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Healthcare Technology Transfer in Sub-Saharan
Africa: Conceptual Framework Evaluation

Rian Marais, Sara S. Grobbelaar

Abstract—The research presented within this article sets out to
evaluate a conceptual framework, consisting of five phases, aimed
at facilitating health-related technology transfer to and within
sub-Saharan African countries. The framework is constructed
using a grounded theory process and is subsequently quantitively
evaluated via a questionnaire survey instrument with two five-point
Likert Scale measurement items namely perceived ease of use
and usefulness. The survey addresses practicality via a frequency
analysis with the framework receiving a perceived ease of use score
of 2.992 and a usefulness score of 4.032. The survey instrument
addresses the versatility of the conceptual framework’s intended
geographic application area through a variance analysis. For the
perceived ease of use measurement item, Western and Central
Africa received statistically significant p-values of 0.01178 and
0.02288, respectively, highlighting discrepancies in perceived ease
of use within the first two phases of the conceptual framework.
No statistically significant variances are uncovered with respect to
the usefulness measurement item. The final evaluation measure
addresses utility via a regression analysis with the relationship
between technology adoption and the five phases receiving p-values
ranging from 0.643, 0.694, 0.751, 0.715, and 0.927.

Index Terms—Conceptual framework analysis (CFA), sub-
Saharan Africa (SSA), survey instrument, technology transfer
(TT).

I. INTRODUCTION AND PROBLEM STATEMENT
A. Background and the Sub-Saharan African (SSA) Context

HE availability of healthcare services at a sufficient level
T is widely considered as a fundamental humanitarian right.
However, a significant discrepancy exists in the global avail-
ability, quality and general level of healthcare services between
countries [1]-[3]. These discrepancies are further evident when
reviewing various case studies documenting disease epidemics
across SSA, with these outbreaks often due to inadequate sup-
plies of fresh water, sanitation and basic immunization ser-
vices [4], [5]. Furthermore, successful utilization of healthcare
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products and services are often hampered as a result of insuffi-
cient infrastructure throughout SSA [5]-[7].

Further investigation of literature reiterates the existence of a
strong positive correlation between a country’s socioeconomic
development and the collective level of healthcare service provi-
sion when considering access to healthcare services, quality of
healthcare service provided and the number of active healthcare
professionals [8], [9]. This is often a result of superior healthcare
policies, available hard infrastructure and medical education
facilities which are typically present within developed countries
(2], [10].

A preliminary evaluation of several case studies uncovered
a variety of healthcare technologies being pioneered in devel-
oped environments [11]-[13]. As these technologies are largely
constructed within first world countries with inter alia suffi-
cient infrastructure and established and sustainable healthcare
systems, they cannot merely be transplanted and immediately
be successfully implemented in developing nations [14], [15].
Constraints such as widespread poverty, lacking education,
healthcare systems and sanitation largely prohibit developing
nations from adopting these technologies and thus, there exists
a need to adapt to the local environment [16]-[18].

B. Technology Transfer (TT) As a Concept and Study Objective

From the outset, in relation to the TT process we refer to
“transferor” as the entity whom is transferring the technology
and “transferee” is the recipient of the technology [19]-[21].
Technology is not embodied solely in physical artefacts used
to simplify processes but also entails knowledge, protocols and
various sub-systems [17], [22], [23]. Transfer of tacit concepts
has often been far more important to the transferee than the
acquisition of new hardware [17].

TT is a mechanism which circumvents critical issues when
attempting to implement foreign health technologies within a
local context. TT is a subset of the wider spectrum of technology
management as is characterized by the adoption and application
of an existing innovation, technology or relevant knowledge,
either implicitly and explicitly, within a foreign environment
[19].

In this article, we present a framework (based on a structured
literature review, see Section III) to provide decision makers
with a structured process to facilitate healthcare TT to and within
SSA. While the development, contents and flow of conceptual
framework is discussed (see Section IV), the primary aim of this
article is to evaluate this conceptual framework by implementing
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Fig. 1. Outline of the eight steps of CFA methodology followed during the

construction of the conceptual framework.

a survey instrument to quantitatively measure the practicality,
applicability, and utility of the framework (see Section V).

II. METHODOLOGY

The research methodology within this article consists of three
major sections, namely: Part 1 which is about developing a
structured literature review through which the core concepts
to be included in the framework was identified. In part 2, we
present the development of the conceptual framework while part
3 entails the presentation of results from a survey to evaluate the
conceptual framework. Parts 1 and 2 are briefly described as
background to the reader with part 3 the primary focus of this
research article.

The methodology chosen for the conceptual framework’s de-
velopment is conceptual framework analysis (CFA) (a grounded
theory methodology) as it enables researchers to elucidate the
attributes, characteristics, expectations, constraints, perceptions
and individual functions required within a conceptual framework
[24]. CFA is founded on grounded theory and thus aims to
produce a detailed comprehension and organization of data and
concepts [24], [25]. The CFA process as presented in this article
consist of eight-steps, namely: mapping selected data sources;
extensive reading and categorizing of the selected data; Identi-
fying and naming concepts; deconstructing and categorizing the
concepts; integrating concepts; Synthesis and resynthesis; eval-
uating and analyzing the conceptual framework; and rethinking
the conceptual framework and conclusion. These eight steps,
along with a high-level summary of their interpretations for this
research article are shown in Fig. 1 and shows how it was divided
in three parts. The following sections outline the methodology
for each part in more detail

A. Part I: Understanding the Problem Landscape—The
Systematised Literature Review

Part 1 includes phases 1 to 3 of the CFA as shown in Fig. 1.
We conducted a systematic literature review to explore the extant
literature on success factors of TT ventures. The idea behind this
is to identify factors that could be managed by a TT manager
or team of people manging TT. For a detailed account of this

IEEE TRANSACTIONS ON ENGINEERING MANAGEMENT

review please refer to a previous article by the authors where
this part of the article is presented in detail [26]. We outline the
search strategy and protocol as background to the synopsis if
our review as presented in part 1 our review.

The following search term was used [(“technology” or
“healthcare”) and “sub-Saharan Africa”) and (“stakeholders”
or “barriers” or “knowledge transfer” or “management con-
ceptual frameworks”) and (“infrastructure” or “information and
communication technology (ICT)” or “information and com-
munications technology”)]. The search produced 84 literature
sources collected from three academic databases namely Google
Scholar (47), Scopus (21) and Emerald (16). This included
peer reviewed journal articles, grey literature, working papers,
conference papers and a master’s level dissertation. Exclusion
criteria were based on language (English), availability and rel-
evance, geography (SSA), time period (published after 2000).
Studies were screened for evidence of basic methodology and
validation of research (empirical foundation). This ensured that
all literature items uncovered during the primary search phase
could be refined into a final database of 51 articles. Based on this
process, Section III in this article presents a literature synthe-
sis that was developed from the systematised literature review
[published earlier in [26]]. Section III thus presents a summary
review of available TT methods, infrastructure requirement for
successful TT, required TT stakeholders, existing TT models and
the general barriers encountered during a TT process in SSA.

B. Part 2: Framework Development

A conceptual theoretical framework is constructed by decon-
structing the components that have been identified during the
completion of the systematic literature review. These concepts
were then clustered into five separate groupings which are
subsequently synthesised into five phases, namely technology
development; technology analysis; transfer method application;
change management; andcommercialization. These five phases
serve as the foundation of the conceptual framework and, are in
turn evaluated by implementing a multi-level evaluation proce-
dure consisting of semistructured interviews, a survey and case
study applications. An overview of the framework is shown in
Section I'V with the expanded model of the framework shown in
Appendix A.

C. Part 3: Framework Evaluation: Methods for the Survey
Instrument and Analysis of the Survey Results

A conceptual framework evaluation was implemented to eval-
uate the conceptual framework’s utility and ease of use, and to
reinforce and improve the instrument’s outcomes.

