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Start-ups expert systems development capability maturity model for developing countries
By: Wangai Njoroge Mambo '

Abstract

There is exctreme scarcity of Artificial intelligence (Al) excpertise in many developing countries (DCs). Excpert systems
(ESs) is one class of Al systems that can solve this problem by enabling novices’ and less skilled workers build their
capabilities and upgrade their skills. DCs should start with small and simple ES' development as required skills are
available and they have fewer risks. Start-up firms are suitable for initiating creation of Al industry as they require less
capital, are easier to create and run than larger firms. The ES' start-up maturity model presented by study will guide
setting up start-ups that build small and simple ES's then progressively in incremental steps moving to larger and more
complex: systems when they develop prerequisite capabilities. Design science research framework was used to create ES
maturity model and descriptive evaluation to evaluate the model.

Key Words: capabilities, excpert systems maturity model, developing countries, start-ups

Introduction

There is heightened interest in artificial intelligence (Al) in many sectors of society, industry, academia
and government triggered by fascination of Al technologies like self-driving cars, generative Al and
entertainment robots. It is important to diffuse Al technological and management knowledge to less
informed and unaware potential adopters and software developers. For developing countries (DCs)
with very few firms building Al technologies, creating start-ups that develop small and simple Al

systems that meet needs of niche markets is a promising starting point.

Expert systems are used to capture human expertise in a narrow domain of knowledge and embedding
expertise as executable software. The ESs have knowledge and capabilities like those of an expert in
that domain, which can be utilized by all those requiring it. Economists have a long history of engaging
with ESs and transformative nature of ESs requires discussion and debate on Al fueled society and
many possible paths to that future (Bickley, Chan and Torgler 2022). Strategic innovation (Viliam and
Michal, 2010) and technology innovation capability building ESs (Jami et al. 2019) are used in
innovation field. Al systems for strategic innovation and technology capability building like ESs can
save Africa from catastrophe similar to ones that resulted from missing 1st, 2nd and 3rd industrial

revolutions (Mambo, 2023). Missing the 4th industrial revolution will increase gap between
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industrialized and least industrialized countries significantly that it will become improbable for them
to catch-up.

There is need to create transdisciplinary education programs that combine Al and non IT disciplines
for example with social sciences (Thurner and Socher, 2023). These programs create professionals
capable of developing ESs in areas of their expertise. The continent’s cocktail of problems can be
solved by a cocktail of design thinking, problem based learning and system thinking methods to build

required capabilities (Nyemba et al. 2020) which can be aided by creating ESs to support the processes.

An information systems Al systematic literature review categorized Al into eight domains; one of
which was ESs (Collins et al. 2021). Most AI maturity models differ on business problem domain for
example they are general, for auditing, logistics, retail, innovation management (Sadiq et al. 2021) and
human centered by privileging human control and societal aspects over Al(Hartikainen, Vidninen
and Olsson, 2023), but not on type of organization or Al focus. An exception is social technical
maturity model focused on responsible Al and for all types’ business organizations and domains
(Akbarighatar, Pappas and Vassilakopoulou, 2023). Maturity models can also be differentiated
according whether they are for start-ups or other types of organizations and the eight AI domains
instead of business problem domain. This study’s Al maturity model focuses ESs Al domain, is
general on business domain and specific to start-up organization type. Design thinking and design
science are used in social science. These methods were used to create some of Al maturity models

presented in literature.

Connecting Al related revolutions, innovation, teaching and learning produces skilled manpower that
when enabled with cognitive devices drive industry 4.0 revolution (Bullon et al. 2017). Al enabled
fourth industrial revolution is likely to be followed by fifth digital ecosystems industrial revolution
(Nyemba et al. 2020). The two revolutions are likely to make AI the dominant technology. An Al
course on industry 4.0 revolution is being taught in a Namibia university (Shipepe et al. 2021). More
Al courses focusing on industry 4.0 and Internet of Things combined with digital revolution should

be introduced.

Student interns provide affordable labor for start-ups, sometimes the only economically viable way
for DCs start-ups to survive (Fagerholm et al. 2018). In many DCs it is hard to get good software

engineering (SE) developers forcing startups to survive by depending on poorly paid interns (Da Silva
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et al. 2005).. Different DCs pay their interns differently, some better than others but most of them
lower than developed countries.

This study ES maturity model is for informal and formal start-ups. An Al researcher, practitioner or
lecturer developing a commercial ES using a maturity model has to consider technical, social,
organizational and marketing issues which are best dealt with in formal or informal start-up

organizational settings.

