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Abstract
Purpose: The purpose of this study was to develop and test a smartphone application (app) prototype, 
ToothSense, as an oral health promotion tool for the prevention of Early Childhood Caries (ECC) based 
on the Theory of Planned Behavior (TPB). 
Methods: A quantitative and qualitative design process based on the TPB was used for the app development 
in the first phase of the study. A behavioral intervention technologic model was used to document the 
app features design, accounting for Doshi’s intervention strategies for the TPB. Beta-testing of the app 
was hosted via an online software program. Testers were presented with a series of tasks and prompts 
followed by a 5-point Likert-scale questionnaire that quantitatively measured perceptions of the app’s 
interactive design based on Jakob Nielsen’s principles and behavioral strategies. A Net Promotor Score 
was calculated to determine the tester’s likelihood to recommend the app prototype. Audio and video 
aspects of the app were qualitatively measured using a template approach. 
Results: Beta testers agreed the app met the majority of the five usability statements. The Net Promotor 
Score indicated a likelihood to recommend the app prototype. Thematic analyses revealed the following 
themes: interface design, navigation, terminology, information, and oral health promotion. 
Conclusion: Beta testing results from this study provided health promotion project design information 
for the prevention of ECC using the TPB and highlighted the importance and usability of smartphone app 
for oral health promotion.
Keywords: health behavior theories, oral health promotion, smart phone apps, mobile health apps, 
theory of planned behavior, early childhood caries
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Introduction
Dental caries or tooth decay is the most common 

chronic infectious-disease affecting children today.1-3 
Tooth decay occurring in children aged six and 
younger is known as Early Childhood Caries (ECC)1 
and is considered one of the most significant public 
health problems throughout the world, in both 
developed and developing countries.1-3 In the United 
States (U.S.), among children aged 2 to 5 years, 
75% of the cases of ECC have been identified in 8% 
of the population,4 indicating that dental caries is 
more common in lower socioeconomic households 
and racial ethnicities.5 Dental caries is a preventable 
disease, yet despite all efforts, little improvement 
has been made in preventing ECC in the U.S.1 

A systematic review of the literature by Castilho  
et al. identified that parents’ previous caries 
experience, including the transmission of cariogenic 
bacteria, along with parents’ oral self-care, and 

sugar intake, could increase the risk of caries 
development in their children. Children’s oral health 
was linked with their parents’ knowledge, attitude, 
socioeconomic status, level of education and 
maternal age.6 Furthermore, parental attitudes and 
beliefs were shown to be changed through increased 
oral health knowledge.7 Parental support during the 
implementation process of behavior changes has 
been linked to increased success in the adoption of 
positive oral health behaviors.6,7 

Dentistry has focused on individual health 
promotion primarily using health education, rather 
than incorporating behavioral and population 
approaches.8 Early Childhood Caries has proven 
to be resistant to oral health promotion on the 
individual level.9 Challenges to the problem are 
further precipitated by the difficulty in accessing 
young children. During the first two years of life, 
children average 10 or more visits to a primary health 
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care provider and may not ever visit a dentist or 
oral health care provider.10 Developing an oral health 
promotion program to reach parents and caregivers 
prior to their child’s first dental visit has the potential 
to be an effective intervention tool. 

Behavior strategies have been identified as 
necessary elements to ensure implementation and 
adherence of any health promotion intervention 
tool.9 The Theory of Planned Behavior (TPB) has 
been identified as a predictor of intent to engage 
in positive oral health behaviors.11 The constructs of 
the TPB are: behavioral norms (attitudes), normative 
beliefs (subjective norms); and control beliefs 
(perceived behavioral control).12 

Dumitrescu and colleagues designed a cross-
sectional study to evaluate five social cognitive 
theories including the TPB to explain current oral 
health behaviors and predict individuals’ intentions 
to engage in positive oral health behaviors. Results 
of the study indicated that TPB and the Health Action 
Process Approach (HAPA) were the best predictors 
of intention to engage in oral health behaviors. 
Research findings of Dumitrescu et al. indicate that 
oral health education should focus on perceived 
behavioral control by improving knowledge and 
attitudes and removing barriers to daily oral health 
care through addressing performance difficulty, 
confidence, perceived control, and locus of control.11  

