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Abstract

Despite the long-standing interest in educational tedgyaleforms, many studies have found
that incorporating advanced information and communicatectgiblogies (ICT) into
classrooms has proven difficult. A key limitation to m&@y¥ projects, particularly in the
developing world, is a lack of integration between pedagogyemtuhology. This article
presents a framework for how ICT technology and ingbaiged pedagogies can be integrated in
classroom settings, known as the Stanford Mobile Inquasetl Learning Environment
(SMILE) The article then outline findings from a serdstudies that test the effectiveness of
the SMILE model in various country contexiEndings indicate that SMILE successfully spurs
student questioning and changes student-teacher dynamics jrholasser, we also find that
students’ initial abilities to form deep inquiries depend on school and country contexts, and is
more difficult to implement in areas where rote memaiion pedagogies are typicilVe
advocate further research to study the effect of longer-tgerventions.
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Introduction

Despite the long-standing interest in educational tedgyaleforms, many studies have found
that incorporating advanced information and communicatectsiblogies (ICT) into
classrooms has proven difficult (Schweisfurth 2011; Waaser 2012) A key limitation to
many ICT projects, particularly in the developing worldthis lack of integration between
pedagogy and technology. Simply placing technology hardwarelagsrocoms is not a
comprehensive solution to bridging the digital divide, desppletora of well-meaning
projects that bring computers, connectivity, or otherrieldgy to rural schools (Muller et al.
2007).

Indeed, there has been a proliferation of worldwidertelcgy initiatives that have put
computers into schools, liekl computers to the Internet, or gave all children laptops.thet,
dominant model in these initiatives is to present teaclstndents or schools with hardware,
without giving them the necessary support and training to makéettimology an educational
tool. All too often, educational technology has not provereeslutionary as educational
development experts have hoped. A prime exatisflee One Laptop Per Child (OLPC), which
has received substantial media coverage, but had laek-hesults in practice. In Uruguay and
Rwanda, national policymakers purchased laptops for hundfélsusands of children, but
most are not being used in classroentlbey are often simply sitting in school closets beeaus
teachers do not know how to use the devices or are afrgigvitidreak them Also, in many
cases, teachers do not find appropriate reasons to usentloéassrooms because the hardware
does not come with appropriate compwgglications for learning (Warschauer and Ames 2010;
Kraemer, Dedrick, and Sharma 2009)

One of the major problems with OLPC initiatives is tihetytfailed to take into consideration the
needs and realities of developing countries. Shah (201 Biexthat: “Several studies have
concluded that the primary reason for the failure ofQh®C project was its lack of
consideration for and adaption to thealbaultures and societies” (94). Hardware was developed
and disseminated without a deep understanding of local coresmieaning it was not
particularly useful to the communities usingBly way of solution, Willoughby (2011) contends
that future initiatives aiming to distribute technologicalavation to developing countries
should employHte “appropriate technology rule” before implementing educational technology
projects. By his standards, the selection of appropeatenology would requiréknowledge of

a diversity of technical options for given purposes, fademnalysis of the local human and
natural environment, normative evaluation of alternadppgons, and the exercise of political
and techngical choice” (Willoughby 2011:8). Additionally, in practice, a one-device-peretchil
model completely ignores and eliminates the opportunitgdiaborating and sharing among
students within classrooms or across multiple classromaising such models not only out of
touch with much research that finds benefits in collatige learning, but also much more
expensive and less sustainable economically.

Meeting the development challenges of under-resourcedchgeggguires tying technology to
meaningful educational content strongly and contextedlpedagogyessentially, using
technology to engage students in active researchetpcraad evaluator roles (Muller et al.
2007) In response to the limitations of current practice, @énikle presents a framework for how
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ICT technology and inquiry-based pedagogies can be ingepiratlassroom settings by
exploring how mobile devices c@amomote students’ collaborative questioning. We first present

a model for how mobile technologies promote inquiry-bgmsthgogies in schools, and then
outline findings from a series of studies that test ffezveness of the proposed mobile inquiry
model conducted in various country contexts. Our primagyest lies in understanding how
mobile learning devices can promote inquiry-based pedagogiesrandhe specific advantages
and limitations of mobiles are in different countries. Thenate goal is to better inform the
educational devepment community’s efforts to use technology to advance educational
outcomes and student learning, particularly in rural and umedeurced areas of the world.

The Advantages of M obile Technology

There is a growing interest in the role of mobile devinaseeting educational challenges
Indeed, many researchers have pointed out the distinetitsethat mobile devices offer as
educational tools (Thornton and Houser 2005; Kim et al. 2011; Fiettzal. 2011; Ally 2009)
Today’s mobile devices can store and deliver a vast amount of infoematicluding a wide
variety of curricula materials targeted to appropriate afjes.rapid innovations and advances in
information and communication technology (ICT), speaitly, increases in processing power,
memory, and connectivity for mobile, handheld devices naage mobile devices more
interactive and media-rich than ever before (Pea aalddnado 2006).

Moreover, mobile devices require substantially less iminagire and electricity, which gives
them many advantages over traditional computers. Mobileelehiave already reaahthe most
isolated populations and had a tremendous imgagtdividuals’ lives (Attewell 2005)

Research has shown mobile learning devices have the potentiglen access and supplement
education in the most remote and underserved areas wbtlte(Zurita and Nussbaum 2004;
Kim 2009). Many have noted that this makes them more apt toolrdm-$cale impact (Kim,
Miranda, and Olaciregui 2008)

Mobile devices also have an advantage over computerseasilect to educational content. A
key limitation of computer-centric initiatives is thekaof varied and robust learning software
applications The rapid growth of mobile applications (i.e. apps) on maiiilenes has greatly
expanded opportunities for learning with mobile devicesr& hes“over 500,000 apps available
on iTunes and over 300,000 on Android” (Schuler 2012, p. 7). In a comprehensive study of the
educational app Schuler (2012) reports thapps are an important and growing medium for
providing educational content to children, both in terms of their availability and popularity” (2).
Moreover, many apps are able to promote learning in a g&mesvironment, making them far
more engaging than traditional learning pedagogies.

Because of their ubiquity, mobile devices have had an ingrattie traditional school
environmentMany students in both developed and developing regions cabrjenpdhones to
school- and research has shown that students actively try tmmooinate with each other
during class using mobile phones (Dodds and Mason 2005). Unfortynbeeigfluence of
mobile phones is often decried as a distraction, leadamgyrachool$o ask students to leave
their phones off while in clasblowever, today’s mobile phones can be powerful multimedia
learning devices; by requiring students to turn them off, ssharel missing out on the
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opportunity to capitalizen mobiles’ computatioal capacity and interactive nature. This is
because there are practically no pedagogical techniques desigrididéoumerous mobile
phones to support learning. This article addresses the queshiow anobile technology can
take advantage of students’ natural creativity as a basis for classroom learning. Rather than
executing memorized rules (such as arithmetic problemshelieve that the real power of
mobile devices in classrooms is to prepare children to bawae¢hinkers and active problem-
solvers. The next section discusses the importangeastions in learning and then presents a
model for how technology can be used to increase studenti@sgu class.