The research methodology implemented during the comple-
tion of the survey contains seven succinct steps given in Table I.
For Step I, the survey instrument may either be adapted from
existing elements or be newly constructed [20], [22]. The lit-
erature further highlighted that a questionnaire, supported by
an extensive literature study, represents a well-tested survey
instrument [20], [22]-[26]. Thus, to improve the survey instru-
ment’s efficiency, validity and applicability an existing survey
instrument in the form of a questionnaire is selected [20], [22].
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TABLE I
STEPS FOR DEVELOPING THE SURVEY

Step Description

I State the problem need

11 Plan the project

i State the survey questions
v Construct survey

v Conduct pilot tests

VI Administer the survey

VII Data analysis

TABLE II
MAIN SURVEY CATEGORIES AND QUESTIONS

Descriptive statistics and industry experience of respondents

What is the ratio of organisations working for profit versus not for profit?
From which countries have the respondents gained their experience?

In which areas of TT do the respondents have experience?

In which fields of healthcare do the respondents have experience?

What was the relative success of the respondent’s technology transfer
ventures?

Healthcare TT principles

What components determine a successful TT team?
What is the importance of stakeholder co-creation?
What is the importance of legal considerations on a TT venture?

What is the importance of implementing standardisation of project
components
How do different training methods compare for TT ventures?

How do you achieve adoption and sustainability for a TT venture?

What is the perceived ease of use for the joint venture TT method?

Step II commenced with the construction of a research team
responsible for the survey’s construction, administration, data
collection and the interpretation of the results. Literature high-
lights that the applicability of the respondents’ experience sur-
rounding the primary research question should be evaluated [27],
[28]. Thus, predefined respondent exclusion criteria are imple-
mented to promote the validity and usefulness of the survey’s
outcomes [27], [28].

The survey’s aim is to evaluate the conceptual framework’s
ease of use and utility for healthcare-specific TT over the geo-
graphic region of SSA, therefore the questionnaire is divided into
two distinct categories, namely descriptive statistics and industry
experience of respondents; and healthcare TT principles. The
research questions and their respective categories are given in
Table II.

The first category of Table II included demographic ques-
tions to allow for consideration of the respondents’ experience
with regards to years of experience, operation in different SSA
countries, technology management and healthcare fields. This
section also aimed at evaluating the relative success or failure
of the TT ventures that survey respondents are in the process
of completing or have already concluded. The outline of the
evaluation questions and their applicable measurement scales
are shown in Appendix A (see Sections 1 and 2).

The second category of Table II contains action statements
that covered the framework components and asked respondents
to rank the perceived ease of use of these tools as well as
usefulness to the TT process on a five-point Likert scale (See
Appendix A, Section III).

In accordance with step V (see Table I) of the survey process,
the questionnaire was subject to a pilot test through three phases
using a predefined testing protocol. Each pilot test candidate was
invited to complete the survey instrument after which the indi-
vidual is electronically interviewed to acquire feedback on the
various characteristics of the survey instrument. The feedback of
the second and third pilot test mainly focused on improving the
survey’s clarity and removing ambiguity from several questions.
Several additions to the predefined answers options are also
implemented based on the outcomes of the second and third
pilot tests

Upon completion of the pilot testing phase, phase VI (see
Table 1) was completed by administering the survey. An invi-
tation link is sent to 563 potential respondents over the course
of a 60-day period, and 89 completed survey responses were
received. The survey was distributed to potential respondents
through the Center for health market innovations (CHMIs) and
global digital health network (GBHN) online contact forms.

Step VII of the survey development (see Table I) was the
analysis of the data of the survey. This was completed using
mean analysis, variance analysis and regression analysis. As the
survey instrument represents a formative statistical model, no
reliability analysis is performed. The findings from the survey
are discussed in Section V.

III. UNDERSTANDING THE PROBLEM LANDSCAPE (PART 1)

This section provides a review of the literature synthesis
that was developed from the systematised literature review as
outlined in Section II-A. This section presents a review of avail-
able TT methods, infrastructure requirement for successful TT,
required TT stakeholders, and the general barriers encountered
during a TT process in SSA.

A. TT Methods

In total five TT methods are identified: traditional TT; foreign
direct investments; trade agreements; joint ventures; and intel-
lectual property and licensing. While this is not an exhaustive
list of all methods available it does represent the most frequently
implemented methods of TT.

Traditional TT refers to a simplistic method where the tech-
nology is merely imported from the transferor and utilized by the
transferee [21]. Very basic adoption and integration procedures
often are included in traditional TT [29]. This is mostly discussed
in literature for country-to-country and firm-to-firm level TT and
may provide an effective method for basic transfer objects in
stable transfer environments that are resource-scarce [19].

However, as TT has evolved, this method has become largely
inefficient. When compared with more modern techniques, tra-
ditional transfer lacks the required protocols to promote collab-
oration between involved stakeholders [30]. Modern-day TT has
shifted away from linear processes into a more dynamic realm
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with active feedback and input from stakeholders [21], [30],
[31].

The second main TT method identified is a foreign direct
investment and consists of foreign transferors, typically foreign
governments or multinationals, investing human and economic
resources into the transfer environment to gain access to its
tangible and intangible resources [7]. Foreign direct investments
require close regulation by the transferee’s public regulatory
body and intricate stakeholder collaboration is often mandatory
[21]. A foreign direct investment enables economic growth for
domestic firms through both foreign capital investment and
access to a global pool of experience and information [32],
[33]. Foreign direct investments are also intertwined with the
concept of knowledge transfer as the transfer of personnel, and
subsequently their implicit experiences, is often required [17],
(33]

The third method of TT identified is trade agreements. These
refer to the creation of “open door” trade policies, reduction of
trade barriers and the trading of goods and services [32]. The
public sector possesses the regulatory authority to manipulate
policies to control the availability of international trade and
subsequently realize both TT and other economic and social
aims [34]. International trade agreements possess the potential
for technology diffusion, as trading of goods and services may
lead to knowledge transfer [32]. Products bought will be subject
to reverse engineering to gain experience, while knowledgeable
buyers deliver input on product design [35]. This results in a sym-
biotic relationship where both transferee and transferor benefit
[32]. Trade agreements are applicable for country-to-country,
firm-to-firm and firm-to-country TT and that they have routinely
been utilized in conjunction with other methods of TT, such as
foreign direct investments and, the fourth identified TT method,
and joint ventures [32].

A fourth method, joint ventures comprise of a transferor and
transferee entering a collaboration aiming to either co-create or
explicitly transfer a transfer objects [36]. These ventures may
be contained within an individual country’s geographic region,
however, the most generic form, known as an international joint
venture, unfolds over a global scale [37]. Joint ventures are thus
applicable to both country-to-country and firm-to-firm TT [36].

A joint venture typically originates from a transfer require-
ment shared between the transferor and transferee. Viewed from
an economic standpoint, the transferor’s requirement will be
to expand products or services into a new market space or
acquire new resources [38]. A geographic example would be
modern-day China where there are a potential 1.3 billion clients
[36]. Similarly, the transferee can utilize a joint venture as an
economically efficient way to acquire advanced technology as
well as substantial amounts of capital investment [36].

The final TT method identified is intellectual property and
licensing. While IP protection and licensing may be beneficial
to TT [21], [31], [32], it could also be argued that for a SSA
context this TT method is far less beneficial [9], [39]. However,
as a multitude of university based TTs heavily rely on licensing
procedures, this TT method should not be disregarded and must
rather be implemented as a support mechanism for the primary
TT method [40]-[43].
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While numerous TT methods can be utilized, joint ventures
between developing SSA countries should be prioritized when
possible to ensure maximum knowledge dissemination [36],
[37]. However, as traditional linear TT is the most common TT
method, it will be imperative to ensure the transfer method is
supplemented with high levels of collaboration often found in
joint ventures [21], [30], [44].

Finally, it should be noted that TT methods that require inten-
sive capital funding to achieve results that only benefit a select
portion of the population, will typically not be recommended
unless they serve as a foundation for future health projects
[7]1, [21], [45]. Thus, a detailed cost-benefit analysis should
be implemented to ensure that the capital investment does not
undermine existing social, cultural and political structures [21],
[31].

