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ABSTRACT

Telecommunication is one of the keys to sustainable economic development in South Africa
Mobile operators are aready reaching people in rura areas without roads, rall or a dable
power supply. Tedecommunication is dso a fat moving high-technology fidd where
technology transfer occurs regularly. Technology transfer is however a complex subject
where governmenta regulations, socid and culturd aspects, needs, expectations, aspirations,
finendd abiliies and technological capabilities play ther pat. Transfer modds that neglect
these agpects, often cause ineffective utilisation of technology. Technology transfer between
two paties a different hierarchica levels of technology, often occur with limited advantages
to the lesser-developed party. A transfer mode is needed to improve the transfer process. This
research attempts to provide such amode and guiddines.

OPSOMMING

Tdekommunikasie is een van die beangrike insette tot voortgesette ekonomiese groe in Suid
Afrika Mobide tdekommunikeseverskaffers voorsen reeds diense aan mense in afgeeé
gebiede sonder paaie, spoornetwerke of sabide dektristeitstoevoer. Teekommunikasie is ‘n
tegnologies gevorderde veld waar ontwikkeing vinnig plaasvind en tegnologie-oordrag
agemeen voorkom. Die oordrag van tegnologie is egter ‘n komplekse onderwerp wat aspekte
s00s regulatoriese maatstavwe, sodde- en  kulturde aspekte, behoeftes, verwagtinge,
apirades, finandde aspekte en tegnologiese vaardighede induit. Oordragsmodele wat nie
hierdie aspekte in ag neem nie le tot sub-optimae aanwending van die tegnologie.
Tegnologie-oordrag  tussen partye op verskillende viakke van tegnologiese vermoé vind
dikwels plaas, met beperkte voorded aan die minder-ontwikkelde party. ‘n Oordragsmode is
nodig om die oordragsproses te verbeter. Hierdie navorang het dit ten dod om so ‘'n modd te
verskaf.
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1. RESEARCH BACKGROUND

Policy makers and planners must condder technology as an important variable in nationd
development that needs to be modified to saisfy the changing needs of society [1].
Technology transfer can benefit the receiving country in various ways, for example:

create employment opportunities

improve qudity of life

prevent economic stagnation

enhance credtivity

enable the lesser-devel oped country to become economically more independent.

Only an gppropriate technology, when effectivdly transferred and managed, will have these
advantages. Appropriate technology refers to a technology that will make effective use of the
lesser-developed country’s limited resources and capabilities while being sendtive towards
their naturd environment and helping them to further develop resources a a minimum socid
cost [1].

Tedecommunication is one of the keys to sustainable development in Africa and South Africa
The sector offers opportunities for indigenous innovation and can asss naiond development.
Access to a tdecommunication medium not only serves critical sectors like education, safety
and hedth, but aso sarves as a simulant for creating new smal busnesses and sudstainable
improved productivity. Telecommunication technologies can creste a more productive
business environment, as efficiency of business is greater when access to telecommunication
sarvices is more reliddle [2]. It makes information technology and remote education possible
and might improve rurd communities hedth through cresting a beiter infragtructure for
community service doctors and extend their presence. Telecommunications reduce transport
costs in lesser-developed countries (radiophones made cost savings of over 60% possble for
two rura factories Stuated in Bangladesh [3]).

Technology trandfer is however a complex subject where governmentd regulations, socid
and cultura aspects, financid abilities and technologicad capabilities play ther part.
Technology transfer models that neglect these aspects, often cause ineffective utilisation of
the technology. The increased complexity of technology is such tha no individud firm or
country can hope to satidfy dl its needs. Jgpan and Adas experience [4] showed that
indugtrid development in the laiter haf of the twentieth century and beyond has as one of its
key requirements the upgrading of technology in production and infrastructure.

