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ABSTRACT

Designing, implementing and evaluating educatidéechnology for a developmental project in mobikerieng is largely
unchartered territory. This paper reflects on thecess, the role-players, their contributions dreftamework that was
adopted to co-ordinate and focus the team's efforte design of the initial prototype of a Infation Gathering and
Lesson Tool (IGLOO) as part of the MobilED suiteoED is an international collaborative projecanad at creating
meaningful learning environments using mobile phtewnologies and services. The paper expandseondh of the
activity theory to guide the design of a learnimyvieonment and the incorporating of a tool dimensigocial-
technological dimension) in an effort to knit thechnology perspective to the pedagogical aims. Uebility,
usefulness, formation of virtual learning spaced aommunities are explored and contextualize byréselts found
using this framework.
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INTRODUCTION

From an African perspective, factors such as theege lack of infrastructure, sporadic supply céatficity, lack of
skilled technical support, the high cost of instegland maintaining a network and the easy to ns&face of mobile
phones have contributed to the high rate of adopifomobile technology (Traxler & Leach, 2006, g)6.This demand
is still growing (Scott, Batchelor, Ridley, & Jorgon, 2004) Mobile phones are set to be the mgsbiitant networked
knowledge exchange technology used in Africa (Mebil M Ford & Botha, 2007a, "Mobiled ", 2006). Thiesmbined
with afore mentioned limitations are the most impot considerations for using mobile phones asntiaielearning
tools (M. Ford & Botha, 2007b). This paper givedréef introduction to MobilED's use of developmaetsearch
methodology and motivates the adoption and the resipa of the activity theory as a conceptual framework. A
discussion expands on the incorporation of "toa@s"a component and the implications of the ensuiegliated
components.

MobilED

MobilED (Mobile Education) is an international aidorative project aimed at creating meaningful Hewy
environments using mobile phone technologies andcss(MobilED Research Framework, M Ford & BotR@07a;
MobilED Research Framework, "Mobiled research frammd." 2005). The MobilED project has four key stiéic,
technical and developmental objectives:

1. To explore and comprehend the cultural, social@gdnizational context of young people in and digahool
in three developing countries (South Africa, Inddaazil) and in one developed country (Finlandjteey utilize
their mobile phones.

2. To develop research-based models and scenariasnofrtobile phones could be used for teaching, legraind
the empowerment of students within and outsidestth®ol context.

3. To develop concepts, prototypes and platforms Wikitfacilitate and support the models and scermatious
developed.

4. To test, evaluate and disseminate the scenariodelsycconcepts, prototypes and platforms (MobilEBearch
framework, "Mobiled research framework." 2005)

Thechallenge has been to use the unique capabilifieseomobilephone as technology tool in a pragmatic way and not
to try and emulate the functionalities of a desktomputer. The research has focused on developempasos in general
and South Africa in specific (Leinonen & Sari, 2006



Designing for development presented specific probkland challenges for the research team consistipgpgrammers,
educational researchermsgucators, project managers and other instituticoaimittees. As a diverse group of role-
players it was important to ensure cohesion andet@lop a common vocabulary and understandingetd Specific;
concerns. The notion of what was possible, probabteeventually reachable within specified bouretarieeded to be,
facilitated.

The development of prototype technology was to beumgded in local context and fed by both the appatg
pedagogical models and the potential of the teagylitself. There emerged a dual nature to ourareseas we
negotiated the incorporation and facilitation offbthe technology and pedagogy. This dual natumradaliile learning is
well documented (Ahonen, Pehkonen, Syvénen, & Temur2003; O'Malley, Vavoula, Glew, Taylor, Sharplés
Lefrere, 2003; Schwabe & Goth, 2005; Syvanen, B&tarples, Ahonen, & Lonsdale, 2005; Zurita & Nozgsn, 2004)
The focus of the individual research often narrotgedither technology or pedagogy.

There is no consensus in literature as to a defimidbf what mobile learning is and its identitytret lies in the unique
possibilities that this learning technology is abdesupport. In general, however, technology-drivesearch tends to
defines mobile learning in terms of learning by meaf mobile devices and this emphasis on techydlftpuences and
extends to the definition of learners, referreéi¢d'm-learners" and their interaction with the teathgy as "acquire and
learn through a wireless transmission tool anytiamel anywhere" (Chen, Kao, Sheu, & Chiang, 20033. Méew
contrasts sharply with research driven by pedagbgioncerns where mobile learning is approacheteims of an
enriched or extended learning environment (Rocheldney, Tatar, & Penuel, 2003; Young & Vetere, 200

The negating of the importance of the pedagogivalications for a mobile learning environment hasven disastrous
and resulted in "almost total lack of adoptionusgrs(Er & Kay, 2005)." It leads to the conclusions tttad pedagogical
underpinning and the technology that assist itiaterdependent. Focusing on only one of the petsmecinevitably

creates discord as a pedagogically sound mob#eviahtion cannot take place without acknowledghegtechnology to
support it. In the same way a brilliant technolagtool unsupported by sound pedagogic is educatipnseless.

