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Abstract: Wireless handheld devices (WHDSs) include butraselimited to cellphones, personal
digital assistants and handheld gaming devicespiesheir differences, WHDs offer similar
capabilities as they evolve technologically and dmee staples of American culture. Indeed,
students and teachers are increasingly likely ton MHDs, offering educators and learners
opportunities to harness the affordances such dsvigrovide. The Handheld Devices for
Ubiquitous Learning (HDUL) project seeks to undansk the potentials and limitations, problems
and possibilities WHDs pose teaching and learninigpé 21st Century. During the 2003-2004 and
2004-2005 academic years, HDUL worked with studefatsulty and staff from eight diverse
courses at the Harvard Graduate School of Educatiohthe Harvard Extension School. At the
end of a two-year project, our work has shown WatDs can be used as (fprtable research
assistantsand (2)traveling conduits for online learningrhis paper discusses our methods and
initial findings situated in current theories ofitaing and teaching. As the evaluation of HDUL
continues, this paper is also a venue to share gathmunity members work to be more fully

published at a later date (Dieterle & Dede, forthot).

Introduction — Wireless handheld devices (WHDs) encompass an afr@pls such as, but not limited to,
cellphones, personal digital assistants and haddjshing devices. They come in a variety of shapessizes,

have different operating systems and are used fange of purposes. Despite these dissimilaritig®gless

handheld devices (WHDs) share five commonaliti@€dnnectability- they connect to the Internet wirelessly via
wireless fidelity, or WiFi, 2)Wearability— they are wearable and therefore always at tigeftips of the user, 3)
Instant Accessibility- they turn instantly on and off, B)exibility — they can collect data by accommodating a wide
variety of peripheral extensions, andEgonomic Viability- they have much of the computing capability and

expandable storage capacity of laptops at a fractidhe cost (Dieterle, 2004). While the raw compy power of



WHDs approaches those of laptop and desktop comgkey were never intended to replace theirastatly
counterparts. On the contrary, recent technologindlnetworking advances for WHDs hybridize therafinces of
personal information managers, telephony, wirelesnet connectivity, and Global Positioning Sysse(GPS)
into mobile, wearable devices designed to accompanys as they engage in everyday activities imeakeworld.
Nascent handhelds introduced in the late 1980'seanky 1990's (e.g., Appleewton Nintendo’'sGame
Boy) have gained sophisticated computational and aiivity capabilities, morphing and evolving into arh
phones, PDA-phone hybrids and next generation Feddfaming devices (e.g., Sonytaystation Portable
Indeed, users of such devices are likely to takatgr advantage of the affordances of wirelessh@lddtomputers,
such as watching TiVo programs (Hansberry, 2008)ipg games like Cyan WorldsMyst For Pocket PGCyan
Worlds Inc., 2005), and utilizing Voice over IP (N®), which allows real-time transmission of audimeersations
over the Internet instead of phone lines (Hantt2@94). Beyond technical evolution, handhelds rexaved
culturally, becoming staples of American life. FBxample, nearly 55% of all Americans regularly gaellular
telephones (Baker & Green, 2004). As a result,esttgland instructors are increasingly likely to auch devices,
often for reasons other than education, and tglitiam to class and into the field thus provididgeators and
learners opportunities to harness the functionalityuch devices as objects with which to think beadn.
The Impetus for HDUL — When used for teaching and learning, WHDs haentheralded as education’s solution
to one-to-one computing (e.g., Soloway, Norris, 83, 2001), yet have simultaneously been blamed fnew
wave of classroom antics and cheating (e.g., sutfie Web or doing email during class, IM-ing ansaguring
tests). WHDs, like similar technologies, are naitb@ucation’ssilver bulletnor itsPandora’s BoxDismissing these
extreme perspectives and interested in understgridinpotentials and limitations, problems and jnilgges
WHDs pose for teaching and learning, the Harvarad@ate School of Education (HGSE) established anddd
the Handheld Devices for Ubiquitous Learning (HDWirdject, which conducted studies over the 2003042and
2004 - 2005 academic school years.
Startup Decisions— The HDUL team included members from HGSE's Laagrand Technology Center and HGSE
faculty and staff from diverse backgrounds and etigge An early objective of the project was detiming which
hardware, peripherals, and software to purchaskzibg criteria from trade journals (e.d?ocket PC Magazine
online resources (e.gpalmOne, CNeandZDNetwebsites), and best practices from other projects, Vincent,