China has found two pathways to establish itself as global Al leader: by creating a community of
practice through cooperating with other nations, universities and Al talent (Steckman, 2019). DCs can
seek to be regional leaders by adapting developed countries Al technology leaders’ pathways to their
context. DCs universities and start-ups can align their strategies to country’s national strategies and

cooperate with regional universities and business organizations even those that are competitors.

The study objectives are:
a) To carry out Al maturity models literature review.
b) To design and create an ESs adoption and development capability maturity model for DCs formal

and informal start-ups.

This paper is divided into six sections; the first is introduction that presents basic foundations of study
and the research questions. The second section presents research methodology. The third section
presents literature analysis, synthesis, the problem and suggested solution. The fourth section is

creation of maturity model and fifth section evaluates the model and final section concludes research.

Methodology

The study used design science research framework (DSRF) because study involves both research and
innovation (Hevner et al. 2004). Creating maturity model involves synthesizing research knowledge
and innovation to create novel model relations and components. There are several DSRE’s and Takeda
et al. (1990) abduction, deduction and circumscription design model cast into design science research
by Vaishnavi and Kuecher (2009) was selected because it is based on sound foundation of a design
theory and derived from Al systems research and practice. DSRFs research methodologies are used
to develop Al maturity models (Becker, Knackstedt and Poppelbuf3, 2009, Fukas, et al. 2021a,
Alsheiabni, Cheung and Chris, 2019) and are a means to effectively build capabilities.
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The research framework consists of five steps (Vaishnavi and Kuecher 2009):

Problem awareness — The problem of ES adoption and capability building was established by literature
review.

Solution suggestion — An ES capability maturity model starting with minimum or no management and
ES development capabilities and building capabilities at minimal cost is suggested.

Development — The maturity model will be developed

Evaluation — The maturity model be evaluated by showing model is appropriate for DCs context and
the way start-ups are created and grown.

Conclusion —The research will be concluded.

Findings and Discussions

This section presents design science research problem awareness and solution suggestion steps.

Artificial Intelligence and Expert Systems

Al is expected to radically transform government, industry, business and disciplines. Al driven
industry 4.0 revolution has brought most drastic socio-economic transformations ever faced by
humankind and the next big change is smart manufacturing (Gopi and Williams, 2021), through
supporting different dimensions of technology innovation capability building for example innovation
evaluation for competitive advantage (Jamil et al. 2019), which can support many aspects of Als start-

up creation and growth.

Interest and investments in Al are increasing in all regions of the world. South Africa was among
among five countries in the world with highest growth rate in Al hiring between 2016 to 2020 while
between 2016-2019 Sub-Saharan Africa had seven-fold growth in Al peer reviewed research
publications (Stanford, 2021). This trend has accelerated in 2020-2024, indicating if the trend is

supported to continue the region can rapidly catch up.

Expert System Adoption and Development
Combining knowledge based systems and progressive web is a recombinant type of I'T innovation for

sustainable development (Fukas and Thomas, 2021b). The recombinant innovation belongs to class
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of systems called Al based systems that consists of Al, software engineering and other non-Al
systems. Al combinatorial innovation combines existing technologies and ideas in new novel ways
(Boden, 2009). ESs is one type of knowledge-based systems. DCs combinatorial innovation projects
combining ESs and other computing systems can have members from different computing domains
to alleviate shortage of skilled developers’, build expertise and capability in participating domains. In
addition to creating transdisciplinary education programs that combine Al and non IT disciplines
(Thurner and Socher, 2023). The transdisciplinary majors will be enable transfer and unification of

knowledge between disciplines.

Al professionals have to choose to be technology adoption leaders, followers or resistors but
continuous adoption resistance will lead to their skills becoming obsolete (Gillard, Bailay and Nolan,
2008). However not every new technology is better than one it’s trying to substitute (UNIDO, 2005).
Not all ES innovations should be adopted or old ones discarded immediately new innovations are

created.

Technology catch-up refers to a country increasing catch-up speed or skipping certain stages of
technology development (Juma, and Norman, 2002). Al policies should be created to support Al
research, innovation and ecosystems (Nayebare, 2019) for technology leapfrogging. Start-up ESs
development accrues technical debt (TD) by trading off improving important urgent start-up survival
aspects at expense of other important but less urgent aspects of start-up and ES development. Start-
ups introducing TD determine the right level of good enough debt (Besker et al. 2018). Al catch-up
model requires building capabilities and maximizing benefits to society, aided by governments research
and development (RD) capability building policy (Galvez, Culaba, Dadios and Bandala. 2019). Most

start-ups TD is acquired during development phase and paid during maintenance phase.

