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Introduction

This paper has been developed by the Global e-Schools and Communities Initiative (GeSCI), to spark a discussion on the issues and challenges related to introducing 1 to 1 devices (laptops, PDAs
) initiatives in educational systems in development contexts. 

GeSCI was established in 2004 with a mandate to provide strategic advice to Ministries of Education (MoEs) in developing countries on the large-scale planning, integration, and deployment of Information and Communication Technologies (ICT) in Education Systems. Governments often find themselves in situations where there is pressure to acquire and adopt new technologies because of the claims of what these technologies could do to aid and leapfrog their development, without really understanding the potential and reach of the technologies, or without having analysed their environments and contexts for appropriateness, applicability and impact.  It is in this respect that GeSCI’s role is pivotal: to develop capacities and understandings for analysing the technologies and trends and figuring out which technologies would be suitable and appropriate for the specific environment to yield the best results. 
The emergence of low cost personal digital devices constitutes one of the major educational technology trends in recent years, alongside the accelerating improvement in wireless communications capability (Warschauer 2006 cited in Thomas 2007; Keefe and Zucker 2003). The convergence in prices between portable devices and desktop computers as well as the former’s increasing capacity, battery life, portability and robustness have rendered the laptop a more feasible option for the educational market. The media attention surrounding the One Laptop Per Child (OLPC) Foundation and its design of the $100 laptop for the developing world, has popularized the concept of 1:1 approaches which combine technology with a philosophical stance for social inclusion (op.cit.). Such initiatives have raised expectations North and South that this type of technology is certain to be available and widely affordable, whether it is the OLPC XO-machine, the Intel’s Classmate PC, the Eduvision Tablet Computer, the Handheld Personal Digital Assistant, the Apple iPod, the Omatek Notebook or some other low cost emerging innovation (Tinker et al. 2007).
  

Introducing a 1:1 initiative such as the OLPC in an educational system within a developing country context requires two conflicting interests to be met according to Hartel (2008:9): large scale implementation to “keep the price per unit down” in conservative systems where school authorities “may be more comfortable implementing major changes only after careful observation and evaluation of pilot projects”. While there have been an increasing number of laptop projects, there has been limited substantive research to date on their pedagogical effectiveness (Apple 2005:13; Warschauer 2006 cited in Thomas 2007). Notwithstanding the lack of hard replicable evidence on educational impact, pressure continues to mount in developing countries for rapid infusion of ICT. Hepp et al. (2004:2) note that the developing world remains “anxious about the widening gap between their reality and the aggressive ICT policies of countries such as the United States, Canada (“the most connected country in the world”), and some of the northern European countries”. UNESCO following numerous requests from policy makers and governments in developing countries will embark upon an international study in 2008 to compare and contrast low cost devices for use in education systems (Shawki, 2007). 

Purposes of the Paper

Menchik (2004:193-194) in his remarks on the emerging new field of ‘cybereducation’, notes that “there has been little substantive, reflexive commentary on the discourses that frame debates over its use in education”. This paper seeks to open a reflexive commentary on the emerging debate regarding the introduction of 1:1 approaches in education systems in the developing world. The paper will focus on the following areas of concern: 

· What can happen when a 1:1 system with its cybernetic untraditional ideals is introduced into a conservative education system in a development context with its traditional ones? 

· Can a 1:1 approach bring about the innovative educational change envisaged by its proponents?  

The paper will draw upon preliminary findings from studies conducted by Hartel (2008) and Everts et al. (2008) on the use of a 1:1 system encompassing the introduction of OLPC XO-Laptop in conjunction with Eduvision software in the Ethiopian Educational System . The Agalianos et al. (2001) historical account on the place of Logo (a dynamic family of evolving computer languages) in US and UK mainstream education systems after its introduction in the 1980s will also be drawn upon for a comparative analysis. Features of Activity Theory will be used to interpret aspects of the studies and disentangle the blend of influential factors which come into play as traditional and non traditional systems converge.

Definition of 1:1 Technologies
The definition of one-to-one technology is essentially providing every  teacher and student with a portable laptop, notebook or tablet PC for continuous use both in the classroom and at home (Center for Digital Education, 2004)
It must be noted that the concept implies that the device then becomes the private property and space of the student, as opposed to models where ICT devices are shared and not personalized. 
Advantages of 1:1 Technologies

According to Cangeloso (OLPC, online) the following are the advantages of 1:1 technologies:

· Low cost: appeals to everyone, whether in developed or developing countries

· Low power: suitable for needs of average user

· Open Source operating system: simple OS effective for basic tasks

· Flash storage: durable, inexpensive, resistant to shock

· Long battery life: efficient and cheap

· Features: built-in  webcam, WiFi (with mesh networking), can be converted to tablet mode

· Rugged: can withstand considerable ‘punishment’, spill-resistant keyboard, withstand  extremely warm environments, shock/drop resistant

· ‘Cool’ look: green exterior and rabbit ear design, fun and approachable to children

· Convert to tablet: increased functionality, handy for applications like e-books and taking notes
· Motivation with technology, electronic note taking, accessing information anytime, working from anywhere, being more productive in less time 
According to Bassi (2008) and Kumar (2008) it should be noted that some of these advantages have yet to be realized. In their reports from field visits to deployments in GeSCI’s partner countries they observed: 

· The cost has been higher than expected with functionality adding up to $90 plus shipping to the $100 price tag.

· The small size of the display screen renders the machine a difficult mediating tool for peer or group work.

· Frequent problems have been recorded of the computer hanging when learners open two or more applications simultaneously.             
· Electric consumption may be low, but in developing contexts electricity is frequently not available in the home for recharging.

· Battery life has proven to be quite short and the hand crank provided for re-charging as well as the actual machines have turned out to be less durable than publicized.

· In some pilot zones up to 50% of the machines have been down within six months of pilot project commencement – the major issues being breakage/ hardware failure/ software problems. 

· Students are forced to share laptops as a result of the increasing rate of breakage, turning the initiative into One Laptop Per Two children (OLPT).

· The assumption that students can train themselves to repair the machines and solve glitches as they arise has proven unrealistic in reality with countries questioning “who will fix them if they break” (User-Centric Enterprise Architecture, online).