2004; Ward, 2005), the HDUL team constructed evadnamatrixes for selecting handheld devices, pgesipls



such as probeware, and software, which are availabAppendix 1 and in theindingssection of the HDUL
website (Dieterle, 2005). The HDUL team then cot#daendors to preview handhelds from leading mestufers
(i.e., Compagq, Dell, Palm and Toshiba) along wihiaus peripherals (e.g., probeware; digital caiehageneral,
the HDUL team found limited variation among the ideg. However, the differences that did exist wisgaificant
enough to warrant a well grounded deciSidthe compelling differences, summarized in Tabketbw, existed in:
1) handheld costs, 2) probeware startup costs pnir@ess connectivity.

Table 1 Summary of Evaluation Criteria Variation and Fimgs

Evaluation Criteria Findings

Handheld costs include the handheld, charger gndandheld costs among devices varied greatly (®aln X50 $299.00;

synchronization cable. Toshibae750$318.00; Paim'Jungsten C $363.00; HRPaq H5550
$439.00).

Probeware startup costs include the probeware| Startup costs for devices running Windows Mobile ($&15.00) are less
base unit, light sensor, motion detector, pH metethan those running Palm OS ($472.00). The HP iPaspH model require
and temperature probe. an additional attachment to run the same probeware.

Wireless connectivity via WiFi All models easilyramected to HGSE's WiFi network. However, the Dl
Axim we tested required an additional wireless caiich decreases the
device’s modularity.

Based upon variation in costs, functionality, andreectivity, HDUL selected the Toshiba e750. Whiile Toshiba
e750 was the best product for our purposes in AuQB3, the market is regularly changing and thecgewe

selected may not meet the specific needs of otfugrams.

In order to organize, protect and keep track ofdénéces and peripherals, HDUL purchased transtucen

storage boxes. Figure 1 illustrates a typical hailpackage participants received during eachemphtation.

Figure 1 Typical Package Participants Received During
Week-Long Handheld Experience. Items include frefh |
to right: Data Harvest Temperature Probe and Dagyeér,
ArtBin Quick View Storage Box, Toshiba Pocket PG@7
and USB Power Sync Cable, Sandisk 256MB SD Card,

and Veo CF Camera.

L All of HDUL's purchasing decisions are based upipthe needs of the HDUL project and 2) the hardihedrket and
availability in the summer of 2003. HDUL in no wagtvocates for a specific operating system, manufacor device. Our
intensions for providing this information are tdgéhose in similar circumstances make informedsieas based upon our
research and experience.



Research Methods and Handhelds in the Hands of User During the project’s lifecycle, HDUL successjull

introduced WHDs into eight different courses atitagvard Graduate School of Education and the Hédrva

Extension School for a variety of purposes as surizethin Table 2 below.

Table 2 Summary of Courses, Implementations and Sessions

Course

WHDs Used For:

Session(s)

distributed
learning course

participatory simulations: 2003 —
Environmental DetectiveKlopfer,
2003); 2004 -Virus (MIT Teacher
Education Program, 2005)

2003: Face-to-face class meeting consisted onei2dassion;
2004: Face-to-face class meeting consisted a 1 dession

emerging
technologies
pedagogy course

creating and sharing concept maps

Face-to-face slasting consisted of one 90-minute sessior}.

math methods
course

learning and teaching math;
comparing and contrasting WHDs
with graphing calculators

Brief informational meeting with individual studenwhile they
signed out and picked up WHD. Face-to-face classtinmg
consisted one 2-hour session

online learning
course

surveying and analyzing data in the
field and in real time

Face-to-face class meeting with whole class caetsish two 45-
minute sessions. The first session introduced évicds and the
hands-on task. The follow up session allowed pp#its to
discuss their experiences with the devices andethdts of their
surveys.