2. RESEARCH PROBLEM

The objective of the research is to derive a mode for telecommunication technology transfer
into rurd aess and provide guideines for the improvement of the transfer process. The
essence of the problem s how technology should be transferred from one country to another
when the trandfer tekes place a different levels of technologicd utilisation and know-how.
South Africa is in a unique Stuation where both developed and underdeveloped (rurd) sectors
exist. Technology transfer currently occurs fairly successful between the developed sector and
multinationa corporetions, after which technology is diffused from the developed sector into
the under-developed sector if the necessary precautions are being taken.
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One of the problems is however tha technology cannot be transferred successfully from
multinationdl corporations to rurd areas without the necessary support. If this is attempted,
rurd areas have to make use of foreign expertise to implement and maintain the technology
because of the aisence of skilled locd manpower. Tdecommunication technology transfer
between two paties a different hierarchicd levels of technologica know-how/utilisation
often occurs with limited or no advantages to the lesser-developed country. A transfer model
is needed to improve the Stuation and make technology transfer a process from which both
parties can benefit smultaneoudy. To develop such a mode, the research problem holds the
following aspects that need investigetion:

1. A sudy of avalable transfer modds, idess and suggestions for technology transfer
between countries a different hierarchica levels of technologicd know-how, and
evauation of ther applicability.

2. Evduation of the current ability to trandfer/diffuse technology from the developed to
the under-developed sector and identification of existing technology transfer problems
in the South African tdecommunication industry (fixed-line & maobile).

3. ldentification of drengths and wesknesses in the technology (knowledge, people and
systems) of both the developed and the under-developed sectors to find aspects that
might firs have to be uplifted before interaction can be successful. (Socio-economic,
culturd, educationd, technicad and environmenta conditions are different within
different areas).

4. The devdopment of a tdecommunicatiion technology transfer/diffuson modd for the
South African gdtuation with mutud advantages to the under-developed as well as the
developed sectors.

3. A PROPOSED TRANSFER MODEL

According to Madu [1], some criticd factors needed for successful technology transfer
include:

a gtable government and political system
effective and productive management processes
ahigh leve of education and training

R&D (inter-firm agreements).

The avalability of naturd resources is not a necessty for the development of a country but
might enhance the development process if managed correctly. Mafunctions in the technology
transfer process into lesser-developed countries can be mapped in three different dimensions,
namdy:

a dructurd dimenson (different locd governments, ethnic groups, government
agencies and the private sector)

a technologicad dimenson (design of equipment, machinery and ingruments data,
information and managemert systems)

abehaviourd dimension (religion, economy, charity and socia aspects)
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These dimengons can aso be used to characterise a particular country or region. With the
generation of a technology transfer modd, the questions that need to be answered incdude
which technology to transfer, how many nationa resources to devote to each technology type,
from where to trandfer the particular technology, what is the future of the technology once it is
successfully transferred, what are the transferor’s and receiver’s strengths and wesknesses and
how can these be effectively used to trandfer technology to the receiver. Five different but
complementary technology transfer gpproaches are:

a Prescriptive Framework for Technology Transfer

drategic planning in Technology Transfer

drategic Planning Diaectical Approach

a systems gpproach to the Transfer of Mutualy Dependant Technologies
the Technology Acquistion Hierarchy (TAH).

The proposed technology transfer model is shown in Figure 1. A short discusson d each step
within the modd follows.

i Start here
2. Define 15. Wasthere a
stendardsto | [ " dentify stakeholders (interest changein the
choose & evaluate ; ; e
groups), define needs, determine objectives or
technology governmental regulations, define
v capabilities and form amission
3. Search and
generate alist of the
different potential —|—> 4. Conduct technol ogy

Continue with

types of technologies

assessment to determine
the future of technology
and future technologies

5. Identify the sources for technology transfer ’4—‘

| 13. Evaluation of transferred technology |

. 7. Evduate & -
Ny Apply r_nanageme_nt 12. Conduct technological/need
and/or statistical techniques . develop ts and forecasts
to narrow down the domestic S5 3 ecast
possible aternatives capabilities

| 11. Ingtall and implement technology }4—‘

| 8. Choose a technology and atechnology source}qJ 10. Develop appropriate

educational and training system
9. Transfer technology from the most desirable source AHP = Analytic Hierarchical Process

Figure 1. A Modd for Telecommunication Technology Transfer/Diffusion Into Rural
Areas of South Africa.

