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Abstract: The delivery of digital content and services to end users in an accesstechnology agnostic manner has the potential to promote equitable access. Components
of relevant Information and Communication Technology (ICT) functionality comprise
of computing, connectivity, content and capacity. These functionalities are extended to
include the delivery mechanism. The delivery mechanism is responsible for the actual
delivery of digital content and services to communities or individual end users. The
purpose of this study is describing a content delivery mechanism that provides accesstechnology agnostic delivery of digital content and services to resource-constrained
communities. The proposed delivery mechanism adopts the conceptual service delivery
architecture of the telecommunications service delivery platforms. It reuses the
concepts of network abstraction and access agnostic delivery pattern to ensure equitable
access to digital content and services. Such a delivery mechanism would be able to
capitalize on available technological capabilities of resource-constrained communities.
This paper overviews the proposed access-technology agnostic delivery model and
details a prototype implementation.
Keywords: Digital content and services, Delivery mechanism, Access-technology
agnostic.

1. Introduction
A main thrust of ICT4D has been the delivery of digital content and services to resource
constrained communities (Pitula, Dysart-Gale & Radhakrishnan, 2010). Despite efforts there
is little evidence of delivery mechanisms that facilitate relevant content and service delivered
to end-users through any access-technologies and devices available to the end-users.
Consequently a delivery framework to enable inclusive and equitable access to digital content
and services remains a challenge.
Preceding efforts to address this challenge are the proposals on community
information systems outlined by Bieber, Mcfall, Rice, and Gurstein (2007). Their
deliberations, however, do not address the issue of access-technology agnostic delivery of
information. Furthermore, many of the proposed content distribution models involved a
single access-technology or a specific areas, points or nodes of access within a community
(Jacobs & Herselman, 2006; Akinsola, Herselman & Jacobs, 2005; Lavhengwa, 2007;
Mvelase et al, 2009). Further to this has been the use of specific content delivery formats
(Agarwal et al, 2009; Patel et al, 2006).
Subsequently, digital content and services are distributed only through a specific physical
network, and available only from isolated nodes of access that cater for a specific format.
This shift in focus, Botha (Botha, Makitla, Ford, et al., 2010) terms a digital difference.
Where a digital divide focuses on the provision of technology to access services and content,
a digital difference shifts the focus towards provision of content and services through
technology that is available. In order to address this paradigm shift in community information
provision, this paper describes an access-technology agnostic delivery approach. The
following section outlines the Methodology used followed by a deliberation of the

components of such a delivery approach to enable ICT functionality to resource-constrained
communities.
2. Methodology
According to Olivier (2004:12), research studies with technical goals, such as this study,
apply creative research methods intended to device new mechanisms to be used in
computing. The quality of such creative methods is measured in terms of attributes of the
creation such as its utility (Olivier, 2004:12). Design-science research approach (March &
Smith, 1995:253) lends itself naturally for this nature of study.
A model is one of the artifacts that are developed through design-science research
(March & Smith, 1995). In order to develop the proposed model, this study followed the
seven guidelines of doing design-science research outlined by Hevner et al (2004). This study
further conformed to the five-step interactive process of design and creation research
methodology (Oates, 2006). Furthermore, because this study makes certain claims that the
proposed Access-technology Agnostic conceptual model developed bears characteristics that
make it better suited to address the problem, the model is tested and evaluated, specifically to
ascertain that it does indeed have beneficial characteristics enabling it to address the problem
of the delivery of digital content and services to resource constrained communities
sufficiently.
Evaluation of the Access-technology Agnostic conceptual model in this case, is one of
the guidelines in the seven-guideline list of doing design-science research (Hevner et al,
2004:85). Evaluation is a research activity within the design-science research aimed at
developing criteria by which artifacts may be assessed (March & Smith, 1995:258).
Furthermore, because purposeful artifacts are built to address hitherto unsolved problems,
these artifacts are to be evaluated with respect to the utility they provide in addressing those
problems (Hevner et al, 2004: 78). Evaluation metrics define exactly what the research is
trying to accomplish (March & Smith, 1995). In the case of this study, being able to deliver
same digital content (service) to end-user devices that are connected to different accessnetworks and that support different content formats (access-technology) is a key evaluation
criterion.
The approach adopted for evaluation in this study is an initial proof of concept. The
concluding expectation for this study is to demonstrate that the proposed Access-technology
Agnostic conceptual model is practical and can be implemented. The ―Black Box Testing
Technique‖ (Krichen & Tripakis, 2004) was adopted; this technique hides the complexities of
the system components and only focuses on the system functionality as viewed from the enduser perspective in accordance to the expectation.
The Access-technology Agnostic conceptual model is outlined as a possible
configuration of a Digital Content Delivery Mechanism to achieve access-technology
agnostic delivery of digital content.
3. Delivering ICT functionality
ICT4D concerns itself with promoting the use of ICTs to enhance developmental initiatives
which can be discernible as the realization towards the Millennium Development Goals
(Sambasivan et al, 2009: 156; Dias & Brewer, 2009:75). Heeks (2008:26) argues that the
prioritisation of ICT application in developmental initiatives relate to the economic, social
and political life in the 21st century. He anticipates that future participation in such structures
will be increasingly digital, and will potentially exclude communities and individuals without