qualitative
methods and
interviewing
course

capturing digital audio interviews and
images

Face-to-face class meeting consisted of one 45tmgession.

science methods
course

learning and teaching science;
investigating probeware with WHDs

Face-to-face class meeting consisted of one 90{msession

team learning
course

building collaborative capacity and
completing real time polling exercise:

3

Face-to-face class meeting consisted of one 2-$essgion.

technology and
assessment cours

creating and sharing animations,
b evaluating commercial assessment
applications, and completing real tim

2

polling exercises

Face-to-face class meetings consisted of one 30tmin
informational session and one 2-hour session.

Participants in HDUL included HGSE faculty and ®tnts and HES continuing education students. Inrgértee

student-participants are masters and doctoral sts@é education, many of whom are seasoned tesialmer

researchers, who did not enroll in more than oasscthat examined handhelds in a given academic\yédale

their direct experience with handhelds was limiteduration, they based their comments and reflestupon their

expertise as educators and researchers in gemeraloa their expertise on handheld computers. eoh course,

participants, both students and professors, tylgicateived a WHD Package (see Figure 1) for onekweith an

assigned task (e.g., bringing their WHDs into tleé&dfand surveying 10 participants; investigating @valuating

handheld educational software packages designeabtoire what learners know). Based on these inaivid

experiences in relation to the assigned task, éxé ¢class was spent in a facilitated discussionuastndent and

faculty perceptions of the strengths and limithandheld computers for learning, teaching and rebewy in that



subject area. Data collected from these sessmmhgdie transcripts and field notes following Maxie2{1996)
qualitative design principles. While the majomitiythe implementations and integration of 2003-2864demic
year were structured innovations into courses2@@1-2005 academic year emphasized and suppougeinss who
wished to drill deeply into an aspect of learninighvhandhelds. Data from this work are studentglfpapers and
projects, which are discussed in greater detadlvoel

Key Findings of HDUL — Through the analysis and interpretation of tagaollected during course
implementations and student semester-long projeatssesearch has shown that wireless handheldekeaire 1)
effective portable research assistants and 2)lingveonduits for online learning. While this papgres into much
greater detail, Dede and Dieterle (2004) conduatedminar on HDUL late in the 2004 spring semesihich is

available online -http://isites.harvard.edu/icb/icb.do?keyword=k24@&pid=icb.page314

As researcher assistant8VHDs enable users to:
1. capture what learners know through various educatisoftware packages designed for formative and
summative assessments;
2. capture and project learners’ opinions in real-tineing face-to-face, whole-class discussions;
3. conduct surveys in the field, and afterward aggeetfze data to be analyzed by the whole class;
4. capture and analyze real-time data through protewad calculation software that makes use of a menu
driven interface; and
5. digitally record interviews and capture digital iges.
1. Capturing What Learners Know
Participants in an emerging technologies pedagogyse investigated GoKnowRCoMap(2005a) —
concept-mapping software specifically designedfstDs — during one 90-minute session. In followingvak and
Gowin’s (1984) concept mapping modelCoMapuses nodes (i.e., bubbles) to represent concegtprapositions
(i.e., connecting words) as logical bridges betwemmcepts. Each participant, using a WHD, constaliet
PiCoMapwith at least four nodes and four connections guided activity. After saving their maps to the WH
participants used the IR ports on their devicébéam?” (i.e., wirelessly transmit small packetsrdbrmation from
one device to another) maps to classmates. Aftelsyatudents then discussed similarities and éiffezs among
the various maps. Whereas the purpose of this eafpity implementation was to highlight to a grodgducation

master’s candidates the possibility of construgtanplyzing, and distributing concept maps on WHidlsers have



researched the limitations and possibilities ohgdiandhelds to support learners’ production otephmaps. For
example, Luchini et al. (2003) completed a nine-thatassroom study of 33 eighth graders in tworsmse
classrooms determining that complex learning attiviare possible using handhelds but that additiork is
needed to overcome handheld’s small screens. geagnt with Luchini et al. results, our particigaexpressed
interest in the concept mapping capabilities bpiregsed concern over screen size.

