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Background: Tuberculosis (TB) is the leading infectious killer, and India accounts for 2.8 of the
10.4 million TB cases that occur each year, making it the highest TB burden country worldwide. Poor
quality of TB care is a major driver of the epidemic in India. India’s large private, unregulated sector
manages over 50% of the TB patients, with studies showing suboptimal diagnosis and treatment in the
private sector. Better education of doctors using mobile applications (apps) is a possible solution. While India
has seen an explosion of mobile phone services, and while the use of mobile health interventions has been
gaining interest, little is known about mHealth around tuberculosis in India.

Methods: Our study aimed to understand the user experience and acceptability of a smartphone
application, LearnTB, amongst private sector academic clinicians in India. This study was conducted
amongst 101 clinicians at Kasturba Hospital, Manipal, India. The user experience of participants (part 1)
and acceptability (part 2) were evaluated with the use of two valid, English, paper-based questionnaires. The
first questionnaire was based on the System Usability Scale (SUS); the second questionnaire was based on
the Technology Acceptance Model (TAM). Data were collected during February and March 2017 and were
analyzed using descriptive statistics, multiple linear regression as well as logistic regression analysis.
Results: A response rate of 99% was achieved; 100 participants responded to the second questionnaire and
100% of the participants responded to the first questionnaire. User experience was very high [mean SUS
score =94.4 (92.07-96.76)]. Perceived usefulness (PU) was significantly correlated to intention to use (IU)
(r=0.707, P<0.0001), and perceived ease of use (PEU) was significantly correlated to PU (r=0.466, P<0.0001).
Path analysis confirmed the direct relationship between PU and IU (0.936, P<0.0001), and the indirect
relationship between PEU and IU (0.5102, P<0.0001). Logistic regression analysis helped target items
strongly influencing IU, such as “The use of the LearnTB application is compatible with my work habits” [OR
=3.20 (1.04-9.84), P=0.004] and “The use of the LearnTB application could promote good clinical practice”
[OR =5.23 (1.35-20.29); P=0.016].

Conclusion: The first part of the study indicated high user experience of the LearnTB application. The
TAM questionnaire (second part) explained a significant portion of the variance in clinicians’ IU the LearnTB
application. The PU of the application has the highest impact on the clinicians’ IU the Learn TB application.
This study provides a preliminary analysis of mobile health interventions for tuberculosis in India, and

emphasizes the need for future research in this domain.
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Introduction

Tuberculosis (TB) is the highest infectious disease killer
worldwide (1). It is an airborne infectious disease, caused
by Mycobacterium tuberculosis, leading to 10.4 million cases
worldwide and causing 1.8 million deaths (1,2). The End
TB strategy by the World Health Organisation (WHO)
aims to reduce TB deaths, as well as incidence rate by 95%
and 90% respectively. Additionally, the number of families
facing high costs due to treatment are aimed to be reduced
to 0% (3). The current rate of decline of TB incidence is
1.5% annually; however this rate must increase to 4-5% per
year to achieve the End TB strategy goals.

India, the highest TB-burden country, accounts for
27% (2.8 million) of the world’s 10.4 million TB cases (4).
India accounts for 29% of the 1.8 million TB deaths globally,
and also for 16% of the estimated 480,000 new cases of
multidrug-resistant TB (MDR-TB). Approximately 40% of
the Indian population is estimated to be latently infected with
TB (5). Research continues to highlight the constant neglect
and mismanagement of TB patients in India, contributing
to the high burden of disease (6,7). Additional challenges
include low financial investments, HIV-coinfection, poverty,
malnutrition, and an unregulated private health sector that is
not engaged in TB control efforts (8).

The health care system in India is divided into two
different sectors, public and private. The public sector
(i.e., government services), encourages the Directly
Observed Treatment Short-course (DOTYS) strategy, and
is implemented by the Revised National Tuberculosis
Programme (RNTCP). This strategy provides basic
TB diagnosis and treatment to all patients in India, and
encourages patients to take proper medication and adhere
to treatment regimens. Furthermore, it offers free TB
care, including diagnosis and treatment (6). Despite the
availability of free TB care in the public sector, a majority
of patients in India prefer to seek care in the private sector.

The private sector, largely unregulated by the Indian
government, has grown immensely over the past 20 years
and now manages 82% of the general patient population as
well as 50% of India’s TB patients (9). The National Health

Survey-3 reported 70% of households in urban areas and
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63% of households in rural areas visit the private sector
as their primary source of healthcare (10). Patients prefer
private clinics as they are of closer proximity to vulnerable
populations residing in remote areas, and offer a reduced
wait time (7). Approximately 6 million (75%) of clinicians
practice in the private sector, and 0.31% implement
RNTCP regulations (11). The Indian private sector is
highly heterogenous, with qualified formal doctors, as well
as unqualified/informal providers, and practitioners of
alternative systems of healthcare.