Smartphone applications (apps) have the capacity 
to provide computer-tailored, population based 
interventions throughout the day and night, as 
90% of mobile phone users in the U.S. are reported 
to be in possession of their phone at all times.13 
Health promotion strategies have been proven to 
be successful when behavior change strategies have 
been incorporated into modern technology, including 
the Internet,14 mobile phone text messaging,15,16 and 
more recently smartphone apps.13,17-21 In addition, 
apps incorporating behavior change strategies are 
typically associated with increased effectiveness of 
the intervention.21 

Smartphones, mobile phones with the capacity 
of a hand-held computer, are widely used across all 
socioeconomic groups, making them an excellent 
resource for health promotion messaging.18,22 An 
estimated 85% of adults aged 18-29 in the U.S. 
possess a smartphone and ownership has not been 
shown to be influenced by socioeconomic status 
(SES).23 However, lower SES users have been shown 
to spend more money downloading apps and are 
more likely to use their smartphone as their only 
source of Internet access than higher SES users.24 
This user profile provides an opportunity to deliver 
remotely administered oral health promotion and the 
ability to access lower socioeconomic populations. 
Development of a smartphone oral health app 
requires a review of current literature to determine 

the theoretical basis for the prototype and testing 
for acceptability within the target audience.25 The 
purpose of this study was to develop and test a 
prototype of a smartphone app (ToothSense) as an 
oral health promotion tool for the prevention of ECC 
targeting parents and caregivers of children six years 
and younger. The study assessed the app’s usability, 
quality, performance, likelihood to recommend, and 
users’ perceptions of TPB intervention strategies. 

Methods 
This study was granted exempt status from the 

Institutional Review Board of MCPHS (Massachusetts 
College of Pharmacy and Health Sciences) University. 
The app prototype development and resting process 
used both quantitative and qualitative measures in 
two phases of the study: app prototype design and 
development based on the Theory of Planned Behavior 
(TPB) followed by beta testing of the app prototype.

Design and Development 
An interdisciplinary team including a dental hygien-

ist (primary researcher), graphic motion designer, and 
two app software developers collaborated to develop 
and beta test an oral health promotion prototype 
app, titled ToothSense. To ensure the development 
process was replicable and systematic, the Behavioral 
Intervention Technology (BIT) model was used. The 
BIT model was designed to process the delivery of BITs 
from a clinical to a technological framework,26 and has 
been used previously to document app development.27 
The BIT model describes the clinical aims, intervention 
strategies, and their incorporation into the features of 
the app.27 Furthermore, the BIT model accounts for the 
how, what, why and when questions of document design 
features in technological intervention strategies.26 
Intervention Aims and Strategies

The overall clinical aim was to increase positive 
oral health behaviors in children 6 years and younger 
by influencing their parents and/or caregivers to 
adopt positive oral health behaviors. Usage aims 
were designed to encourage daily interaction/use of 
the application. 

Doshi’s Intervention Strategies (DIS) by Behavior 
Change Model or Theory provides intervention 
strategies including knowledge, general information, 
perceived benefits/barriers/risks, self-efficacy/talk  
and perceived social norms accounting for all the 
constructs of behavior modification theories.28 
The app prototype features included goal setting, 
motivation, monitoring, and feedback to account 
for DIS. Education increased knowledge and the 
user’s understanding of the overall goal and steps to 
reach that goal.26 Motivation included strategies to 
increase the likelihood users would engage in certain 
desirable behaviors and be useful in addressing 
self-efficacy. Goal setting involved future planning 
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that included activity scheduling, while monitoring 
involves recording past or current states.26 Both 
goal setting and monitoring accounted for the self-
efficacy strategy. Feedback provided information on 
current or past oral health behaviors and was used 
to address self-efficacy and perceived social norms.
Goal Setting