Challengesto Inquiry-Based Pedagogy

Inquiry-based learning emerged from a deep literature onroctigist approaches to teaching.
Constructivist theories of learning argue that students le=stwhen discovering and unpacking
content for themselves (Yu 2005; Cole 2009). It is premisedeigéa that students should
participate actively in the learning process, and that otogay, students actually learn better, as
student inquiry furthers comprehension and synthesisawlulge.

Questions are the core of inquiry-based learning, and haverbeognized as central to the
learning process more broadly (Becker 2000). Prior reseascfolind that asking questions
while reading is crucial to literacy development; Daveg BcBride (1986) find that in posing
guestions, students gain powerful meta-cognitive skills, inctuthe ability to evaluate sources
and monitor their own comprehension (Davey and McBride 198Bjilarly, Chin and Brown
(2002) eylain that question generation “focuses the attention of students on content, main ideas,
and checking if content is understood” (King 1994; Rosenshine, Meister, and Chapman 1996;
Chin and Brown 2002). Student questions require students to emdsitften expand upon prior
curricular material (Chin and Brown 2008)uestions can also reveal students’ thought

processes as they work through new or difficult matergalyel as their gaps in knowledge or
understanding (Watts et al. 199A¢dditionally, research suggests that the practice of questi
generation actually deepens student comprehension,eagiites students to actively monitor
their reading or pay deeper attention to what they areitegin class (Mosteller 1989; Wilson
1986) In short, in posing deep questions themselves, studemti pgevious materials and
reshape their thoughts, thereby deepening their understaivairZp09)

Despite the many educational benefits associated withiguoiesf, research consistently
demonstrates that students ask very few questions in schwetswhen teachers probe for
student-questions (Gall 1970; Nystrand 1997; Cazden 1988). Intfaiessshow that only a
small percent of questions asked in class are studentagetseFor example, in observational
studies of classroom interactions, Dillon (1988) found thatesits asked very few questions
during class, and of those, most regarded instructionalicdiiins, rather than knowledge-
seeking questions (Dillon 1988). Similarly, through observatinrurban American classrooms,
Becker (2000xctually finds that student questions are subtly discouraged, stating that: “Overall,

| found that, when elementary students asked questionswtreyshut down. Students were not
gaining the kinds of critical-thinking and literacy skills flamental to academic enjoyment and
achievement at all levelg262). There are many reasons to believe that traditionedilez
environments and didactic pedagogies inhibit student questionifagt)rsome teachers may
actually have a philosophy of teaching that views teaching assartission of facts and
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knowledge, with little place for student questioning. Unfortelyathis may be particularly true
in developing countries, where memorization is highly piked over creative thinking or
creativity.

Moreover, even student-centered pedagogies, which aim to &tumlent engagement in
learning, can also fail to result in student questioning dusrged structural issues in schooling.
Teachers tend to adopt the techniques of their own tesacliense exposed to didactic
pedagogies during their own schooling are probably less likelgapt student-centered
pedagogies or invite student questions. Additionally, Woodward (199Bies that teachers
who are unsure of the material or knowledge may actuallyeptestudent questions, as a way of
avoiding the gaps in their knowledge. In the developing woelbhers are often poorly
prepared to teachmany have not attended specialized teacher education prograisined

an advanced education. In fact, primary school teachany developing nations may never
have gone to secondary school, or secondary schooktsaubt completed a four-year college
degree. This means that their training as teachersess liritited somewhat narrowly to content,
as opposed to pedagogical practices. This tendency togsté@tions could be exacerbated when
new technologies are introduced, if teachers themsateasot comfortable with technology.

Additionally, the need to maintain teacher authority anmdrobtends to reduce questioning.
Dillon (1988) found that many students do not ask questions becaydeaheegative reactions
from classmates and teachers (Dillon 1988)ltural norms governing relations between adults
and students, and socialization into situational authosigs may also inhibit student
guestioning (Chin and Brown 2002). In short, there is signifiegitdence that most students
learn in didactic environments, as opposed to those thaicarwith opportunities for inquiry,
and dominant pedagogical practices are unlikely to alterealiy.

The many advantages of mobile devices make them partycaf#t for supporting student-
centered learning. Prior studies have documented how mobilededa facilitate
experimentation in real-world settings, help students dadied record information, and allows
learners to share their experiences and informationpeigns (Looi et al. 2010; Squire and
Klopfer 2007) According to Looi et al. (2010), “the portability and versatility of mobile devices
has significant potential in promoting a pedagogical shift fdihactic teacher-centered to
participatory studententered learning” (156). Yet, few concrete technological tools or
applications have been designed to support inquiry-based pedaddugess an area in need of
further research, and Looi et al. (2010) argue for maadexuic studies to advance our
“understanding of how students engage in inquiry-based learning, experiential learning and
knowledge building in mobile learningr@ronments” (167). This need is particularly apt in the
developing world, as much of the research on technolbg@ahanced inquiry-based learning
has been conducted in the developed world tAugrf the next section, we respond to this need
by exploring how mobile devices can promote inquiry-basaadhieg in classrooms, and whether
mobile devices are a practical development solution inrared®urced communities in the
developing world.

Integrating Technology and Inquiry-Based Learning
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This section conceptualizes an educational innovatioguléssat utilizes mobile technology
promote inquiry-based learning. It presents the Stanford Mbigjlery-based Learning
Environment (SMILE) as a prototype of how mobile technologypramote inquiry-based
learning in the developing world. SMILE combines a mobilesaguestion application for
students, with a management application for teachersti@g&MILE allows students to create
multiple-choice questions on mobile phones during classlare shese questions with their
classmates and teach&€he classroom management software allows students @, shapond,
and rate questions on criteria such as creatorigepth of analysis. This section provides a brief
overview of SMILE

< Question-related data
—>» Action messages &
question-related data

Mobile Phone2 Mobile Phone3

Figure 1: Schemata of SMILE’s ad-hoc network

SMILE consists of two software elements: a student mdiziked application and management
server application. These applications can communicateitfier local ad-hoc network or
Internet. The local ad-hoc based mobile learning netwadknoc SMILE, Shown in Figure 1) is
for developing regions where there is absence of anydfypetwork and the Internet version
(SMILE Global) is for areas where there is mobile netwimked to Internet. The Ad-hoc
SMILE enables students to engage in SMILE activities antlange inquiries with peers in thei
classrooms or own school. SMILE Global enables studeotsd the world to exchange their
inquiries regardless of their location. Both SMILE Adeland SMILE Global allow students to
incorporate multimedia components in their questions (IsémeSMILE Ad-hoc and mages,
audio, and video for SMILE Global
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When all students have finished writing and submitting dpeastions to the server management
application (See Figure 2 for the SMILE activity progeal of their aggregated questions are
sent back to their student application. In a classroom sfiBfents, one student or one group
may generate one question, but one student gets to solve 30@mpiestmultiple questions
generated by their peers or peer groups.