Studies show complicated, long care seeking pathways
and extensive diagnostic delays (12), widespread empirical
management (13), and poor adherence to established
standards of care in the private sector (14). Often this
is due to poor knowledge about TB, especially among
informal care providers, inaccessibility to proper training,
and inadequate supervision and re-training. The new era
of digital technologies in health may have the potential
to provide a solution, especially in India, a country where
mobile telephony has exploded in the past decade.

Mobile health (mHealth), is defined as the delivery of
health care services and information through mobile phones
and other wireless telecommunication technologies (15).
It has the potential to play a vital role in delivering health
care to remote populations lacking human resources (15).
mHealth technologies are not limited to mobile phones,
they also include: personal digital assistants (PDA), portable
media players (MP3), video-game consoles (Nintendo),
smartphones, and ultra-portable computers (tablets) (16).
They are often consumer centered and consumer driven,
and aim to provide support to health care providers through
education, patient management and support in diagnosis
(17,18). India is the second highest mobile phone consumer
base in the world, due to its low-cost handsets and
affordable calling plans (19). mHealth and electronic health
(eHealth) strategies have been increasing steadily in India
with the biggest example being NIKSHAY (http://nikshay.
gov.in), the TB case-based notification system. Implemented
in 2012, it has increased India’s TB case notification
by 34%, affecting total TB estimates worldwide (4).
The success of this ehealth strategy demonstrates the
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potential of other ehealth and mHealth interventions to be
accepted in the Indian healthcare environment.

Previous mHealth interventions

User experience studies are important influencers to
mHealth interventions as they can potentially increase
uptake and acceptability of the intervention (20,21).
Despite their high importance, few scientific studies have
reported evaluation of user experience regarding mHealth
interventions. In the literature, user experience is often
quantified through the System Usability Scale (SUS). This
scale has been used in over 600 studies and has proved to
be highly reliable (20). Previous studies have used the SUS
to evaluate user experience of an mHealth smartphone
application once the final version of the application was
ready for diffusion (21,22). However, user experience
studies are best suitable for applications which are presented
in their beta version (prototype version) to further improve
the application prior to dissemination to the public (20-22).

Previous research has evaluated the acceptability of
mHealth interventions amongst a specific population.
Studies have concentrated their efforts in improving their
interventions prior to evaluating the acceptability (23,24) and
others investigated the acceptability of mHealth interventions
demonstrating positive results (25-28). Each of these studies
evaluated interventions other than smartphone applications,
such as short messaging service (SMS), telecommunication
interfaces as well as ehealth interventions emphasizing
protocol compliance and treatment adherence respectively.
Authors reported lack of knowledge to be the biggest
limitation regarding the mHealth intervention. This impeded
proper assessment of the application, as participants did
not feel comfortable using it (25-28). Based on a systematic
review conducted by Gagnon ez 4/., most mHealth studies
evaluating acceptability of smartphone applications have been
conducted amongst health care professionals such as nurses,
pharmacists and health workers (18). Furthermore, studies
have been largely concentrated in the western hemisphere:
Canada, United States of America and Europe (18). Amongst
studies evaluating factors influencing mHealth adoption,
the Technology Acceptance Model (TAM) has been used
with different groups of health care professionals, including
doctors and nurses, university faculty members, university
students, nursing home residents and inpatient diagnostic
groups (29-33).

A systematic review by Iribarren ez 4/ identified 1,332
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health applications amongst three major application stores,
of which 24 were TB related (34). Most applications
targeting clinicians were not formally tested. There were
numerous problems with the applications such as inability to
open the app, and lack of up to date information (34). This
systematic review underscored the need for acceptability
studies for mobile applications targeting T'B.

In summary, the knowledge gap regarding mHealth
interventions in India is evident through the limitations
present in the aforementioned studies. Primarily, most
studies were conducted in the western hemisphere or in
countries other than low and middle income countries
(LMIC), where delivery of healthcare is needed the most.
Secondly, very few studies evaluated mHealth interventions
targeting tuberculosis. Thirdly, there were few studies
conducted on doctors and clinicians, the population with
the greatest ability to influence healthcare. Finally, most
studies reported their biggest limitation to be inability to
understand the mHealth intervention. To our knowledge,
a scientific study evaluating the user experience and
acceptability of an mHealth intervention targeting TB
amongst health care clinicians in India has not yet been
documented. Our study aims to overcome the barriers listed
by previous studies by focusing on: (A) India, the highest
TB burden country; (B) tuberculosis, a disease known to
be a public health threat in India; (C) clinicians, who are
influential players in TB diagnosis and management; and
(D) conducting a two-part study evaluating user experience
and then acceptability of a prototype version of an mHealth
smartphone application.