B. Infrastructure Required

The literature recognizes internet access, power supply and
telecommunication infrastructure to constitute the basic hard
infrastructure requirements for any health-related TT [12], [32],
[46], [47].

Numerous educational programs and a skilled workforce
represent primary soft infrastructure requirements [3], [48].
However, political transparency becomes more influential as
healthcare has primarily been championed by the domestic
public sector [6], [49]-[51].

Case studies surrounding telemedicine and health information
systems also highlighted the requirement for sustainability pro-
cedures as short term unsustainable success has been a frequent
occurrence [3], [52]-[55].

Marketing and free trade policies have also been widely
regarded as beneficial to health-related TT but these become
immaterial if the soft infrastructure such as digital literacy and
education programs are not in place [8], [34]. Thus, a strong
marketing campaign which promotes technology adoption, has
been identified as a primary requirement for the success of
health-related TT [56].

C. Stakeholders Required for TT

The domestic public sector, i.e., the government of the tech-
nology recipient, could be incorporated into TT methods [32],
[51], [57]. This becomes imperative when the scale of the
transfer exceeds firm level. Governments must be encouraged
to revise trade policies and ICT and telecommunication infras-
tructure expansion in addition to the improvement of the digital
literacy of the population [32], [33], [58].

The literature found that there should be predefined commu-
nication channels between the transferee and transferor. These
channels should also be consistently utilized and highly inter-
active [36], [59]. The creation of a dedicated TT team, separate
from other company objectives, is also highly recommended
[17], [59], [60]. This transfer team would ideally consist of
members from the transferee, transferor as well as occasional
third-party consultants [17], [36], [61].

A primary goal of the transfer team should be the creation of a
joint pool of knowledge which is accessible by all stakeholders
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relevant to the TT, especially for ground-level stakeholders and
local community champions [17], [54], [62]. An additional
benefit of incorporating local community champions is spread-
ing the awareness of new healthcare technologies throughout
the domestic healthcare environment [63]. This is a prominent
challenge faced by the majority of new TT ventures in SSA [54].

If possible, the transfer team should possess a managerial
hierarchy as this would enable managerial motivation and su-
pervision [64]-[66]. As such, a dedicated incentive scheme may
be created which rewards performance outputs in both monetary
and intangible rewards [55], [64], [67], [68]. Alternatively, man-
agers may attempt motivate the transfer team through advertising
previous successes [65].

D. Barriers Faced By TT

The most prominent barrier identified involves the factor en-
dowment of the transfer environment Thus, the appropriateness
of the technology with regards to the factor endowment of the
transferee firm or country [30], [69] . Another challenge arises
when the transfer environment is substantially different than the
impact area for which it was developed. For example, a transfer
objectinitially developed for the rural sector may face additional
barriers if implemented in a residential setting [36], [70].

The marketability of the transfer object will often determine
the level of adoption and diffusion experience. Thus, the nature,
appeal, and marketability of technology in the recipient country
may hinder the TT if poor [31], [36]. Similarly, the awareness
of the transfer object is also important. Poor marketing schemes
result in healthcare institutes, professionals and domestic gov-
ernments officials being unfamiliar with potential transferred
health technologies [2].

As previously mentioned, lacking hard and soft infrastructure
may severely hinder the ability of the transfer object to be
successfully implanted and adopted. Examples exist in multiple
SSA countries where healthcare facilities do not possess the
capability to utilize or adopt any e-Health related TTs due to
lacking telecommunications, internet, power supply and sup-
ply chain infrastructure [4], [16], [32], [46], [52], [53], [71].
Additionally, poor economic, social, education and training in-
frastructure, common in SSA countries, provide further barriers
to successful TT [32], [55], [71]-[74]. Furthermore, the policy
implementations of the domestic sector are often burdened by
corruption or poor governmental procedures [33], [69], [75],
[76].

The final barrier identified stems from over emphasizing
business value of a TT venture. If the success of a TT venture is
only measured by the creation of new business value within the
transfer environment it may rank poorly leading to a detrimental
effect on the number of future TT ventures. The creation of
public or societal value should also be incorporated both in
the feasibility study of new TT ventures and in the final TT
evaluation [21], [55], [63]. This is of particular importance when
evaluating healthcare-related TT ventures.

IV. CONCEPTUAL TT FRAMEWORK (PART 2)

This section aims to provide an abridged exposition of the ma-
jor framework components by detailing the considerations and

1.

Technology
development
5. 2.
Commercializati Co- Technology
o creation analysis
4. 3.
Change Transfer method

management application

Fig. 2. Outline of the conceptual framework.

best practices for all nodes as well as the required relationship
linkages between nodes and phases.

The conceptual framework consists of five phases as shown
in Fig. 2. Each phase contains a series of interconnecting nodes.
Nodes may be linked within a phase as well as across phases.
Thus, the framework encourages all users to familiarize them-
selves with the entire process before initiating phase 1. An
expanded model of the conceptual framework is available for
review in Appendix B.

The framework aims to assist a user in constructing a TT
team to subsequently progress through the five phases of the
framework. This transfer team will initially comprise of the
primary TT stakeholders, the transferor and transferee, but will
continually be expanded to include additional relevant stake-
holder entities that either possess utility for individual TT phases
or for the TT as a whole. Co-creation is emphasized during each
phase to encourage the growth of the TT team. The framework
attempts to guide the transferor team by providing multiple con-
siderations and best practices for the technology’s development,
analysis and subsequent transfer. After the technology has been
transferred, several change management best practices have also
been provided which, when implemented in conjunction with
the commercialization phase, will provide the TT with a basis
to achieve sustainability and further its dissemination.

A. Phase 1: Technology Development

1) Technology Donor: The technology donor should dedi-
cate personnel capable of TT facilitation, transfer object training
and stakeholder communication, keeping in mind that the num-
ber of required personnel is positively correlated with the scale
of the TT. If the technology donor possesses codified knowl-
edge of previous transfers of a similar nature and their current
technology development and TT experience is substantial, the
number of personnel required will be substantially reduced. The
technology donor need to define legal ownership of the technol-
ogy to the entire TT team as well as the intended alterations to
this legal ownership after the TT has been completed. Lastly,
the technology donor should attempt to identify their political
and social constraints and how these may restrict the ability to
perform the proposed TT.

2) Technology Recipient: The economic scale of the technol-
ogy recipient, available resources need to be documented. Addi-
tionally, capturing the technology recipient’s current experience
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surrounding TTs is necessary when assigning stakeholder roles
in the transfer method application phase. Finally, the technology
recipient should take care in evaluating the opportunity cost of
the potential TTs, both ensuring the correct TT is chosen and
that any potential TT will not present a substantial business risk
to the technology recipients’ normal operations.

3) Transfer Object: The TT team must consider the follow-
ing aspects of the technology being transferred.

1) Transfer object’s maturity and total useful life.

2) Systems, if any, within which the transfer object functions.

3) Subsystems required, if any, for the transfer object to
effectively operate.

4) The Transfer object’s legal protection.

5) Technological complexity of the transfer object in terms
of ease of manufacturing, utilization, modification and
maintenance.

4) Co-Creation TT Team: Both the technology recipient and
donor should explicitly regard the TT as a business venture and a
strategic alliance and should construct and implement protocols
which ensure the creation of a joint pool of knowledge surround-
ing the technology transferred. Additionally, a dedicated incen-
tive scheme should be implemented that involves both monetary
and intangible rewards and managers are encouraged to motivate
the TT team through advertising previous successes. Finally,
complete co-creation typically occurs when both stakeholders
directly influence the technology’s primary characteristics and
features.