1:1 Bridging the Digital Divide

Giving all children in the developing world laptop computers of their own would bridge what’s termed the digital divide according to Nicholas Negroponte cofounder of the MIT Media Lab and inspiration behind the OLPC Foundation. The Foundation’s pioneering $100 XO-Laptop was designed at the MIT as a low-cost device that would pass on the educative fruits of the IT revolution to elementary schoolchildren in developing countries. It was engineered for cheap production and operation while retaining the performance characteristics of more expensive models. It has alternative power generation methods for regions with limited access to electricity, and Wi-Fi mesh networking functionality that allows computers to “talk” to nearby computers in areas with limited Internet access. The argument driving the intended low price is that half of the cost of existing laptops is marketing costs and profit and another quarter stems from the excessively high quality of microchip and display all of which can be eliminated. 
The ‘skinning down’ of XO production costs involved close collaboration with the open source community to develop application software. The XO runs on a version of Linux, a free and open-source operating system using mainly open-source software and a revolutionary Sugar interface. Sugar represents a fundamental departure from the traditional window-and-folder-based model as it is configured around a student-centred “neighbourhood” of activities and other learners. Rather than folders, a “journal” is created automatically as the learner works, allowing her to return to a previous folder. The model resembles the way learners think and interact and its flexible framework should support new forms of collaboration and be adaptable to individual student needs and interests (Surowlecki 2006; Kanehira, 2007; Rapoza 2007).
In developing countries where problems of book shortages or availability of concrete learning material are endemic, it can be easier according to Hartel (2008) to argue in favour of introducing ubiquitous or 1:1 computing which can offer all students and teachers continuous access to electronic texts, the Internet, a wide range of software and other digital resources for teaching and learning. Findings from the Maine Learning Technology Initiative (MLTI) – OLPC’s US precursor, started in 2002, suggest that one laptop per child, rather than computer labs with desktops at school, can bring innovation to teaching and learning. The laptop can stimulate learner creativity and collaboration, altering classroom dynamics from teacher-centric, unidirectional knowledge transfer to a more inquisitive, interactive process (Kanehira, 2007). 
The digital divide refers to the gap in achievement between those who have access to technology, and those who do not. International research indicates that the divide goes beyond ICT provision – children who receive the opportunity to bring a laptop home have enhanced opportunities for extending and personalizing learning to their individual needs, the possibility for exploration of the more complex applications with support from parents, siblings and friends, as well as a possibility for making available to the community agrarian and health information systems built into the laptop (NCCA, 2004; Hartel, 2008).

Critics have charged however that as a means of bridging the digital divide, the laptop may simply be the wrong technology. Its success depends on developing new infrastructure in the developing world rather than taking advantage of the infrastructure that’s already there. Cell phones – and cell towers – are ubiquitous in developing countries and they are already somewhat affordable whereas Internet connectivity is much harder to come by. Surowiecki (2006:53) considers that “most of what can be done on an Internet-connected laptop can also be done on a cell phone, albeit more slowly and less comfortably”. Many consider that it would be more feasible to put Net-enabled cellular phones in the hands of learners and parents than trying to build something from scratch.

1:1 Approaches - A Quest for Quality Learning

The education establishment, including most of its research community, remains committed to the educational philosophy of the late nineteenth and early twentieth centuries, and so far none of those who challenge these hallowed traditions has been able to loosen the hold the educational establishment has on how children are taught.

Seymour Papert, The Children’s Machine

A lead thinker behind 1:1 initiatives and the OLPC Foundation is Seymour Papert, a pioneer in artificial intelligence, an intellectual father on educational computing and one of the early visionaries on the potential of the personal computer as a learning tool for children. In his seminal publication Mindstorms (1980) he imagined a world in which children of the future would make use of the “computer as pencil” (ibid.: 210). Over a decade later in his publication The Children’s Machine: Rethinking School in the Age of the Computer (1993) Papert was to introduce his learning theory of constructionism underpinning his vision for the development of an ubiquitous computer culture biased towards what he referred to as mathetic (art of learning) principles. Constructionism represented a radical educational philosophic position in sharp contrast to the prevailing instructionism position embedded in the traditional education school culture with its bias towards pedagogic (art of teaching) principles (ibid:82-84). 

Many of the innovations based on ‘open’ or ‘child-centred’ or ‘constructivist’ or ‘radical’ education forms had been disappointing according to Papert because they simply did not go far enough in making the student the subject of the process rather than the object. Early designers in the diverse forms of progressive education also lacked the tools that would allow them to create new methods in a reliable and systematic fashion (ibid;14). In Papert’s (1993, 2004) view the advent of computer technology would finally provide interactive tools adequate to the task for enabling new dynamic ways of learning - tools such as Logo, a programming language for Mathematics teaching developed by Papert and fellow visionary colleagues in the late 60’s, and designed to “really get kids to think in a more fundamental way about thinking in all kinds of contexts, to become strategic thinkers, to become more involved in designing and building knowledge” (Feurzeig cited in Agalianos et al. 2001:480). 

Higher order thinking and sound reasoning constitute key skills for a 21st century world where the sheer magnitude of human knowledge production, world globalization, and the frenetic pace of change necessitates a shift in children’s education— “from plateaus of knowing to continuous cycles of learning”. (Burkhardt et al. 2003:5). Papert (2004) believes that computer technology has the potential to bring about such a shift - which he describes as a shift from the primacy of traditional epistemology embedded in a pen and paper static media of school-based instructionist systems of knowledge transmission to an alternative epistemology embedded in electronic digital dynamic media of ubiquitous constructionist systems of continuous learning. He distinguishes between the impact of technicalist and not technicalist utilization of technology – the former serving to maintain the status quo by institutionalizing technology into school ways as an add-on subject conducted in computer labs frequented by children once or twice a week – the latter serving to offer an alternative radical vision for education by liberating technology for use across subject and time divisions in computer saturated environments where children are encouraged to do things in completely new ways. 
Papert (1991) considers that constructionism vs instructionism or improving learning vs improving teaching essentially constitutes the parameters for discussions on innovation and enhancement in education. The concept of constructionism can be paraphrased as “learning-by-making”. However, the constructionism model as a non prescriptive approach to learning can be understood more deeply in terms of its implications for challenging and transforming the prescriptive approaches to learning inherent in the instructionism models reminiscent of 19th century schooling and still dominant in today’s school systems. 
The learning and conceptual frameworks for both models are illustrated in Fig. 1. 
	