As another illustration of capturing and sharingdsint knowledge, participants in a technology and
assessment course investigated various commeroidligts designed to capture what students knoweaphbred
Sketchy(2005b) — an animation application designed spdif for WHDs. The first 30-minute session inttmed
the devices and the hands-on task. The follow-hp@-session allowed participants to talk about teperiences
with Sketchyin detail, discuss their evaluations of varioumaercial assessment applications, and use the
handhelds as polling tools. Between the first awbad session, participants were asked tduséchyto construct
an accurate, animated representation of the mduitingy the earth and to evaluate a commerciallylalke
handheld assessment tool through the lens of thiese@ontent. At the beginning of the second sesp@articipant
pairs shared their animations and discussed thkitiyg behind their construction. Next, the classngd “A Private
Universe” (Schneps & Sadler, 1989), which demoness$réhe power of prior knowledge and the challerudes
altering mental models. Afterward, participantdeetied on their animations and discussed with {h&itners the
strengths and weaknesses of ustkgtchyas a tool for assessment. Participants likeSlegtchyto a scaled-down
and user-friendly version of Macromedi&kash Moreover, participants found that dynamic aninagi of
phenomena are able to represent and capture kngevleatter than static media such as paper andlpenci

At the conclusion of the activity witBketchyparticipants worked in groups of four to discaas of six
assigned, commercially available software applicegiincludingClassroom Wizard, Discourse, eLearning
Dynamics, LearnStar, mClass Assessment Softaad€uizzler Pro In general, participants described these
applications as “making classroom practice morigiefit” by streamlining instructional methods. Thegre
encouraged by the capability of providing immediatdividualized feedback and capturing real-tiragponses,
which in turn can subsequently shape and guideuictsdn. As with all instructional tools, howev@articipants
suggested that educators must understand the bfrstisch applications. For example, while multipk®ice and
short answer questions are easily processed wittihgdds, longer reading and writing assignmentsaarldentic,

project-based assessments would be better servadboger screen interfaces.



2. Capturing and Projecting Learners’ Opinions

Similar in nature to the commercially availablsessment applications discussed above, participaats
team learning course and a technology and assessmese used WHDs and WiFi connectivity to conplatline
Likert Scale surveys and answer open-ended questicithought grabbing” exercises. Immediately afte
participants submitted their responses, the date aggregated and displayed on a computer projecteal time
to facilitate immediate class discussion of thelifiigs.
3. Conducting Surveys and Aggregating Data

Students and faculty participants took notice efdldvantages of conducting surveys in the field and
afterward aggregating data to be analyzed by tr@enmtiass. As an example, participants in an orléaening
course brought their WHDs into the field, and epalticipant conducted surveys of approximately aflipipants
and collected results using MicrosofPecket ExcelAfterwards, participants uploaded their data fittven WHD.
The datasets were then aggregated and participaalgzed the resulting collective database as tireatass.
Whereas surveys generally take place in the faldr the phone, online, or through the mail (Fon2802),
researchers typically wait until they return toitttiesktop or laptop computers to begin analysikil®\analysis
with WHDs is not as detailed or thorough as is fssvith laptops or desktop computers, the stremdtusing
WHDs for rapid and rudimentary evaluation of datahe field enables formative shifts in researgbrapches. An
additional strength of WHDs is the power to quic&kpand dataset samples. In this class implementatR
student-participants independently surveyed appratély 10 random participants with their WHDs. Upon
aggregation of the data, the collective sample siganded to 120 participants.
4. Using Probeware and Calculation Software to AmalReal-Time Data