B. Phase 2: Technology Analysis

1) Stakeholder Collocation: It will be imperative to the TT
venture that a funding plan be created, and it must be routinely
updated. Each stakeholder must be aware of this plan and the
expected magnitude and duration of their individual contribu-
tions. The TT team must consider funding in conjunction with
the transfer environment, infrastructure requirements and the
technology’s characteristic to establish a detailed budget. A
list must be populated of health-specific requirements, separate
of the general TT requirements, for use in the screening of
the transfer environment and subsequent evaluation. Finally, an
individual within the TT team must explicitly be appointed as the
public liaison. This party should ultimately be knowledgeable
on the public sector’s general procedures and health-related
policies. If such an individual does not exist within the TT team
third party consultation must be incorporated. The public liaison
is encouraged to populate a list of TT requirements that can only
be overcome with aid of the public sector.

2) Transfer Environment: The TT team should consist of
personnel capable of analysing the transfer environment from
multiple perspectives, such as economic, social, cultural, and
political viewpoints. When feasible, designated personnel must
be assigned to the evaluation of the transfer environment’s
market demand and requirements, healthcare system, public
sector and the applicable transfer object supply chain. If possible,
the framework recommends these evaluations be assigned to
personnel with experience in these respective fields. Specific
emphasis must be placed on identifying market conditions as the
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appropriateness and marketability of the technology within the
transfer environment. Additionally, the transfer environment and
technology’s considerations should be completed in conjunction
with one another. Obstacles created by either may be overcome
through alterations to the other. However, the framework de-
terminately encourages the TT team to alter the technology
whenever possible due to financial and time implications of
transfer environment alterations.

3) Hard Infrastructure Requirements: The TT team should
attempt to access the international fibre cables running down the
African East and West coast, such as the SEACOM cable. For
landlocked countries, this will require government intervention
and should be a priority for the public liaison role. Remote satel-
lite internet access provides users with stable Internet access, but
requires high capital expenditure and may only be feasible when
a multinational has been incorporated as a stakeholder. Offline
data capture allows users to complete tasks with basic computer
or stationary equipment which can in turn be transmitted when
internet access or telecommunication becomes available. This
strategy may be implemented in rural areas after which the
data could be transported to an urban centre with improved
internet capabilities. For instances where the TT venture has
been plagued by unstable electricity, implementing some form
of back-up supply that can operate for short periods should be
considered. Examples include an uninterrupted power supply,
battery systems, fuel powered generators and even small scale
solar panels.

Inadequate healthcare infrastructure may represent a substan-
tial barrier as it will typically fall outside of the transfer scope for
most TT ventures. Altering the technology itself to operate with
the available healthcare infrastructure may often constitute the
most feasible solution. When the technology requires a select
healthcare device or system to operate, the TT team should con-
sider incorporating this subdevice into the overall TT venture.
Thus, the technology will comprise of both the subdevice and
main technology object.

4) Soft Infrastructure Requirements: Lacking health-related
education presents similar challenges when compared to lacking
health-related hard infrastructure. As such, altering the technol-
ogy itself to operate with the available health-related education
may often constitute the most feasible solution. The framework
also encourages the TT team to facilitate the dissemination
of knowledge surrounding the technology thus inherently im-
proving the health-related education of the domestic workforce.
Additionally, the TT team should implement training programs
irrespective of the current level of digital literacy in the trans-
fer environment. These training programs should preferably
be completed directly by personnel, however online training
programs will be adequate for most cases. While these training
programs may not be tailored specifically to the improvement
of digital literacy, the TT team should include fundamental
computer training for all TTs to developing nations.

Lack of political transparency in the transfer environment
may be mitigated through efforts by the TT team to incorporate
domestic human rights groups currently active in the region.
Similar attempts should be made to incorporate nonprofit health-
care organizations when political transparency has been deemed
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an important transfer requirement. Finally, when TT occurs
across borders and involves multiple countries, the TT team must
identify the most politically stable nation, with established legal
frameworks, and utilize this country as the base for the TT to
neighbouring regions.

C. Phase 3: Transfer Method Application

1) TT Method: The joint venture method is strongly recom-
mended for all healthcare TTs. The domestic public sector must
be incorporated into all TT activities. This becomes imperative
when the scale of the transfer exceeds firm level. The public
liaison should encourage governments to revise free trade poli-
cies and ICT and telecommunication infrastructure expansion
in addition to the improvement of the digital literacy of the
population. Similarly, investment from any source that can be
relayed into the transfer environment’s healthcare infrastructure
will aid in the mitigation of health-related TT barriers in SSA.

All small-scale transfers should be structured to ensure that
scalability remains feasible. TTs that serve as pilot testing opera-
tions should have a predefined document depicting this proposed
scaling process and the TT team is encouraged to conduct con-
tinual site visits during the transfer process. For health-related
transfers, programs should be in place to stimulated community
involvement and participation. Additionally, it is recommended
that personnel from the transfer donor accompany the technol-
ogy for a predetermined period. The TT team is also encouraged
to present workshops that ensure all stakeholders will be trained
to an equivalent level with regards to digital literacy before the
TT progresses. Finally, it will be imperative that the TT team
acknowledge the gap between the technology’s design and the
transfer environment’s reality.

2) Stage-Gate Implementation: The TT team is encouraged
to implement a stage-gate after the completion of the third phase
of the TT when feasible. Multiple stage-gates throughout the
TT are, however, not advisable due to the time and monetary
constraints of these revision procedures. The TT must evaluate
the following TT features to determine if the TT should be
continued revised or abandoned: the level of co-creation within
the team; stakeholders available to complete the required roles
and responsibilities; market conditions; legality; availability of
infrastructure; mitigation practices for lacking infrastructure; the
chosen transfer method; the suitability off the technology and
the transfer environment; and the transfer method application
strategy.

D. Phase 4: Change Management

1) Technology Recipient Change Management: After the
technology recipient has taken possession of the technology,
they should designate either an individual or a team to monitor
and disseminate the technology throughout the technology recip-
ient’s establishment. This deputy should be clearly highlighted
within the transferee’s establishment and have been given the
authority to implement positive and negative incentive schemes
focused on increasing the transfer object’s dissemination. This
authority should liaise with the corresponding transfer donor
entity, to determine their best practices for the technology’s

adoption. This authority should also be familiar with the tech-
nology recipient’s previous TTs. A subsequent guideline, which
highlights both successful and failed previous best practices,
should be created. This authority will also be responsible for
documenting current best practices for future use. When permit-
table, this authority should incorporate local stakeholders, within
the immediate transfer environment, and spread all adoption best
practices to promote the TT’s dissemination.

At this point of the transfer, the technology recipient should
create codified documents which can be utilized in training
sessions. Additionally, the transfer recipient should mandate
training and educational sessions to all personnel in the transfer
recipient’s immediate sphere. Direct training should be utilized
whenever possible and on-site demonstrations of the technology
should be prioritized. The outcomes of these training sessions
should be explicitly stated to all participants. Finally, a formal
revision protocol should also be created aimed at monitoring the
technology’s adoption rate and documenting identified adoption
barriers.

2) Technology Donor Change Management: After the tech-
nology recipient has taken possession of transfer object, the
primary change management best practice for the transfer donor
should be to stimulate continual involvement in the TT. The
transfer donor is thus encouraged to incorporate an incentive
program which rewards the personnel based on their involve-
ment. Incentive programs should range from monetary rewards,
peer recognition and intangible personnel rewards such as public
exposure. However, the amount of personnel committed to the
TT by the transfer donor should be reduced, depending on the
future requirements of the TT. The smaller active personnel base
will in turn allow for simplified, and often more economical,
incentive reward schemes.

The transfer donor is strongly encouraged to create a channel
aimed at providing transfer technology related assistance when
required. This channel can range from a dedicated contact person
to an active tool depending on the nature of the transfer object.
This framework encourages the transfer donor to hold formal
training sessions for the transfer recipient as often as possible.
On-site visits by transfer donor personnel will be highly advanta-
geous to the technology’s adoption in the transfer environment.
If the transfer donor has already produced an internal training
program surrounding the technology, it is recommended that an
invitation be sent to the transfer recipient to attend these internal
training programs either in person or electronically.

