Has the app being trialed/tested?’, which we answered by searching for 151 

empirical published literature that evaluated the app. This included evaluations for effectiveness, 152 

acceptability, usability or satisfaction. 153 

 154 

MARS also provided an optional sub-scale for subjective quality. However, as consistent with 155 

previous reviews, this scale was omitted to ensure that the quality assessments were consistent and 156 

objective across the reviewers[35,38,39]. Reviewers watched the MARS training video on 157 

YouTube[53] prior to rating.  158 

Data synthesis 159 

We synthesized the data descriptively. Where applicable, we generated descriptive summary statistics. 160 

The highest scoring apps across the functionality and quality measures were identified and cross-161 

compared, in order to identify the best overall apps. 162 

 163 
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To assess interrater reliability of the MARS scores, we calculated the intraclass correlation 164 

coefficients (ICC) on all MARS items, using a two-way mixed-effects, average-measures model with 165 

absolute agreement[54]. For the IMS Institute for Healthcare Informatics functionality score, we 166 

calculated Cohen’s kappa, as ratings were categorical (0= no, 1= yes). All statistical analyses were 167 

conducted using IBM SPSS Statistics (Version 23).  168 

RESULTS 169 

Figure 1 shows that the search yielded 668 apps. After screening the name and description of each 170 

app, and removing six duplicates, a total of 110 apps were downloaded and assessed. Of these, 20 171 

were excluded, mostly due to not being compatible with the devices (n=7) or not opening (e.g. 172 

crashing) (n=6). A total of 90 apps were included in this review. Table 2 provides an overall summary 173 

of the apps. 174 

 175 

Figure 1. PRISMA flowchart showing app identification and screening process. 176 

 177 

Table 2. Summary of the included hand hygiene mobile apps (n=90). 178 

Characteristic  

General characteristics Number (%) 

Purchase costs  

     Free to download 75 (83) 

     Free to download with in-app purchases 11 (12) 

     Costs to download 4 (4) 

Affiliated with a health/medical body  

     Yes 4 (4) 
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     No 86 (96) 

Named a best practice hand hygiene guideline  

     Yes 18 (20) 

     No 72 (80) 

Had a privacy strategy (e.g. login, policy)  

     Yes 70 (78) 

     No 20 (22) 

Used an innovative means of engagement   

     Yes 38 (42) 

     No 52 (58) 

App Quality (MARSa scores) Mean (SDb) 

     Overall quality score 3.2 (0.5) 

     Engagement  2.7 (0.7) 

     Functionality 4.2 (0.5) 

     Aesthetic 3.3 (0.7) 

     Information quality 2.6 (0.6) 

aMARS: Mobile App Rating Scale  179 
bSD: standard deviation 180 

 181 

Descriptive characteristics 182 

Most of the apps (86/90, 96%) were free to download, with 11 offering in-app purchases. The costs 183 

for paid apps ranged from £0.89 to £3.99. At the time of this review, 24 apps had been rated by 184 

between one and 249 users. Ratings ranged from 2.5 to 5 stars (out of 5). Most of the apps (86/90, 185 

96%) were not affiliated with a professional health/medical body and only four said they had been 186 

developed in partnership with infection prevention and control (IPC) expert groups, hospitals, 187 

universities and/or behavioral scientists. Supplementary Table S2 lists and summarizes the included 188 

apps.  189 
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Hand hygiene content 190 

The purpose of the included apps was to educate, instruct or inform users on hand hygiene (e.g. 191 

importance or skill) (70/90, 78%), remind them to practice hand hygiene (62/90, 69%), track their 192 

hand washing instances (e.g. through a log) (27/90, 30%), provide feedback (e.g. on their performance 193 

or technique) (4/90, 4%) or convince them (through hypnosis) (1/90, 1%).  194 

Apps used a range of established behavior change techniques, with an average of two techniques per 195 

app (range 0-5). Thirteen (14%) did not use any of the behavior change techniques, eight (9%) used 196 

one technique, 45 (50%) used two, 13 (14%) used three, eight (9%) used four and three apps (3%) 197 

used five. Figure 2 presents the frequency of each technique. 198 

 199 

Figure 2. Bar graph showing frequency of each behavior change technique used across included apps. 200 