In the MobilED initiative the aim was in developimgpt only technology but learning scenarios as .watldressing
mobile learning from a pedagogical perspective {aps best described as a descriptive endeavowrgldss from a
technology perspective (a constructive or engimgeendeavour). This needed to be reflected in thaning and
eventual assessment of the "technology in actionit. research group needed a new approach to iteegna navigate
these perspectives the resulting creative tensaiwden the two disciplines. This while still takimgo account the
lessons learnt from the developed world, but cantdizing them in the realities of Africa.

Activity theory as theoretical framework

A literature survey revealed that the implementatid mobile technology in an educational settingéset by the same
challenges as other fields of study such as HCkrefpeople act with or through technology. Kapteliand Nardi
(2006) emphasizes that the activity theory is duldbeoretical framework for negotiating the complstructure of
users and their needs on the one hand, and thedkegly and its possibilities on the other, thusomporating the dual
nature of implementing mobile technology into ediagra Furthermore the underlying tenets of the\digtitheory,
which are encapsulated in the notion of peoplengctvith technology, strongly reflect the social styoctivist
underpinnings of our research. These are:

. the intentionality of human action;

. the asymmetrical view of people and the thingghefworld;

. the acceptance of human development; and

. the shaping of culture and society by human agt{iKaptelinin & Nardi, 2006, p.10).
Activity Theory

Nardi (1996) describes the activity theory modelaapowerful, clarifying descriptive tool rather tha predictive
theory(p.4). Activity theory does not attempt tspdtself of as a theory of learning; instead Etrgess (1987) theory
of expansive learning incorporates activity theorientated pedagogical concepts. Mwanza and Erigeg2005) states
that :

This perspective on teaching and learning highbgtite potential impact of new tools as vehiclestfansforming
activity and also of those engaged in activity H8Y

The Activity theory acknowledges and seeks to ustded the unity of consciousness and activity.dtlgin is as a
social theory of human consciousness and viewsaictien with people and artifacts in the contestwdryday practical
activity as the result of that consciousness (Kapite& Nardi, 2006, p.8).

Vygotsky, distinguishes between two types of maéagaagents in human activity, technical tools asgghological tools
states in connection to technical tools:



The tool's function is to serve as conductor of &minfluence on the object of activity; it is extalty orientated; it must
lead to changes in objects. It is a means by whitluman external activity is aimed at mastering] &mumphing over,
nature. (Vygotsky, 1978, p.55)

His psychological tools have different nature:
It is a means of internal activity aimed at mastgroneself; the sigh is internally oriented. (Vygkyt 1978, p.55)

Both these categories of tools mediate activity neddistinction between the tools as a meanshafuaand tools as a
means of social intercourse are acknowledged (Eriges1987, p.60; Vygotsky, 1978, p.54)

An activity is undertaken by a human agent (supjetto is motivated toward the solution of a problempurpose
(object), and mediated by tools (artefacts) in @odiration with others (community). The structuretlod activity is
constrained by cultural factors including convenso(rules) and social strata (division of labourjthin the context
(Ryder, 1998, p.4).

These different components are shown in Figurel@wberhe expanded triangle model of Engestrém (@Ryd998, p.4)
is based on the concept‘afctivity based on material production, mediatedteghnical and psychological tools as well
as by other human beings (Engestrém, 1987, pF3hin this Engestrom incorporates t@mmunity as an additional
component of human activity, placing tools in a ragaty relationship to intentional human interantién terms of this
theory, human activity is attributed to the specifeeds that human beings have to accomplish olgsciThe activity
then is mediated by one or more "tools" and ieméld through people's actions as they interabt thvir environment.

Tool
?\ Object =—> Outcome
Rules Community Divigion of Labour

Figure 1: Engestrom’s Expanded Triangle Model (Mwanza& Engestrom, 2005)

From this the students as users are portrayedeasubjects interacting with objects to achieve rédspedagogical
outcomes. These object orientated activities ouers are mediated within and between the usergivencommunity
of practice. The mediators are the rules and dimisf labour and represent the nature of the meialiips that exist
(Mwanza & Engestrém, 2005).