3.1 ldentify stakeholders (interest groups), define needs, determine governmental
regulations, define capabilities and form a misson: The stakeholders are the people
directly involved in the technology implementation, people involved in adgptation and
modification of the technology, corporate personnel of the receiving telecommunication firm,
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corporate personnd from the technology supporting and supplying firms, the end users and
the Governmenta regulator. They form a team that evauates and recommends an gppropriate
technology to transfer. Stakeholders views, culturd and social vaues, backgrounds and
needs differ. If these differences are activey integrated into the decison-making process,
technology implementation will be enhanced. Only the local stakeholders can truly assess the
expectations and aspirations of the people. The dakeholders conduct the development
problem definition (a cdear outlay of dl the factordproblems that limit overdl
growth/development of the involved country). A Need-Capability Assessment Matrix (a3 x 3
matrix that pogtions the less developed country in terms of its needs and capabilities for a
gpecific technology) is used to identify strengths and wesaknesses and match them to different
technologies.

3.2 Define standards to choose & evaluate technology: Criteria on which a specific
technology can be sdected are derived from the needs and capabilities determined earlier and
can beincluded in amodified relevance tree diagram.

3.3 Search and generate a list of the different potential types of technologies:
Stakeholders search for technologies that will best satify the less developed country or
region’s needs given its cgpabilities.

3.4 Conduct a technology assessment to determine the maturity of current and emerging
technologies. Technology assessment to determine the future of technology requires
experience.

3.5 Identify the sources for technology transfer: The receiver should agan condder dl
dternative technology sources and be careful not to build up a business rdationship with one
technology provider and neglect other dternative technology sources.

3.6 Apply management and/or datistical techniques to narrow down the possble
alternatives. Once the ligs of dternative technologies and technology sources are generated,
the posshilities are often too many to evauae them one by one. Systematic gpproaches can
be applied and statistica techniques used to narrow down the ligt.

3.7 Evaluate & develop domestic capabilities needed for technology utilization: Support
(energy provison, information management, maintenance, expanson, adoption, supplier
needed inputs) is needed for the trandferred technology. It plays an important role in
determining to what extend technology can be utilized. Technology space maps, dso known
as Space-Lifecyde-Hierarchy Maps, are useful to determine supportive capabilities and
weaknesses.

3.8 Choose a technology and a technology source: The different technologies should be
evaluated and decisons made based on how well it will be able to satisfy issues such as ease
of adoption and ability of the less developed country to modify and develop its own
technologies. Technologies are evduated according to its ability to saidfy needs, maximise
socd wdfae, minimisng  environmental  impact, dlocate limited resources wisdy and
minimisng the lesser-developed country’s dependency on multinationd corporations. It is
futhermore necessay to edablish the input-output relationships between  different
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technologies since resources cannot be dlocated in terms of priority when interdependency
exigs. This can be done through the use of an input-output-matrix.

Skills must be devdoped within the lesser-developed country to adapt technology to loca
conditions and hardware and software must be modified. If this aspect is not essly
achievable, an dternative technology should be considered. In order for a technology to be
trandferred  effectively, the provider and recelver must acknowledge and understand
differences in technology (know-how, experience, physica equipment avalable and use) and
plan accordingly.

Stakeholders should identify opposing viewpoints between the objectives of the supplier and
the recaiver to negotiate conflicting aspects until reasonable competibility is reached, and
develop a joint plan for each technology component (knowledge, people and tools) to transfer
the appropriate technology. If such a dtuation of reasonable compatibility cannot be reached
an dternative supplier should be conddered. The joint plan should include training and
educationadl programs for loca aff, transfer of the easy accesshble accurate information in an
undergandable language and format, and a modification and indalation plan for the needed
equipment. It isimportant that new and old technologies must be able to interface.