  201 

Across the apps, the most commonly used technique was personalization (70/90, 78%) whereby users 202 

received personalized feedback or could change settings within the app. This included setting their 203 

reminder times, frequencies, sounds/music, notifications or setting the language and location. The 204 

second most common technique was prompting hand hygiene practice (62/90, 69%), as evident in all 205 

of the reminder apps.  206 

Self-monitoring (28/90, 31%) was often used in the apps that intended to track hand washing 207 

instances or performance, and often included presenting a log or hand hygiene history that enabled 208 

users to monitor their progress. Some (8/90, 9%) of the apps also used goal-setting strategies such as 209 

by calculating the number of hand washing instances that should be achieved within a specified 210 

timeframe. This goal was then presented to the user and they could monitor their instances against it.  211 

Feedback (5/90, 6%) was used less often, but included giving users a summary of their performance 212 

(e.g. in games) or of their technique. Similarly, reward/threat were less commonly used (9/90, 10%), 213 
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but were usually employed in games through scores (as reward) or loss of points or ‘lives/hearts’ (as a 214 

threat). Reward was also used when goals were met, such as by enabling the user to move up a level 215 

or change a function in the app. Very few (2/90, 2%) of the apps facilitated social support (e.g. 216 

encouraging users to share their data/progress to social media). 217 

Although many of the apps intended to educate or inform users, not many drew on best practice hand 218 

hygiene guidelines. Specifically, only 20% (18/90) named a guideline. Steps for how to practice hand 219 

hygiene were named the most (n=15), compared to guides on when to hand wash (n=7) or general 220 

guidelines for IPC (n=2). Guidelines for practicing hand hygiene included the WHO 6, 10 or 11 Steps 221 

to Hand Washing (n=8), CDC guides for hand washing (n=6) or the NHS 11 Steps to Hand Wash 222 

(n=1). Guidelines for when to hand wash mostly included the WHO 5 Moments for Hand Hygiene 223 

(n=5), a general WHO guide for when to hand wash (n=1) and a CDC guide for when to hand wash 224 

(n=1). The two IPC guidelines named were the CDC guide for Infection Control and the WHO 225 

general guideline for preventing the transmission of diseases.  226 

Four criteria were used to assess the comprehensiveness of the hand hygiene content. Of the included 227 

apps, 14 (16%) did not mention any criteria, 26 (29%) mentioned one, 9 (10%) apps mentioned two, 228 

28 (31%) mentioned three criteria and 13 (14%) mentioned all four. Length of practice was included 229 

the most (63/90, 70%), followed by use of soap/sanitizer (54/90, 60%), skill (47/90, 52%) and context 230 

(15/90, 17%). 231 

Technical features  232 

Of the apps, 83% (75/90) worked offline and 7% (6/90) asked the user whether it could work in the 233 

background. Although 62 of the apps sent reminder notifications to users, 47 of these (78%) asked 234 

users to enable push notifications. Some included a privacy policy (19/90, 21%) or a login/password 235 

(3/90, 3%). However, none offered two-factor authentication and most (70/90, 78%) did not include 236 

any privacy strategies. 237 
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Innovative means of engagement were used in 42% of the apps (38/90), including: geolocation or 238 

movement-based reminders (13/90, 14%), gamification (10/90, 11%), personal profiles (10/90, 11%), 239 

interfaced with smartwatches (5/90, 6%), virtual assistants (e.g. Siri) (4/90, 4%), augmented reality 240 

(3/90, 3%) and virtual reality (1/90, 1%). Table 3 provides examples of how apps implemented these 241 

features. 242 

 243 

Table 3. Examples of innovative technical features used within some of the apps. 244 

Feature  Example of how apps implemented the feature 

Geolocation-based 

reminders  

 

 

Movement-based 

reminders  

 

In WashReminder, users can use their GPS coordinates or log their 

address to record locations for work, home or university. In similar 

apps they can create a geo-fence (e.g. radius) to record location. 