The mediating tool as component
In contrast to the activity theory view of a toblarshall McLuhan (1994) asserts that :

(It)...merely underlines the point that "the mediisnthe message" Because it is the medium thateshapd controls the
scale and form of human association and action)(p.9

With this dictum, he confirmed the link between thedium used and the user who uses the mediumidéhethat the
technology more than mediates an activity but alsnges the subject is raised several times by Magnsky (2001b):
It is now clear that as a result of this ubiquitoeisvironment and the sheer volume of their intéoactvith it, today's
students think and process information fundamentiifferently from their predecessors. (p.1)

This sentiment is repeated in Educating the NeteGsion (Oblinger & Oblinger, 2005):
"The technologies available as a generation matimflsence their behaviours, attitudes, and expibats (p.6.2)."

Technology becomes more than merely a means tloatsahn activity to take place; the technology cibutes to the
nature of the activity, affects the social intei@as$ of the users and the community in which thieteactions take place
and ultimately allows access to virtual environmsdntwhich many of the activity will take place.

Kaptelinin and Nardi (2006) acknowledge that thaaspt of tool falls short of expanded activity dédsiag all types of
technology, arguing that some applications candresidered more an environment, and comes to thelusian that
some artefacts seem to not be tools. They suggatsthtese environments be seen as mediating tgoredhip between
subject and object. These ideas they however désems environment§ from an activity theory perspective, are
understood asthie world with which the subjects interact (p.255).



The object orientated action of a user utilisiray, éxample, his mobile phone to mediate an actiistgubject to various
protocols, rules and norms as a result of the @olgy and the virtual communities that are accesshi$ is especially
true when considering mobile technology becausth®fpersonal nature of the technology and the &etjaverlap of
the real and virtual worlds. (Botha, Cronje, & FoP@07; Rochelle et al., 2003; Schwabe & Goth, 2006 this end we
propose the incorporation of technology as a corapbin the activity (Botha, Ford, Aucamp, & Sutin@907) as
represented in Figure 4 below.

The technelogy / tool by which
the activity 15 mediated
Rules Tool Division of Labour

Protocols rules and The functionalities of
norms that govern the the technology
interaction with the

technology
The desired outcome

of the activity
Subject Object —> Outcome

Individuals or groups Motivation or reason
involved in the activity for the activity

Community
The environment accessed
through the tool

Figure 2: The technology tool component with meditabnal relationships

The Figure 4 above is a representation of the oy dimension that comes into existence wher'tégehnology tool"
is incorporated as a component in the activity.

ANALYSIS

The incorporation of technology as a component iBtigestrom's (1987) extended activity model offargiew
perspective on human activity with technology andvjdes an additional set of concepts for descgband
understanding those activities. In order to furtther discussion a brief overview of the componeamd their ensuing
mediating relationships are given.

Subject component
The user as subject in the physical world acts a#itth through technology.

In activity theory people act with technology; teologies are both designed and used in contexteople with
intentions and desires. People act as subjecthénwiorld, construction and initiating their inteotis and desires as
objects. Activity theory casts the relationshipviEdn people and tools as one of mediation; tooldiate between
people and the world. (Kaptelinin & Nardi, 200610)

The intentional object orientated activity initidtdy the user holds in the physical world as wallia virtual
environments and communities. Although the humasulgect can only enter these communities throbghnediation
of the tool the intention to act is still situateithin the person. The tool as technology can priotim@ person to act but
the final motivation or intention to act is stifiat of the individual as user.

Mobile technology, because of its personal andatdetnature is often used by individuals to orgatieir day, but it is

still the user who initially instigates an actidfor example an alarm that acts as a remindertiatil by the user and

the user still has the final will to act on therateor to disregard it. The reaction of the mobéehnology is initiated by
the original action of the individual.

Object component

The object is the motivation for the intentionafeiraction of the human activity. The object focues actions of the
user and provides an incentive for the activitye ®ending of a sms might initiate a number of ad#ons with the
technology and provides the incentive for theséoast If the user is unable to navigate the ruf@stocols and
functionalities of the device the objective canbetachieved and the user experiences frustration.



Community component

The community that contextualises the activity ithex the real world or an environment that canydo¢ accessed
through the application of the technology tool. sThirtual world is characterised by instances whefkaks" into the
real physical world. This virtual world providestarena for the activity with instances where entaps the real world.
The individual can for example, be absent fromrded world community but still present in the vaticommunity or
present in both at the same time. The virtual emvitent tends to be 24 hours seven days a weeknpess, often,
people from different real world time zones constawch communities. With some users and uses bhaodagy it is
possible to be present in the virtual world andghgsical world, for example carrying on a instar@ssage conversation
while being in a lecture.