The app prototype features for goal setting were 
found in the settings screen. Users were prompted 
to set toothbrushing reminders for morning and 
evening which resulted in push notification sent to 
the iOS device. A push notification is the delivery 
of information from a software application to a 
computing device without the request of the user.29 
The push notification read, “Time to brush!” and was 
sent to the user twice a day at the designated times. 
Additionally, push notifications helped to meet the 
initial usage aims. 
Monitoring and Feedback

 The app prototype accounted for monitoring and 
feedback in the following features: Sugar Bug Status, 
Brush Along, Smiles Club, and Mouth Journal. To 
monitor the strategies, reports were compiled through 
data collection and displayed to the user within the 
app. The data was displayed in two locations: Smiles 
Club and Mouth Journal. Smiles Club displayed a 
picture, age, brushing experience information (time 

and date), and badges that corresponded to the 
time and affirmation of flossing. (Figure 1) Brushing 
experiences (time) were automatically recorded when 
users brushed to a video found on the Brush Along 
screen (Figure 2). Users were then able to “share” 
that experience with the Smiles Club by selecting 
“Share.” Smiles Club information was displayed only 
to friends of the users; all information remained 
private unless the user accepted a friend request. 
Mouth Journal was a linear graph displaying a week 
of individual brushing experiences and the average 
time. Logs entries allowed the user to manually enter 
a brushing experience. The log option was located on 
the “Smiles Club” screen and allowed users to enter 
the length of brushing and time of day if the user 
chose not to use the “Brush Along” feature.

Interactive Elements
Interactive features incorporated into the 

prototype app included information delivery, 
notifications, logs, peer support, reviews, and 
visualization. All oral health information (OHI) was 
obtained from the American Dental Association 
(ADA) website.30 Educational texts were used to 
deliver OHI for toddler oral health care, nutritional 
advice, importance of dental visits, infant oral health 
care, importance of family/parental involvement 
in maintaining habits, and social rewards and 

Figure 1.  
Smiles Club Screen

Figure 2.  
Brush Along Screen

Figure 3. Home Screen: 
Oral Health Information
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consequences of oral health. Two oral health videos 
were available for viewing and provided the following 
OHI messages: importance of primary teeth, and 
OHI for children two years and older. A link for 
texts and videos was accessible on an “Oral Health 
Information” page located on the home screen, the 
first screen to appear when application is active. Two 
icons appeared on this screen titled “Tooth Sense” 
and “Sugar Bug Status.” (Figure 3). All educational 
and media texts could be accessed on a separate 
screen linked through the Tooth Sense icon.
Workflow

The app prototype primarily used a user-defined 
workflow to administer its interventions. In addition, 
the prototype directed users to a specific workflow 
based upon their pre-determined oral health status 
in the Sugar Bug Status feature. Users were also 
able to specify the frequency of the push notification 
intervention in the Settings menu.
Application Prototype Testing

In addition to design features, user satisfaction 
also plays a vital role in the overall success of health 
promotion. Satisfactory usability of a website or app 
is based on compliance with five interface design 
heuristics known as Jakob Nielsen’s (JN) general 
principles for interaction design, in which users value 
an app that is efficient, intuitive, and allows for easy 
input of information.31 

Upon completion of initial prototype development, 
the testing phase was conducted through a user 
testing service (UserTesting; Mountain View, CA), 
specializing in consumer feedback on quality and 
performance of mobile apps.32 Participants were 
recruited by the user testing service to serve as beta 
testers. Inclusion criteria were: owner/user of an iOS 
operating system smartphone (iPhone; Apple Inc., 
Cupertino, CA); parent or primary caregiver of one 
or more children age six years or younger; and U.S. 
resident. Dental professionals were excluded from 
participating. The study required the beta testers 
have a personal smartphone capable of downloading 
the app prototype. Eight beta tests were deemed 
sufficient for evaluating the app prototype for 
usability and perception of the TPB intervention 
strategies. Determination of the number of beta 
tests was based on research findings demonstrating 
that usability testing with a minimum of 5 market 
testers will identify 85% of all usability problems.32,33