Hand washing reminders can then be activated or de-activated 

depending on where a user is.  

In the Remember washing your hands- Handwashing reminder app, 

movement-based reminders can be activated or de-activated for when 

movement is complete (e.g. when users have gotten off a bus).  

Personal profiles  Users can create personal profiles in HandAssure and StatWash by 

inputting information such as their name, age and gender. In some 

apps, they can link their existing profiles (e.g. social media or Google 

accounts) to also use their photographs. Other apps ask for weight, 

daily workout time, wake up and bed times, personal hand hygiene 

goals and workplaces. 

Smartwatches  

 

In the LatherApp Hand Wash Timer app, users can connect hand 

hygiene reminders to their smartwatch. This means that they do not 

touch their phone when receiving a reminder.  

Use of virtual assistants  

 

In a karaoke-style app Happy Wash, users are encouraged to sing 

along to the happy birthday song, while hand washing. They can 

create shortcuts to Siri, to activate the hand washing timer and song.  

Augmented reality 

 

 

Users are shown hand hygiene techniques in the SureWash Hand 

Hygiene apps. They then place their phone down and repeat/perform 

the technique above their phone. The app uses gestural recognition to 

provide feedback on the technique (e.g. correctness and when users 

need to change their hands) and provides some general feedback and 

reminders on each step. Users are given an overall score of their 

performance and shown which poses they had difficulty with. 

Smart HandWash uses a sound classification algorithm that starts the 

hand washing timer (20 seconds) when it hears the sound of the 
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users’ tap. The timer stops when the tap noise stops. At the same 

time, it plays (and stops) a video that shows how to hand wash. 

Virtual reality & 

gamification 

 

Users wear a virtual reality headset to become immersed in the Tork 

VR Clean Hands Training game. They are shown how to perform 

hand hygiene properly and select a character (nurse or doctor). 

During their shift, they must care for patients. The nurse provides 

care (e.g. adjusting patients, administering medication, taking blood 

pressure and hemoglobin readings and dressing wounds). The doctor 

performs diagnoses and examinations (e.g. auscultating the heart and 

visual examination of urine). The user is guided through a 'thought 

bubble.' They must perform hand hygiene at appropriate times (e.g. 

before/after touching patient), choose when to use gloves and how to 

appropriately dispose of them. Feedback is provided on missed 

opportunities. At the end of the shift, the user is de-briefed with a 

summary of opportunities for hand hygiene, missed opportunities and 

overall compliance.  

 245 

Functionality  246 

Functionality was assessed using 10 items from the IMS Institute for Healthcare Informatics 247 

functionality score. There was substantial agreement between the two raters’ scores of the Apple App 248 

Store apps, κ = .76 (95% confidence intervals .67– .85), p< .0000. Similarly, there was substantial 249 

agreement between the two raters in the Google Play Store κ = .80 (95% confidence intervals .74– 250 

.86), p< .0000. Absolute agreement was reached through discussion.  251 

Figure 3 shows that the most common functions were the ability to inform users on hand hygiene 252 

(62/90, 69%), provide reminders or alerts (61/90, 68%) (e.g. push notifications) and to record data 253 

(e.g. hand washing scores) (34/90, 38%). Overall, apps had an average of 2.4 (of 10) functions (range 254 

0-8) (see Supplementary Table S2). Only one app (SureWash Hand Hygiene Pro) had eight functions, 255 

followed by three apps (Tork VR Clean Hands Training, SureWash Hand Hygiene and Remember 256 

Washing Your Hands- Handwashing Reminder) that had seven functions. Three apps (Wash Stuff, 257 

