
I. Introduction

Community- and organization-based research studies, 
which are conducted by directly involving local participants 
or indigenous researchers mainly for transforming social 
inequalities, have been described as action research (AR), 
participatory research (PR), participatory action research 
(PAR), or community based participatory research (CBPR) 
[1]. Although these terms are often interchangeably used, 
what connects them all is the final outcome of such efforts. 
PAR is usually carried out more for the sake of action or 
transformation as an outcome rather than the sake of con-
ducting research. Action facilitates community engagement, 
encourages culturally responsive strategies, and focuses on 
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rendering better health services as well as adequately ad-
dressing health disparities the participating communities 
may be facing [2].
 PAR can help a group or community and even historically 
disempowered or marginalized communities to set their 
own goals and equip themselves with the strategies of change 
to influence policy makers who may be governing the com-
munities [2,3]. PAR was often used in rural areas [4] or de-
veloping countries for needs assessments [4], planning and 
evaluating health services [3]. Recently, PAR has been used 
in healthcare research, which is based on reflection, data 
collection, and action to improve health and reduce health 
inequities through involving community members and con-
sumers who seek to be active and more powerful agents over 
the practices of local or regional clinics and the knowledge 
of surveillance system as a part of efforts to improve their 
own communal health [5]. 
 Practitioners in healthcare have applied PAR for clinical 
setting-based projects [3] to explore health related topics 
affecting particular populations within a community [2,6], 
for example, diabetes and obesity [9], multiple sclerosis and 
other chronic illnesses [8,9], and HIV/AIDS prevention 
[6,10-12]. Such method also has been employed to address 
communal issues of diverse populations (i.e., culturally and 
ethnically) [11,12]. 
 In the process of PAR, participants meet in peer group 
meetings periodically for a certain period of self-reflection 
and action planning (i.e., so-called, stepping stone approach) 
or interchanging with members from different peer groups 
together (i.e., often called, mixed sessions) [6]. These discus-
sions allow the participants to examine similarities, differ-
ences, awareness of health problems and well-being, respect 
for others, and positive solutions among the community 
participants [6]. Oftentimes, it becomes somewhat complex 
for practitioners to translate and integrate theory-based 
knowledge into evidence-based practice effectively. There-
fore, an ontological inquiry process has been considered to 
enhance possibilities for action in a way-of-being [13] and 
other types of modern communication technologies. For ex-
ample, the increasing penetration rate of mobile phones and 
the Internet use have made tremendous improvements in 
numerous aspects of PAR to date. Utilizing mobile devices to 
access health related information and service by the public is 
not just a trend but a new practice of innovation [14], which 
is so-called mobile health (mHealth) [15]. At the same time, 
such mobile ecosystem helps researchers gather new kinds of 
data that were otherwise impossible.
 Stanford Mobile Inquiry-based Learning Environment 

(SMILE) is one of advanced communication technologies le-
veraging crowd-sourcing for collective inquiries. In the field 
of public health, it has been used for connecting communi-
ties of health practitioners or indigenous members of com-
munities to exchange inquiries and solutions to cause a para-
digm shift within the participating community by enabling 
participants to become active agents in their own education, 
practice, and empowerment process [16,17]. 
 Due to the infancy stage of the use of social media for 
healthcare and education, uncertainty is abundant among re-
searchers who have employed traditional research methods. 
However, due to its pervasiveness, immediacy, and wide-
outreach capability, the need to leverage such important 
technology is increasingly critical in healthcare [15]. 
 Therefore, the purpose of this article is to review how in-
teractive technologies such as SMILE can be leveraged to 
enhance PAR-type projects and how such intervention may 
work to help active participants create, solve, evaluate, pres-
ent, share, and reflect communal inquiries and action plans 
central to the highly idiosyncratic nature of local communi-
ties.

II. SMILE in Public Health

SMILE has been implemented in a diverse set of collective 
inquiry generation and analysis scenarios including com-
munity-based healthcare-specific professional development 
sessions and community-based PAR projects [17]. In each 
scenario, participants are given opportunities to construct 
inquiries around physical and emotional health phenomena 
in their own community. Participants formulated not only 
inquiries but also potential clinical treatments and hypothet-
ical scenarios to address health concerns or clarify misun-
derstandings or misdiagnoses, which are often found in rural 
community or clinical practices. In the end, the participating 
community can collectively generate, solve, evaluate, and 
discuss questions and possible solutions in real-time [18]. 
In the long run, the questions become sharable with a much 
larger community at the global level as well. Unlike tradi-
tional prescribed surveys, SMILE helps gather questions and 
solutions that are considered more important to the local 
community. Analyzing the evaluation vector created from 
community inquiries, driven from collectively formulated 
questions and solutions, helps researchers better understand: 
interests, phenomena, malpractices, and the misunderstand-
ing of health issues and treatments at a much deeper level. 
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III. Why SMILE Integrated PAR?