Al is one of most exiting innovations for simpler, more efficient production in agriculture, industry
and services that can generate many jobs (Rosales et al. 2020). This can help solve problem of DCs
high unemployment. Al presents opportunities for developing powerful applications using ordinary
PCs and freely available software’s. This makes Al software start-ups industry entry easier compared
with many other advanced hardware technologies like robotics that require expensive manufacturing

equipment.
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Starting with simple and cheap technologies designed for a large number of potential adopters
increases chances of higher adoption rates. Technology adoption starts with innovator adopters who
usually have a lot of resources and like experimenting with new technologies (Rogers, 1995). Innovator
adopters then act as agents to diffuse innovation information and knowledge to next group, the eatly

adopters.

Globally Al research is dominated by developed countries as developing countries undertake other
research needs and priorities that are more pressing (Atkinson and Solar, 2009). However, ignoring
Al research may seem necessary for now, but in long run can have disastrous consequences, as it is
likely to make these countries to lag further behind in all their research priority areas. Al in general
and ES in particular can be used to automate all steps of technology innovation: basic, applied research
and development (Rosales et al. 2020) and even ES innovation process. Al is most transdisciplinary
discipline with respect to unifying knowledge from many disciplines. A trans-field for transdisciplinary
research in SE and Al integrating society has emerged (Mambo, 2022). Society is important in
establishment and growth of industry as it determines those that adopted, developed further or

rejected.

One way of increasing Al adoption, creation and industry growth is developing national Al strategy
(NAIS). Mauritius was first African country to develop a NAIS in the continent (Mauritius, 2018).
Brazil and Chile have released their Al national frameworks; and Latin America and Caribbean
countries mainstreamed innovation social impact in their Al strategies (Nettel et al. 2021). Countries

with goals to prioritize ESs should mainstream ESs within national Al policies and strategies.

Al enable leap frogging some stages of technology development by leveraging knowledge and values
of local people (Nayebare, 2019). DCs have leap frogged in mobile telecommunications.
Telecommunications uses Al and vice versa, both are part: industry 4.0 and IoT revolutions. Training
policy makers, strategy developers and Al experts together can better inform decision makers of Al
capabilities and its impact (Nayebare, 2019). Transdisciplinary approaches help different disciplines

collaborate with society.

A Systematic literature review found motivations to adopt Al were technology catch-up, increasing

productivity, aligning with country’s policies and strategies, (Kabalisa and Altmann, 2021) motivations
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that reinforce each other. A barefoot approach designs DCS ESs by counteracting DCs weaknesses
and leverages DCs strengths (Riesco et al. 2014). The maturity model presented by study is barefoot

oriented.

Cost of starting, growing and maturing software start-ups is lower than that of hardware’s start-ups
making s them more affordable. Every country can afford to have at least 100 Al start-ups. National
strategies and policies should include start-up ecosystem maturity. DCs can ensure they have at
minimum an Al software ecosystem at nascent stage. A nascent Al software ecosystem is a recognized
software hub, with some start-ups, few investment deals and no great output (Cukier and Kon, 2018).
The nascent ecosystem ensures countries keep a breast with Al developments, attract foreign SMEs

Al investors and can quickly upgrade the ecosystem if needed.

Technology Capabilities

Technology start-ups build catch-up capabilities through acquiring knowledge, learning from doing,
experimentation, researching and inventing then putting what is learnt to practice. Creating an
enabling environment for Al start-ups to thrive will help avoid negative consequences of missing
industry 4.0 revolution, missing the previous three industrial revolutions is cause of many problems
Africa faces today (Arakpogun et al. 2021). Start-ups begin with little or no capital, limited work force
and experimenting to discover how to evolve start-up and create innovations under scarce resource

conditions.

Chile is a Latin America ES technology its trajectory (Atkinson and Solar, 2009):
It started with Al research goal of solving practical industry problems. Early ESs developed was for
mining, process control and medicine were to meet this goal. PUC organization pioneered the first

ES use in industry that lead to first ES company SOLEX in early 80's.