Hand Wash Timer-Wash Your Hands For 20 Seconds and Wash Hands Timer) had none of the 258 

functions. These apps tended to be simple hand wash timer/countdown apps. 259 

 260 
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Figure 3. Functionality of the apps, using 10 items from the IMS Institute for Healthcare Informatics 261 
functionality score. 262 

 263 

Quality  264 

All apps were independently evaluated by two raters using MARS. The authors who reviewed the 265 

apps in the App store had good interrater reliability (ICC = .88, 95% confidence intervals .86–.90). 266 

Interrater reliability between the authors who reviewed the apps in the Google Play market was also 267 

good (ICC = .88, 95% confidence intervals .87–.90).  268 

The mean overall quality score across the apps was 3.2 (SD= 0.5). Only 68% (61/90) met the 269 

minimum acceptability score of 3[52]. The best apps were rated 4.6 (SureWash Hand Hygiene; 270 

SureWash Hand Hygiene Pro) and the worst-rated was 2.4 (Hand Wash Timer - Wash your hands for 271 

20 seconds). Mean scores for engagement, functionality, aesthetics and dimensions were 2.7 (SD= 272 

0.7), 4.2 (SD= 0.5), 3.3 (SD= 0.7) and 2.6 (SD= 0.6) respectively. Most apps (84/90, 93%) scored 273 

highest on the functionality dimension and lowest on information quality (50/90, 56%). Only two of 274 

the apps (SureWash Hand Hygiene and SureWash Hand Hygiene Pro) had been formally 275 

trialed/tested,[55,56] but not in robust randomized controlled trial (RCT) experiments. We reviewed 276 

the SureWash apps individually, as they are two different versions. Supplementary Table S3 277 

summarizes the MARS scores for each app. 278 

Overall app quality 279 

The apps that had the highest IMS functionality and MARS scores were cross-compared. The highest-280 

performing apps and their defining characteristics are highlighted in Table 4 and include SureWash 281 

Hand Hygiene Pro, SureWash Hand Hygiene, Tork VR Clean Hands Training and Remember 282 

Washing Your Hands-Handwashing Reminder. Figure 4 provides images of each of these apps.  283 

 284 

 285 
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Table 4. Highest performing apps included in the review. 286 

 287 

Name Market, 

costa 

IMS 

Scoreb 

MARS 

scorec 

Purpose  Innovative 

technical 

features  

Behavior change 

technique 

SureWash 

Hand 

Hygiene 

Pro 

Apple; 

Google 

Play 

3.99 

8 4.6 Track, 

educate/instruct, 

provide 

feedback, 

remind 

Augmented 

reality, 

gamification 

Self-monitoring, 

feedback, reward, 

social support, 

personalization, 

prompt practice 

SureWash 

Hand 

Hygiene 

Apple; 

Google 

Play 

free 

7 4.6 Track, 

educate/instruct, 

provide 

feedback 

Augmented 

reality, 

gamification 

Self-monitoring, 

feedback, reward, 

social support, 

personalization  

Tork VR 

Clean 

Hands 

Training 

Apple; 

Google 

Play 

free 

7 4.5 Educate/instruct, 

provide 

feedback 

Virtual 

reality, 

gamification 

Self-monitoring, 

feedback, 

reward/threat, 

personalization 

Remember 

Washing 

Your 

Hands -

Handwashi

ng 

Reminder  

Google 

Play 

free 

7 4.0 Remind, track, 

educate/instruct 

Tracking 

(log/chart), 

reminders 

(movement-

based)  

Self-monitoring, 

personalization, 

prompt practice 

 

288 
a

Currency is in Great British Pound (£).
 

289 
b

The IMS score refers to the overall score for the IMS Institute for Healthcare Informatics 290 
functionality score (range 0-10).