	Instructionism 
	Constructionism

	
	The route to better learning is to focus on improvement of instruction
	The route to better learning it to focus on how to produce the most learning for the least teaching

	Technology  media
	‘Pen and Paper’  

Computer Assisted Instruction (CAI)
	‘Electronic Digital Media’

Cybernetic microworlds



	Epistemological base
	· Traditional canonical epistemology of precision 

· Propositional forms of knowledge - abstract, impersonal and detached 

· Unit of knowledge clearly demarcated entity- if knowledge is not precise it is inferior

· Reading and writing the principle access route to knowledge

· Single way of knowing

· “Banking model” of depositing information into learner savings accounts for future application 
	· Cybernetic epistemology of managed vagueness 

· Concrete forms of knowledge – personal, less-detached 

· Knowledge as tentative, fumbly and predicted on connection between domains

· Cybernetic microworlds matching oral styles of younger learners as alternative access route to knowledge 

· Pluralistic way of knowing

· “Radical model” of making all information available for learner appropriation and regeneration



	Assumptions about learning
	· Based on information processing and behaviourist learning theories

· Learning is a transmission of knowledge

· Learning is most effective when planned in a tight programme for the placement of “knowledge bricks” in learners’ minds

· Linear thinking
	· Based on constructivist learning theory

· Learning is a reconstruction of knowledge

· Learning is most effective when part of an activity the learner experiences individually and/or in groups as constructing a meaningful product

· Systems thinking incorporating feedback and adaptation



	Role of learner
	Learner is passive object receiving knowledge at the end of a transmission line
	Learner is active subject constructing knowledge ‘in the head’ which is supported by ‘construction in the world’



	Role of teacher
	· Teacher as expert who presents information to be assimilated by students

· Teacher controls learning in accordance with laid down procedures of lesson plans, fixed curriculum, standardized tests

· Teacher functions in class as technician
	· Teacher as coach or tutor who provides opportunities for learning through projects which develop learner identity

· Teacher is technical expert and interpreter of emergent culture of learning in classroom community 

· Teacher functions in class as co-learner

	Learning environment
	Hierarchical scientifically controlled environment 

· reducing learning to a set of acts 

· exposing learners to treatment – placing them in a position to do as they are told, to occupy themselves with work dictated that has been shaped by a curriculum designer

· looking for short term measureable results


	Heterarchial playful and warm environment

· focused on educational goals as opposed to knowledge facelets

· encouraging learners to make connections between intuitive knowledge, real world knowledge and knowledge about strategies of learning

· recognising emergence of significant effects of learning over longer periods of time to be measured probably in years



	Use of computer tool
	· Computer Assisted Instruction  programmes used as a tool to administer exercises traditionally given on the blackboard/ textbook/ worksheet 

· Computer controlling learner through rote and authoritarian drill and practice regime

· Computer neutralized and converted into an instrument of consolidation - defined as new subject and used to reinforce school ways.

· Computer literacy confined to technical skills to be ‘banked’ for the job market.


	· Computer microworlds used as a tool to expand the opportunities for learners to build and play with “active worlds’ 

· Computer serving learner as instrument to work, explore and to think with – to think what he/she pleases – to think it in their own ways

· Computer as subversive instrument of change – undermining the division of knowledge into subjects

· Computer literacy altering the nature of learning process where children fluidly develop cybernetic constructs and cybernetic thinking becomes part of their culture. 

	Fig. 1. Constructionism vs Instructionism                                                                         

Sources: Papert 1991, 1993

Learning and conceptual framework adapted from Grabinger et al. 2007


The OLPC initiative launched in 2005 aimed to both provide low-cost ($100) laptops to every child and to put the constructionist model into practice in the developing world (OLPC 2008, online). 
1:1 in the Ethiopian Classroom

From September to December 2007 a small pilot programme was carried out to conduct initial tests regarding the use of a 1:1 system in the Ethiopian classroom featuring the OLPC XO-laptop in conjunction with Eduvision Melepo software.  The XO-laptop with its automatic network (mesh-net) capabilities for internet access and Sugar-based applications was designed to give teachers and learners the tools for “real learning and growth” (Rapoza 2007:50), which would enable them to “reshape, reinvent, and reapply their software, hardware and content” (OLPC 2008, online). The Melepo software which was an add-on to the XO-Sugar default system, was designed to transmit digitized Ethiopian school books in an interactive one-to-one format so as to position “the student in a role where they can participate in their own learning” (Ellerman 2004 cited in Everts 2008:5). The trial was conducted in two schools with two 2nd grade classes and involved twelve teachers who received three workshops of training which were followed by in class and after class support for a total of fourteen lessons (Everts et al. 2008:8). 

The central issue of educational change in Papert’s (1993: 55) view is “the tension between technicalizing and not technicalizing, and here the teacher occupies the fulcrum position”. Activity Theory (Vygotsky 1978; Engstrom 1987) concepts can  provide a language and a framework to explore the tensions which emerged during the Ethiopian pilot and to identify the influential factors which determined how teachers resolved tensions and where on the continuum between technicalizing and not technicalizing the resolution was situated. While it is beyond the scope of this paper to provide a full description of Activity Theory, a key feature that will be explored is the extended model of Activity Systems developed by Engestrom (1987 cited in Scanlon and Isroff 2005) which is used widely to understand organizations. Its central tenant is that human behaviour is situated within a social context which influences actions (ibid.: 432). As Agalianos et al. (2001) explain:
Teachers are only one part, one accessory in the mechanism of schooling, and their use of (technology) …should be viewed against the social, political and institutional context. (ibid.:489)

Activity systems acknowledge the many factors that influence the cognitive and social development of people and are made up of six inseparable and mutually constitutive elements: object, subject, mediating artifacts, community, rules and division of labour (Engstrom 1987 cited in Ogawa et al. 2008: 85). Actions are mediated by the rules of the community and the division of labour within the community influences the ways in which individuals behave (Scanlon and Isroff 2005:432). 