3.9 Transfer technology from the nost desirable source: Once the regions are identified
and prioritised, the technology can be transferred from the most desirable source.

3.10 Develop appropriate educational and training systems. With effective training and
educational systems talored to meet requirements of the indudsry (technology acquigtion,
adaptation and development), the lesser-developed country is better equipped to modify
technology for own unique needs. Without effective education they will continue to be largdy
dependant on the trandferor to supply the right labour force, conduct technologica
innovations and engage in research and development. On-the-job training, in-house training,
seminars and tuition reimbursements plans should dso be carried out to keep the workers
abreast of technologica changes.

311 Ingall and implement technology: Considerable time and resources should be
dlocated towards solving the problem of uninformed users. The usars level of knowledge on
exising technologies should be determined after which users should be introduced and trained
to use new products and sarvices to ther advantage while continuoudy providing technical
support and information inquiry sysems. Implementation furthermore involves obtaining the
latest information avalable on the technology's hardware and software, training loca deff,
modifying technology to inteface with locd conditiongexising technologies and an
arangement with the technology supplier to obtan software updates as wdl as
troubleshooting support.

3.12 Conduct technological/need assessments and forecasts: An important eement in the
technology transfer process is the cgpability to perform systematic technological forecasting.
Maintaining a logbook for the purpose of technology forecasting is often an effective way of
doing data collection. Severd authors have presented ussful techniques, such as technologica
progress functions (S-curves), trend extrgpolation, military trend lagging, the Dephi method
and scenario development, see Whedwright and Makridakis [5].
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3.13 - 315 Evaluation of transferred technology and reevaluation of objectives and
needs. Stakeholders continuoudy determine whether the trandferred technology is il
meeting standards to achieve wanted outcomes. If not, the technology might have become
unsuited for meeting unchanged development needs and it should be modified, or new
technology developeditransferred. The cause of the problem might dso lie in changed
objectives as needs are connected to the dynamic human factor. In such a case, the needs
should be re-evduated and the transferred technology evaduated on ability to be modified to
suit new needs. If this is impossible, a new technology should ether be developed or trandfer.
Whenever a technology is modified, an impact andyss should be performed on aspects
invalving end-users to inform them accordingly before implementation.

4, RESEARCH DESIGN

The research was divided into two separate but interdependent phases. First, a survey was
conducted with corporate personnel of the tdecommunication firms of South Africa (Telkom,
Vodacom and MTN). This pat of the ressarch was done through questionnaires and
interviews. A formad research design gpproach was not followed for the firsd pat of the
research because the research targets were dready defined with one representative from each.

The second part of the research was conducted in a South African rurd area. This was done to
determine the current tdecommunication technology utilization dtuation in underdeve oped
areas, and served as an evduation of needs and a gathering on information about rurd
ctizens expectations and aspiraions. As information in South Africa is avalable a
magiderid didrict leve, this was dso used to divide South Africa into researchable regiors.
Regions were then prioritised on the bases of a survey done in Cogta Rica [3] (income, leve
of education and population density). The criteria have been applied to the underdeveloped
aress (regions with no/limited cellphone coverage).

On the basis of the criterion described above, Sekhukhuneland and Mokerong was indicated
as regions that might benefit most from the research. Sekhukhundand was sdected as the
digrict for evauation because of a smdler geographicd sze making research easer and less
expendve. Sekhukhundand is located in the Northern province of South Africa with an
average household expenditure of R1 400 and a population of 414 790 people consisting of
99.09% Black, 0.04% Coloured, 0.002% Indian/Asian and 0.13% White people.