While responding to each question, students rate each werpdint scale from 1 (poor) to 5
(excellent) based on some predetermined criteria, sunfeasvity or depth of analysis.

A T@ v
ST Gua e AL

b) Main screen ¢) Make your question d) Solve questions

e) Overall quiz results f) Detailed information about g) Who's the winner
each question

Figure 2 The Junction Quiz application

Their responses and tinte-response are gathered by the data management softwaevadd s
for further analysis by the teacher. Once all students tesp®nded to (See Figure 3) and
evaluated their peers’ questions, the teacher is able to display the results through the “See

Results” button. At this point, students can view a summary of their results and see which
guestions they answered correctly or incorrectly. Theyatsmview detailed information about
individual questions including how many students answered eadttpiand average ratings.
Finally, students can view which student answered the mogiangesorrectly and whose
guestion received the highest ratings.
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a) Logging in to application b) Creating a question ¢) Solving and rating peer-
created questions

Figure 3: The student-question generation process

In addition to student-generated questions, teachers araldé¢sto input questions from their
mobile device, which can serve as evaluative assessmeuwtsitial information. In this way,
both students and teachers alike are actively involved ergeng questions, assessing student
knowledge, and offering feedback.

Figure 4 provides a schema of the activity management apphc with important features
labeled. The activity flow window (A) allows the teacheattivate the various stages of the
guestioning process (creation, response). This allows tbleetet]o maintain control over class-
time and ensure that students are only creating questiomesigaated time if intende¢d. The
Student Status window (B) displays the status of each stadehe present activity (i.e. who
has joined the activity, who has submitted questions, anchaghigubmitted answers). The
Scoreboard window (C) displays individual student’s responses and ratings for each of the
guestions. The Question Status window (D) displays which stedesited each question, what
the average rating was for that question, and the pegeeafdhe students who answered it
correctly. The Question window (E) displays the questmeifiand its predetermined correct
answer. The Top Scorers window (F) shows which student achievhajhest score and which
guestion received the highest ratings. This can be usethésrwide reflection on the quality of
inquiry. Finally, the Save Questions button (G) allows theheato save the data from a given
exercise to the server, which can be accessed ar aate
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Figure 4 The activity management software

The SMILE application affords myriad benefits to teastand students, namely that it creates a
highly interactive learning environment; it engage learneevatuating and analyzing their own
learning; it promotes inquiry and critical reasoning, diwh& students to synthesize acquired
concepts. SMILE also allows students to generate, shade\aluate multimedia-rich inquiries.
Its mobile-platform allows students to learn, study and inqnsgime/anywhere, and it can be
used to promote both a collaborative and/or a competikasmom environment, as needed to
motivate students. SMILE allows for both teamwork and caitipe between students when
asking and answering questions.

The cost of implementing a SMILE activity depends onifr@structure available in the school.
The minimum resources required for a SMILE workshop inclhdecbst of the phones, one
laptop and a router. The costs for the following worksheg®: $300 for a notebook laptop
computer, $100 for a local router, and the required nunfoeobile phones (1 per every 2-3
students), which are estimated at $80 each

Data and M ethodology

To assess the effectiveness of SMILE as an educati@ealention, we carried out a series of
studies in diverse country contexts. Our methodologicagjdasicomparative in nature, as we
seek to compare advantages and limitations of mobiles foryalgased learning in various
settings. In this sense, we draw from the research agdndaated by Looi et al. (2010), who
explain that “by collaborating across the globe, researchers cokddadvantage of different
student device preferences, exchange curriculum ideas, undexstiamdl differences and better
address issues of scale” (167). The specific implementation method involved a netvadrk

10



RUNNING HEADER: Mobile Inquiry-based Learning

researchers and non-profit organizations collaboratingny out a series of studies using
SMILE. The research team varied in each contextrdsearchers were trained on SMILE and
its implementation before carrying out the studies.

Sample

The findings for this article are drawn from a serieseden studies, carried out in California,
USA (2 pilots), India, Argentina, Indonesia, South Kosed Tanzania. A number of factors
shaped the sample of countries studied. First, a majboftee study was to understand the
advantages and disadvantages of a mobile inquiry-basethiganodel using mobile
applications and mobile devices in varied country contexid,among learners of different
backgrounds. We wanted to understand what factors shaped peagbility, and how these
factors varied by context. As such, we employed purposafapling and intentionally sought
out opportunities for implementation in very diverseisgs. The major dimensions of interest
were: urbanicity (urban/rural); national economic developnsatent population (age and
school type); world region (West, Asia, Africa, Latin Anta), and school subject. Therefore,
we chose sites that would offer new insight into theat$f of each of these dimensions.

In addition, in line with the applied nature of our studg #re importance of strategizing with
local partners in carrying out applied research in irigwnal contexts, site locations were also
chosen based on feasibility and interest of local patiable 1 provides details the site
locations and their characteristics.

TABLE 1: PILOT STUDY LOCATIONS AND FEATURES

Site L ocation Ur banicity National School Level World Region Substantive
Economic Discipline
Development
Sunnyvale Suburban-Urban | Developed (mixed Primary North America | Science
California income, ethnically,
diverse student
population)
Stanford, Suburban-Urban | Developed Undergraduate North America | Social sciences
California post-secondary
Nellore India Rural Lower middle- Primary Southeast Asia | Math and
income Science
Misiones, Urban Upper middle- Primary South America | Civic and social
Argentina income sciences
Pesatren, Rural Lower middle- Primary East Asia and Math
Indonesia income Pacific
Seoul, Urban Developed Graduate post- East Asia Medicine
South Korea secondary
Newala, Rural Low income Secondary Sub-Saharan Language
Tanzania Africa
Methodology

The SMILE project is part of a larger model of educationtervention that aims to think about
how mobile technology can be designhed and implemented tatineetetture needs of developing