Fig. 2 represents an application of Activity System concepts to the “conventional education” system in Ethiopia described in the Everts et al (2008:4) study. This is an  activity system mediated through a face-to-face teaching mode typical of a traditional hierarchical instructionist design model. The authors identify the object of learning in the Ethiopian system as prioritized on instilling “politeness and obedience” in learners (ibid.).  The teacher as subject functions within a “long established model of teaching” and her behaviour is influenced by rules embedded within local “cultural and religious traditions”, within the professional model of practice for replicating and perpetuating a “rote-based approach to learning from primary through tertiary education” (Smith and Ngoma-Maema 2003 and Negash, 2006 cited in Everts 2008:4), and within the content of the local language Amharic textbooks. Actions are mediated through artefacts both symbolic (shared cultural scripts about the nature of face-to-face teaching in the Ethiopian classroom - where pupils “discovering information” is indicative of teachers “failing in their jobs”) and physical (chairs facing to the front of the classroom, textbooks, blackboard and chalk, paper and pencil). The community in which the teacher functions revolves around school-based activities involving teachers, pupils and text developers sharing a repertoire of resources (Amharic textbooks, chalkboard and desks), language (curriculum structures and conventional educational culture) and actions (attendance, discipline and testing). The division of labour has the teacher in “authority” presenting information for transmission to pupils, who remain “subordinate” passive recipients functioning in auto-piloted repetition and rote-learning modes (ibid.:8; Hartel, 2008; Ogawa et al. 2008).
	
	Tools: Face-to-face teaching
	

	Subject

Teacher(s)



	
	Object

Learning                        Outcome

	Rules

Cultural and Religious

Professional 

Texts/Pen and paper
	Community

Teacher(s)

Learner(s)

Text developers
	Division of Labour

Teacher transmission

Teacher in authority

	Fig. 2: Ethiopian Educational System   

Sources: Vygotsky 1978; Engstrom 2001; Robertson 2007


Fig. 3 represents an Activity Systems application to the use of the XO-Laptop in the Ethiopian test pilot described in the Hartel (2008) study.  This is an activity system mediated through a one-to-one learning mode pertaining to a heterarchial constructionist design model. The author identifies the object of learning in this approach as being prioritized on developing “pupils’ commitment to learning, self-controlled learning, group work, dialogue and justification of pupils’ own opinions in social settings” (ibid.:25). The teacher as subject would function within an innovative student-centric model and would be influenced by rules of engagement embedded in the applications (XO-Sugar applications), software (Eduvision Melepo software), and standards and conventions of a much expanded community of educational designers, content developers and technicians. Actions would be mediated through the artefacts of the expanded community both symbolic (one-to-one open-ended approaches with a foreign script which could possibly undermine the teacher’s authoritative image and cause her to appear less competent and less knowledgeable in front of pupils) and physical (multi-media microworld mesh-nets turning classroom settings into spaces which look and sound very different and which require a flexible, more pedagogical distribution of learners for group, pair and/or individual work inside the classroom. and beyond the classroom walls). The teacher’s autonomous control over classroom practice would now be “deprivatized” (Fullan 2007:149) as the division of labour would become more complex and would be shared with the new expanded community of technologists and experts (Robertson 2007).
	
	Tools: One-to-one learning
	

	Subject

Teacher(s)



	
	Object

Learning                     Outcome

	Rules

MIT XO Sugar applications 

Eduvision Melepo Software 

Standards & conventions


	Community

Education designers

Content developers

Technicians


	Division of Labour

Teacher

Technical support

Content developer

	Fig. 3: One-To-One System                                              

Sources: Vygotsky 1978; Engstrom 2001; Robertson 2007


Activity Systems Converging 

The interaction of the two diverse scripts of instructionist face-to-face and constructionist one-to-one in the Ethiopian pilot produced numerous tensions and contradictions as was inevitable when the field boundaries of two such systems converge (Fig. 4). Engestrom (2001:137) contends that while contradictions can generate “disturbances and conflicts”, they can also bring about innovative attempts “to change the activity”. As the contradictions are aggravated with some individuals pushing the boundaries and beginning to question and deviate from established norms there is a propensity for a “reconceptualization to embrace a radically wider horizon of possibilities”, for a “collective journey towards expansive transformation” (ibid.).
	Face-to-face
	Boundary Objects
	One-to-one

	


	
	



	
	
Expansionist Learning

Reconceptualization
	                

	Fig. 4: Two Activity Systems Interacting
Sources: Vygotsky 1978; Engestrom 2001; Robertson 2007


The collective journey for introducing a 1:1 approach into the Education System has just begun in Ethiopia and that journey will continue with a planned roll-out for an expanded pilot of 40,000 to 50,000 XO-laptops (Hartel 2008:9). Using Activity Theory to expose key underlying tensions and contradictions during the test pilot can provide an indication of the potential for educational transformation for such large scale deployments whether in Ethiopia or in other developing countries.

The Everts et al (2008) and Hartel (2008) studies both identify the philosophy of education embedded in the OLPC technology as the principle source of tension which emerged. In the Everts et al (op. cit.: 5) study the authors considered that attempts to simply deposit “the constructivist pedagogical stance embedded in the OLPC applications” which stems from “decades of Western-centred educational development” into an Ethiopian educational system “rooted in rote learning” would face “significant challenges”. The Hartel study (op.cit.:7) concurs with this analysis noting “that in such countries the teachers may not be able to cope with the challenges …[of the OLPC] focus on computer and media literacy as a basic learning objective”. The Everts et al. (op.cit.:5) study demonstrated that the Eduvision Melepo software approach using digitalized interactive “local language content of pre-existing Amharic textbooks that students and teachers are familiar with” served “to circumvent much of the resistance that OLPC’s methodologies have received from local stakeholders”. The Hartel (op.cit.:7) study recommends a postponement on the use of the OLPC applications “to a second phase” with prioritization to be given to the Melepo applications which would serve to circumvent “concerns within the country about the intrusion of foreign cultural influences…a loss of status on the part of the teacher” and give “every student access to each schoolbook at any time” in a country where “school books are often not available or are only available in limited numbers”. In his critical remarks on the OLPC learning concept Hartel (ibid:15) wonders “why it is not seen that the construction of new knowledge on one’s own is the peak of intellectual performance, hardly reached by the average student at university level.”  