It is important to recognize the rationale of leveraging 
SMILE as a new evaluative vector model in PAR because 
SMILE replaces conventional surveys that are often used in 
public healthcare relevant studies. Although its convenience 
outweighs the reliability or validity of research, the self-
reporting survey method has been known to have numerous 
limitations. For example, the major limitation of the survey 
method is that it relies heavily on self-responded indicators, 
often associated with intentional deception or conformity to 
the societal norms, affecting the validity of the collected data 
[19,20]. Also, pre-formulated survey questions from exter-
nal researchers are often predefining “known” problems in 
the view of the researcher while limited answer choices are 
habitually leading to limited responses the researchers may 
be seeking [21]. Therefore, the survey method makes it hard 
to distinguish between realities and biases [22,23]. More 
importantly, with the survey method, a researcher may not 
be told about critical conversations and so may never know 
how the outcome is accurately demonstrated in the data [24].
 SMILE enables the participants to formulate inquiries and 
potential solutions that are most important and known to 
participants themselves. Also, SMILE leverages the collective 
construction of inquiries, leading to more reliable and accu-
rate depiction of the reality as a whole. By empowering the 
participants to co-evaluate and reflect their own phenomena, 
the external researcher’s role is simply facilitating, not inter-
vening.
 The collective inquiry process enables the participants to 
think beyond simple recalls of health-relevant facts while 
pervading critical thinking on knowledge and practices that 
are local and specific to their own community. Here are a 
couple of examples of lessons learned from questions col-
lected through SMILE sessions.
	 •			Distinguish	 facts	and	opinions	of	 the	community	as	a	

whole (e.g., hypertension is from taking too much salt).
	 •			Verify	sources	of	facts	collected	(e.g.,	vector	control	is	the	

most useful method to prevent Chagas disease in Latin 
America).

	 •			Analyze	cause/effect	relationships	reflected	in	collective	
inquiries (e.g., rash is one of symptoms caused by Zika 
virus).

	 •			Determine	faulty	generalizations	common	to	the	local	re-
gion (e.g., doctors say sugar is worse than salt for patients 
with diabetes).

	 •			Avoid	oversimplification,	marketing	propaganda,	distor-
tion, deception, or stereotyping (e.g., bacitracin ointment 
products cure most conjunctivitis).

IV.   What is the Technological Function of 
SMILE?

SMILE is mobile interaction management server software. 
The SMILE server software is designed to create a highly in-
teractive learning environment that promotes critical think-
ing opportunities (e.g., creation of inquiries, presentation of 
questions, analysis of peer-generated questions, evaluation of 
individual participants and overall inquiry exchange process, 
etc.); engages participants in inquiry-based learning sessions 
at a global scale; generates transparent real-time analytics; 
and enables a low-cost mobile wireless interaction environ-
ment for extremely underserved regions where access to 
Internet and electricity may not be reliable or available.
 A SMILE Plug computer (Figure 1) contains the SMILE 
server software, KIWIX (mobile downloadable version of 
Wikipedia, http://www.kiwix.org), Khan Academy Lite (i.e., 
https://learningequality.org), various open education re-
sources including open education textbooks, and different 
simulation and experiment programs (i.e., current contents 
listed at http://smile.edify.org/).
 Recently, the SMILE server has become accessible in the 
cloud at http://smile.stanford.edu. The SMILE server soft-
ware enables participants to generate questions in both 
public and private groups for all participants to share, solve, 
evaluate, and discuss questions. The overall SMILE software 
and features are constantly evolving and enhanced to sup-
port participant learning in various levels and scenarios.

Figure 1.   Stanford Mobile Inquiry-based Learning Environment 
(SMILE) Plug computer designed by Stanford University 
Graduate School of Education and manufactured by 
Marvell Semiconductor and GlobalScale.
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V. How Does SMILE Session Work?