 

291 
c Overall mean MARS score. 292 
 293 

 294 

Figure 4. Images showing the highest scoring apps (from top to bottom): SureWash Hand Hygiene; 295 
SureWash Hand Hygiene Pro[57], Tork VR Clean Hands Training[58] and Remember Washing Your 296 

Hands-Handwashing Reminder[59]. 297 

 298 

DISCUSSION 299 
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To our knowledge, this is the first study to formally identify hand hygiene smartphone apps and 300 

assess their quality, functionality and content. We assessed 90 apps, of which most intended to 301 

educate/inform or remind users to hand wash, often using behavior change techniques such as 302 

personalization and prompting practice. Only a few apps named a best practice hand hygiene 303 

guideline or had expert involvement in their development. However, 42% used an innovative means 304 

of engaging users. On average, the apps used 2.4 functions and had a quality score of 3.2. Only two 305 

had been formally tested/trialed.  306 

A previous review of apps for healthcare-associated infection prevention was conducted by Schnall 307 

and Iribarren[32], but only included two hand hygiene apps. Our review showed that many hand 308 

hygiene apps exist, but that they vary greatly in quality. Indeed, many did not meet the minimum 309 

acceptability criterion for quality. While this review included hand hygiene apps aimed at adults, it 310 

did highlight some that were specifically targeted at health and care providers. Five of the apps 311 

contained content on the WHO 5 Moments of Hand Hygiene, a guideline for hand hygiene within 312 

clinical healthcare settings. Overall the apps were fairly simple, providing few functions and related 313 

behavior change techniques. The lack of adherence to best practice hand hygiene guidelines (e.g., 314 

when and how to practice hand hygiene) or of engagement with experts in their development meant 315 

that their content did often not align with best practice, nor meet our criteria for comprehensiveness. 316 

This was also reflected in the MARS, whereby more than half of the apps scored lowest on the 317 

information quality dimension.  318 

However, it was evident that the smartphone platform enabled innovative approaches to engagement, 319 

including elements of gamification and ‘fun’ to inform users, geolocation to send accurate reminders 320 

or augmented and virtual reality to provide personalized and real-time feedback on technique. Apps 321 

including these innovative features addressed some of the common barriers to hand hygiene, 322 

including helping to improve self-efficacy in technique, combating forgetfulness and skepticism and 323 

promoting awareness and familiarity of best practice guidelines[15-18]. These engaging apps may 324 

also overcome external barriers such as training that is too theoretical and passive[14,20]. In fact, the 325 
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SureWash app had previously been evaluated for effectiveness in improving technique. SureWash 326 

was used daily by 47 university staff and students in a four-week prospective cohort study[55]. By the 327 

end of the study period, 81% had reached proficiency in their technique. 328 

The included apps also used a range of behavior change techniques and approaches to improving hand 329 

hygiene. These are commonly employed in other mobile app interventions[44,45]. Previous research 330 

explored whether common behavior change strategies were able to improve hand hygiene 331 

compliance. In a systematic review by Seo et al.[18], 11 studies used campaign and educational 332 

strategies. Ten of these significantly improved hand hygiene compliance after the intervention. 333 

Similar results were reported by Doronina et al.[21] who evaluated the effectiveness of hand hygiene 334 

interventions for nurses, and concluded that education and feedback strategies positively affected 335 

compliance rates. However, these rates decreased after one month. Reminders and feedback systems 336 

also improved compliance, although this varied throughout the day.  337 

 338 

According to Huis et al.[60], many hand hygiene interventions do not facilitate long-term and 339 

sustained behavior change because they only address knowledge, facilitation and awareness. They 340 

argued that more effective interventions should also target attitude, self-efficacy, intention[60], 341 

education, reminders, feedback[18,61], goal-setting, accountability and reward incentives[23]. In line 342 

with Huis’s suggestion, some of the included apps employed different strategies to target multiple 343 

barriers of hand hygiene. However, we cannot comment on their effectiveness, as none had been 344 

formally and robustly evaluated. 345 

 346 

Additionally, it is important to acknowledge that smartphone apps alone cannot address all barriers to 347 

hand hygiene. For example, deeply engrained personal beliefs, previous training and environmental 348 

factors (e.g., access to hand sanitizer, soap or clean water) are not addressed. Developers often design 349 

apps with a certain target audience in mind, making it hard to account for the full –and 350 

heterogeneous—range of potential users and contexts (e.g., community, home and clinical settings). 351 
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Integrating the apps into multi-modal interventions that address other barriers and are tailored to the 352 

settings in which they are used may therefore be most effective in promoting hand hygiene. 353 