In Activity Theory terms the tensions which emerged could be described as a mismatch between the rules of practice pertaining to the ‘local’ teaching community and the rules embedded in the ‘foreign’ technology as embodied in the OLPC learning concept. There is a however a deeper tension evident in both studies, which exposes a fundamental struggle over meaning on how the technology should be interpreted and appropriated. What is significant is that these tensions and contradictions should have emanated not necessarily from among the teacher practitioner community as much as from among the expanded community of technologists and experts. Everts et al. (2008:5) deemed the technological shift required by the OLPC framework as “too radical”, while Hartel’s (2008:7) recommendation for “interactive books first, computer literacy and advanced learning methods later” is indicative of a strategy leaning towards assimilation of the computer technology to fit into the school way. The process of accommodation of the school way to fit into the new dynamics of learning embedded in the computer technology is designated to some future undefined period. 

OLPC (2008, online) recognizes the ebook as the Trojan horse that can “move instructionism towards contructionism”. However there are risks inherent in the deployment of the computer as an electronic textbook which Swarts (2008:4) cautions does not harness the power of the medium. An ebook focus can enhance tendencies to hover around and thus strengthen the teacher-centric instructionist ethos at the expense of moving towards the desired student-centric constructionist ethos of exploratory learning via the more open-ended applications such as eprojects. Hartel (ibid:16) justifies the teacher-centric approaches evident in the Ethiopian classroom as “helpful to learners” and correspondent “with our recollections of good teachers during our own school time.”. The tendency in tension resolution emergent in the reconceptualization field of the Ethiopian pilot test can thus be interpreted as biased towards a technicalizing solution that reinforces rather than challenges traditional norms of teaching and learning. The not technicalizing solution embodied in the didactical potential of the XO-Laptop for concretizing the vision of a “revolution in learning” into which the Ethiopian government invested (ibid:10), may gradually become neutralized as struggles over interpretation are swallowed up in the technical challenges of large scale deployment. 

Such struggles for the soul of an educational innovation have been waged on other fields. The Agalianos et al (2001:479) comprehensive study on the introduction of the Logo computer language experiment for dynamic change in mainstream education in the US and UK, documents the struggle it represented to integrate new forms of teaching and learning into old educational structures. Logo was to suffer “a quick and shallow” mass introduction in the US mainstream “without enough preparation of the teachers who were going to use it or an adequate infrastructure to sustain it as an innovation” (ibid:490), it was to be “effectively brought back into line with school’s ways” in the UK classroom (ibid: 493) and eventually it was to “became a reinforcing agent of the traditional rather than a vehicle of the new” (ibid:497).

Issues to be considered before Adoption of 1:1 Technologies/Approaches

Philosophy of Education

The Ethiopian case study demonstrates that there is no such thing as a simple ‘fit’ between the intentions of a technology’s producers and the realities of its use or as Agalianos et al (2001:497) note between technology ‘production’ and ‘consumption’. The challenges of implementing a 1:1 system with non traditional constructionist ideals in a traditional instructionist system are manifold and complex. The resistance to the “intrusion of foreign cultural influences” (Hartel 2008:7) of the extended technological community can be traced to the contradictions these influences instigated within the rules of practice of the local teacher community and within the ways in which they controlled the division of labour in their classroom practices. 

The tendency for contradiction resolution focused on approaches to “circumvent much of the resistance … from local stakeholders” (Everts 2007:5) and in so doing to protect the culture of the local hierarchical teacher-centric practices and curricular organization. Senge (2006: 105) would characterize this resolution tendency as indicative of a ‘shifting of the burden’ underlying structural archetype as illustrated in Fig. 5. Change was sought by way of symptomatic technicalizing solutions focused on improving teaching within the parameters of the established practice. The more fundamental response to the problem would be to seek change by way of ‘addressing’ rather than ‘circumventing’ the deep-rooted teacher-centric culture. This kind of change as embedded in a not technicalizing solution focused on improving learning within standards for new practice, essentially constitutes a process of radical reform which would require a more comprehensive strategy and whose effects would take longer to become evident. 

	‘Symptomatic Solution’


Technicalizing

Improve teaching



	

	
Hierarchical teacher-centric culture 



	

	
‘Fundamental Solution’

Not technicalizing

Improve learning



	

	Fig. 5: ‘Shifting the Burden’ from the fundamental to the symptomatic solution


The symptomatic solution of circumventing problems according to Senge (2006:108) “can actually make matters worse in the long term”. Technicalizing solutions combined with the new technology can achieve apparent improvement in teaching and learning and can reduce the need to press for more fundamental not technicalizing solutions. The underlying teacher-centric culture is preserved and may worsen as deployment is up scaled and teachers use the technology to do “old things in a new way” and to continue avoiding doing “new things” which might threaten the established norm. Over time dependency builds up on the symptomatic solution and the requisite projects and expert teams that go with it to deal with the on-going vexing ‘problem’ of the teacher-centric culture. In an Activity Theory perspective this scenario of the reconceptualization field with its limited potential for expansionist learning, would represent in the view of Noss and Pachler (1999: 211) “a waste of time and money” and would ultimately lead to a “failure to equip children for the challenges of the new century”. Finding leverage in shifting-the-burden structures Senge (ibid:109) explains requires a combination of “strengthening the fundamental response and weakening the symptomatic response”.

In their summary of lessons learned from successful state wide 1:1 initiatives in the US, Bonifaz and Zucker (2004:3) note that while 1:1 programmes may vary, “they have each demonstrated that a comprehensive, systemic approach is needed if the initiative is to achieve the desired goals”. The Ethiopian pilot illustrates a series of policy issues which 1:1 computing raises, and which require a broad fundamental response framework for defining objectives, outlining teacher preparation, identifying supportive educational structures and curriculum frameworks, clarifying infrastructure and maintenance and pre-empting financial considerations for system wide roll-out. 