Based on the SMILE activity model (Figure 2), a typical 
SMILE session involves a cyclical model where participants 
are guided to investigate an inquiry topic and access refer-
ence materials to formulate a high quality question (i.e., ulti-
mately triggering higher order thinking) [25]. 
 With SMILE, participants can explore healthcare topics 
that are most important and interesting to themselves. For 
example, when participants make multiple-choice questions, 
they also need to list answer choices they believe correct. 
While generating questions, participants can capture images 
or graphs from reference books, take pictures of physical en-
vironments (e.g., symptoms, sources of contaminants, etc.) 
around their community, and record audios or videos of pa-
tient testimonies.
 Once questions are generated, the mobile-based SMILE 

management system aggregates all inquiries coming from 
participants and redistributes them for the participants to 
reflect, respond, evaluate, and verify. When participants are 
responding to peer-generated inquiries, they get to cover 
many topics in numerous forms and shapes that they usually 
do not experience otherwise. 
 After responding to the inquiries, participants are asked 
to present their questions and explain the rationale behind 
their logic, background, critical components, etc. Facilitators 
also see if there is any deficiency in the structure of the ques-
tion, relevancy of the question, and appropriate use of the 
supporting media for their questions.
 In addition, participants rank the peer-generated questions 
based on the perceived level of question quality. If they be-
lieve their peers’ questions are not mere simple recall ques-
tions and simple opinions, they give a higher rating. In fact, 
if they find their peers’ questions trigger critical thinking, 
they give the highest rating. The highly ranked questions are 
often the best questions; therefore, session facilitators can 
use them as learning stimuli for further discussions [26].
 As a motivational tool for the SMILE session, incentives 
and rewards are crucial. An organizing facilitator, therefore, 
may have participants compete in teams and award the win-
ning team (i.e., receiving the highest rating on team inquiries 
or solving the most number of questions correctly, etc.). Ac-
tivities can turn into a highly stimulating game atmosphere; 
therefore, utilizing SMILE could make the community in-
quiry processes engaging and research-oriented [18]. Table 1 
shows various modes of SMILE sessions. 
 Overall, the result section gives a quick overview on the 
number of questions generated, questions answered, the 
percentage of correctly answering questions (i.e., perceived 
to be ‘correct’ by the participants), average rating given to 
peer questions, and average rating received by peers (Figure 
3). Each of the section can be sorted in both ascending and 

Figure 2.   Stanford Mobile Inquiry-based Learning Environment 
(SMILE) activity model.
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Table 1. Modes of Stanford Mobile Inquiry-based Learning Environment (SMILE) sessions

Mode Description

Exam mode Enables facilitators to post questions for participants to solve, evaluate, and comment while the 
system presents the participant performance outcome results in real-time.

Brainstorming mode Enables participants to discuss, evaluate, rank, and comment open-ended questions. 
Open- to closed-end mode Enables participants to generate, discuss, evaluate, comment, and rank open-ended questions and 

turn the selected open-ended questions into multiple choice questions. 
Participant-paced mode Enables participants to generate, solve, evaluate, and discuss questions in an asynchronous man-

ner so participants can typically participate in sessions without any time-constraint. 
Organizer-paced mode Enables organizers to control different stages of sessions with specific time limits in each stage (i.e., 

generating, solving, evaluating, and reviewing questions).
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descending orders. Also, the results can be presented either 
by the list of member or by the list of questions.

VI. Scaffolding Structure in SMILE

Helping participants generate high quality inquiries requires 
ample and persistent guidance, modeling, sample question 
sets, evaluation rubrics, and practice. Therefore, some, yet 
still limited scaffolding features are available in SMILE and 
these are constantly updated. 
	 •			Rubric enables organizers to define 5 different levels of 

question quality. The rubrics are available for participants 
to reference when assigning 1 to 5 stars to peer questions 
being evaluated. 

	 •			Prompter enables organizers to assign a list of key phrases 
or words to be incorporated in questions. This forces the 
participants to formulate questions by incorporating one 
or more key phrases for the system to accept. For exam-
ple, if the organizer makes words ‘What’ and ‘If ’, all par-
ticipants in a particular activity must incorporate ‘What’ 
and ‘If ’ in his or her question. Otherwise, the system will 
reject the question. 

	 •			Hide identity feature, organizers have an option to make 
the participant’s identity visible or invisible. With hidden 
identity, participants may feel less intimidated to share 
questions that might be innovative, yet radical or awk-
ward with a given topic or within the context of discus-
sions.