Objectives

Our study aimed to understand the user experience and
acceptability of a newly-developed smartphone application,
LearnTB, amongst private sector academic clinicians in
India. Specifically, we aimed to (I) assess user experience
with the aim of improving the LearnTB mobile application
and (II) identify, based on the TAM, the factors influencing
adoption of LearnTB by the private sector academic
clinicians.

For our study purposes, the term “acceptability” is
defined as the intention to use (IU), “clinician” refers to
resident and academic clinicians practicing at Kasturba
Hospital Manipal and “mobile application” refers to
smartphone applications only, specifically the prototype
version of the LearnTB application.
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Figure 1 The Original System Usability Scale (SUS) developed by
J. Brooke 2996.

Theoretical framework

Part 1

Based on previous studies, the most common, free and easy
to use framework for usability studies is the SUS, a Likert
scale, developed by J. Brooke in 1996 (20) (Figure I). The
SUS was developed by presenting a series of 50 questions to
respondents; only statements soliciting extreme agreement
or extreme disagreement were selected to be included in the
final SUS scale (20). Brooke et 4l. emphasize the inaccuracy
of ambiguous questions in determining a participants’
attitude towards a specific technology. For this reason,
the SUS, is largely used in usability studies to measure
user experience, the utility which includes the efficacy and
satisfaction with which users accomplish specific tasks (18).
Usability studies assess participants’ immediate reaction to
the use of a specific technology, prior to any discussion with
the researcher (20). The SUS comprises of 10 statements
evaluating the user experience. However, our study used
a modified version of the SUS comprising of 9 statements
preceding the acceptability assessment.
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---------- Indirect relation

Figure 2 Adapted theoretical framework.

Part 2

The proposed theoretical framework for the second part
of our study is the widely used TAM. The TAM, proposed
by Davis in 1989, is considered to be influenced by the
Theory of Reasoned Action (18). This framework is used to
evaluate the acceptability of an information technology by
users in an organisational setting. The TAM suggests that
the acceptance [behavioral intention to use (IU)] of a new
information technology is affected directly and indirectly
by a user’s attitude towards use, and two internal individual
beliefs: perceived usefulness (PU) and perceived ease of use
(PEU). PU is defined to be “the user’s subjective probability
that using a specific application system will increase his or
her job performance within an organizational context” (18),
whereas PEU is defined as “the degree to which the
prospective user expects the target system to be free of
effort” (18). Behavioural IU measures the likelihood of
a person employing the intervention (18). One of the
advantages of the TAM is that it can be generalized amongst
all populations, however one of its disadvantages is that it
does not consider environmental factors such as institutional
or social factors which can influence technology acceptance.
Based on TAM studies, PU has a direct effect on TU
whereas PEU has an indirect effect on IU but a direct effect
on PU. For our study purposes, we used an adapted version
of TAM, comprising of PEU and PU as the independent
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management of
TB in India

Diagnosis, Management & Treatment - LearnTB
Current User: Default

Start LearnTB Discover More

Figure 3 LearnTB application—welcome page.

o Didactic Sections
J LearnTB, a guide for management of TB in India.

Section 1 Py
Introduction

Section 2 Py
Current Best Practices for the Diagnosis of Tuberculosis

Section 3 Py
Diagnosis of Tuberculosis

Section 4 Py
The Role of Chest X-rays in the Management of Tuberculosis

Section § o
Extrapulmonary Tuberculosis

Section 6 o
Childhood Tuberculosis

Section 7 Py

Tuberculosis in the Setting of HIV Infection

Figure 4 LearnTB application—different sections.

variables and IU as the sole dependant variable (Figure 2).
Study bypothesis

Based on the theoretical framework presented above, the
study hypothesis are listed below. They have been validated
through previous TAM studies as well (35).

(I) The usability of the LearnTB application can
influence the user experience of the private sector
academic clinicians

(II) The TAM constructs will explain a significant
proportion of clinician U the LearnTB application:
(1) PU is positively correlated with IU;

(ii) PEU is positively correlated with IU;
(iii) PEU is positively correlated with PU.
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to access account.