Aligning 1:1 Initiatives with Educational Goals

The assumptions about the nature of learning intrinsic to the OLPC design created tensions in the Ethiopian pilot where they were perceived as out of synch with the values and habits intrinsic to the local school and community culture. An ICT4E strategy incorporating a system wide perspective putting educational objectives first, can bring some coherence to the proliferation of disparate views intrinsic to technology initiatives. The strategy can position technology to assist a grassroots educational change agenda from within the strategic framework that is defined, rather than the other way around whereby the technology becomes the driver of educational change.
The question policy makers should ask is what are the primary educational goals and what will be needed to achieve them? Whether policy commitments are aimed to prepare learners to hold high skilled jobs that bring significant value to the world market place or geared towards the basic skill end of the spectrum will determine how the technology should be channelled and the focus for skills acquisition. In the case of 1:1 approaches policymakers may support such programmes for different reasons, including: increasing equity of learner access to technology and information, increasing economic competitiveness, creating a more active learning environment for learners, increasing learner achievement, improving classroom culture, increasing learners’ engagement, making it easier to differentiate instruction according to learners’ needs, and/or solidifying home-school connections (ibid). Once the primary goals have been established and needs and priorities have been identified, decisions regarding technical delivery options and the direction of pedagogic solutions can be addressed and developed.

Preparation of Teachers

A change agenda “in which the technology is fully integrated into the learning process” as was envisaged in the 1:1 approach trialled in Ethiopia, constitutes a complex pedagogical scenario according to Noss and Pachler (1999: 210) where “the teacher’s role will be altered fundamentally”. Teacher preparation for the Ethiopian trial consisted of training in basic computer literacy and daily ongoing support throughout the trial period. The strategy served to facilitate an elementary understanding of classroom organization for individual, pair and small group work with the computer and to assist the teachers in managing fears and threats to their self esteem as the locus of control shifted towards less didactic and more open styles of teaching (Everts et al 2007:12). Hartel (2008:1) indicated that a teacher training programme “aimed at imparting a deeper understanding of computer and media literacy… could be implemented later within a reasonable time period”.
Fullan (1993:105 cited in Fullan 2007: 278) considers teacher education to be simultaneously “the worst problem and best solution in Education” and believes that “teacher education is always an afterthought in any reform effort”. In her literature review on the introduction of ICT as a core and elective subject in pre-tertiary education, Swarts (2008:10) notes the need for teachers “to be adequately and appropriately trained through pre-service and in-service teacher education programmes to teach ICT Literacy”. She considers that access to ongoing and appropriate ICT professional development is a prerequisite for all teachers, if they are to improve their confidence and competence in using ICT to meet the needs of all their students. The OLPC deployment guide (OLPC online) considers that effective teacher preparation in ICT-based education requires adequate training in three areas: 
· Information technology literacy 

· Child-centric interactive teaching 

· Integration of ICT-based instruction in child-centric interactive teaching. 

Bonifaz and Zucker (2004:7) note that teachers in the US 1:1 initiatives universally agreed on the need for assistance in integrating technology into the curriculum. Training focused on developing new technical skills was considered inadequate for preparing teachers to make the transition to ubiquitous computing. Tinker et al (2007:4) in their paper on recommendations for large scale 1:1 implementations, concur that Training and Professional Development (TPD) should not be planned as singular interventions where teachers are simply exposed to opportunities for tinkering with the new technology. Instead, there needs to be a continuous cycle of exploration, reflection, discussion, application, and knowledge building, through which teachers grow professionally and their students gain deeper knowledge. The authors caution that TPD can constitute the largest cost in implementing effective 1:1, while indicating strategies for reducing cost by concentrating on teaching and avoiding overemphasizing the technology.
In an analysis of policies and practices which can address the challenge of promoting change in school cultures where habits are deeply ingrained, such as was encountered in the Ethiopian classroom, Elmore (2000 cited in Farrell 2007:284) makes this key observation:

People can make fundamental transitions by having many opportunities to be exposed to the ideas, to argue them into their own normative belief systems, to practice the behaviours that go with those values, to observe other practicing those values, and, most importantly, to be successful at practicing in the presence of others (that is, to be seen to be successful)...the most powerful incentives reside in the face-to-face relationships among people in the organization, not in external systems.
The literature identifies a blend of strategies that have proved effective in maximizing opportunities for teacher exposure, practice and reflection within new cultural paradigms such as 1:1 systems, inclusive of:
· Organizing TPD plans that are sustainable, rigorous, and effective in addressing the professional developmental needs of teachers and administrators. 
· Offering training for both curriculum-specific and cross-curricular applications. Providing simultaneous programmes for teachers on ICT integration and for administrators on change management processes which support the key goals of laptop programmes.
· Setting up regional/district/ school cluster “Technology Leadership Teams” (one or two teachers/principals, technology coordinator, curriculum advisor, teacher educator) for training teachers new to classroom technology integration and for providing ongoing training and mentoring to teachers at all levels and specialties.
· Providing a variety of training and professional development formats, both formal professional development events, such as workshops during the school calendar year or intervals, as well as informal opportunities to learn from colleagues. Using team meetings, department meetings, and other ongoing events as occasions to discuss technology integration. 
· Exploring opportunities for co-teaching, demonstration lessons taught by more expert teachers using face-to-face and online professional development conduits.
· Investing in high-quality technology-based instructional materials – inclusive of locally produced video episodes of teachers using laptops in real classroom settings; carefully crafted materials to stimulate reflection and to give teachers practical ideas; self-study materials exploiting inexpensive DVD technology which is not dependent on internet connection. 
· Integrating use of laptops in TPD courses to enable teachers to explore what the devices can do (e.g., simulations, games, digital manipulatives) and to practice with the interactive student materials (e.g., collaborative projects), before integrating their use into planned learning.
· Building “blended” communities (face-to-face and online) of teaching practice in which teachers reflect with teachers on their own teaching episodes (videotaped if feasible) as they transit from conventional teaching modes to promoting enquiry-based learning. 
· Developing capacity for “on-the-side” facilitation about topics important to teachers for their professional practice; guiding teachers to reflect on specific content and/ or on teaching episodes and to develop a common language  around emerging pedagogical issues.
· Using peer-to-peer support and challenge at the level of individual schools; providing teachers from one school with opportunities to become involved with teachers from another school; visited school benefits from new perspectives and reflections brought by a ‘fresh pair of eyes’; visitors take away insights and ideas derived from looking at how another school carries out the laptop innovation.
· Networking/ building partnerships with local universities, teacher education organizations, or other institutions to leverage expertise and capacity for assisting in training teachers, administrators, and others, in online coaching and on-site communities of teaching practice; faculty members from local teacher colleges and faculties of education represent a geographically distributed community of facilitators that have the potential to become leaders of educational innovation in large-scale implementation of 1:1 computing; university-school linkages offer unique opportunities for academics to carry out research in the form of ‘collaborative  enquiry’ working alongside practitioners, policy makers and other stakeholders as they seek practical solutions to the problems they face in implementation. 
· Developing or adopting/adapting (e.g. from the UNESCO ICT Competency Standards for Teachers) ICT competency standards for teachers. ICT competency standards serve as a benchmark for formulating and evaluating teacher education programmes and use of ICT in teaching. 
· Building management capacity at national, district and school levels to go hand in hand with all training processes. 1:1 programme initiatives will require inspirational leadership and skilful change management expertise. 
· Training students to be effective teacher aides: to help find resources, install software, troubleshoot, and act as teaching assistants. Blogs and online communities allow students to communicate and learn from each other. Powerful web-based resources and online conferencing provide vehicles for preparing students to help their schools and communities to become members of computing clubs.
· Training parents prior to laptops going to homes. Training sessions can provide technical information about the machines as well as an explanation of the code of conduct established for the use and care of laptops. 
· Using active electronic forums: wikis, chat rooms, email lists, call centers to establish channels of communication and a sense of community between teachers who are “on the front lines” and support entities and resources, whether at school cluster, district, regional, national or internatlional levels. 