Beta testers were asked to complete a series of 
tasks to ensure all features of the app were utilized. 
Tasks were created based upon the app features and 
from suggestions provided by the user testing web 
site.32 Most tasks were accompanied by a prompt to 
encourage feedback on the testers experience with 
the application features. A camera was placed on the 
shoulder of each beta tester while they conducted 

the tasks to record the video and audio and they 
were encouraged to think aloud and talk through 
their actions and feelings. This method reduced the 
need to rely on self-reported measures, which can 
be biased.33 

Upon completion of the tasks, the testers were 
asked to complete a survey consisting of usability 
statements based upon JN’s five principles for 
interaction design,31 and the presence of the 
TPB intervention strategies based on DIS.34 
Responses were recorded using a 5-point Likert-
item (1=strongly disagree, 2=disagree, 3=neither 
agree or disagree, 4=agree, 5=strongly agree) 
and were tallied to obtain a mean score for each 
question on usability and perceptions of TPB. Mean 
scores of 4 and above indicated agreement with 
the statement, features and positive perception of 
interventions. Mean scores of 3 to 4 indicated some 
user indifference with the statement, app features, 
and perceptions of intervention strategies. Mean 
scores lower than 3 indicate disagreement with 
the statement, significant usability issues, and 
negative perceptions of the intervention strategy. 
A final question asked testers to rate the likelihood 
to recommend the app prototype (0=Not at all 
likely, 10=Very likely) using a Net Promoter Score 
calculated by the user testing service and compared 
to all sites tested by the service. A Net Promoter is 
a commonly used customer loyalty metric derived 
from survey responses to the question: “How likely 
are you to recommend this website/app to a friend 
or colleague?”32 Beta testers rating an app as a 9 
or 10 are considered “promoters”, a rating of 7 or 
8 “passives”, and rate 0 to 6 “detractors.”32 The 
percentages of detractors are subtracted from the 
percentages of promoters to give a Net Promoter 
Score.32 

Data from the audio and video recordings was 
analyzed to better understand the beta testers 
interactions and perceptions of the app. A template 
approach using codes was applied to organize the 
data.35 Preliminary codes were developed based on 
the audio and video recordings and the theoretical 
framework of TPB.35 Key points made by the 
participants were transcribed after listening and 
watching beta testers responses to prompts and 
complete tasks.34 Analysis of texts were guided by 
the preliminary codes.35 Similarities and differences 
of data emerged, and themes were identified, further 
clustered and defined.35 

Results
Eight beta testers, 6 females and 2 males, 

ranging in age from 22 to 36 years, participated in 
the study. The average age of the participant was 
27.5 years. One tester had an annual income level 
below 40K while the remaining seven had income 
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levels between 40K and 100K. The average amount 
of time the beta testers used the prototype app was 
00:15:12.
Prototype Application Usability 

All beta testers agreed the app met three of the 
five usability statements (Table I). The most common 
usability concern was regarding the interface design 
of the OHI and Sugar Bug Status screens, commonly 
described by the testers as crowded and difficult to 
read. Testers requested brighter colors and a simpler 
layout to improve the readability and decrease the 
number of icons. Several beta testers were unable 
to use all of the features and requested instructions 
and/or clarification. It should be noted however 
that the users rarely read the pop-up instructions 
incorporated into the app when using a feature for 
the first time.

Prototype Application and the Theory of 
Planned Behavior  

Beta testers agreed the TPB strategies were 
met in the app (Table II). All users felt strongly the 
app provided oral health knowledge and features/
information that addressed the risks and benefits of 
engaging in or not engaging in oral health behaviors. 
Most testers agreed the app would increase their 
oral health knowledge and felt the app gave them 
the confidence and skills needed to maintain positive 
tooth-brushing habits for their children. When asked 
about the ability of the application to provide features 
that would connect their children with other children 
who engage in positive oral health behaviors, only 
two users strongly agreed, while the remaining users 
were neutral or disagreed. 