Password (6 characters or more)
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Methods
LEARNTRB mobile application

The smartphone application of interest for this study,
LearnTB (Figure 3), was inspired by the contents of the
Let’s Talk TB, a free, online handbook aimed for general
practitioners (GP) in India (available http://www.letstalktb.
org). The handbook was specifically created for the Indian
medical context, and many chapters have been co-authored
by Indian physicians. This application, a collaboration
between Mayo Clinic Center for Tuberculosis (Rochester,
USA) and McGill International Tuberculosis Centre
(Montreal, Canada), aims to educate Indian clinicians
regarding the definition, diagnosis, treatment, management
and counselling practices available for TB. The primary
version of the application was created by Global Innovative
Services Inc. (Maryland, USA). This study tested the pilot
website version of the application.

LearnTB presents numerous different sections regarding
TB management, such as diagnosis of TB, treatment of
TB, management of childhood TB, latent TB infection,
extra pulmonary TB, common pitfalls of TB management
and counselling practices in India (Figure 4). Each section
was based on International Standards of TB Care, as well
as WHO guidelines and Standards for TB Care in India
(36,37). When clicking on a specific section (i.e., Childhood
tuberculosis), participants were presented with subsections
involving suspecting, diagnosing and treating TB for each
respective case (Figure 5). Dosage tables, and specific names
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AM—

o Section 6: Childhood Tuberculosis
J (+) 6.2 Suspecting childhood TB

- Children with TB often present with vague, non-specific symptoms, and this makes it hard to suspect and diagnose TB. Symptoms could include
chronic fever, cough, weight loss, fatigue, loss of appetite, failure to gain weight, and lymph node enlargement. History of contact with an adult with
TB is therefore a very important component of history that should be elicited. If an adult in the family has drug-resistant TB (e.g. MDR-TB), this is

critical to know.

[3 6.3 Diagnosis of childhood TB
[3 6.4 Treatment of childhood TB

Copyright © 2017-2021, LearnTB, a guide for management of TB in India
Content Provided by McGill and Mayo Ciinic Center for Tuberculosis

Figure 5 LearnTB application—subsections present in section 6 “Childhood tuberculosis”.

Figure 1. Classical picture of active pulmonary TB

Figure 6 Learn TB application—image of chest X-ray within section 4 “The role of chest X-rays in the management of tuberculosis”.

of drugs were also included to facilitate understanding.
A subsection regarding chest X-rays for TB presented
figures of different types of TB lesions to help visualize
the extent and manifestations of TB disease (Figure 6).
The section focusing on the TB HIV co-infection also
included frequently-asked questions to help clinicians asses
specific/special cases. In addition to reference material,
most sections presented short quizzes to assure proper
comprehension and to emphasize educational learning from
the application.
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Study setting and design

The study was conducted at Kasturba Hospital Manipal,
a tertiary teaching hospital affiliated with Manipal
University, located in the south Indian state of Karnataka.
It has approximately 1,500 practicing doctors including
senior faculty members, junior faculty members, lecturers,
postgraduate students and interns, and over 1,500 medical
students (38,39). Both parts of the study were conducted
successively, following a cross sectional study design

mHealth 2017;3:30



mHealth, 2017

Table 1 Part 1—sociodemographic characteristics (n=5)

Characteristic Number
Sex, n [%]

Male 3 [60]

Female 2 [40]
Age (years), n [%]

<30 3 [60]

30-39 1[20]

>40 1[20]
Title, n [%]

Medical resident/student 2 [40]

Junior faculty member 1[20]

Senior faculty member 2 [40]

Number of years of clinical experience 4.8+7.4
Previous use of mobile applications’, n [%]

Yes 31[60]

No 1[20]
Comfortable with using mobile applications, n [%]

Yes 4 [80]

No 1[20]

', variable contains missing information.

respectively.

Participant vecruitment

For the first part of our study, five participants were
recruited in February 2017 and for the second part of our
study, 101 participants were contacted between February
2017 and March 2017. A sample size of 5 was chosen for the
first part of the study, as previous studies have indicated that
most errors (mean 85.5%) in technologies are identified
by five participants (40,41). Furthermore, user experience
studies aiming to assess prominent problems in prototype
technologies, such as LearnTB, often do not require
large sample sizes (41). A minimum sample size of 100
participants was sufficient for the second part of the study,
as the calculation was based on the theoretical outcome of
a standard deviation (SD) of 1.07, evaluated by previous
studies (29,32). Theoretical values for type 1 error (a) of
5% and a margin of error of 3% were used. The lowest
non-response rate of 40%, was reported in a previous study
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using the TAM amongst clinicians, thus this was taken into
consideration during the sample size calculation (29). A
minimum sample size of 100 participants was adequate to
achieve all theoretical values of SD, type 1 error and the
margin of error used in the sample size calculation.