Our least successful implementation of the eightioed with participants in the science methodssmu
Participants explored the use of WHDs in sciendeguBata Harvest’'s (2005) probeware to collect andlyze data
in real-time during one 90-minute session. Pricth®session, participants had the option of cmeckut a WHD
for the week; due in part to the instructor’s lulem stance about this activity, of the 20 partiniganone took
advantage of the opportunity, which suggests lowivation on the part of the instructor and thereftite students
to work with and learn about WHDs. The session hegigh participants viewing and discussing the @effr
Highly Interactive Computing in Education’s “Air @lity Experiment” (2001a) and “Stories from the €&eoom”

(2001b). Next, participants explored and discussetbus examples of probeware (e.g., temperatweg)rand a



software interface for processing information. émgral, participants spoke positively of the patdmif WHDs and
probeware for teaching science, but in retrospéshed they had chosen to avail themselves of therynity for
greater access to the devices prior to the 90-mises$sion. Such comments suggest that a lack otady by the
instructor led to the lack of interest in previewithe devices for the face-to-face session.

In contrast, Mark Millar, a master’s candidate watBtrong background in science enrolled in a wfie
course explored in a semester-long project how WHle to physics education. Iihen Three Worlds Collide:
Physics, Amusement Parks and Wireless Handheld @ensp Millar first examines the background of teaching
physics in amusement parks, before consideringacboverview of how handhelds are impacting edanatillar
then discusses two examples of the use of handiwetdach physics in amusement parks. The resiegbaper
focuses on how wireless technologies can contrittutend change such learning environments.

5. Digitally Recording Interviews and Capturing D& Images

Participants in a qualitative methods and inteving course observed and discussed the potenfials o
WHDs as interviewing tools. As portable researdiséants, WHDs can digitally record and store aadid image
files, and, upon synchronization with a computiéesfautomatically transfer from the device to toenputer. While
the WHDs issued to participants have 96 megabytbsilt-in storage space, the devices offer expatelatorage
capacity through Secure Digital (SD) and Compaaskimemory cards, making WHDs’ storage capabilityoat
limitless. Our in-house tests show that one howumfio at medium quality requires approximatelyn#yabytes.
Higher quality files require additional memory, ¥ehiower quality files require less. WHDs also eeatesearchers
to 1) capture digital photographs of participamtd artifacts that participants bring to the intewj and 2) easily
present electronic files such as interview guidel anformed consent forms to participants. Beytivedwork
uncovered in the HDUL implementation, Spinuzzi (2PBas shown that handhelds “lessen the amounbd and
equipment needed to collect and analyze obsensdtiata.”

As traveling conduits for online learningWHDs facilitate vehicles for participatory simtitms serve and as
artifacts that enhance thinking.

Participatory simulations are designed to teachwead phenomena in active but constrained leagnin
environments. Participants in these distributedufations use location-aware handheld computemswalg them to
physically move through a real-world location whilalecting simulated field data, interviewing val characters,

and collaboratively investigating simulated scemsrirhe participants described in the high-endlawdend games



below were enrolled in a distributed learning ceurBhe focus of the course is to explore the collative and
learning affordances of various media such as sgmcius and asynchronous discussions, multi-userabir
environments, groupware and video conferencingorfesexample of high-end participatory simulation8/éHDs,
Augmented Reality (AR) experiences can embed stadeside lifelike situations and help them undamstthe
complex scientific and social dynamics underlyingeaits to our nation’s environment, infrastructared public
health.

TheEnvironmental Detectivesimulation engaged participants in a real-worldimmental consulting
scenario (Klopfer, Squire, & Jenkins, 2003). Pgrtats role-play as environmental scientists ingasing a rash of
health concerns on campus linked to the releasexofs in the water supply. Working in teams, playattempt to
identify the contaminant, chart its path througé émvironment, and devise possible plans for restiedi if
necessary. As participants physically move abootpess, their handheld devices respond to their ioeaallowing
them to collect simulated field data from the wated soil, interview virtual characters, and perfatesktop
research using mini-webs of data. At the end ofthercise, teams compile their data using peeeto-p
communication and synthesize their findings. Sttelparticipating in these simulations indicated thay felt
invested in the situations and were motivated teestine problem. They moved nearly seamlessly betvike real
world and the information that was being presetettiem on their WHDs, as they collected data framual
scientific instruments and accounts from virtugbents and witnesses.