Table I. Beta Testers Perceptions of TPB Intervention Strategies

TPB 
Intervention 

Strategy
Statement Participant

P1 P2 P3 P4 P5 P6 P7 P8 Mean

General 
Knowledge

ToothSense provides user 
with general knowledge about 
children’s dental health.

5 5 5 5 5 5 5 5 5

Increased 
Knowledge

I feel that ToothSense has 
features and/or information 
that would improve MY 
knowledge on my child’s 
dental health.

5 4 5 5 5 5 5 5 4.875

Perceived 
Benefits

ToothSense adequately 
provided information about 
the benefits of positive dental 
behaviors for my child/
children.

5 5 5 5 5 5 5 5 5

Perceived 
Risks

ToothSense adequately 
provided information about 
the risks of not engaging in 
positive oral health behaviors.

5 5 5 5 5 5 4 5 4.875

Self-Efficacy

ToothSense gave me the 
confidence and skills I need 
to maintain a tooth brushing 
habit of two minutes two 
times a day.

5 5 5 4 5 4 5 5 4.75

Perceived 
Social Norms

The features SmilesClub 
in ToothSense will help to 
connect my child and me 
with those individuals (family 
and friends) who approve of 
brushing my child’s teeth two 
minutes two times per day.

3 2 1 5 5 2 2 3 2.875
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Table II. Application Prototype Usability

Usability Statement Participant

P1 P2 P3 P4 P5 P6 P7 P8 Mean

The features of ToothSense will keep me informed 
about my child’s oral health and progression 
towards positive oral health behaviors.

5 4 5 5 5 4 4 5 4.625

Control interactions such as exit, save, go back, 
or edit were user friendly. 5 4 5 5 5 4 5 5 4.75

The features of ToothSense are flexible  
and efficient. 5 3 4 5 5 3 4 4 4.125

ToothSense is pleasant to look at and not 
overcrowded with irrelevant information. 5 2 2 4 4 2 4 2 3.125

ToothSense adequately helps me recognize, 
diagnose, and recover from errors. 5 3 3 3 4 4 3 3 3.5

Intention to Recommend 
Beta testers were asked to rate the likelihood to 

recommend the app prototype (0=Not at all likely, 
10=Very likely) and a positive Net Promoter Score 
of 20 was calculated by the user testing site and 
compared to all sites tested.32 Three beta testers 
were “promoters”, 3 “passives”, and 2 “detractors”. 
The prototype received positive reviews in terms 
of concept, information provided, and likelihood to 
recommend the app. indicating the potential for an 
oral health promotion app.
Qualitative Analysis of Audio and  
Video Recordings

Qualitative analysis of the audio and video 
recordings regarding the usability of the app 
prototype indicated that while most of the testers 
found the app to be helpful especially with regards 
to the timer and alarm function, some felt the 
features to be too advanced for their child’s age. 
Testers had negative comments in regards to the 
interface design particularly regarding the color, 
images and the location and size of the icons on 
the screen. Navigation through the Smiles Club and 
Mouth Journal presented difficulties for some testers 
and others indicated the need for more guidance 
in the app for error recovery and task completion. 
Terminology was another theme in the qualitative 
analysis with some testers having concerns over 
the use of “sugar bugs” to describe bacteria or not 
understanding the meanings of some of the buttons 
on the app. Testers responded positively to the oral 
health information available on the app prototype 
indicating that this was new information that helped 
them understand the risks related to not caring for 
their child’s teeth. The themes of interface design, 
navigation, feedback, terminology, information, 
health promotion and selected comments are shown 
in Table III.  

Discussion
The development and testing of embedding the 

TPB in a prototype contributes to the understanding 
of how to provide parental support during the 
implementation of oral health promotion to increase 
the adoption of positive oral health behaviors.6,7 The 
beta testers feedback was positive with respect to 
accounting for the TPB as well as for recommending 
the app. The prototype serves as a model to 
address parental involvement in the prevention of 
ECC. The positive Net Promotor Score (likelihood to 
recommend) indicates the potential for a cascade 
effect in which users would recommend or discuss 
their experience with the app prototype and 
resulting in encouraging others to utilize the app. 
This research study provides a model for a potential 
app design thus it was important to address the 
prototype usability issues early in the development 
process with the goal of increasing user satisfaction 
and promotion of positive health behaviors.