Both parts of the study recruited participants through
a convenience non-probabilistic sampling approach.
Additionally, for the second part of the study, snowball
sampling was also used. Participants were asked to respond
to the questionnaire and share the objectives of the study
with their peers. Furthermore, participants were contacted
by faculty members of Kasturba Hospital Manipal and
organized a meeting time with the lead researcher, TP. All
participants were required to have completed their Bachelor
of Medicine, Bachelor of Surgery (MBBS) degree, and be
working at Kasturba Hospital Manipal. All participants were
asked to sign a consent form indicating their understanding
of the research study and its objectives. All questionnaires
were in English as well as confidential and anonymous.

Data collection

Part 1

Data was collected through a 9-statement paper-based self-
administered questionnaire involving SUS for the first part
of our study. One statement, “the application was easy to
use”, was omitted as it would be repeated in the second part
of our study. The content validity of the questionnaire was
justified, as the statements were from the original version
of a SUS questionnaire which is highly reliable [Cronbach
alpha (a) =0.91] (42). Participants were given the application
in its website format, on an iPad and asked to complete
two tasks. Upon completion of the tasks, they were asked
to immediately rate 9 statements on a 5-point SUS scale
ranging from “strongly disagree” to “strongly agree”.
Participants were asked to address their questions and
concerns after completing the questionnaire, to best capture
the user experience.

Part 2

Data was collected via an adapted version of the TAM
questionnaire (29,30). Participants having participated in
the first part were not asked to participate in the second
part of the study. A total of 101 medical employees of
Kasturba Hospital, Manipal were contacted and 100
(99%) responded. Participants were given English paper-
based questionnaires during individual sessions and group
sessions with the lead researcher, TP. The self-administered
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questionnaires, comprised of 15 items, were answered
following a brief presentation of the LearnTB application
(Table I). Each individual session lasted approximately
10 minutes, and each group session lasted 20 minutes.
Participants were asked to rate each item through a 7-point
Likert scale ranging from “totally disagree” to “totally
agree”. The mean scores of each individual item were
computed and the mean of means of each variable (PU,
PEU, and IU) were used to perform statistical analysis.
Sociodemographic variables such as age, sex, position,
title, years of clinical experience, previous use of mobile
application, and willingness to use mobile applications, were
also collected in both parts of the study. Years of clinical
experience were defined as years after graduating from the
MBBS degree (an undergraduate medical degree in India).

Statistical analysis

Part 1

The statistical analysis was completed through Excel 2016
for the first part of the study. Theoretically, the 10 statement
SUS responses lead to values ranging from 0-40, which
are then multiplied by a factor of 2.5 resulting to values
ranging from 0-100, thus facilitating comprehension (20).
Our study included 9 statements, thus decreasing our range
of response values to 0-36. To permit values ranging from
0-100, our response values were multiplied by a factor of
2.78. One was subtracted from responses corresponding
to odd numbered questions, and those corresponding to
even number questions were subtracted by 5, as per the
theoretical formula of SUS (20). A theoretical value of 68
was assumed as the threshold for above average results (43).

Part 2

The statistical analysis software (SAS 9.4) was used to
compute descriptive and inferential statistics of the data.
The Cronbach alpha (a) values of the three theoretical
values, PEU, PU and IU were calculated to assure
reliability and validity of the TAM questionnaire (44,45).
We computed descriptive statistics such as mean, and SD of
the theoretical variables; PU, PEU, and IU. Correlations
between the three theoretical values, age, sex, and title were
evaluated using the Pearson’s coefficient of correlation
(r). All variables followed a normal distribution (Gaussian
distribution), thus multiple linear regression analysis
was used to determine a predictive model for IU (46). A
predictive model was evaluated for all theoretical variables
(PU, PEU, IU), as well as age, sex and title. The 95%
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confidence intervals (Cls) were calculated, and a statistical
significance of 0.05 was used. Ad hoc analyses such as path
analysis and logistic regression were also performed. Path
analysis helped confirm the direct and indirect relationships
between theoretical variables, PU, PEU and IU (46).
Logistic regression analysis was used to target specific items
which influence IU, to help guide future studies and public
health recommendations regarding mHealth strategies.
The dependent variable, IU was dichotomized by the mean;
participants with an score less than or equal to 6 were
qualified as “low to moderate” IU, and those greater than 6
were considered as “high” IU.

Ethics approval

This study was approved by the ethics review board of
Université Laval (ref: 2016-165), in Québec City, Canada as
well as the MUEC, Manipal University Ethics Committee
(ref: MUEC/020/2016-17), in Manipal, India.