11
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and under-resourced nations. This model to educationatemtigons has been classified as
educational design research. Plomp (202%ines educational design research as: “the
systematic study of designing, developing and evaluating edoabimberventions (such as
programs, teaching-learning strategies and materials, peoddtsystems) as solutions for
complex problems in educational practice, which also airashancing our knowledge about
the characteristics of theggerventions and the processes of designing and developing them”
(13). This approach to research differs substantially traditional models of research that
prioritize description, hypothesis testing or analysisiedgular or multiple variables (Van den
Akker 1999). Rather than simply describing a problem or parsihthe effect of a single
variable, educational design reseaichhore appropriate for understanding how to improve real-
world problems

Increasingly, scholars are recognizing the benefits sfitutotype-development approach to
educational reform, particularly in the field of educatibiechnology. Reeves (2006) advocates
for more educational design research, stating that theBonal technology field has legacy
of ill-conceived and poorly conducted research that resuite significant differences or, at
best, in modest effect sizes” (57). To improve the field, Plomp (2009) explains that edowati
design research permitsystematic research supporting the development and implementation
processes in a variety of contexts” (9). While more skeptical of design research as a
methodology, Kelly (2009) argues that the purpose of desggareh should be oriented not to
knowledge production per se, but to improving a specific outcorpeoduct, explaining that:
“design studies should produce an artifact that outlasts the study and can be adopted, adapted,

and used by others (e.g., either researchers or teachers)” (Kelley, 2009: 116). Kelley also argues
that educational design research is most appropriate d@rstanding how to improve an
educational learning environment or specific educational tecgpol

Drawing on the work of prior scholars in educational te@g this article adopts a design
approach that specifically is targeted to improving our undetsig of how mobile educational
technology can improve student inquiry, inside and outsassiwoms around the world
Through a series of iterative research studies, the EMibdel aims to continually improve
both the application and the implementation procedwikie also understanding in what
contexts and with whom the SMILE model is most effectiThe research is not comparative in
nature, in that we are not comparing sites to understand wiglementation is most successful
— rather, we are gathering insights from each site todudbvelop both the application and
implementation of the SMILE model. In this sense, esiehprovides insights for how to
implement the model in various contexts worldwide.

The SMILE Model draws on prior educational design rese&ebves (2009) outlines the four-
stages of educational design researci pklentify Stage 2) Prototype development; 3) Iterative
Testing; 4) Reflection and evaluatiddimilarly, we draw on Kirts (2009) model for action
research in the developing world. Kim (2009) specifies four staiggssigning educational
interventions for underesourced areas of the developing world. Kim’s stages are: 1) Strategize;

2 As Kelley advocates, the project has generated a spedificational innovation, a mobile phone application
known as Global SMILE, which is open-source and publicalilable to all students, teachers, and researchers
who have access to mobile phones and an Internet cammg@bttrough the iPhone or Android markets). The Global
SMILE application is continuously being refined in lightpiibt study findings.

12
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2) Apply; 3) Evaluate; 4) Reflect. These four stages anéasito those proposed by Reeves
(2009), howeveKim’s (2009) model is particularly appropriate for thinking about how
academics, funding organizations and civil society organizaiio highly developed countries
can work with and support the work their peers are doingndter-resourced regions of the
world. At all stages of the model, researchers are eagedrto strategize and test the
technological innovation with academics and organizatiom&ing locally and globally to share
resources and knowledge.

According to this design proceske SMILE project is currently in the iterative tegtiand
research stage of the design process, and has begog tesetSMILE application in multiple
countries and contexts. Seeds of Empowerment, a glaietiiyorked NGO that has helped
develop SMILE, has piloted studies in the United Statelairgentina, Indonesia, Korea and
Tanzania. Working jointly with Stanford University, Seefi& mpowerment is working to refine
the SMILE project application and better understand h@aritenhance student learning and
expand opportunities for student inquiry inside and outsiderafcd. Together, we have carried
out a series of experiential workshops in a wide rangemtexts globally, and are continuing to
research the design and implementation of SMILE kynige& out in a wide variety of
classrooms worldwide.

Findings

This section provides an overview of the various studiggedaout to assess the effectiveness of
the SMILE model. In each pilot study, we asked: what elésnafthe SMILE approach are
effective, and what are the limitations to the SMIL&d=l?

1. Sciencelnquiry in Northern California

In a preliminary study, we implemented SMILE in"dFade science classroom in Sunnyyale
California, a mixed-income small city located in the $itid/alley. Students used a prototype of
SMILE to generate questions (See Figure 5., left); the stsichare familiar with mobile
technology and with asking questions. They were able to adikamich questions without
difficulty (See Figure 5. Middle and Right). However, itheitial level of inquiry remained
focused on recall of information, as shown below in tren@e inquiries. This is largely due to
the lack of inquiry making experiences in their tradgiéibclassroom settingNonetheless
students repoedthat the activity is not only enjoyable, but also heljriuleviewing material for
tests (Seol, Sharp, and Kim 2011).

Additionally, the Sunnyvale teacher easily adopted SMIL& aessroom practice, and further
developed her own teaching strategies around SMILE. She tstugleints about Bloom's
taxonomy and asked students to evaluate their peers' qudsigaton the Bloom's taxonomy
classification. For example, if a question was desigaesihiply trigger simple recall, she
advised students to givea low rating. If a question required application of knalgle or
synthesis of multiple concepts, she advised them to ginvgher rating. This impressive local
innovation on the part of teachers was an indicatiahtéachers indicated that teachers could
play an important and active role in linking technology pedagogy within the SMILE model,

13
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and informed future studiesgeacher trainings by encouraging teachers’ creativity,
experimentation, and ownership of the program

BE AQ 10:02am [ BEA Q 10:16 am

Solve Questions 3/12 Solve Questions 12/12

Question: What parts of cells store
energy?

(1) Water cell (1) A. Cytoplasm
(2) Animal cell (2) B. Ribosomes
(3) Ground cell (3) C. Vacuole

(4) Plant cell (4) D. Mitochondria

@10 @x@®w
9 0:0:0:0;

e B

Figure 5. Left - 8 grade students in SMILE activity. MiddleSample inquiry 1 incorporating a
drawing. Right- Sample Inquiry 2 incorporating textbook figure.

2. Math and Science Inquiry in India

The second pilot study was conducted with students from Mellodia, a southeastern rural
area. These students were asked to generate questions udlitiigy fRivh any topic of their
choice from the math and science textbooks they hadeSts had hard time generating their
own questions (compared to the first school) due to limiteditaity with experiences with
strictly passive rote-memorization activities in sla®ms Students practiced several times on
paper to get them familiar with questioning skills. Additionadlydents had little experience
manipulating the smart phones; however, after roughly 20 minfieegploration, they adjusted
to the technology.