Smple random sampling, the basc sampling design, often provides good edtimates of
population quantities a low cost. Very little information is avaladle on the different groups
(eg. urban and rurd) that exist within the digrict. When dratified sampling wants to be used,
it is dmost impossble to assure that a non-overlgpping group is defined because of the
freedom to move aound. Pefect smple random sampling is dmost impossble (and
finenddly nonviable) to conduct within a population sze of 414 790. Thus, an gpproximate
smple random sampling technique was used (a convenience sample that is taken with the am
to cover the whole spectrum of people when considering their level of education).

For this survey, the level of education was seen as the most important determinant to benefit

from telephony (income corrdlated to level of education). Education was thus used as the
main criterion for evduation. The population’s levd of education lies within the range from 0
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to 24 years. The error was taken to be 6 months or %2 a year (2.083%) that yielded a sample
Sze of 256.

The number of questionnaires was divided into groups of educationd level to cover the whole
goectrum as indicated by the Statisticadl Depatment of South Africa Questionnaires were
designed to test certain aspects of rurd South Africa on the bass of the tdecommunication
technology transfer model described above. Qualified personne conducted 258 interviews
over aperiod of 10 days during July 2001.

S. FINDINGS

In Sekhukhuneland only 43% of the population is employed with an average household
income found to be R 1 492.61 per month in households with 6 people on average (thus
average per-capita-monthly-income is R260.55). A dgnificant proportion (38.76%) of the
population have never been through any officid education. 28.86% of the population have
acquired primary school education, 16.67% secondary school education up to Grl0, 11.63%
secondary school education between Gr10 and Grl2, while only 3.49% of the population have
attended any post-school studies.

The current suggested plan for South Africa involves two separate peaths that should be
followed in pardld asindicated in Figure 2 (dotted line block).

Evaluate the situation and
develop a new "Simultaneous  jg————————
technology transfer plan”

"Simultaneous situation improvement plan”

—Jp»| Focus on Right Areas When Doing Rural |
Network Expansion or Investments,

P Reduce Crime in South Africa Use the Model for
1 1 1 . .
—9»___Improve Quality of Rural Education Teecommunication
>
g

Government Should Ensuring Favourable || Technol
Devel opment Environment echnology

—®» Transfer/Diffusion
into Rural Areas of

Improve Awareness Status of Rural Citizens|™|

Use the Model for South Africa for
Telecommunication technol ogy transfers
Technology Is the industry following

——— Transfer/Diffusion
into Rural Areas of
South Africafor
current transfers

Qurrent suggested plan for South Africa

Figure 2. Strategy for improving the current situation of the telecommunicationsin
South Africa

the technology transfer
model or were some

aspects neglected in the
past that caused a

unfavourable situation?

The dmultaneous-stuation-improvement-plan involves five parts. Fird, the industry should
focus on the right areas when doing rurd network expanson or invesments. Results showed
that one could, on the bass of the different economic and socid characterigtics of citizens
(villages average levd of education and monthly per cgpita income) prioritise them to
maximise the potentid benefit it might hold. Villages with a high potentid to benefit should
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be placed high on a priority list for new rurd network investments. A Chi-Square vaue of
0.0485 shows datigtic significance (Chi-Square<0.05) between the level of education and the
characteridic of an individua to didike the idea of owning a personal telephone or cellphone.
A Chi-Square probability vaue of 0.0060 and 0.0001 was found when examining the
relationship between level of education and owning a telephone or a cdlphone respectively.
This means tha the probability of someone owning a persond telephone or a cellphone in a
specific region increase as his or her levd of education increase.

Chi-Square probabilities dso indicated datistical significance (0.0017) when comparing per
cgpita income to a need for telecommunication (fixed-line and mobile). A Chi-Square
probability vaue of 0.0001, shows owning a cdlphone depends highly on ones per cepita
monthly income but a vaue of 0.2513 indicates no daidicd sSgnificance between owning a
fixed-line telephone and income (per capita). The reason for this phenomenon is twofold:
Governmental  regulations forces Tekom to ingdl land lines without examindion of
affordability and many rurd citizens are not adequately informed on the cal coss and prefer
cdllphones.