Results
Part 1

The sociodemographic characteristics of the participants in
the user experience study are shown in 7able 1. Amongst the
S participants of this part of the study, 3 were male and 2
were females. Three participants were aged below 30 years.
Two participants were medical residents/interns, two
were senior faculty members and one was a junior faculty
member. Three participants had previously used mobile
applications for clinical use, and four felt comfortable using
mobile applications. The mean years of clinical experience
was 4.8 with a SD of 7.4. The average SUS score was 94.4
with a SD of 2.7. The individual SUS scores and SD for
each characteristic are shown in Figure 7.

Part 2

Characteristics of the population

The sociodemographic characteristics of the population for
the second part of the study are presented in 7Table 2. Of the
101 people who were asked to participate in the study, 100
responded to the paper-based questionnaires (99%). There
were 60 males (60%) and 40 females (40%) who responded
to the questionnaires. A great majority of participants
(94%) were under the age of 30 years, 4 (4%) were between
30-39, 1 (1%) between 40-49 and 1 (1%) over the age of
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Figure 7 Part 1—average SUS scores across different sociodemographic groups. The error bars represent the 95% confidence intervals (n=5).

50. The average years of clinical experience was 2.88 with
a SD of 4.20, and 82 participants (82.8%) were medical
residents/interns. Fifteen participants were junior faculty
members and 3 were senior faculty members. Overall, 86%
of participants had previously used mobile applications for
clinical use, and 92 (95.8%) felt comfortable using mobile
applications.

Internal reliability

The content validity of the adapted TAM questionnaire
was justified as the Cronbach alpha () values were higher
than 0.70 justifying the reliability of TAM (Table 3) (45).
Originally the Cronbach alpha (a) was low for PEU.
An acceptable value of the Cronbach alpha (0=0.75) was
obtained by eliminating the item PEU_S “The use of the
LearnTB application could interfere with the usual follow
up of my patients”.

Descriptive statistics and multiple linear regression
analysis

The descriptive statistics of the TAM constructs are
presented in Table 3, including the mean and SD of each
of the theoretical variables. The Pearson’s correlation (r)
between PEU, PU, IU, age, sex, and title are presented
in Table 4. There was a statistically significant correlation
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between PU and IU, as well as PEU and PU. Other
variables, such as sex, age, title did not present statistically
significant correlations with IU.

The multiple linear regression analysis presented in
Table 5 reports a significant variance (R’) of 50.5%. PEU
is not a significant predictor of IU, however, PU has a
large significant effect on IU. Upon adding the other
variables—sex, age, and title—to the equation, the model
did not change. However, the variance (R’) increased to
52.6%. Path analysis, aiming to understand direct and
indirect relationships between the theoretical variables
confirmed that PU has a significant direct relationship to
1U (0.94; P<0.0001), whereas PEU has a significant indirect
relationship to IU (0.51; P<0.0001).

In order to identify potential targets for future
interventions, we conducted a logistic regression analysis
of each of the items within PU and PEU, on IU. The items
most strongly predictive of IU are: item PEU 4 “Using the
LearnTB application could help me get the most out of my
time assessing my patients” with a significant odds ratio (OR)
=2.393 (1.346-4.253; P<0.003); item PU 4 “The use of the
LearnTB application is compatible with my work habits”
[OR =3.201 (1.041-9.840); P=0.0042]; and item PU 5 “The
use of the LearnTB application could promote good clinical
practice” [OR =5.243 (1.354-20.297); P=0.0164].
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Table 2 Variables and items present in TAM questionnaire (n=100)

mHealth, 2017

Variables ltems

Mean + SD Cronbach alpha (o)

Perceived usefulness (PU)

5.918+0.675 0.898

PU 1 The use of the LearnTB application could help me assess my patients more adequately 5.904+0.893
PU 2 | think that it would be easy to perform the tasks necessary to assess my patients using 5.967+0.857
the Learn TB application
PU 3 The use of the LearnTB application could improve my assessment of my patients 5.925+0.722
PU 4 The use of the LearnTB application is compatible with my work habits 5.606+1.109
PU5 The use of the LearnTB application could promote good clinical practice 6.00+0.879
PU 6 Using the LearnTB application could improve my performance in patients care 6.01+0.725
PU 7 Using the LearnTB application could facilitate the care of my patients 5.989+0.809

Perceived ease of use (PEU)

5.596 0.579 0.757

PEU 1 | think that the LearnTB application would be easy to use 6.030.842
PEU 2 | think that the LearnTB application is a flexible technology to interact with 6.15+0.737
PEU 3 | think that | could easily learn how to use the LearnTB application 6.39+0.637

PEU 4 Using the LearnTB application could help me get the most out of my time assessing my 5.58+1.129

patients

Intention to use (IU)

6.00+0.854 0.907

U1 | have the intention to use the LearnTB application for patient care 5.88+0.966