Students were able to generate a variety of questions aonnletvers, static electricity, moon
eclipses, and fractions (See Figure 6. Middle). Therenwdsacher involvement other than
observing and minimal facilitating. The advanced students ve&egldo explain their questions
to the rest of the class. Due to a lack of stable elégtdonnection, a car battery was used to
power the notebook and the SMILE network (See Figure ). Odfe class was highly
heterogeneous in their achievement level, and the déptfwry varied substantially. It was
clear that the questions of the more advanced studealterdied the less advanced students (See
Figure 6. Right. Advanced student question in English). Thdystaised important new
guestions about how SMILE can be best used in mixed-atigisgrooms, and what the
advantages and disadvantages are of grouping students byfabiityious purposes of SMILE
implementation, which is an area for future research
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Solve Questions 3 /11

Question: When the moon blocks
the light of sun it is called

-

(1) Solar ecilpse

(2) Total solar eclipse
(3) Partial eclipse

(4) Lunar eclipse

aswer @@ 2 @ @@
rain; @ 1@ 2@ @@ s

@m

Figure 6. Left- Student powering the SMILE network server with cardygittMiddle— Students
generating questions. RightSample student-generated question.

3. Undergraduate Classes at Stanford University, California

The third pilot study was carried out at the university lewethis study, students were asked to
generate questions based on all the learning in thetolasge (i.e., Summative assessment for
the class). Interestingly, they were generating questising Google search, Wikipedia. Some

of the students used both notebook computers (if they hadvaiiable) and the mobile phone
we provided (See Figure 7). Some of them took pictureseagdtreen from their notebook,
textbooks, reading materials, etc. In one hour, studesrs able to generate, answer and rate at
least three questions. The pace of the activity wadéstuse they were able to do quick
research, use mobile phones without difficulty, and fourdcctincept of generating questions
guite comfortable. However, their initial questions wemestly simple recall questions.

'Figure 7. Left. Students are using both notebook computdrmahile phones to generate
inquiries. Right. Students are incorporating simulatiapgrcs from their computers into their
inquiries in Junction Quiz.

By studyingeach other’s questions and understanding which question get higher ratings, the
students’ questions became more conceptually difficult; likewiseirtmotivation to generate
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higher quality questions also increased. While discussinguéstions generated in the first
round, the workshop facilitator gave students clear spetdiaon what constitutes high
guality question (e.g., questions with multiple concepts;e effective media incorporation,
triggering critical thinking, etc.). This study raised impottgmestions on how to improve the
quality of student-inquiry over time and what the roléhef facilitator is in setting early
guidelines for stimulation and multi-purpose class learninguatians.

'Solve Questions 8 /15

ﬂ e _ EMQ a32en EEO

Question: Under what circumstances Question No.8

do you think this sign should be

enforced? (Question created by ndalmia)

Question: In context of what we
have learnt so far, Social tools have
brought down but have
increased the possibility of

-- by those who control the tools

(1) Transaction costs, wasting time
(2) Bureaucracy, survelliance

(3) Transaction costs, survelliance
(4) Bureaucracy , wasting time

B Ema az6em  FIED

B E FI @ 4:36em

'solve Questions 7./15

Question No.7

(Question created by
default.26Charles)

Question: What is a more
consequential technological
innovation for the purposes of
development?

(1) PChased internet

(2) Mobile communication tech
(3) Audio/video tech

(4) None of the above

(1) All the time
(2) After someone has made a mess

(3) Never

Q10200 90200

9:0:0:0:0:

010200
9 0:0:0:0:

Figure 8. Sample questions generated by students.

4. Civic Engagement in Misiones, Argentina

The fourth pilot study was carried out in an urban higlostlocated in Northern Argentina. In
this adaptation of SMILE, students used SMILE to think @ailjcabout what it means to be an
engaged citizen in their community. Specifically, studergee asked to generate questions for
their peers relating to moral dilemmas that might anigeeir community. Students generated
guestions on homelessness, suicide, stealing, and duhlyadhg and violence (See Figure.9)
They were able to make interactive and media rich quashigmacting out a skit to present the
concepts of social issues and capturing their skits aenvi

For example, participants took pictures of ambiguous civatioistances and created questions
for their peers, suchs “What would you do in this situation?”” or “Who do you think is

responsible for this?” Some students took pictures depicting homelessness and others captured
bullying. Through the process of rating each other’s questions, students came to the realization

that better questions were those that divided the classis td#trresponses, where less complex
guestions would yield unanimous answers. However, most topics drews/pdaoceptions,
attitudes, and dispositions. After three rounds of creatingwerig and rating each other’s
guestions, the high school students began to generate piafodrchallenging questions
relating to local concerns. For example, one questioreaded the fact that there had been an
increasing incidence of suicide in the area and askedpbetis what they thought was the
leading reason for this. In this context, we realizedtamil benefits of SMILE. In other words,
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SMILE was not only a student learning and assessment manatg@iie but also a discussion-
generation tool that opened up various opportunities to bringwuerous issues perceived as
important by the participating students.

i

Figure 9. Top left- Students enact a skit on homelessness. Top-fi§hidents act out a skit
related to depression. Bottom lefStudents act out the issue of school bullying. Bottom Right
Workshop facilitator discusses student questions and answkrahole class.

5. Mathin Indonesia

The fifth pilot study was carried ouf'§rade students Pesantren, an Islamic boarding school,
in the rural village of Wanaraja, Indonesia, and focusethatihematics. The students were
asked to generate questions related to math, and their aqugesbivered a wide range of topics,
from the triangle angle sum theorem, to fractionsaga and diameter$eachers were surprised
by the student enthusiasmThey were also surprised by the students’ ability to adopt the
technology by themselves and their capacity to traih etteer and even their teachers with a
great sense of achievement and pride. This pilot study sugdeat8MILE supports teachers’

in carrying out student-centered initiatives, by providirachers a platform for student-initiated
learning and activities, and demonstrating the immediatditendth respect to classroom
environment and student engagement

For this project, we developed and refined an implementatethod targeted to math inquirjes
which consists of: 1) device exploration; 2) prompting studemtprbblem generation in
groups; 3) competition against other groups and class disogsaml 4) evaluation, reflection,
repetition and enrichments. Using this model, questiongicgyva variety of topics were
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generated and shared. The format balanced collabovaitioin groups and competition between
groups, ensuring scaffolding and evaluation among peers, howe\edso noticed that in nearly
every group, one student tended to be dominant. During the-shaphase, students were
excited to see their questions posted on the projecteerscsuggesting that visualizing and
sharing work with the entire class can be a motivatingréquee for participants, especiaity
classrooms where computers and projectors arefarere research is needed to understand the
strength and limitations of having a dominant group membedrhaw the age, gender, and

ability level of the dominant student might affect the &ffeeness of student inquiry.