E. Phase 5: Commercialization

1) Evaluation of the TT Impact: The evaluation of TT’s im-
pact is primarily to identify topic areas for which best practices
can be refined for future TT ventures. It will also allow the
TT team to evaluate the general success of the technology’s
introduction, adoption and integration. It is recommended that
the following key areas should be evaluated: the market impact
of the technology; the addition to the public value in the transfer
environment; the political implications of the TT; the addition to
the human capital base in the transfer environment; The Severity
of the alterations required at the stage-gate feature; the addition
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to the economic development in the transfer environment; the op-
portunity cost for all stakeholders involved; and the technology’s
improvement of the healthcare reach, cost, and effectiveness of
the transfer environment

2) Sustainability of the TT: New stakeholders should be in-
corporated if they could be of potential benefit to the technol-
ogy’s dissemination. However, commercialization will tend to
lie outside the scope and expertise of the TT team. Thus, the TT
team should actively incorporate a stakeholder knowledgeable
in licensing and commercialization activities. It will be the
responsibility of the licensee to oversee the commercialization
activities surrounding the transfer object. However, the TT team
should have established predefined legal terms to ensure the
technology’s future management aligns with the agenda of the
original TT.

The commercialization of a health technology will generally
be founded upon two primary business strategies. The technol-
ogy can be presented to the end-user free of charge and be funded
by marketing of the public value of the technology. Alternatively,
the technology may be licensed, and service charges will apply
to the end-user. However, the chosen business strategy will
be case-specific, and this framework does not promote one
above the other. The licensee and TT team should, however,
have a predefined business strategy before the transfer object’s
expansion may commence.

The general marketing strategies should be tailored to the
technology in question as well as the business strategy chosen
for the technology’s commercialization. It is however important
for the TT team to distinguish between the end-user of the
technology and the client who commissioned it. For health
technologies these two entities will almost never be the same.

When advertising to potential clients not involved in the
creation of the technology, the marketing strategy should revolve
around how the technology will solve the client’s problem. How
the technology will benefit the end-user, typically the patient,
should not be prioritized over the client’s priorities when dealing
with isolated health practitioners. However, when advertising to
the national public health sector, marketing of the patient’s ben-
efits should be prioritized over the health practitioner’s benefits.

3) Knowledge Documentation: All documentation captured
should be completed in a predefined business language un-
derstood by all the primary stakeholders. Similarly, all data
captured during the TT should be documented in a predefined
measurement system, such as International System of Units (SI)
units. Finally, all documentation and communication among
stakeholders should be completed in a predefined style with
stakeholders being encouraged to adopt a universal organiza-
tional routine with regards to formalized communication.

When evaluating the stakeholders in phase II, care should be
given to language barriers. While all stakeholders may under-
stand a language, various levels of comprehension often arise.
This has been especially pronounced in SSA countries. When
possible, translating all codified documentation into a second
langue will be highly advantageous.

With regards to the implicit knowledge of individual stake-
holders, the framework recommends developing a standard set of
questions to capture the nuances of how stakeholders completed
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Fig. 4. Outline of TT projects’ initiation year.

their roles and responsibilities. Finally, a predefined structure
for the documented knowledge base must be outlined before
the commencement of phase I. This structure should be able
to accommodate the accumulating knowledge base as the TT
progresses.

V. TT FRAMEWORK EVALUATION (PART 3)
A. Results: Descriptive Statistics

A total of 563 survey invitations were distributed to healthcare
technology managers listed within the CHMI and the GDHN
databases. In total, 230 different healthcare managers responded
to the initial invitation by either indicating a willingness to com-
plete the survey instrument or requesting additional information.
The online link directing respondents to the survey was kept open
for a 60-day period after the final invitation was distributed.

Once the online link expired, the survey had collected 140
responses, 51 of which are incomplete and subsequently dis-
carded. Thus, a final total of 89 responses are utilized for the
data results of the survey instrument. While the final sample
size does not represent an exhaustive reflection of the entire
population, the descriptive statistics do also provide a snapshot
of the composition of the healthcare technology management
field in SSA.

Fig. 3 presents a comparison of the survey’s response rate for
respondents identified via the CHMI and GDHN databases. The
higher response rate of respondents from the GDHN, 47,89%, in
comparison to respondents from the CHMI, 11,18%, is wholly
attributed to the larger amount of contact information listed on
the GDHN database. Nearly all respondents within the GDHN
network could be directly contacted via email and telephone
whereas respondents from the CHMI could only be contacted
via an online contact form.

Fig. 4 highlights the year of commencement for each survey
respondent’s healthcare TT venture. Of the 89 projects captured
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Fig. 5. Summary of geographic application areas of projects per country.

by the survey responses, 73 commenced after 2000 with more
than a third starting between 2011 and 2015. While not in the
scope of this article, Fig. 4 may also serve as the foundation for
future research investigating how different healthcare and TT
components have evolved in SSA over a 40-year period.

A recurring theme evident throughout the conceptual frame-
work is stakeholder co-creation and the relationship between
the primary TT stakeholders. The driving forces behind the
development and implementation of healthcare TT in SSA are
directly linked with the facilitation of stakeholder co-creation.
To this extent, the survey aims to identify the primary motivation
behind healthcare TT ventures. Healthcare TT ventures in SSA
are seldom initiated for commercial drive or to increase the
market reach of the parent organization. While some projects
contained elements of both commercial drive and social impact,
the survey’s data results highlight the need to ensure that phase
1 of the conceptual framework, technology development, does
not emphasize the commercialization of the transfer object.
Thus, phase 1 should almost exclusively focus on constructing
a relationship between the primary stakeholders based on the
transfer object’s potential community impact.

As mentioned in the problem statement the survey is partly
completed to investigate the conceptual framework’s applicabil-
ity to the entire SSA region. To this extent, survey respondents
are asked to indicate the country in which their transfer object is
implemented as well as countries in which they had previously
implemented healthcare technologies.

A heatmap of SSA is shown in Fig. 5, highlighting the various
countries in which respondents had directly implemented health-
care technologies. Kenya, with 31 responses, represents the
country with the highest concentration of implemented health-
care technologies surveyed. While not imperative, a pleasing
aspect of the survey’s data is that every SSA country contained
at least one response claiming to have direct experience in that
country. Higher concentrations of responses are observed in
Western and Eastern Africa with Central and Southern Africa
depicting a lower concentration.

Out of the 89 complete survey responses, 68 respondents in-
dicated that they possess experience with healthcare technology
implementation in one or more of the four regions of SSA.
Eastern Africa represents the most healthcare TT experience
with 24 respondents while Western, Central and Southern Africa
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Fig. 6. Count of survey respondents’ levels of experience (N = 89).
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Fig. 8.  Count of respondents’ technology management experience (N = 89).

received 19, 12, and 13 responses, respectively. Fig. 6 summa-
rizes the level of career experience of the survey’s respondents.
As healthcare technology implementations are mostly overseen
by managing or country directors, executive and senior-mid
management positions account for the majority of the survey’s
respondents. Several responses are also captured from interns
and junior personnel. After follow-up communications, these
lower-tiered respondents are identified to be the personnel des-
ignated with the knowledge capture of the transfer object’s devel-
opment and implementation for subsequent internal revisions.
The results presented in Figs. 7-9 highlight the applicability
of the survey respondents’ experience with respect to the fields
of healthcare, technology management and TT. For all the de-
mographic questions pertaining to the respondents’ experience,
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respondents are not limited to a single entry but rather multiple
checkboxes. Thus, an individual respondent could select multi-
ple options based on their individual industry experience.