access to ICTs. Therefore Heeks (2008) and Unwin (2009) propagate addressing the uneven
diffusion of access and participation in the information society as a critical developmental
mission.
To this end, ICT4D is driven by three main thrusts (Pitula, Dysart-Gale &
Radhakrishnan, 2010):
the development of the necessary technical infrastructure in a sustainable manner,
the delivery of digital content (information), as well as
building the human capacity to effectively use, maintain and manage the available
ICTs.
ICT4D can achieve this through innovation in four key areas colloquially referred to as
the 4C Framework (Tongia & Subrahmanian, 2006): connectivity, computing, content, and
capacity. The next section describes how the 4C Framework has been adopted to define an
access-technology agnostic approach to delivering digital content and services to
communities.
3.1 Components of delivering ICT functionality
The 4C Framework is adopted as appropriate primary components for delivering ICT
functionality to resource-constrained communities. Figure 1 depicts these components. Each
of the components in Figure 1 is briefly outlined below:
3.1.1 Connectivity:
Firstly, the community has a whole has supporting physical infrastructure such as road
networks, electricity, community local networks and telecommunication infrastructure. The
connectivity element is addressed through development of the required communications
infrastructure to facilitate human interaction and cooperation.
3.1.2 Personal ICT devices:
Secondly, individuals within the community each owns and has access to some technological
or computing devices which they use to access the digital content and services that are
accessible through the available community infrastructure. This is addressed by the both the
first and second thrusts of ICT4D initiatives, namely, developing the required infrastructure
as well as building human technical capability (ability to use technological gadgets
effectively in this case).
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Figure 1: Components of ICT functionality adapted from Tongia & Subrahmanian (2006)

3.1.3 Digital content (information) and services (information systems)
Digital content (information) and services (information systems) are delivered through the
available infrastructure. This is addressed by the third thrust of ICT4D initiatives, namely,
providing access to digital content and services.
3.1.4 Human Capacity:
Individuals within the community have some working knowledge to be able to operate their
personal ICT devices to access relevant content and services through the available
community infrastructure. This also means the technical know-how needed to maintain and
manage community owned ICT infrastructure, the ability to understand the available
information as well as how to use the information systems to retrieve it.
Incorporating Delivery Mechanism as the fifth component facilitates the need to
represent the crucial delivery of digital content/services to end-user communities. Figure 2
below illustrates the relationship between the four components from Tongia and
Subrahmanian’s (2006) 4C Framework and the additional component, the Delivery
Mechanism.
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Figure 2: Components of access-technology agnostic delivery model