Figure 10. Left and Right. Students generating a varietyabii iuestions on Junction Quiz.
Studentsricorporate their own drawings into Junction Quiz through the phone’s camera function.

6. AIDS Instruction in South Korea

Through our iterations of SMILE, we were prompted to develop iadditsoftware that can be
used not only in class but outside of class as well. Utti&ead-hoc version of SMILE, which is
used for synchronous real-time sessions, SMILE Global waeitksa central server in an
asynchronous mode, which aggregates all questions, generae8NtliE sessions around the
world and lets participating schools share and exchange gp®slihe advantages of SMILE
Global are that it allows students to generate questiong omebile devices without being ingh
same place at the same time. Moreover, it prombgesxchange of inquiries on common topics
from learners of all ages and regions, while still allovehgdents to share experiences from their
local contexts and cultures.

We tested SMILE Global with medical students at ChungbuloNait University in South
Korea. We first held a short discussion on the potiettiieria needed to define and evaluate
high quality questioning at the beginning of the sessiontandriteria rubricsbased on student
feedback and our previous experiences with SMILE. Shaaingpke questions with students
prior to their interaction with SMILE highly impacted participants ‘understanding of what is
expected from them to do. Sample good and bad quality insjuweee shared and discussed
with participants. This overview of question quality wasamétd in response to prior iterations
and seems to be an important component of promoting dgejoyin
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Students preferred using web based content (Natlez Korean version of Google search
Wikipedia, etc.) instead of their textbooks to understarddpic, but then often used their
textbook and group discussions for deeper understanding. Followdigssshowed that by the
end of the activity, the students were thrilled with thevag and were pleasantly surprised by
how deeply it required them to think about the topic.

During this iteration, we also began to include evaluatiorraifor student questions, which
allowed us to explore the possibilities of SMILE as aess®ient toah more depth.
Participants’ high level of technology exposure accelerated the process of inquiry generation and
interaction with SMILE. Participants spent 60% of tineston inquiry making task; informing
them that there would be global access to their questiongasaed motivational factor to
encourage them to create high quality inquiries.

We found that participants used videos to support their SMifEiiies, and that media richness
was another highlight in this experiene®wever, hestudents’ overall low-level of English
proficiency negatively affected the process, as it slovesehdstudent inquiry generation
process. We concluded that automatic machine translatiguestions would be beneficial for
those who speak English as a second language. With easlgsible translation tools, students
from all regions will be able to contribute and exchangeiiregufreely. With recent advances in
translation technology widely available, language shouldea barrier for SMILE Global. We
believe that for medical students, exchanging inquiriesiedical knowledge through a global
inquiry exchange tool such as SMILE Global seems likereeficial avenue for research,
particularly for students attending medical school®iéndeveloping world.
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Figure 11. Figure Top Left Students taking pre-test survey on iPad. Top- Rigbtiudents
learning about high quality question matrices. Bottom L&Students presenting their question
submitted with iPad. Bottom right Students in groups generating questions.

7. High School English in Tanzania

The most recent pilot study was carried out in Newalazdiaia through a joint initiative
between Stanford University, Seeds of Empowerment (a glofeiyorked NGO) and Jiamini
a local NGO based in Newala. This pilot study is the fosgiterm investigation of SMILE as a
regular pedagogical practice in a pilot school in ruralzéara. The objectives of the pilot study
are to understand how SMILE is used in classrooms in vatgreresourced educational
settings, and whether students’ abilities to pose and respond to self-created inquiries develop
over time.

Teachers and administrators alike were enthusiastic aliegtating computers and mobile
phones into their classrooms, and eagerly adapted to ingasgdlechniques into SMILE
lessons. Nonetheless, the pilot also faced importatienobas, which shed light onto the
feasibility of SMILE projects in under-resourced areBsdings from the initial study found
that it took two weeks for students and teachers alike to biodafle with the computer and
mobile devices. Although many students were familiar with mobiMecds, manipulation of
smart phones was difficult at times, and took a pericatipfstment. Additionally,
implementation of the program was hampered by frequeritieigcoutages.

Since February 2012, researchers have been receivingessigént questions roughly every
two weeks from participating teachers in Newala, Tanzdiea.depth of inquiry indicated by
student questions is improving over time, moving from memboizdbased to some application
of knowledge and manipulation of facihe project has generated important insights into the
SMILE implementation model; first, we recognize the imipnce of having committed and
creative teachers to serve as “technology experts” in their schools. Second, we note that these
teachers need an initial training period, and some fellpwnentoring to ensure that they are

able to facilitate inquiries in classrooms.
- > < Ou

(Quesnon creaisd v Huesmalnetma)

Question: What & the Jocat tme at morogoro 43e when g =
noon 1200 at ogsh 30c

(1) 14 0iam
(23 13:00mm
(3) 15:00pm
() 13 00pmv*

Corract Answer 4

Num correct peopie 7/ 23
Average ratmg 196

Figure 12: Tanzanian students using SMILE in groups; sample quéstio
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| Tanzania (right)

Major Findings

Our studies suggest that mobile devices can be implementedide aange of classroom
settings with relative ease, and can clearly increaperiyrbased pedagogies. A number of
similarities emerged across all contexts that suggest suppdine SMILE implementation
model, namely: the ease of implementation model, thévely quick adoption of mobile
devices in classrooms, efficient uses of technologésadurces. In terms of the effects of SMILE
on classroom practices, we also found that during SMILE vaops relationships between
students and teachers changed.

In all sites, teachers adapted quickly to the inquiry-db@sactices used in the demonstration
workshops, and were able to run workshops themselves easillarfy, mobile devices were
not foreign to students; in all contexts, students were taldxperiment with the phones and
various applications, and were able to manipulate the SMplpE Eaven in the most under-
resourced site (i.e., Tanzania), the adoption timederof inquiry-based methods through
SMILE was under two weeks. In the developed country contamtsat higher levels of
schooling (university), students were already fluent withntbbbile technology and the time
learning to manipulate the SMILE app was negligent. This sugtiedtsorldwide, mobile
phone applications can be implemented in a wide vapiegglucational settings, with relatively
quick learning curves.

Additionally, in our follow-up correspondence with teachier Tanzania, we find that one set of
mobile devices can be shared throughout a school, muchdimputer lab is a school-wide
resourceThis “mobile” computer lab is an efficient use of the technological resources, and

allows devices to be shared among many students and temctite@same school.