U2 | have the intention to use the LearnTB application when it becomes available in my 6.02+0.920
health center

U3 | have the intention to use the LearnTB application when necessary to provide health 6.12+0.902

care to my patients

Discussion

Due to the vast knowledge gap discussed previously, our
study aimed to overcome many barriers addressed in
previous studies. This study was conducted to understand
the user experience and acceptability of a smartphone
application amongst private sector academic clinicians in
India. Based on the results presented in part 1, the overall
user experience was high (94.4). This is known to be a very
good user experience score, as the threshold is 68 (22).
Academic clinicians were excited to see an application for
TB, one of the clinicians mentioned “A similar app with
various other medical conditions would be very helpful”,
thus emphasizing the high user experience score. Contrary
to other studies (21,22), there were very few barriers noted
during data collection regarding incapability of using the
application, or difficulty completing the tasks. Furthermore,
the participants responded unanimously (strongly disagree)
to the two questions addressing unfamiliarity; “I think I
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would need support of a technical person to be able to use the
LearnTB application” and “I need to learn a lot of things before I
could get going with the LearnTB application”. This is a positive
note for the LearnTB application as studies have shown
that the rate at which a new technology is accepted often
increases when a user can learn how to use the technology
on their own (44). Nevertheless, upon informal discussions
with the participants, some provided recommendations
such as including “education videos” and “adding a checklist
for diagnostic and treatment techniques”. As this study
was done on the website version (prototype version) of the
application, each of these recommendations can be taken
into consideration for improving the application.

The second part of the study aimed to understand the
acceptability of the LearnTB application amongst the
private sector academic clinicians. In concordance with
previous studies, our study reported a significant correlation
between PEU and PU, confirming our third hypothesis
(47,48). This is supported by the original TAM, as PEU

mHealth 2017;3:30



mHealth, 2017

Table 3 Part 2—sociodemographic characteristics (n=100)

Characteristics Number
Sex, n [%]

Male 60 [60]

Female 40 [40]
Age (years), n [%]

<30 94 [94]

30-39 414]

40-49 1[1]

50-59 1[1]

>60 0
Title*, n [%]

Medical resident/ student 82 [82]

Junior faculty member 15 [15]

Senior faculty member 3[3]

Technical staff 0

Years of experience 2.88+4.20%
Previous use of mobile applications, n [%]

Yes 86 [86]

No 14 [14]
Comfortable with using mobile application*, n [%]

Yes 92 [96]

No 41[4]

*This characteristic contains missing variables. *These values
represent the mean and standard deviation (SD).

has a direct influence on PU, and an indirect influence on
IU (49). Our results also showed that PU of the LearnTB
application is strongly correlated to IU, whereas PEU is
not. The strong correlation between PU and IU supports
our first hypothesis and has been avidly shown in previous
studies having used TAM or a derivation of TAM as their
theoretical framework (48-51). This is in concordance with
the original TAM model, where PU has a direct influence
on IU (49). This was also presented through the path
analysis performed in our study, where PU had a significant
direct relationship to IU. Furthermore, the high regression
coefficient for the linear relationship between PU and IU
is also explained by the strong correlation between the two
variables. Although participants’ PU of the application
was quite high, their main concerns were regarding data
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requirements and internet connectivity while using the
application. Many clinicians addressed the connectivity
issues present in large parts of India, and the lack of wireless
internet connection thus limiting use of certain applications.
Such factors must be taken into consideration when creating
future versions of the LearnTB application as well as other
mHealth studies.

Unlike certain previous studies, such as Cajita er al.
and Zhang et al. (48,51,52), our results did not report a
correlation between PEU and IU, which rejects our second
hypothesis. Nevertheless, this is consistent with previous
findings as it is possible that increased experience with
mobile phones reduces the impact of PEU on IU (50,53).
Chen et al. hypothesize that the PU of an application may
be of greater importance to a medical practitioner than the
PEU (50), however, Omar et 4. hypothesize the opposite (52).
The lower impact of PEU on IU in our results can be
supported through the increased use of mobile technologies
in India. As mentioned previously, there are 877 million
mobile subscriptions (28), thus ease of use of the mobile
technologies may not be as important to clinicians, as they
are accustomed to them. The fact that the item “The use of
the LearnTB application is compatible with my work habits”
was significantly associated with IU further emphasizes
this point as clinicians who find that using the LearnTB
application is compatible with their work habits are 3.2 times
more likely to have a high IU it. Factors such as sex,
age and title did not change the linear regression model
significantly, contrary to previous hypotheses (51). This
solicits further investigation as a “non-uniform” population
could help further analyze their effect on the relationship
between PEU, PU and IU.