Tool component

In activity theory, the analysis of tools includége actual use to which tools are put as well ass#tting in which this
process occursFor the tool reveals itself to us fully only ingigBannon, 1985). Activity theory interprets a toslan
artefact that people use to perform activities.eBtension tools may also be understood not ontgrims of theuseto
which they are put also theccessthe user gains. Furthermore the technology has @animg in isolation; meaning
comes only through the incorporation into social aaltural practice.

Bannon continues to say that a tool works welt @llows the subject to focus on the object withth subject itself
becoming the focus of attention (Bannon, 1985) Tpgroach describes how technology appears tosisim use
(Nardi, 1996). The mobile phone only has use incivatext of how usable it is for the individual. B¥tha student want
to access a mobile community the mobile phonefitsstomes the vehicle through which this actiomade possible.
The mobile phone is however not the community erabcess.

Reflecting that "The tool component” is compris#dthe technology or tool used to mediate the imb@al object
orientated action of the individual to achieve a&afic objective, its incorporation results in twew mediatory
relationships. To distinguish between the tool congmt and the community component the meditatiaspécts will be
termed the tool rules and the tool division of labdrhese are briefly discussed.

Tool rules:

This relationship is characterized by norms, r@aed protocols that regulate the user's interacfidrese "tool rules”
mediate the subject's interaction with the techgwldExamples of such rules that govern the use alile phones as
tools are predictive text for sending SMS and thdants in navigation found in the interfaces dfedent models of
phone. Holzinger, Nischelwitzer, and Meisenber@@06) states:

The phenomenal growth in mobile computing, wheeepgrallel growth of user sophistication has failedtake place,
will increase the need for future research in fullgaptive and sensitive interfaces, aware of thguirements and
proficiency of users (Conclusion and Future Outhook

This relationship reflects the arena where the irgeract or meets the technology and the userfatte lies within this
mediating relationship as "user-system" intera¢t@riioo narrow a phenomenon to construe an actfiiaptelinin &

Nardi, 2006). Reflection on this relationship offehe researcher opportunities to incorporate mbt the ease with
which the user interacts with the technology buoalhe nuances in usage occasioned by each vdoant and

functionality of the technology. This would enalda understanding that not only acknowledges th&'supessible
ignorance of an interface or a technology but acmto a design perspective as subject to thigigc

These rules can be explicit, as are classicallgrpmrated in user manuals provided with new teabmgl or apparently
implicit as in predictive text. Failure by a usemavigate these rules renders the technologyssedethe user. The "Net
generation'(Oblinger & Oblinger, 2005) or "Digitahtives' (Prensky, 2001a) prefer not to read iettvaos and
intuitively navigate these interfaces by trial amcor (Oelofse, De Jager, & Ford, 2006).

Tool division of labour

The relationship between the tools and the obgecharacterized by the specific abilities of thehtelogy to support the
user in achieving his objectives. An example ofhsoediation would be the use of a video by one Ipopiecord an
event, where another pupil might have had to us@iee recording because their phone does not stigpeideo
function. The relationship can thus be interpreasdthe specific functions of the tool that can beeased to reach a
specific outcome.

This relationship offers researchers opportuniteeseflect on the functions that are available dimeir adequacy in
relation to the object. It would also direct thenf@ation of groups in situations where there aratéichresources and a
pooling of resources are needed. An important canation in disadvantaged communities where insiefit funds are
available for the financing of educational initiegs.



USABILITY AND USEFULNESS

Deliberation of concept
Ideally technology should support the individuahis endeavours to realise his intensions throbghdol. According to
Sneuderman (2002):

Successful technologies are those that are in haynwath user's needs. They must support relatigrsshnd activities
that enrich the users' experiences. Information aodnmunication technologies are most appreciate@énwhsers
experience a sense of security, mastery, and adistiment (p.2).

For technology to have an impact on educationhdugd be designed in such a way as to support ¢tiens of the
participants in day to day educational practicesf¢@ & Enyedy, 1999; Kaptelinin & Nardi, 2006)Considering a
definition for the usefulness of a tool as the ekte which the tool supports the intentions of iheividual, it can be
mapped on the social technological perspective@fttivity theory as in Figure 5 below.