Sources: Ainscow, 2003; Bonifaz and Zucker, 2004; Unwin, 2005; Tinker et al, 2007; Everts et al 2007; Elmore 2000 cited in Fallon 2007; Hartel 2008; Swarts, 2008; BECTA, online; OLPC, online; UNESCO, online.
Supportive Educational Structures and Curricular Frameworks

The curriculum materials in use may not be designed to help teachers and students benefit from 1:1 computing and networking. The Sugar-based applications embedded in the OLPC XO trialled in Ethiopia proved challenging to incorporate into classroom practice “without compromising the standardized Ethiopian school curriculum” (Everts et al 2007:5). While much was achieved in the trial through the Melepo applications via their digitized redemption of “low-quality textbooks” (ibid:11), the scope of such applications to support the expansive collaborative learning, enquiry, problem solving and students knowledge creation envisaged in the OLPC learning concept, was limited.
As new technology initiatives such as 1:1 approaches find their way into popular use, it will be necessary “for the curriculum to be dynamic and adapt appropriately to the introduction of new tools, while simultaneously keeping a focus on conceptual learning” (Computer Science Curriculum for Schools: Model Curriculum and Teaching Material for K – 12 Indian Schools, 2007 cited in Swarts, 2008). Swarts (ibid) notes from the literature that a coordinated approach to students’ developing ICT literacy adequate to the learning objectives of new technology would require a curriculum framework which incorporates learning about, with, and through, ICT:

· Learning about ICT: students develop skills in, and knowledge of, the potential uses of ICT
·  Learning with ICT: teachers and students use ICT resources to support the classroom curriculum 
· Learning through ICT: teachers and students use ICT to learn in new ways that would not previously have been possible 

Such a coordinated approach to learning will further require a wider range of multiple modes and ways of assessment of student achievement. The focus in assessment activity would move from an emphasis on the assessment of learning to include assessment for learning - providing feedback on how learners can improve their learning. Menchik (2004: 208) believes that these new forms of assessment are imperative for overcoming the wariness teachers have in incorporating technology innovations into practice. As Hartel (2008:17) observed in the Ethiopian trial, new cybernetic models of project learning in social settings will not resonate with teachers preparing students for final examinations where “only the results of individual learning …can be helpful”. 

E-learning curriculum writing teams can provide opportunities for teachers to develop lesson plans, websites, online courses, electronic documents, and other curriculum resources. In order for teachers to integrate technology in the curriculum, and for students to use technology, they will need access to the appropriate software, online databases, and proprietary websites. School Clusters, Districts and eLearning Hubs can support teachers with tools to adapt, adopt, create and evaluate content as well as providing guidance and/or training on how to use the tools.  (Bonifaz and Zucker 2004; Swarts 2008).

Adequate Infrastructure and Maintenance

Hartel (2008:9) describes the next phase in the Ethiopian initiative as a roll out of 40,000 to 50,000 donated XOs to be organized “as a pilot project accompanied by an extended formative and summative assessment”. Twinomugisha  (2006:29) would argue that a critical factor for up scaling a technology to this level would be to determine its feasibility. Feasibility is usually influenced by local conditions. 

Common constraints within development contexts pertinent to the feasibility of a 1:1 technology option include:

· poor wired telecom infrastructure particularly in remote areas which may mean that the only connectivity options are satellite or none at all

· availability of sufficient electricity for saturated utilization

· educator’s technology skills and comfort in integrating technology into teaching

· weak capacity of local ICT technical support to keep network capabilities in good condition

“If teachers new to computers cannot get the help they need when problems arise in the middle of a lesson, they will become soured to future technology use” (Apple, Profiles in Success: Gillispie School, La Jolla, CA cited in Bonifaz nad Zucker, 2004:10). Bassi (2008:17) cautions that after deployment, schools will need a lot of support initially and less as teachers and pupils develop self-sufficiency at handling problems. Suggested support strategies include:

· Self-assisted guides: developing manuals to explain the maintenance and solutions to common problems such as how to repair the laptops and utilize broken machines for spare parts. These easy-to understand and do-it-yourself guides should enable users to solve 90% of the most common problems, while training them at the same time and reducing the load of a centralized support centre. Manuals can be complemented with a toolkit and some spare parts provided to each installation site.