In these types of learning experiences, particgpamtderstandings of the affordances of WHDs wigre,
some cases, limited to handhelds as personal iatimmmanagers rather than as devices that suppline
learning beyond the familiar “world-to-the-desktbfn illustrative example occurred during a follawp session
with an online learning course. After carrying angbloring WHDs for a week, participants in the cmicame
together to discuss the strengths and weaknesdHhidNor teaching and learning. In the middle of digcussion,
participants viewed a video about thevironment Detectivesimulation described above (Klopfer, 2003). Upon
viewing the video, a participant asked what thdewi had to do with online learning. Interestinghg participant
associates online learning with laptop and desktopputing and not with handheld computers wirelessl
connected to the Internet. In terms of shaping aienbdels, this disconnect is a major psycholodicatlle. Yet,
by mindfully providing thoughtful opportunities fetudents and faculty to explore and learn with VéiHBe can

support their ability to construct rich and divetselerstandings of the potential for WHDs in teagrand learning.



In contrast to high-end participatory simulatices in real world contexts, lower-end games utilizs
computationally intensive devices, such as Palmt®ibnd use infrared ports instead of WiFi togfan
information from one device to another. As a lovetgame begins, participants proceed toward a solttirough
multiple rounds of play, which typically last betare5 and 10 minutes, repeating the same game lvditbame
parameters. While the beginning of the learningeeigmce is based upon by trial and error and ithigsare only
loosely defined, students break between roundssoribe their experiences, formulate and reforreigpotheses,
and work toward an explanation of the game’s phemranbased on testable evidence.

In MIT’s (2005) Virus, participants investigate the spread of infectidisease. At the onset of the game,
everyone begins healthy, and participants arelittilel more than to meet with as many or as fewgbedn the game
without getting sick. As the game proceeds andgijpaints meet with one another, seemingly randoapiee
become sick. The round ends when everyone or negelgyone is sick. Afterward group members comgstteer,
guided by a facilitator, to discuss their experenand propose explanations of how people becaikeGice the
group comes to consensus on a testable hypothesisext round begins. This process continues tirgtigroup
discovers the underlying principles governing timeugation, which include 1) that one participanitiaily infects
others, who in turn pass on the infection and &) shgenetic characteristic gives some participamsunity to the
infection.

While the participants enjoyed learning the contditirus, the primary purpose of playing the game was
to examine handheld computers as a learning meddwmng the discussion of the game, participantedi¢that the
primary purpose of the technology was to suppag-f@-face interaction, and most of the rich cosaons took
place between rounds. Instead of piecemeal infaomathe participatory simulation allowed partiaipgto focus
on large ideas while socially constructing deepeaustdndings. Through the constructivist discussssions,
participants were empowered to follow trails okimtst, to make connections, to reformulate ideast@reach
conclusions. Participants noted that variationsragrmmonclusions did not suggest that one participaast right
while another was wrong. Instead, participatoryudations provide a learning space that illustrates real world
phenomena are complex, multiple perspectives et truth is often a matter of interpretation and
reinterpretation.

In addition to whole-class investigation, a studenrolled in the distributed learning course used

participatory simulations as the basis for her sterdong project. According to Schrier’'s work i@dllaboration
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and Engagement in Educational Handheld Gaineducational handheld games that facilitate augetreality
and participatory simulation have the potentiadtpport collaborative educational activities. Wiiiere has been
extensive research in related fields, there has bedéed work analyzing the collaborative aspetfttearning with
handheld games in education. In this work, Scluigically examines one augmented reality game
(Outbreak@MI7 and three participatory simulation gamé&# {or Tat Sugar and SpiceandGenes.
The Voice of the Practicing Teachers Participants in a math methodology course companedcontrasted
WHDs to Tl graphing calculators and discussed thgireriences witMRI Graphing Calculatosoftware (2004), a
calculation application that makes use of a meiinedrinterface, during one 2-hour session. Suctwsoé
illustrates the types of data analysis capabilitied handhelds can support. Prior to the sespamticipants had the
option of checking out a WHD for the week. Of tlegarticipants, all but 2 took advantage of thearpmity,
which suggests high motivation to work with andrifeabout WHDs. Participants felt that in genenairt K-12
students would easily take to handheld devicesekptessed varying degrees of confidence aboutéesc
overcoming the learning curve necessary to begimgube devices effectively:

| think sometimes when you look at students, theavitate toward this [type of device]. They

grew up on GameBoys. They walk around with cell i@ taking pictures of each other, so

maybe they have greater patience. Maybe they'néngito fumble through this even more so than

we as teachers.
As this participants suggests, students are liteelyring WHDs with them wherever they go. Yet, thifinity for
handheld devices is both a blessing and a cursée\thdents can likely begin using handhelds $hafter
picking them up, they also have a propensity fasamief. As one participant stated, “I'm not goigoe able to
walk around like | can with a worksheet and se¢ they’'re on problem #3. They're going to be playgames,
trying to take photos, send them to friends.” Stisleising handhelds devices to text-message antweng
another during examinations is another exampleaatihelds offering opportunities that can undereatring
(Muldrow, 2003). Despite this off-task behavidre tsame skill set of playing games, taking phaos, text
messaging — when used appropriately — has stramgatidnal value. Instead of condemning the affocdarof the
device, teachers and student have the opportuntgke advantage of such capabilities in partiopasimulations
and for collaboration as discussed earlier in plaiger.

Instead of using their WHDs for educational pursoititside of school, students will likely use th&fHDs
for gaming, text messaging, and picture-taking fismalities, meaning WHDs have the potential toid&v/from

the path of many traditional pedagogical tools prattices that are useful for schoolish tasks btitmuch else
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(Perkins, 1992). For example, graphing calculaswesschool-specific devices used in math and seieaarses but
are not tools students are likely to use in théweald. WHDs, however, provide an interesting aevfor closing
the gap between tools with which to think and leand tools found outside of schools. As one matthaus class
participant states:

| think there’'s some really good potential herebtwige the gap between what kids are using at

school [and] what they might potentially use on jdie. You know, because they’re not going to

use a graphing calculator to do finance. | justkht’'s helpful for them to see how they can use

the math tool in something like Excel. Then youtiene two things: you've taught them new

math, and you've also given them that skill thaythe going to need when they get to college or

the world place.
Participants expressed concerns about studenty csimputational devices, both calculators and WHbout an
understanding of the underlying mathematical cotscapd principles. For example, participants fotheMRI
Graphing Calculatoiinterface and functionality to be useful for higloeder operations and calculations, but
expressed concerns that this application may i learners’ initial development of mathematioahcepts. As
one teacher stated:

Now I'm seeing that the graphing calculators arelliandhelds, with the growth of their memory

capacity putting in applications that make the ntadihsparent. First question: how does it affect

the mathematics teaching and learning? The leapigae: they're learning nothing. It just does it

and that's what all of us moving to there. It opé&ms door for higher functions, but at the same

time, some of the things you want to crunch outhmlze overlooked.
Despite this trepidation, the same teacher wenb @ay that “I think it's a tool where once theyoknhow to
crunch it out, [the device] can bring them muchHar into the subject than they would without it.”
Conclusions— Overall, as the examples in this paper illustrpseticipants found WHDs quite effective as reskar
assistants and tools for teaching and learningtdmaed to understand device limitations and theoitance of
strong pedagogy. Field-based studies were enhdncte portability of these devices, and both fistdi
classroom studies took advantage of their capisilio collect, share, and aggregate informatioHD4 also have
the ability to function as traveling conduits farlioe learning. Through participatory simulatioajdents traverse
large landscapes (e.g., university campus) or ssediihgs (e.g., classroom) using their devicedigplay, transmit
and collect virtual information overlaid and imbuetb the real world. As tools with which to thiakd learn,
WHDs are not tethered to specific workstationsstdad, they travel with learners as they engagevtinkel and each
other. Wireless handheld devices are not silvéletsucapable of solving all education’s challengey are,