Our study presents numerous strengths. Primarily, to
our knowledge, it is the first to evaluate the user experience
and acceptability of a smartphone mHealth intervention for
TB amongst clinicians in India. It is also amongst the few
studies which test a pilot version of an mHealth application
prior to creating the final version. This is one of the
biggest strengths of our study. Secondly, the questionnaires
used in both parts of the study were valid and reliable.
Both questionnaires had previously been tested and had
Cronbach alpha’s greater than 0.7 (29,32,54). Thirdly our
study achieved a response rate of 100% and 99% for part 1
and part 2 respectively, increasing our study power as well
as study credibility. Finally our study assessed TB which
is a prominent issue in India, once again increasing the
credibility of our study.
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Table 4 Pearson’s correlation coefficients between variables (n=99)

mHealth, 2017

U PU PEU Age Sex Title
U 1.0000
PU 0.70812* 1.0000
PEU 0.27248* 0.46072* 1.0000
Age 0.01773 0.01577 -0.19606 1.0000
Sex -0.11124 -0.25962* -0.00374 -0.07902 1.0000
Title 0.04116 -0.05946 -0.28707* 0.69350* -0.16293 1.0000
*P<0.05. PEU, perceived ease of use; PU, perceived usefulness; IU, intention to use.
Table 5 Multiple linear regression model for intention to use
Variables Beta Standard error 95% confidence interval P value
Unadjusted values
PU 0.936 0.101 0.734-1.138 <0.0001
PEU -0.109 0.119 -0.345-0.127 0.3625
Adjusted values
PU 0.982 0.107 0.769-1.195 <0.0001
PEU -0.092 0.125 -0.341-0.156 0.4616
Age -0.238 0.210 -0.656-0.179 0.2605
Sex 0.189 0.132 -0.073-0.452 0.1558
Title 0.319 0.198 -0.074-0.713 0.1111

PU, perceived usefulness; PEU, perceived ease of use.

Limitations

Despite the numerous strengths of our study, the results
must be interpreted while taking certain limitations into
consideration. Primarily, our study has a degree of selection
bias as participants were sampled using a non-probabilistic
sampling method, specifically convenience and snow-
ball sampling. Due to time constraints, this was the most
feasible for our study, however future studies should adapt
a probabilistic approach which could further increase
generalizability of the results. Additionally, future studies
should be done on a heterogeneous population of numerous
hospitals in India.

Our study was conducted on a homogeneous population
consisting only of academic clinicians at Kasturba
Hospital Manipal, a top ranked private medical school,
and therefore does not reflect the heterogeneity of private
sector providers in India. Secondly, participants could have
been subject to social desirability bias, as the researcher

© mHealth. All rights reserved.

mhealth.amegroups.com

administering the questionnaires, TP, had been a part of
the application development process. Thirdly, the study
design was cross sectional, thus permitting analysis of
only one time point. The study was designed in two parts
to allow for improvement of the application prior to the
acceptability analysis, however due to time constraints
both parts were done simultaneously at one time point.
Future studies should use longitudinal designs to; (I)
allow time between the user experience study and the
acceptability study and (II) observe acceptance rates of
users, perhaps using the diffusion of innovation theory as a
theoretical framework (44). Finally, the SUS scale used in
our study comprised of only 9 statements as compared to
the theoretical model of 10 statements. The mathematical
procedure using a factor of 2.78 to analyse SUS scores has
not been previously validated, to our knowledge, thus a
validated model would have been favorable.
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Conclusions

To our understanding, our study was the first to formally
evaluate user experience and acceptability of a mHealth
intervention for tuberculosis amongst private sector
clinicians in India. Our results indicated that the IU an
application is largely dependent on the PU. The overall
user experience of the LearnTB application was high
as well. These results show positive IU of the LearnTB
application and encourage further development for public
use. As the application used in this study was presented as a
preliminary website version, the final application will need
further testing amongst a larger, heterogeneous, population
of Indian private and public sector clinicians. Although,
the website version was well received by the academic
clinicians, many concerns regarding accessibility, network
problems and data usage were raised. It is important to
address these issues prior to dissemination of the final
LearnTB application. Developers have indicated that the
fully developed version of the LearnTB application will
not require internet connection. Despite being the second
highest mobile phone consumer base in the world, India
presents numerous network problems and data usage
concerns. Future mHealth applications should take such
factors into consideration to allow for better uptake and
usage. Our exploratory study has provided sufficient
information to allow eventual dissemination of an improved
version of the LearnTB application with the aim of helping
proper diagnosis and treatment of TB, eventually decreasing
the high burden of TB in India.
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