Design and research recommendations  354 

Research is warranted to assess the feasibility and effectiveness of hand hygiene apps (especially 355 

within healthcare settings), including when and how they ‘work’ in improving self-efficacy, 356 

knowledge of guidelines and compliance to best practice. This should be considered before additional 357 

effort is devoted to producing better hand hygiene apps. In addition, robust research and development 358 

of theory is needed to determine which innovative methods of engagement create ‘sticky’ apps. This 359 

includes in-app methods (e.g. gamification or augmented reality), external phone-based tools (e.g. 360 

virtual assistants, geolocation or movement tracking) or additional external tools (e.g. virtual reality 361 

headsets or smartwatches, such as[62]). Future research should explore the impact of these methods 362 

on engagement, as well as what level and duration of engagement leads to changed hand hygiene 363 

behavior or increased awareness of the correct technique. This may differ between types of apps. For 364 

example, compared to educational apps, users may need to engage with reminder apps more 365 

frequently and for longer to change their behavior.  366 

Currently, there are few apps that contain hand hygiene content that aligns with recommended best 367 

practice. There is therefore great opportunity to include IPC experts in developing apps, something 368 

that only few apps in this review mentioned. Collaboration between IPC experts and app developers 369 

will likely yield apps that contain high quality, accurate and comprehensive content. At the same time, 370 

(or when including experts is not practical) the content may be derived from best practice guidelines. 371 

In addition to education, reminding and feedback, future apps should also target attitude, intention and 372 

self-efficacy, to promote effective and sustained behavior change. These should use an adaptive ‘Just-373 

in-Time’ approach that accounts for time and context[63]. For example, providing reminders when 374 

individuals reach a high-risk area (e.g., workplace) or enabling users to postpone/disregard 375 

notifications to avoid intervention fatigue.  376 
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Strengths and limitations 377 

Unlike other app reviews[32,36], we included apps that required additional devices (e.g. 378 

smartwatches) or used innovative features (e.g. virtual assistants). This enabled us to also explore 379 

innovative methods of engagement, even though we had to exclude some apps that depended on 380 

additional devices that were not compatible with the ones we had available. Another strength included 381 

using the IMS Institute for Healthcare Informatics functionality score, unlike most other app reviews. 382 

While the MARS[52] focused on navigation, performance, gestural design and ease of use, the IMS 383 

Institute for Healthcare Informatics functionality score[51] focused on the broader scope of function 384 

in regard to abilities. This includes the ability to inform, instruct, record, display, guide, remind and 385 

communicate information.  386 

The main limitation of the study was that only apps available in the UK were included. This means 387 

that it is possible that hand hygiene apps developed and released privately or by researchers were not 388 

included. Apps reported in academic literature (but not currently available in app stores), released 389 

overseas or not in English were also excluded. 390 

CONCLUSION 391 

This systematic review identified many hand hygiene mobile apps available across two UK app 392 

stores. Many of these were simple, with few functions, and did not meet the minimum acceptability 393 

criterion. It was concerning to see that while many attempted to inform users on how to practice hand 394 

hygiene, only few mentioned that input from IPC experts or best practice guidelines informed their 395 

development. This limited the information quality, accuracy and comprehensiveness of their content. 396 

Before producing better hand hygiene apps, research should assess their feasibility and effectiveness 397 

(especially within healthcare settings), including when and how they ‘work.’ Future developments of 398 

hand hygiene behavior change apps should partner with IPC experts and draw on best practice 399 

guidelines. Robust research and development of theory is needed to determine which innovative 400 



 22 

methods of engagement work. Ultimately, this may result in the development of sticky apps that are 401 

trustworthy in their content. 402 
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