Only 3.10% of the population knows the cost of both a fixed line telephone cdl and a
cdlphone cal. While only 9.69% of the population knows the cost of a fixed line telephone
cal, 44.19% complained. For cellphones, 853% of the population is informed and again a
bigger percentage (20.16%) complains about cellphone cal codts, giving cal cods as a reason
for not having a cdlphone. Many rurd citizens are under the impression that cellphone costs
are chegper than fixed line cadl costs, which is incorrect. The man reason is because of
Vodacom's Community Phone shops (Vodacom’'s public telephones) where cdls cost
70c/minute.

Second, the rurd citizens awareness needs to be improved. Of the population who was
formerly confronted with an emergency Stuation, 25% didn't know the police’'s number. Only
in 4.08% of the cases was no access to a working telephone given as an excuse not being able
to contact emergency services. The dtudtion in the mobile phone industry is even worse.
While the emergency 112-service can have many advantages to the rurd citizen, only 4.11%
of the MTN customers and 16.44% of the Vodacom customers were aware of the service and
its benefits.

Despite advantages Telkom offers in new products, many rurd citizens are poorly (or not at
dl) informed. Only 31% of the population are informed about Telkom's prepad telephone
savice and only 1% of the teephone owning population was making use of it. The
information diffuson into the rurd area for Phonecards was an exception and done extremely
successful  having 72.87% of the population beng familiar with the product and its
advantages. For other products (Homefree, BlockCall, Cal Answer and WorldCdl [6]) less
than 6.20% were informed.

Of the rura population owning cdlphones, 34.25% are completely uninformed about SMS
(Short Message Sarvice), 35.62% never used the service because of not knowing or
understanding how and only 28.77% of cdllphone owning citizens are benefiting.

In Sekhukhuneland, 49% of the population own bank accounts. Buying airtime for a prepaid
cellphone is now dso possble usng bankcards together with an ATM (Automatic Teller
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Machine). All cdlphone owners in the rurd aess dso own bank accounts from which
60.27% owns prepaid cellphones. Out of this group, only 2.27% has ever used their bankcard
to purchase airtime.

Many rurd citizens (52.94%) are furthermore ill informed about battery charging procedures
and dhorten ther bateries life by chaging incorrectly. This limits the utilization of
technology over time and shortens its lifespan. Knowledge on reparing a cdlphone is dso a
problem: 50.39% knows where to repar a celphone, 35.94% are uninformed and 13.67% are
under the impression that a broken cellphone can’t be repaired This means that 13.67% of the
population will dispose of a celphone when a technicd failure occurs and often terminate the
use of ther celphones because of financid abilities. This shortens the effective usable period
of acellphone.

Knowledge of the rurd citizen can and is currently hindering tdecommunication technology
utilization for the end-user as wel as the fixed-line and mobile service providers. Rurd
telecommunication will never be effectively operaed without active “hands-on” awareness
campaigns and the indudry is cutting it's own throat by not supplying adequate atention in
this maiter.

To inform people, the sdected language and medium plays a criticd role. Depending on the
aea, the information should be supplied in the gppropriate language. 75.58% of the people
living in rurd South Africa own a radio and this might be the most effective media for
informing people. Because many (34.88%) of the rurd citizens cannot read, media like
newspapers, podes, magazines and informaion flyers  effectiveness ae limited.
Affordability (income) aso limits the effectiveness of atdevison sat.

6. CONCLUSION

The tdecommunications indugry is covering many of the aspects highlighted in the
technology trandfer modd and technologies are currently trandferred to South Africa fairly
satisfactory. However, many arees dill exis where much can be done to make it more
effective and more rewarding to society as well as the indusry. The government aso has a
vitd role to play to ensure sustainable growth and to dlow teecommunications to play its part
in nationd development.
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