Although dental apps for children are available 
from a variety of sources, there are no indications that 
the apps were developed in a research setting with a 
behavior modification theory, or specifically directed 
towards parents and caregivers. The ToothSense 
app prototype differs from other app products as it 
was developed to provide an intervention founded 
in a behavior modification theory for parents and 
caregivers of children, rather than as a child’s game.

There are several limitations to consider with 
this study. Limited financial resources influenced 
the development of the prototype and may have 
contributed to some of the usability issues. While this 
was a limitation it was beneficial to test a prototype 
early in the development stages to identify usability 
issues prior to release and ensure positive user 
interaction and ratings in the market place. Another 
limitation of this study was the short amount of time 
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Table III. Beta Tester Comments Related to Usability of App Prototype Usability 

Theme Subtheme Comments

Interface design Aesthetics, size 
of elements/font, 
background color

“I think the colors could be brighter, more playful, maybe 
even on a white background. It seems too dark.” The 
layout could use a new font, less use of capital letters.” 
“PDF documents are hard to read.” “A lot going on in 
the home page.” “It looks crowded.” “It looks very 
Halloween.” “The sugar bugs are falling off. That’s a 
really cute thing.” 

Navigation Smiles Club and  
Mouth Journal functions

“Nothing shows up on Smiles Club.” “It doesn’t actually 
go, but the idea is cool. I am not sure how it works 
exactly.” “Smiles Club needs instructions. I can’t figure 
it out.” “I don’t understand what I am supposed to 
do with the Mouth Journal.” “Everything was exactly 
where I thought it would be.” “Everything is pretty self-
explanatory.” “It’s easy to navigate.”

Feedback Photo upload,  
Smiles Club Interaction

“When I tried to take a picture it didn’t let me or offer 
a solution.” “My name disappears after uploading the 
picture.” “Smiles Club doesn’t work.” “It would be nice to 
have a tutorial about Smiles Club.”

Terminology Naming of buttons, 
choice of vocabulary 

“I think it should be ‘submit’ instead of ‘signup’.” 
“Sugar bug sounds a little weird. The feeling of bugs in 
the mouth is awful, and makes me want to avoid any 
information with him on it.”

Information Oral health information,  
American Dental 
Association, dentist 
approved

“There’s a lot of information that I didn’t know.” “The 
video helped me understand the risks of not caring for 
my child’s teeth positively.” “Mention the American Dental 
Association or ‘backed by dentist’.” 

Health Promotion Alarm, reminder, timer “I feel positive about having the timer and reminder.” “I 
think especially as my child is older and brushing her own 
teeth, I think the ToothSense app with the timer showing 
her how long to brush her teeth and then the reminder 
daily is really beneficial. I use my phone for everything 
so that would be very beneficial.” “It seems like a helpful 
app to get your children to start taking care of their 
teeth.” “It seems like a great app and really great idea. 
I’ve never really seen an app like this so I think it’s really 
smart to create something that everyone can use like 
this.” “I like all these things that the app can offer.”

“I really like the alarm/reminder under goals tab. That’s 
the thing that would make me use it all the time having 
the constant reminder.” “I really like the brush along 
video. It gives your kid reminders. And it’s something fun 
you could do with your kid.”
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the beta testers used the prototype with an average 
time of 00:15:12. The iOS operating system may 
also have been a limitation in this study. Expanding 
to the Android platform would broaden the base of 
potential users. 

Conclusion
Using a mobile platform for oral health promotion 

provides the opportunity to engage parents, enable 
communication, and potentially help overcome 
oral health challenges for the management of oral 
diseases such as ECC. Beta testing results from 
this study provided health promotion project design 
information for the prevention of ECC using the TPB 
and highlighted the importance of health promotion 
smartphone app usability. Future research should 
include modifications to the app based on the 
prototype test results, pilot testing among parents 
and caregivers of children 6 years and younger and 
expansion of the mobile platforms.
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