In terms of pedagogy, initial studies suggested that taeaeships between students and
teachers changed quite dramatically during the SMILE sesg\arexpected, teachers were not
simply transmitting information to students; rather, stusl@mre drawing on written or digital
resources to formulate their own questions. Studentsaalgked together in highly
collaborative small groups, in contrast to individual stuagerk. The teacher played an
important role in guiding students through the solutionsftalt questions, and in correcting
any mistakes or elaborating on student-generated questiotisis sense, the studies did suggest
that SMILE was able to transform typical relationshipslass, at least for the duration of the
SMILE workshop

Nonetheless, the success of implementation alsaeliff@long important dimensions, depending
on the context. First, as expected, we found that studenserie developed countries had no
technological learning curve, while those who had no fantiiavith smart phones had a longer
learning curve to use the phones. In terms of applicatiogmesven seemingly simple tasks
such as putting in their name or group number actually regjaigood bit of knowledge of the
phones, such as how to delete a character or find theskjiace keys. Our pilot study from
Tanzania suggested that students would be relatively conhpstms of the smart phones after
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roughly two weeks time, but that user interfaces should bienat¢esas possible, particularly for
applications designed for the developing world.

A secondmajor finding was that students’ abilities to generate their own questions differed
substantially. Students from developed countries were noonpetent questioners generally,
when assessed on dimensions of Bloom’s taxonomy. The majority of student-generated
guestions relied on rote memorization in the early wonssho less-developed countries, such
as Tanzania. In contrast, students who had more exposurtgiiyibased methods were able to
generate analytical or application-based questions. Iséhise, we conclude that teacher quality
is another important component in the success of a EMiarkshop. Students and teachers who
have been exposed to inquiry-based methods in their claggesn easier time bringing to the
SMILE workshops. However, in our long-term follow-up projeat3anzania, we do find that
students’ questioning skills have develogd over time, which is the purpose of the SMILE
activity. Training teachers to continue to carry out SMik&rkshops, and facilitate student
inquiry over time is an important component of the SElihodel. In this sense, our study
confirms prior research that technology can neveaogpihe importance of teacher training.
Nonetheless, we do finds support for the idea that mobile@eyplications, such as SMILE,
can serve as an effective platform for encouragingtgrestudent-centered activities and
practices in classrooms

Additionally, we also note that the implementation predeslf can be hampered by a lack of
minimal technological infrastructure. Although it is not impossibleun a SMILE workshop in
a school without electricity (as demonstrated in titgd pilot), it is much more difficult, as the
workshop requires a working laptop, router and charged phones.

Scaling Up and Future Research

How can the SMILE model scale-up its impact? We have ssd a groundswell of interest in
what SMILE offers, and have also tried to understand vatabifs make SMILE most likely to
be successful. We have found that a SMILE project eanibated by any secter universities,
businesses, or educational officials. However, in omietechnology-enabled inquiry-based
pedagogies to take place in classrooms, and for it to bécat#dach its maximum effectiveness,
we have realized that local educational officials mustrbéoard. ObviouslySMILE works

best when educational officials, civil society organizagjauniversities and local businesses
work together to bring SMILE to classrooms, and each supdiffésent elements of its
implementation.

We believe that SMILE can serve as an effective peglagbmodel for implementing
technologically enhanced educational development prajette developing world. The critical
elements needed to incorporate SMILE into classroonhimgare:

1) Mobile devices(i.e., not notebook comput@rg his increases the overall sustainability
by reducing the cosand increasing scalability, maintainability and opportunities for
collaboration, especially in under resourced and under geai@®gion. SMILE can also
be highly effective with a ratio of one device per thresrters.

2) Application localization and development (translation dedelopment)
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3) Facilitator workshop- in order for teachers or facilitators to experience [SMIWe
found that students who are able to quickly pick up technolagype excellent resources
for technology training both for themselves and fortdaehers.

4) Monitoring and evaluation.

Implementing a successful educational innovation reqtheeghoughtful consideration and deep
understanding of the local educational ecosystem. Giveemény aspects needed to create a
successful SMILE project, we believe that implementatiecessarily requires collaboration
with an educationalcosystem’s many constituencies and stakeholders. In our model, we believe
that the basic “educational ecosysténsonsists of learners, teachers, parents, education
governance structures, industry partners, universitieN@tds, along with other potential
stakeholders. An effective SMILE project brings togethembers of these varied constituencies
to implement a project for example, in most of our prior studies, the SMIL&d®I bring
together business leaders, who take charge of providingtédeaom network infrastructure and
equipment such as mobile devices and computeral educational administrators to facilitate
participation of local schools and offer SMILE pedagogykshops universities to conduct
research on the strategies to enhance the model whthiocal contextand NGO partners, who
can provide localized knowledge, programmatic oversightpamjdct coordinationThis eco
systematic approach brings together many stakeholdersuivitherwhelming the limited
resources of any one sector.

Conclusions

Asking questions and inquiring about how the world works is a ndturaan disposition andha
important process through which people learn. Moreover ait ihe heart of a needed shift in
classroom pedagogies around the world, transitioning away ficiatidg information towards
student engagement with learning and problem salihg article has discussed two associated
projects- SMILE Ad-Hoc and SMILE Global, both of which aim to faskearning by

promoting student inquirieSMILE Ad-Hoc expands inquiry-based and multimedia-rich
learning programs in both rural and under-resourced sct®MK.E Global builds off of

SMILE Ad-Hoc to connect learners of all regions and agesnd. We believe that technology
can empower students to take their learning into their owttishamd make them active agents
of their own learning.

Although many educational initiatives have aimed to bring tdolyydo children, prior
experience has shown us that a hardware-only model dbe®rio Innovative educational
software and applications are also sorely needed. Howmeemade content that seems
innovative in developed countries may not be usefulardéveloping world, if they are not
contextualized. Until now, most innovations are developedpélated in the developed world
and then transferred to contexts for which they werelesigned- we have a lot to discover
about the potential power of mobile innovations by targeting tieselopment to the specific
needs and contexts of developing world schools and studéwnts the open-source content
movement, which seems innovative in the developed worltnetibe benefit those in the
developing world if there are not local developers to debwel contextualize content. Open
source contentamot reach rural villages without access to the Internetaiable electricity,
unless intermediaries deliver technology. Moreover gtieeno way for educational technology
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to have a practical impact on disadvantaged communitiesidftisanslated and contextualized
to local needs.

Future educational technology innovations must continue to nple@rage local content and
practices, but also nurture local creativity and engmegurship. Otherwise, such technological
innovations may remain short-lived and expensive epist@dedpénefit no one. SMILE is an
innovation that aims to take into consideration localemals and conditions in allowing
teachers and students to create a more active learningremeint. It can even work in places
where the teacher is the only person with a textbook dpeverty or just poor infrastructure.
For example, studies indicate that mobile devices vatheras and video recording can help
duplicate and distribute scarce education materials wiitiginly disadvantaged school settings,
and also enable students to participate in inquiry-basedtestiviVe must not forget that
mobile technology of today can be put to help nurture digi@lnamitimedia literacy among
students in developing regions even they may not haablelelectricity or fixed infrastructure.
Through inquiry-based learning such as that facilitated byLEMstudents are engaged in real-
world problem solving, thinking, and skill building. This is wherg focus should be, as these
are the goals of truly liberating educational practices.