VII. SMILE Study Cases 

SMILE has reached over 25 countries and mostly in under-
served communities in developing countries. Since SMILE 
is leveraging mobile technology, participants can pick up a 
conventional mobile phone and participate in SMILE activi-
ties within a few minutes. The use of conventional mobile 

phones makes the model simple to adopt and less threaten-
ing for participants [18]. 
 For example, a participant in Argentina is using her mobile 
phone to take photos of sanitation issues in her community 
to formulate a public inquiry of conditions susceptible to 
spread diseases including Chagas [27]. Also, a medical prac-
titioner in Argentina is incorporating medical images in his 
inquiry to engage in a SMILE session regarding symptoms 
and treatments of Chagas disease [27]. A public health major 
university student in Colombia is creating questions to share 
with his community regarding Chagas disease using his mo-
bile phones [28]. These connect to the concept of mHealth in 
public health.
 For a SMILE session in Korea, a group of medical students 
are generating a collective inquiry regarding HIV/AIDS [29]. 
In this, facilitators are playing a key role during the session 
as they are enjoying the participatory inquiry as a valuable 
teaching and learning method. Since SMILE leverages mo-
bile technology, the collective inquiry takes place regardless 
of time and location. A central cloud server (http://smile.
stanford.edu) collects all inquiries and sessions from around 
the world [30]. People who are interested in a particular top-
ic (e.g., for example, ‘health’), they can search the keyword 
and also create their own questions, respond to existing 
questions, or comment on questions and answers (Figure 4).
 As shown in Figure 5, a list of sample questions with the 
keyword search of ‘health’ in a public health session is de-
rived from a rural region of Colombia [31]. Examining the 
questions and answer choices generated by participants help 
researchers uncover important insights. Some of them may 
include: (1) What the common health concerns may be in 
the region, (2) What symptoms they believe are associated 
with a particular illness, (3) What treatments they believe 
may be available for a particular disease, (4) What practices 
they believe have been successful in their community, (5) 
How participants identified flaws or misunderstanding from 

Figure 3. Sample Stanford Mobile Inquiry-based Learning Environment (SMILE) result page.
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peer inquiries or solution choices, (6) How local communi-
ties believe the workable solutions may be politically correct, 
(7) How the community members agree on inquiries or 
actionable solutions as most appropriate, (8) How some of 
the inquiries or solution choices change over time, (9) How 
the local community members construct their own inquiry 
evaluation rubrics, and (10) How they evaluate and rank po-
tential solution plans collectively.

VIII. Conclusion

PAR was often used in rural areas or developing countries 
for analyzing community healthcare needs or planning and 
evaluating health services [3]. Recently, PAR has been used 

in healthcare research, which is based on reflection, data 
collection, and action to improve health and reduce health 
inequities. In such efforts, community members, as active 
agents, collectively analyze and improve local services [5] or 
enhance their knowledge. With the advancement of infor-
mation and communication technologies, there are unprec-
edented number of opportunities to enhance various aspects 
and processes of PAR at multiple levels. One immediate area 
of enhancement in PAR is to leverage an intervention us-
ing information and communication technologies such as 
SMILE.
 Unlike traditional survey methods used in PAR, SMILE 
collects problems and potential solutions that are most im-
portant and central to the condition of their local commu-
nity. Collective inquiries, along with hypothetical scenarios 
with healthcare phenomena, policies, practices, or action 
plans based on divergent thinking ideas, provide an insight-
ful evaluation vector more appropriate for the participating 
community. This article demonstrated the applicability of 
SMILE in public health by introducing a few different cases 
of SMILE in the developing countries, which have not been 
discussed in previous literature.
 It is the hope that researchers and educators involved in 
PAR for public health and education leverage interventions 
such as SMILE to design data collection strategies, which 

Figure 4. Central cloud server (http://smile.stanford.edu/) collecting all questions from around the world. 

Figure 5.   Questions derived from a participatory action research 
case in Colombia.

Question #1. Common disease in Guajira transmitted through mosquito bites may be:
1) Herpes
2) Zika
3) Dengue fever
4) Chikungunya

Question #2. How could malnutrition problems be addressed in the Guajira region?
1) Through public-private partner-run clinics
2) Relocation of the indigenous communities to cities
3) Through international aid programs
4) Enhancing farming practices by the indigenous communities
5) Providing water flows to the Wayuu communities
6) None of the above
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are more contextualized and meaningful to local communi-
ties, and analyze such data in ways that can leverage analysis 
models backed by machine learning and augmented intelli-
gence. In doing so, new insights can be uncovered; therefore, 
creative healthcare and education plans may be developed to 
bring about transformation, which is long overdue in rural 
communities of the developing regions.
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