The information needs of the community (Dutta, 2009; Dhingra & Misra, 2004)
inform the nature of digital content to be delivered to the end-user through some delivery
mechanism. The digital content is made available to end-user communities through whatever
access they may have to the delivery mechanism.
Community ICT resources comprise of human skills (technical know-how) and the
supporting physical and information infrastructures. The communications or information
infrastructure further comprises of community-owned or public infrastructure and the private
or personal communications and entertainment gadgetry. This gadgetry can be described as a
collection of electronic devices owned by private individuals or end-users. Together the
community infrastructure, the personal computing infrastructure and technical know-how
constitute the community’s technological capabilities. These community technological
capabilities afford community members access to digital content and services that are
available through the delivery mechanism.
The technical know-how additionally enables users to make effective use of their
devices and access networks. This effective use of available technologies further enables
users to acquire value from access to the information infrastructure.
The delivery of digital content and services to end-users in the community is
ultimately enabled by the Digital Content Delivery Mechanism which interacts with all
components associated with the effective delivery of ICT functionality.
We argue that for equitable access to digital content and services, the delivery
mechanism has to ensure access-technology agnostic delivery. The delivery mechanism has
to ensure the needed participation mechanisms for delivery of content and interaction with
services to all users regardless of the access infrastructure they connect through or the
computing devices they use. This will require separation of the service logic, the content
presentation format and the underlying access network. The separation of concerns among
components of the proposed model proves to be a very promising approach to achieving
universal information delivery – to deliver content (information) through any access
technology (connectivity) and to any potential end-user device.

4. Access-technology agnostic delivery model
To ensure access-technology agnostic delivery of digital content and services to resourceconstrained communities, the delivery mechanism is presented and discussed in the following
section.
4.1 Conceptual model
Figure 3 represents the Access-technology Agnostic conceptual model developed, and is
briefly outlined.
4.1.1 Physical world
The Personal ICT Devices used to access the ICT4D services, underlying Sensors and Access
Networks through which the user is accessing services are all tangible objects in the physical
world; they form part of the physical layer of the access-technology agnostic conceptual
model.
4.1.2 Enablement layer
The Enablement layer defines the platform’s explicit support for an access technology
(communication protocol, device and content format). Specifically it adapts the delivery
mechanism to the physical world, and represents the physical world to the internal
components of the delivery mechanism.
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Figure 3: Access-technology Agnostic Conceptual Model

Device Capability Negotiation function is part of the Enablement layer, this function
is envisaged to collect information about the capabilities and features of the end-user device
(e.g. display size, CPU processing speed and direct download limit) and uses this information
in rendering multimedia content to the connected end-user device.
Content conversion function is also part of the Enablement layer, this function is
responsible for content-device capabilities matching. Since a service may produce outputs
that need to be presented at the end-user device, this function adapts the content to the format
understandable to the device.

The Network Abstraction function is adopted from the service delivery platform
(SDP) conceptual model (Christian & Hanrahan, 2007) and abstracts the complexities of the
underlying access-technology from the platform.
4.1.3 Access-agnostic layer
The access-agnostic layer has no knowledge of the network resources, it receives requests
from the Enablement layer (already in a form understandable within its environment) and it
has the logic or algorithm to ensure that these requests do reach their intended services. As
far as the access-agnostic layer is concerned, it knows only that it has to forward these
requests to the interfacing layer which ―subscribed‖ to be notified of such requests. It is not
aware of the application-specifics; it is only the Interfacing function that needs to worry about
application-specifics.
4.1.4 Integration/Interfacing layer
The Integration/Interfacing layer is fully aware of what services lie outside of the platform.
When a request is received from within the platform for one of the ICT4D services, it is the
responsibility of the interfacing layer to invoke the appropriate service logic on the requested
ICT4D service itself. The Interfacing layer therefore must have all the knowledge it needs in
order to correctly invoke these services. The Interface layer represents the ICT4D services to
other components in the lower layers of the platform.
4.1.5 Services publishing layer
The Publishing layer is shown as a layer for ease of description but is logically part of the
Interfacing function. ICT4D services inform the platform of their presence by
publishing/advertising themselves. Through these advertisements, they provide sufficient
information necessary to invoke the advertised service logic. The Interfacing layer, which is
responsible for the invocation of these external services, subscribes to be notified as and
when services become available.
4.1.6 ICT4D services
ICT4D services are the actual digital content and services that are to be delivered through the
available community access infrastructure. They are domain specific and are developed by or
on behalf of ICT4D practitioners to address specific community needs. Examples of these
services include eHealth, mHealth, mLearning, and weather services.
The proposed configuration presented in Figure 3 draws its inspiration from the
Service Delivery Platform model and related concepts in telecommunications (Jain, 2007;
Maes, 2007; Christian & Hanrahan, 2007; The Moriana Group, 2010). This study refers to
this configuration as access-technology agnostic because it allows delivering information to
the end-user independent of his or her technology of access. This configuration was adopted
because it promises inclusivity, extended reach and equitable access to information.
4.2 Advantages of this approach for mobile phone users
With the proliferation of mobile devices as the most prevalent personally owned ICT the
following four advantages associated with the Access-technology Agnostic conceptual model
can be outlined:

4.2.1 Access-technology independence
Because the access network is separated from the core service logic, a user-device can be
connected to any access-network and still be able to access the service. The significance of
"access-network" is that only a specific set of devices can support certain access networks
(technologies). For instance, low-end mobile phones (e.g. Samsung GT-E1080i) may not be
able to connect to the 3G networks, and as such any service available through the 3G
networks is inaccessible to these devices, and by extension, to their owners or users.
4.2.2 Future-proof and scalable
Underlying access network complexities are hidden from the service logic and execution
environment, this makes it possible for new access technologies to be added to the
enablement layer, it is also possible to support new and advanced devices as user’s upgrade
their handsets.
4.2.3 Content format independence
The decoupling of service logic, service access and content presentation make it possible to
present the same content (e.g. information about farming) in multiple formats (Webpage,
mobile phone text message, or audio) depending on the requesting user-device capabilities.
4.2.4 Delivery of ICT4D services to all
By plugging ICT4D services into the access-agnostic delivery mechanism, these services can
be accessible through any access-technology and can be presented in any formats supported
by the end-user devices. This is the enabling power of the proposed access-agnostic delivery
mechanism.
This study argues that when configured as described in above, the delivery
mechanism is able to deliver content (ICT4D services) to any device with the help of the
device-capability negotiation and content conversion functions. The device can be connected
to any underlying access-network, because the network abstraction function hides these
details from the service logic execution environment. Content can also be presented in any
format (text or audio) supported by the end-user device because the content conversion
function is aware of both the content type and device capabilities.
The next section discusses the initial proof of concept implementation used to validate
the Access-technology Agnostic conceptual model.
5. Reference implementation
Instantiations of design-science artifacts serve to demonstrate feasibility and to show that
artefacts of design science can be implemented in reality (Hevner et al, 2004:79). Therefore
the final expectation for this study was to demonstrate that the proposed Access-technology
Agnostic conceptual model is practical and can be implemented.
The initial implementation of the Access-technology Agnostic conceptual model
demonstrated how a pre-existing service (online weather service), traditionally accessible
through a website (www.rssweather.com) could be made accessible through multiple
channels and in multiple formats (text/voice). The proof of concept was demonstrated using
the Mobi4D communications service delivery platform (Botha et al, 2010). It was necessary
to develop additional access network abstractions components to enable access-technology
agnostic delivery of the weather service. The Figure below shows components that were

developed to demonstrate access-technology agnostic properties of the proposed Accesstechnology Agnostic conceptual model.
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Figure 4: A reference implementation of access-technology agnostic delivery

The weather-service component receives weather requests from any underlying access
network represented by the network abstraction components (HTTP RA, SSMI RA,
MXitGateway RA and SIP RA). After retrieving the weather information from the service
provider, the weather-service component sends the response back to the requesting network
abstraction components. Formatting and presentation of the weather information is the
responsibility of the network abstraction components since each has knowledge about the
capabilities of the access-technologies they abstract. The reference implementation
successfully made the weather information available through multiple access-technologies
and formats. This demonstrated the utility and technical viability of the proposed Accesstechnology Agnostic conceptual model.
6. Conclusion
Ensuring equitable access to information is important both in terms of the importance of
knowledge for development, and addressing global inequalities of opportunities. ICT4D has
the potential to assist in this regard through its three main areas of concern, namely
development of required ICT infrastructure, development of human capacity, and through the
delivery of digital content and services.
Owing to the lack of delivery mechanisms in place to realize the equitable access to
information, this paper presented an Access-technology Agnostic conceptual model, it also
presented an initial proof of concept implementation of this model. The initial proof of
concept implementation successfully demonstrated that relevant services and content could
be made accessible through a diversity of technology commonly associated with resources
constrained communities.
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