Fig. 7 summarizes the fields of healthcare in which respon-
dents accumulated industry experience. At least 40 or more
respondents indicated that they possessed direct industry ex-
perience in healthcare services, health information systems,
e-Health, and patient care. Fig. 7 also highlights that experi-
ence surrounding physical medical devices is restricted to 18%
of the respondents while healthcare services, e-Health, health
information systems, supply chain improvements all received
more than twice this. This reinforces an important healthcare
TT characteristic in that the transfer object is much more likely
to encapsulate an entire system or service than an individual
physical artefact. All the 89 respondents indicated that they
possessed industry experience in at least 2 or more fields of
healthcare with respondents selecting 4 on average. Respon-
dents selecting “other” almost exclusively stated healthcare
education when promoted to elaborate. This indicates a missing
response option for the fields of healthcare questions within the
survey. This also shows the relative importance of healthcare
education and training in healthcare technology management
in SSA.

Fig. 8 summarizes the fields of technology management in
which respondents accumulated industry experience. Of the 89
respondents who completed the entire survey, 76 indicated they
possess industry experience in project execution, representing
just over 85% of the sample set. Phases 1 to 3 of the con-
ceptual framework run concurrently and pertain to the project
execution of a TT. As project execution is predicated by every
managerial best practice outlined within phase 1 through phase
3, Fig. 8 clearly highlights that the majority of the survey respon-
dents possess direct experience with respect to the conceptual
framework’s TT healthcare principles. All the 89 respondents
indicated that they possessed industry experience in at least
1 or more fields of technology management with respondents
selecting between 3 and 4 on average. While present in the
response options, no respondent selected the “other” option for
technology management fields.
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Fig. 9 summarizes the fields of TT in which respondents
accumulated industry experience. An interesting anomaly is
identified when comparing the respondents’ data from Figs. 8
and 9. Only 25 of the 89 respondents indicated they possess
TT experience as a subset of technology management, yet no
respondents indicated they do not possess experience in any
subset of TT even when presented with the response option. A
possible explanation may be that technology managers do not
fully understand the categorization of TT components as pre-
sented in our survey and simply view them as additional fields of
technology management, however without further investigation
this explanation cannot be substantiated.

When reviewing components related to stakeholder co-
creation, 39 respondents indicated they possess experience for
both the transfer object’s development and stakeholder integra-
tion while public liaison, training and joint ventures received
27, 21 and 17 responses, respectively. All the 89 respondents
indicated that they possessed industry experience in at least
1 or more fields of technology management with respondents
selecting 3 on average. Only five respondents selected “other”
yet three of these did not elaborate when prompted.

As outlined in the methodology section of this article, three
evaluation questions are presented to each respondent requiring
each respondent to rank the end-user adoption, additional dif-
fusion of the transfer object and overall satisfaction level of the
healthcare initiative for which they are completing the survey.
While all three questions implemented a five-point Likert scale, a
not yet certain option is also included for the additional diffusion
question. Fig. 10 summarizes the responses for all three of these
evaluation questions.

The data presented in Fig. 10 is subsequently utilized during
the variance and regression analyses. As such, it is important to
note that all three evaluation question responses are not normally
distributed, and care is taken not to implement statistical meth-
ods requiring such data sets. Additionally, seven respondents
indicated that they are “not yet certain” about the diffusion
of their transfer object. Thus, for all future diffusion related
calculations shown in this article, the sample size is reduced
from 89 to 82.

B. Results: Frequency and Mean Analysis

Fig. 11 provides an overview of the perceived ease of use
frequency outcomes for each of the conceptual framework’s
foundations. This frequency graph is filtered to display the
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Fig. 11. Results of the analysis for the perceived ease of use measurement
item across the nine conceptual framework foundations.

framework foundation scores in a descending order to high-
light which foundations are deemed to be comparably easier to
implement. In terms of perceived ease of use, approximately
70% of survey respondents reported that project evaluation,
training, project standardization, the workings of the TT team
and stakeholder co-creation are considered routine or easy to
facilitate. This appears to indicate that the constituents of these
foundations are fairly commonplace in healthcare TT ventures
and are addressed on a regular basis.

For project implementation and marketing, 45% of respon-
dents indicated these items are difficult to implement while
similarly for adoption and sustainability and legal 49% and 42%
of respondents indicated these items are difficult to implement,
respectively. This indicates that they are comparably more diffi-
cult to facilitate. Approximately 40% of these aggregated foun-
dation scores indicate that a specific section of the conceptual
framework is considered “difficult” to implement in healthcare
TT ventures within SSA. However, each foundation is argued to
be feasible as “impossible to implement” scores represent less
than 6% of the survey’s responses if legal considerations are
excluded.

Thus, in contrast with the perceived ease of use frequency
graph, refer to Fig. 11, the usefulness outcomes clearly high-
light that the majority of the survey respondents consider the
framework’s best practices to be beneficial to a TT venture. As
TT is a dynamic and complex process, it is expected that the
difficulty of several best practices greatly varies when compared
with others.

The second step implemented when evaluating the perceived
ease of use and usefulness of the framework is to determine
the arithmetic means of each action statement presented to the
survey respondents. Table III provides an abridged summary of
these components by showing the arithmetic means for the nine
framework foundations as well as the five phases of the con-
ceptual framework with regards to perceived ease of use. While
this represents a basic method of data analysis it does provide a
high-level indication that the framework’s phases, individually
as well as collectively, are ‘routine to implement’ across the
respondents of the survey with a grand mean approximating a
score of 3. Table III highlights the consistency of the perceived

TABLE III
ARITHMETIC MEANS FOR FRAMEWORK FOUNDATIONS AND PHASES FOR
PERCEIVED EASE OF USE

Foundation  Description X
i The TT team 3.064
ii Stakeholder Co-creation 3.034
il Legal Considerations for Project Components 2.727
iv Standardization of Project Components 3.067
v Project Implementation Methods 2.801
vi Project Evaluation Procedures 3.236
vii Training Methods for the Technology 3.185
viil Adoption and Sustainability 2.787
Xi Marketing 2.770

Phase Description X
1 Technology Development 3.050
2 Technology Analysis 2.943
3 Transfer Method Application 2.930
4 Change Management 3.016
5 Commercialization 3.019
Grand mean 2.992

TABLE IV
ARITHMETIC MEANS FOR FRAMEWORK FOUNDATIONS AND PHASES FOR
USEFULNESS

Foundation Description X
i The TT team 3.944
il Stakeholder Co-creation 4.176
iii Legal Considerations for Project Components 3.629
iv Standardization of Project Components 4.097
v Project Implementation Methods 3.764
vi Project Evaluation Procedures 4.166
vii Training Methods for the Technology 4.326
viii Adoption and Sustainability 4.187
xi Marketing 3.837

Phase Description X
1 Technology Development 3.790
2 Technology Analysis 3.826
3 Transfer Method Application 4.234
4 Change Management 4.262
5 Commercialization 4.047
Grand mean 4.032

ease of use of the framework’s phases as the individual arithmetic
means are all within a 2% margin of the grand mean.

Table IV provides an abridged summary for the usefulness
measurement item while also highlighting that the framework’s
phases, individually as well as collectively, are considered to be
“useful” across the respondents of the survey with a grand mean
approximating a score of 4.

However, as with the frequency analysis, it should be noted
that no comparison between the phases or foundations can be
statistically determined by this mean analysis. The comparison
between phases or foundations is addressed in the variance and
regression analyses shown later in this article.

Table IV also highlights the consistency of both the frame-
work’s phases as the various arithmetic means are all within a
6% margin of the grand mean (in relation to usefulness). While
the small variance in range does not lend credence to conclusive
framework revisions, the data in Table IV does indicate that to a
small extent the later phases of the framework are more useful
than Phases 1 and 2.
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TABLE V
LOWEST SCORING ARITHMETIC MEANS FOR BOTH PERCEIVED EASE OF USE
AND USEFULNESS

Measurement item  Managerial best practices X
Perceived ease of Outlining a monetary incentive scheme 2,596
use for team members. '
Perceived ease of Defining the project as a profitable 2573
use business venture or a strategic alliance. ’
Perceived case of Routinely evaluating team members and
use removing members with limited future 2.562
use for the project.
Usefulness Outlining a monetary incentive scheme 3157
for team members.
Usefulness Deﬁning the project as a Proﬁtable 3416
business venture or a strategic alliance.
Selectin infrastructure mitigation
Usefulness £ & 3.416

practices from a standardized list.