Usabilitv
Tool Divigion of
Tool rules Tool labowr/ functions

Subject Object—> Qutput

Intension of individual \
_— The tool activity must

alien to intended human
activity in order to be ugeful

Figure 3: Usability and usefulness of a technologyol

In Figure 5 the object provides the motivation tlee subject's directed intention (Engestrom, 19&ftelinin & Nardi,
1997, 2006). This motive translates to operati@aesions and activities performed by the individudbwever if these
operations can only be negotiated through the thelrelationships mediated by the tool as compboeme into play.
These relationships are the "tool rules": the irsierface and the rules and protocols associatddtihwe technology, and
the "tool division of labour": the functionalities capabilities of the tool.

For each separate function of the tool there véllabseparate set of rules, norms and/or protobatstite user needs to
navigate. So for example, in single function totiere will be only one set of rules, norms anghatocols. In mobile
phones the different functions tend to have onlg eat of navigation rules and contribute to theeezfsuse of this
technology. The usability delivers a perspectiveécathe user's ability to successfully negotiatesthtwo meditational
aspects. If a user is termed skilled with a giveahhology it would then imply an ability and flugno navigate the tool
rules and the functionality of a given technologye extent to which the user will be skilled in thee of other
technology depends on the similarity of the metitetl aspects of the new technology. The usefuloéfize tool can be
interpreted as the alignment of the activities thattool can support with the intended activityttod person; however,
the usability of a tool does not guarantee its ulseks. An objective which would necessitate the af diverse
functionalities, each with subsequent rules of gegaent would not be appropriate technology for @icgouser. If,
however, such technology is introduced if wouldnsegbe best course of action to first introduce ftingctionalities and
rules associated with each, individually, to mirdenuser stress.

Virtual Communities

Development viewed from the activity theory pergpecis a socio-cultural endeavour but also infleexh by technology
as it becomes more imbedded in our society. Somie-soltural activities are so totally immersed atependant on the
availability of technology as tool that they can\iewed as a social-technological activity. Pecgile not only acting
with technology (Kaptelinin & Nardi, 2006, p.10)btlirough technology. For example online communities, virtual
spaces and environments cannot be accessed wihgaging with technology and the failure of techglto support
this access and ensuing interactions cause a lowakih the activity. In the event of the unavaildpiof alternative
paths to facilitate the activity the activity camrtake place. This concept of tool accessed comtiesnis illustrated
briefly.

The loss of a phone by a teenager is often met adggerated emotion (Oelofse et al., 2006). Thdidations are
however that the individual, irrespective of the tivetion, cannot access or take part in activitiesthe virtual
environment. He is so to speak out of the "sodap! The technology becomes more than a mediaiertite "portal”
through which the individuals object orientated\aties take place.

The individual accessing his emails is actuallyessing a virtual community (Ducheneaut & Bella2d01; Kaptelinin
& Nardi, 2006) through the use of technology. T¥iitual community is superimposed over the realldiobucheneaut
and Bellotti noticed'that even when collaborators work in plain siglitame another as in MediaWorld's open-plan
spaces, they still send each other a good dealméit (p.7)." This virtual environment can be accessed in varivays



from alternative real world sites but exists onlgtually and access is gained by acting througlhrietogy. From a
developing countries perspective this paints a \egk picture as the lack of suitable technolagynediately implies
the total exclusion to virtual communities and eoriments and the activities that take place in tHenmm a developing
countries perspective this paints a very bleakupicias the lack of suitable technology immediateiplies the total
exclusion to virtual communities and environmenmtd the activities that take place in them.

CONCLUSION

What implications would this extension to the aityitheory hold for design and implementation of bile
learning piloting? The relationships that unfurdapresent themselves are primarily another tosksearcher's
repertoire to further understanding of phenomease relationships are best viewed as interrelaiddoart of a
whole. Presenting the interactions of users withtdthnology and community can be presented agyurd-6
below.

Rules Tools Division
of labour

Arctivity

Subject Object ™ Qutput

Riilés Division
Community of labour

Figure 4: Technology incorporated as component.

This representation aims to incorporate the tecgywhs a means by which the user mediates actiVlii¢ also as a
means by which the user accesses environmentowsaresearchers to view the technology in sitdatetion so to
speak while reserving a place for the individuaktes initiator of interaction, recognizing the inmamce of the users
experience and intentionality unique to humans. Tbmmunity that comes into being when individuad$ trough

technology, results in a blended real world/virtwalrld environment that overlaps and influencesheatber. The user's
ability to simultaneously habitat both worlds amedrporated in this way.

Enabling designers, researchers, funders and fiwaetis to speak a comméanguage while allowing for the interests

of all the role players,make for more productive collaboration. It enalites pooling of resources towards a common
understanding of the desired outcome and laysritnengwork for discussions. This design is by no msemeant to be a
panacea but rather a lens for understanding.
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