· Local or regional support: developing local or regional offices with trained technician teams - trained locally, on-line or through manuals. Teams will require transport to travel to sites or a budget to have parts sent to them, according to priorities.

· A toll-free central support number: expensive but efficient, setting up a call centre centralizes the problems assisting users to solve them themselves with the support of a call-centre technician or to have the part sent for repairs via the central support system.

Financial Implications for System-wide Roll-outs 

The conventional approach for introducing the XO according to Kanheira (2007:123) is that governments would purchase the laptops and distribute them for free. Such an approach she observes would constitute a heavy burden for governments. Draxler (2008) notes global trends in the public sector to develop partnerships to include the private sector, including business, foundations and a wide range of civil organizations, which can help reduce costs and build a more effective implementation team for such initiatives. Twinomuguisha (2006) and Bassi (2008) would caution however that the purchasing and deployment of laptops represents merely the start of the life of any programme. Programmes falter they point out due to systemic failure to consider all of the costs, short term and long term, involved in obtaining and using ICT. Bassi (ibid) considers clarity of costs to be one of the most critical aspects for programme survival in system wide roll-outs such as those envisaged in the mass deployments of low cost devices – both the breakdown costs of each component and the identification of which stakeholder entities will pay for each of them over the years. In some circumstances national governments may assign subsidies (i.e. universal access fund) to pay for some of the regular expenses, at other times regional, local government or schools themselves may be required to carry the burden of payment.  

Twinomoguisha (op cit.) highlights the GeSCI Total Cost of Ownership (TCO) framework and approach as a planning tool designed to help educational planners and school administrators to become aware of some of the hidden costs inherent in ICT deployment and maintenance. He asserts that the assessment of life-cycle costs  (from the point of purchase to the point of retirement from active service) should be the planning approach before the adoption of any technology, as usually hidden costs are not accounted for in regular ICT budget planning. A breakdown of the TCO for a laptop programme after the initial purchase of the laptops could include infrastructure investments (such as installing wireless access points), staff development and in-service training, ongoing tech support and additional support during implementation, hardware maintenance, software licenses and upgrades, costs to adjust instruction and purchase online curriculum, distribution, insurance and replacement expenditures, and costs associated with program monitoring and evaluation.
When there are not enough resources for universal solutions at the country level, priorities need to be established for selecting the regions, sectors, and school levels for deployment. Should all regions be included? Should all elementary schools, middle schools, high schools, or technical schools be involved? If school buildings are shared by different learning communities using shift systems, should each of the shifts be included? Should teaching of all subject matters be enhanced with support of technology, or should there be a selective use of ICT, favoring domains that are the core of educational competencies at each educational level? Is there a danger of diluting the effort in a mass deployment to the point that it is meaningless? Answers to questions such as these are not easy, since they must take into account the local context as well as national strategic educational plans and development goals. There are many diverse educational needs, and not all of them have the same urgency or impact in the educational sector or in the economy of the country. Bassi (op. cit.) advises that regardless of selection criteria and classification systems for deployment, it is important to manage expectations at the local level, as stakeholders may be upset by being “relegated” to the last position or to no position at all. 

Overall, Kumar (2008) believes 1:1 initiatives require a deeper understanding and a more comprehensive planning approach, inclusive of a detailed TCO, programmes for grass roots technical support, electronic waste disposal as well systematic cycles of teacher preparation for integration of the approach into teaching and learning practices.
Conclusion

This paper has illustrated the powerful influence of the situational contexts and the social and cultural influences which need to be understood in terms of their potency to challenge and counter attempts at fundamental school change. The application of an Activity Theory framework to a pilot setting testing the introduction of a 1:1 untraditional system in a traditional educational system, enabled an analysis of the factors that came into play as the systems converged. It exposed the underlying tensions and contradictions which emerged between the traditional and non-traditional boundary fields and the struggle therein between players in the expanded community of teachers, technologists and designers over how the new technologies should be implemented. It provided a structure for understanding the initial tendency in the pilot test to resolve tensions and contradictions by way of assimilation as in recreating the new to fit into the familiar, with accommodation as in adapting the familiar to fit into the new, deferred. While this tendency may be particular to the pilot phase, the Activity Theory framework demonstrates that interpretations negotiated by community activists whether teachers, administrators or technologists in the reconceptualization field at this phase can influence the parameters for expansionist learning in subsequent phases. 

Agalianos et al. (2001:498) clarify that the introduction of technology alone cannot bring about radical change nor can the medium alone carry the message for radical change. Applying the Activity Theory framework revealed the manner in which influential factors and interactions within socially contextualized activity fields re-created the message inherent in the 1:1 initiative and appropriated it perhaps differently to what may have been intended. Because of the huge costs involved, developing countries can ill afford to experiment or enter into large scale initiatives such as 1:1 with its numerous stakeholders and their diverse interpretations, without adequate planning. This is where GeSCI’s role comes to the fore: to provide neutral unbiased and informed advice and to build capacity for comprehensive, coordinated, holistic and participatory planning. It is GeSCI’s view that to take full advantage of technology options such as a 1:1 approach and to direct their maximum use for the benefit of all students, there needs to be a clear framework which sets the scene and provides the enabling environment for the technologies to be integrated, deployed and used to their fullest potential. A system wide approach which is driven by a national vision and defined by educational objectives related to curriculum integration, deployment of hardware and software, training of users at all levels and standards to achieve systemic change and impact, can provide such a framework. 
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� Any small device that provides computing and information storage and retrieval and that can be easily carried and used … often such devices are referred to as personal digital assistants (PDAs) – Becta Information sheet, July 2001


� A list of different devices available produced by vendors worldwide can be found at: � HYPERLINK "http://infodev.org/en/Publication.107.html" ��http://infodev.org/en/Publication.107.html�








� Using OLPC as example


� See various experiments that have been carried out on mobile learning using cell phone technology at: � HYPERLINK "https://buffy.eecs.berkeley.edu/PHP/resabs/resabs.php?f_year=2006&f_submit=chapgrp&f_chapter=16" ��https://buffy.eecs.berkeley.edu/PHP/resabs/resabs.php?f_year=2006&f_submit=chapgrp&f_chapter=16�
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