The lowest 10% of all the managerial best practices evaluated
by the survey instrument is shown in Table V. When comparing
the lowest-scoring component with the grand mean, only a 0.43
difference is observed with regards to perceived ease of use mea-
surement item. Similarly, this measurement item has a relatively
low range, 0.921 in total, among all the managerial best practices
evaluated. This coupled with the grand mean given in Table III,
indicates that all best practices are comparatively considered
“routine to implement” across the respondents of the survey.
When compared with the perceived ease of use measurement
item, the data results pertaining to usefulness display a wider
range, in total 1.427, with the lowest-scoring component being
0.783 below the grand mean. To this extent outlining a monetary
incentive scheme is concluded to be less useful during the initial
phase of a TT venture.

C. Results: Variance Analysis

The variance analysis completed for the perceived ease of
use measurement item aims to highlight variances within the
four regions within SSA. To this extent, each SSA region is
evaluated using an least significant difference (LSD) analysis of
variance (ANOVA) test to determine if a specific region differs
from the rest of SSA. This allows for the perceived ease of
use of each phase of the conceptual framework to be compared
between each major region within SSA and the rest of SSA. This
subsequently enables modifications aimed at maximizing the
conceptual framework’s ease of use for specific regions within
SSA.

The results of the LSD ANOVA test are summarized in a
graphical format in Fig. 12 All error bars represent a 95% con-
fidence interval as an alpha value of 0.05 is implemented during
the statistical calculations. When reviewing the outcomes of the
variance analysis per SSA region, both Western- and Central
Africa produced p-values indicating a statistically significant
difference in their means with the other regions of SSA. The
p-values of Western Africa and Central Africa are 0.01178 and
0.02288 respectively across all phases of the framework. While
not immediately apparent when reviewing Fig. 12, a definite
graphical variance is witnessed when individually comparing
Western and Central Africa to the other SSA regions, as shown
in Figs. 13 and 14.
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When further investigating the trendlines within the individual
phases shown in Fig. 13, phase 1, technology development,
and phase 2, technology analysis, are the primary contributors
to the statistically significant difference produced by the LSD
ANOVA test for Western Africa. Phases 3 to 5 do not yield any
statistically significant results for this region in comparison to the
rest of SSA. Thus, based on the results of this variance analysis,
a conclusion is made that phases 1 and 2 of the conceptual
framework are not as easy to implement in the region of Western
Africa. Similarly, to Western Africa, when further investigating
the trendlines within the individual phases shown in Fig. 14,
phase 1, technology development, is the primary contributor
to the statistically significant difference produced by the LSD
ANOVA test for Central Africa. Phases 2 to 5 do not yield any
statistically significant results for this region in comparison to
the rest of SSA. Thus, based on the results of this variance
analysis, a conclusion is made that phase 1 of the conceptual
framework is not as easy to implement in the region of Central
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Africa. The LSD ANOVA tests for Eastern and Southern Africa
did not produce any statistically significant results indicating
that these regions perceived any of the individual phases of
the conceptual framework differently compared with the rest
of SSA. The p-values of Eastern Africa and Southern Africa are
0.91 and 0.79, respectively, across all phases of the framework.
As such, these graphs have been omitted.

As with the perceived ease of use item, the variance analysis
completed for the usefulness measurement item aims to high-
light variances within the four regions within SSA. To this extent,
each SSA region is also evaluated using an LSD ANOVA test
to determine if a specific region differs from the rest of SSA.
This allows for the usefulness of each phase of the conceptual
framework to be compared between each major region within
SSA and the rest of SSA which will subsequently allow for
modifications to the conceptual framework aimed at maximizing
the framework’s utility for specific regions within SSA.

The results of the LSD ANOVA test are summarized in a
graphical format in Fig. 15. As before, all error bars represent a
95% confidence interval as an alpha value of 0.05 is implemented
during the statistical calculations.

When reviewing the outcomes of the variance analyses per
SSA region for usefulness, the LSD ANOVA tests produced no
statistically significant results for any region. Thus, no conclu-
sion can be made regarding the comparative level of utility of the
conceptual framework between the four major regions of SSA.
This holds true over each individual phase of the conceptual
framework.

The p-values of Western, Central, Eastern and Southern Africa
are 0.729,0.777,0.991, and 0.246, respectively, across all phases
of the framework. As all these p-values are larger than 0.05, no
graphical illustrations are included as each individual region
closely follows the trendlines of the rest of SSA.

D. Results: Regression Analysis

The following section presents the results of the regression
analysis highlighting the relationship between the measurement
items perceived ease of use and usefulness and the adoption,
diffusion and satisfaction scores captured during the second
category of the questionnaire.

Each respondent is asked to rank the relative adoption and
diffusion levels of the transfer object during their respective
TT venture as well as their satisfaction levels pertaining to

the TT venture. These three evaluation items are subsequently
implemented in conjunction with the perceived ease of use
measurement item to determine the Spearman rank-order corre-
lation coefficient for each phase of the conceptual framework.
Table VI gives a summary of the correlation coefficients of
each evaluation items over all five phases of the conceptual
framework.

The results presented in Table VI offer no statistical evidence
to support that a correlation, either negative or positive, exists
between the adoption of a transfer object and the ease of use
of the framework’s phases. A very weak positive correlation is
observed for the diffusion of the transfer object beyond the initial
transferee.

Throughout this article, no linkage has been uncovered or
identified between the ease of which a TT venture’s components
are completed and the ultimate success of that TT venture in
terms of transfer object adoption or diffusion. Thus, the results
presented in Table VI are in accordance with what is generally
expected. For evaluation purposes, the regression analysis iden-
tifying the relationship between the usefulness of each phase of
the framework and the transfer object’s adoption and diffusion
is of much higher importance.

It is noted that there is a positive, albeit weak, correlation
between the conceptual framework’s phases and the levels of
satisfaction reported by the survey respondents. As this evalu-
ation item requires all survey respondents to quantify their TT
ventures success in terms of monetary and time expenditures,
it is expected to witness a positive correlation here. However,
as this evaluation item is based on a subjective response, its
validity and application towards the conceptual framework is
largely unsubstantiated when considered alongside the adoption
and diffusion correlation coefficients.

Table VII presents a summary of the Spearman rank-order
coefficients for adoption, diffusion and satisfaction versus the
five phases of the conceptual framework. The results presented
within Table VII are arguably the most important within this
research article with respect to the evaluation of the conceptual
framework. The regression analysis and the resulting Spearman
rank-order correlation coefficients clearly highlight the useful-
ness of the conceptual framework’s phases as well as the individ-
ual nodes within these phases. As each item measured within the
survey instrument produced a Spearman coefficient indicating
a positive strong correlation or higher, it can be concluded
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TABLE VII
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TABLE VIII
CORRELATION COEFFICIENT MATRIX FOR ADOPTION, DIFFUSION, AND
SATISFACTION EVALUATION ITEMS

Phase Adoption Diffusion Satisfaction Phase Adoption Diffusion Satisfaction
+0.643 +0.517 +0.573 . +0.851531 +0.863435
Adopt 1.000000

! Strong Moderate Moderate option Very Strong Very Strong

5 +0.694 +0.630 +0.631 Diffusion +0.851531 1.000000 +0.809611
Strong Positive - Strong Strong Very Strong ) Very Strong

3 +0.751 +0.684 +0.652 Satisfaction +0.863435 +0-809611 1.000000
Strong Strong Strong Very Strong Very Strong

4 +0.715 +0.632 +0.673
Strong Strong Strong

s 10,927 10,958 10,867 . . .

Very Strong Very strong Very strong of all training related best practices advocated within phase

that all the nodes presented within the conceptual framework
are useful in facilitating the adoption of a healthcare transfer
object in the geographic regions of SSA. Thus, there is a direct
relationship between implementing the conceptual framework
and the transfer object’s final level of end-user adoption.