however, devices that are finding their way intasskrooms of all shapes and sizes, from primaryegrittough

higher education, because students and teacheralhabring them along. They are devices that siggegrate
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into their personal lives outside of school to perf a variety of distributed tasks (e.g., text raggsg and playing
games) and functions (e.g., taking digital pictuaed emailing them to family). As educators weehax
opportunity to harness the power such tools affgrdising them within the four walls of the classroand in the
real world as portable researcher assistants atrd\ading conduits for online learning. Howevéithie full power
for learning of these devices is to be realizedstantial work is needed in developing strategiesiésign,
implementation, and capacity-building, both teclogatal and human.
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Appendix 1 Matrixes for selecting devices, peripherals andvearie

Matrix for Selecting Handheld Devices

Operating System
Questions

Is your product compatible with Palm OS?

o  Will it work with the most current Palm operatingsteem or only with a legacy OS?

o Does your company intend to continue developingrnsoe for the Palm OS?

Is your product compatible with Windows Mobile OS?

o0 Does your company intend to continue developingasot for the Windows Mobile OS1

Hardware Questions

How much memory comes standard with the device?

How does your product attach itself to a desktofaptop computer?

Does your product have internal SD and/or CF chrd?®

How long can | expect the battery of your devicéagi?

o How will this vary when | am using different extémss such as Wi-Fi?
What is the standard warranty for your device?

Software Questions

What software comes standard with your product?
Does it come with a:

o word processor

0 spreadsheet application

0 internet browser

Networking Questions

Is your device Wi-Fi compatible?

o Isthe hardware needed to use Wi-Fi internal orld/ithat require an additional card or
extension?

Is your device Bluetooth compatible?

0 Isthe hardware needed to use Bluetooth internafoaild that require an additional card
or extension?

Examining Demo Device

5 .

Can you send me a demo of your product directly?
Can a sales associate visit our campus and modelpyoduct?
Do you have contact information of someone thatisently using your product in a school

university?
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Matrix for Selecting Handheld Peripherals

Operating System
Questions

Is your product compatible with Palm OS?

o  Will it work with the most current Palm operatingstem or only with a legacy OS?

o0 Does your company intend to continue developingnsot for the Palm OS?

Is your product compatible with Windows Mobile OS?

o Does your company intend to continue developingxsot for the Windows Mobile OS?

Hardware Questions

How does your product attach itself to the handideldce?

Does your product utilize an internal SD or CF cslcd?

Are there specific handheld manufacturers and nsatielt are especially compatible or
incompatible with your product?

What is the standard warranty for your device?

Software Questions

What software comes standard with your product?
Will I need to purchase or download additional safte to use your product?

Examining Demo
Devices

Can you send me a demo of your product directly?

Can a sales associate visit our campus and modelpyoduct?

Do you have contact information of someone thatiisently using your product in a school o
university?

Scientific Probeware
Questions

Besides the handheld device, what is everythingltvauld need to purchase to begin
collecting temperature, pH and motion-related data?

Matrix for Selecting Handheld Software

Operating System Questiong -

Is your product compatible with Palm OS?

o  Will it work with the most current Palm operatingstem or only with a legacy OS?

o0 Does your company intend to continue developingnsot for the Palm OS?

Is your product compatible with Windows Mobile OS?

o Does your company intend to continue developingnsot for the Windows Mobile
0Ss?

Software Questions

What software comes standard with your product?
Will I need to purchase or download additional wafte to use your product?

Learning and Teaching
Questions

What learning objectives does your software seeldtiress?

Are there particular grades that your softwareeisighed for?

How does your software engage student learning?

What research has been conducted to examine tgaahihlearning with your software?
Does your software use networking capabilities?

Examining Demo Devices

Can you send me a demo of your product directly?

Can a sales associate visit our campus and modelpyoduct?

Do you have contact information of someone thatiisently using your product in a
school or university?
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