24



RUNNING HEADER: Mobile Inquiry-based Learning

References

Ally, Mohammed. 2009. Mobile learning: Transforming the delivery of education andigaini
Edmonton, AB: Athabasca Universtiy Press.

Attewell, J. 2005. Mobile technologies and learning. London: iegrand Skills Development
Agency.

Becker, R.R. 2000. The critical role of students' questiofigeracy development. 64 (3):261-
271.

Cazden, C. B. 1988. Classroom discourse: The language of teaching and leartsngpuRby
N.H.: Heinemann.

Chin, C., and D.E. Brown. 2002. Student-generated questions: Aingéd aspect of learning
in science. International Journal of Science Education 24 (5):521-549.

Cole, M. 2009. Using Wiki technology to support student engageresgons from the
trenches. Computers & Education 52 (1):141-146.

Davey, B., and S. McBride. 1986. Effects of question-gemerataining on reading
comprehension. Journal of Educational Psychology 78 (4):256-262.

Dillon, JT. 1988. The remedial status of student questiodiogrnal of Curriculum Studies 20

(3):197-210.

Dodds, R., and C. Y. Mason. 2005. Cell Phones and PDAs HitHthécation Digest 70 (8):52-
53.

Gall, M.D. 1970. The use of questions in teaching. Review of EdunzdtResearch 40 (5):707-
721.

Kim, P., T. Hagashi, L. Carillo, I. Gonzales, T. Makany, B. Lee, and A. G\/Trate. 2011.
Socioeconomic strata, mobile technology, and educatioomgarative analysis.
Educational Technology Research and Development 59 (4):465-486.

Kim, Paul. 2009. Action research approach on mobile learningrdési the underserved.
Educational Technology Research and Development 57 (3):415-435.

Kim, Paul, T Miranda, and C Olaciregui. 2008. Pocket SchooltoEixg mobile technology as a
sustainable literacy education option for underserved indige children in Latin
America. International Journal of Educational Development 28 (4):435-445.

King, A. 1994. Inquiry as a tool in critical thinking. Changing collelgessrooms: New teaching
and learning strategies for an increasingly complex world:13-38.

Kraemer, K.L., J. Dedrick, and P. Sharma. 2009. One laptoghgdd: vision vs. reality.
Communications of the ACM 52 (6):66-73.

Looi, C.K., P. Seow, B.H. Zhang, H.J. So, W. Che, laid. Wong. 2010. Leveraging mobile
technology for sustainable seamless learning: a resegecda British Journal of
Educational Technology 41 (2):154-169.

Mosteller, F. 1989. The ,Ad0Muddiest Point in the Lecture,Adas a feedback device. On Teaching
and Learning: The Journal of the Harvard-Danforth Center 3:10-21.

Muller, J., J.M. Sancho Gil, F. Hernandez, X. Giro, an@ésco. 2007. The socio-economic
dimensions of ICT-driven educational change. Computers &&auc49 (4):1175-
1188.

Nystrand, M. 1997. Opening dialogue: Understanding the dynamics of language and learning in
the English classroom. New York: Teachers College Press.

25



RUNNING HEADER: Mobile Inquiry-based Learning

Pea, R.D., and H. Maldonado. 2006. WILD for learning: Intera¢tingugh new computing
devices anytime, anywhere. In The Cambridge Handbook of the Learning Sciences
edited by K. Sawyer. New York, NY: Cambridge University Bres

Pietrzyk, Carly, George Semich, John Graham, and Donnan@el2011. Mobile Technology in
Education. In Society for Information Technology & Teacher Education International
Conference 2011, edited by M. Koehler and P. Mishra. Nashvili@ebsee, USA:
AACE.

Plomp, Tjeerd. 2009. Educational design research: An introdu¢hoAn introduction to
educational design research, edited by T. Plomp and N. Nieveeterdams, The
Netherlands: Netherlands Institute for Curriculum Develepim

Rosenshine, B., C. Meister, and S. Chapman. 1996. Teathuhgnts to generate questions: A
review of the intervention studies. Review of Educational &ete66 (2):181.

Schuler, C. 2012. iLearn An Analysis of the Education Category Apple’s App Store. New York,
NY: The Joan Ganz Cooney Center at Sesame Workshop.

Schweisfurth, M. 2011. Learner-centred education in devedoguntry contexts: From solution
to problem? International Journal of Educational Development.

Seol, S., A. Sharp, and P. Kim. 2011. Stanford Mobile Inquisetydearning Environment
(SMILE): using mobile phones to promote student inquires il@entary classroom.

Shah, N. 2011. A Blurry Vision: Reconsidering the Failurhef®ne Laptop Per Child
Initiativel. WR (3):89.

Squire, K., and E. Klopfer. 2007. Augmented reality simutetion handheld computers. The
Journal of the Learning Sciences 16 (3):371-413.

Thornton, P, and C Houser. 2005. Using mobile phones in Bregliscation in Japan. Journal of
Computer Assisted Learning 21 (3):217-228.

Warschauer, M. 2012. The Digital Divide and Social Inclusion. Availabta
http://www.americasquarterly.org/warschauer

Warschauer, M., and M. Ames. 2010. Can One Laptop per Child Save the World, Ads Poor.
Journal of International Affairs 64 (1):33-51.

Watts, M., S. Alsop, G. Gould, and A. Walsh. 1997. Promptaghers' constructive reflection:
Pupils' questions as critical incidents. International Journalieh&e Education 19
(9):1025-1037.

Wilson, R.C. 1986. Improving faculty teaching: Effective usetwdesnt evaluations and
consultants. The Journal of Higher Education:196-211.

Woodward, C. 1992. Raising and answering questions in primarycseci®ame considerations.
Evaluation & Research in Education 6 (2-3):145-153.

Yu, F. Y., Liu, Y. H. & Chan, T. W. 2005. A web-based learnipstsm for question-posing and
peer assessment. Innovations in Education and Teaching International 42-@Y&837

Yu, F.Y. 2009. Scaffolding student-generated questions: Design aabbpieent of a
customizable online learning system. Computers in Human Behaviéi):2%29-1138.

Zurita, G, and M Nussbaum. 2004. A constructivist mobile learningamwient supported by a
wireless handheld network. Journal of Computer Assisted Learning 20 (24335-

26


http://www.americasquarterly.org/warschauer