The usefulness of all nodes within phase 1, technology de-
velopment, returned a strong positive correlation with the end
adoption of the transfer object. This outcome highlights the
importance of the construction of the dedicated TT team and
establishing a co-creation relationship between the transferor
and transferee as outlined within phase 1 of the conceptual
framework. Legally binding the transferor to the TT venture
of its entire life cycle and implementing a universal starting
point regardless of the transfer object also share a very positive
correlation with the transfer object’s levels of adoption.

The usefulness of all nodes within phase 2, Technology Anal-
ysis, returned at least a moderate positive correlation with the end
adoption of the transfer object. The framework nodes promoting
knowledge dissemination and co-creation between an extended
TT team all returned very strong correlation coefficients. The
use of a standardized tool to screen the transfer environment as
well as best practices pertaining to legal counsel both produced
coefficients indicating moderate to strong positive correlations
with regards to the transfer objects levels of adoption.

The usefulness of all nodes within phase 3, Transfer Method
Application, returned at least a moderate positive correlation
with the end adoption of the transfer object. The framework
best practices advocating the use of the joint venture TT method
produced a very strong coefficient with respect to the transfer
objectadoption level. This again highlights the importance of the
TT team and a co-creation relationship between team members.
Other nodes advocated within phase 3 such as the creation of
a prototype and incorporating and incentivizing early-adopters
produced strong coefficients. The use of standardized internal
revision protocols for the TT produced the lowest positive
correlation within all five phases. However, as this item is still
producing a positive moderate correlation, it shows the overall
strength of each framework node with respect to the final level
of transfer object adoption.

The usefulness of all nodes within phase 4, change man-
agement, returned at least a strong positive correlation with
the end adoption of the transfer object. The implementation

4 of the conceptual framework returned very strong positive
correlation coefficients with respect to the transfer objects level
of adoption. Nodes promoting sustainable communication for
the TT team, both internally and externally, returned strong
positive correlation coefficients.

Phase 5, commercialization, returned the strongest correlation
coefficient for all phases with respect to the adoption of the
transfer object. The framework node advocating for the im-
plementation of knowledge codification and future co-creation
knowledge sharing both produced very strong positive correla-
tion coefficients. Best practices within the framework pertaining
to marketing to additional stakeholders returned comparatively
less strong correlation results highlighting that the adoption of
the transfer object is less dependent on incorporating additional
stakeholders. However, marketing items still produced positive
strong correlation coefficients.

While not pertinent as the final level of adoption, the dif-
fusion of the transfer object beyond the original end-users is
also regarded as a method with which the relative success of a
TT venture can be measured. To this extent, the results of the
regression analysis between the conceptual framework’s phases
and the diffusion scores captured from the survey’s respondents
are given in Table VII. The results of the regression analysis
regarding satisfaction scores are also given in Table VIIL.

Finally, the correlation coefficients for the relationship be-
tween the adoption, diffusion and satisfaction evaluation items
are given in Table VIII. These high correlation coefficients
highlight that the discussions for the correlation between use-
fulness and adoption also pertains to the diffusion and satisfac-
tion regression analysis outcomes. It is important to consider
that the high similarities between the responses provided for
the three evaluation items may indicate that respondents did
not understand the differences between these evaluation items.
However, when reviewing the high proportion of executive and
management level candidates among the survey respondents in
Fig. 10, this consideration is unlikely given the career experience
of most respondents.

It is important to restate that the sample size utilized in the
regression analysis for diffusion contained only 82 samples, 7
fewer than used in both the adoption and satisfaction calcula-
tions. As shown in Fig. 10, seven respondents indicated that they
do not yet know the extent of their transfer object’s diffusion
and as such these data sets are excluded from all calculations
pertaining to diffusion.
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VI. DISCUSSION

The results of the framework evaluation in this journal article
highlight the importance of stakeholder co-creation in healthcare
TT. This is shown by mean results of 3.034 and 4.176 for
perceived ease of use and usefulness, respectively, indicating it is
perceived as being routine to implement and a useful component
of TT.

For both perceived ease of use and usefulness, the TT team
best practice of outlining a monetary incentive scheme returned
respondent scores ranking within the bottom three of all mea-
surement questions. Similarly, the best practice of routinely
evaluating team members and removing members returned the
lowest overall score for perceived ease of use. Thus, these
best practices are considered comparatively less important with
respect to a successful TT team.

The best practice advising the implementation of a joint ven-
ture received respondent scores of 2.708 and 4.022, respectively,
for perceived ease of use and usefulness. This indicates that joint
ventures are considered useful, but rank between difficult and
routine to utilise. All training related best practices received
similar scores indicating that training is in general routine to
implement and considered useful, based on the results of both
perceived ease of use and usefulness. Additionally, of all the
foundations measured, training received the highest average
score for the usefulness measurement item.

The framework foundation relating to the legal considerations
of project components received a collective respondent score of
2.727 for perceived ease of use and 3.629 for usefulness. Both
these scores represent comparatively low values indicating legal
considerations are more difficult to implement and less useful
when considering the other framework foundations.

The results of the variance analysis comparing Western Africa
with the rest of SSA provided insight on how Western Africa
differs from SSA as a whole when executing phases of TT. It
produced a statistically significant result indicating that both
phases I and II of the conceptual framework are more difficult to
implement in Western Africa. No statistically significant result
is produced for any phase of the conceptual framework when
evaluating the usefulness measurement item.

Similarly, Central Africa exhibited difficulty in implementing
Phases I and IT of the conceptual framework, based on the statisti-
cally significant results of the variance analysis. No statistically
significant result is produced for any phase of the conceptual
framework when evaluating the usefulness measurement item.

Eastern Africa contrastingly did not yield any statistically
significant results indicating any difference from the variance
analysis comparing Eastern Africa with the rest of SSA. This is
applicable for all five phases of the conceptual framework when
evaluating perceived ease of use of usefulness.

The variance analysis for Southern Africa comparing South-
ern Africa with the rest of SSA correspondingly did not yield any
statistically significant results indicating any difference. This is
applicable for all five phases of the conceptual framework when
evaluating perceived ease of use of usefulness.

Overall, the evaluation of the framework over the entire region
of SSA, the grand mean for perceived ease of use and usefulness

15 2.992 and 4.032, respectively. This indicates that respondents
consider the framework to be collectively routine to implement
and useful.

VII. CONCLUSION

The data results of the survey presented within this article
highlight the applicability, practicality, versatility, and utility of
the conceptual framework.

As shown by the descriptive statistics, the survey respondents
possessed healthcare TT knowledge which was directly appli-
cable to the geographic region of SSA. The proportionally high
number of respondents who claimed to operate on an executive
or managerial level also lends further authority to the data
collected by the survey.

As shown by the frequency and mean analysis the survey
respondents consider each phase of the conceptual framework
to be in line with routine or normal operating procedures with
respect to perceived ease of use. Similarly, survey respondents
consider each framework component to be at least marginally
useful, with the majority ranked as useful. Thus, the survey
highlights that the framework was not complicated to implement
yet still useful for TT stakeholders in SSA.

As shown by the variance analysis the survey’s data re-
sults highlight the relevance of the phases of the conceptual
framework within the four regions of SSA. It also allows the
conceptual framework to be tailored depending on the individual
transfer environment by highlighting the differences, both for
perceived ease of use and usefulness, between the four major
regions in SSA.

As shown by the regression analysis the level of adoption and
diffusion achieved by the respondents’ transfer object exhibit
a strong positive correlation with the usefulness of the best
practices stated within the conceptual framework across all five
phases. These regression coefficients, along with the results of
the mean analysis and variance analysis, display the collective
usefulness of the conceptual framework for healthcare TT ven-
tures in SSA.

A recommendation for future research would be to evaluate
the applicability of the healthcare TT framework with respect
to other industries. As universal TT principles account for a
substantial portion of the framework’s theoretical base, the
framework may have applications in other industries or market
sectors. Thus, further empirical study into the framework’s
nonhealthcare applicability is also recommended.
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