Factors firm size, employee’s education level, product innovation, organization innovation, process
innovation and business inhibitors are blended with design and organization innovation trajectories
to create sustainable competitive advantage (Navas, Hwang and Yoon, 2021). Start-ups easily

transform their technology and organization’s architecture by experimenting with these factors.
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Capability Maturity Models

Al maturity models helps an organization identify and visualize steps towards maturing capabilities
(Alsheiabni, Cheung and Chris, 2019). The organization starts by determining its current capabilities,
the model prescribes best practices to build capabilities to reach next level. There are few Al start-
ups in many DCs and ESs start-ups are even fewer. For those with few or no start-ups more start-ups
need to be created to reach a critical mass needed for formation of Al industry. Maturity models lowest
level is Al ignorance and higher levels replace ignorance with knowledge, capability and awareness

(Lichtenthaler, 2020) they can be designed for any organization, regions, nation or international.

Start-ups have high failure rate and Al start-ups have even higher rate. DCs start-ups failure has more
negative consequences for most owner entrepreneurs have fewer alternatives for earning income
compared with those in developed countries. Software start-ups embrace project failures to validate
their learning to be able decide whether to pivot by changing strategy, business elements, concept and
product (Bajwa, Wang, Duc, and Abrahamsson, 2017). A start-up success depends on how well it

learns from failures, as failures often lead to discoveries.

Al transformative and innovative abilities powers Al capability building journey (Yams et al. 2020).
Different maturity models based on different paradigms for different problem domains (Sadiq et al.
2021). For example design paradigm oriented design science maturity models (Mettler, 2011).
University capabilities are more volatile than those of other organizations, because Al students after

a few years graduate and leave with their capabilities.

Creating or turning some student projects into open source projects and providing incentive for
students who graduate to continue participating in projects they initiated while in university. The
capabilities can be built using university entrepreneurship, intellectual capital and student
employability maturity models (Tocto-Cano et al. 2020). A university can turn student projects into
open source projects driven by student employability maturity model making students more
employable at same building university Al capabilities, IP maturity model can help create and protect
open source projects intellectual capital and entrepreneurship model drives university-student start-

ups formation and growth.
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Maturity model design principles are oriented towards application domain, purpose of use, class of
entities under investigation, differentiation from existing maturity models, design process, degree of
validation and target group (Poppelbufl and Roéglinger, 2011). This study’s maturity model’s
application domain is ESs for formal and informal start-ups, the purpose is to provide pathway to
upgrade capabilities. The study’s model difference with other AI maturity models with its focus on

ES domain, start-ups, and applicability to any business domain.

Metrics used to measure countries Al RD capabilities are number of journal and conference
publications, Al capabilities, skills, hiring, investment, number of funded start-ups, patent number and
citations (Stanford, nd). These metrics can be used by countries to measure their national Al
capabilities. Computing schools of DC Universities that aim to become Al technology leaders should
increase their publications in Al international journals but should operate at least one Al journal and
make significant Al contributions to relevant university conferences to promote Al research specific
to their countries. Start-ups can include relevant metrics in their strategies. Two other start-ups success
factors are strategies for dealing with Al barriers and drivers. Barriers and drivers sometimes reinforce
or counteract each other for example the barrier lack of Al strategy can create another barrier lack of
Al talent in the organization and the driver decision making ability can lead to creating a sustainable
process driver (Kar, Kar, and Gupta, 2021). Start-ups aware of barriers and drivers are better able to
navigate technology landscape. Maturity models could be designed to deal with barriers for example
lack of Al talent that can be overcome by developing human resource management and innovation
capabilities that enable generation innovative ideas and products (Arakpogun et al. 2021). Maturity

models have to be designed to deal both enablers and inhibitors.

Lagging behind DCs can start with increasing number of people trained in Al and ensuring Al students
get industrial attachment to gain skills. Government must drive this process initially and can have at
least a department or center focusing on Al United Arab Emirates takes this to a higher level by
having ministry of Al Intelligent tutoring including tutoring ESs will increasingly support online
courses. Al can be argued to be secret sauce that enabled increasing massive online courses (MOOC)
student numbers to tens of thousands (Stanford, 2016). Teaching Al introductory courses to all
science, engineering, computing students using MOOC supported by Al lowers costs compared to

physical teaching.
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Problem Awareness and Suggested Solution

Sub-Saharan Africa and some other developing regions of the world face severe skills shortage that
can be overcome by using ESs. For example an ES has solved university skills shortage caused by
brain drain through immigration of lecturers (Sakala et al. 2010). The problem is how to upgrade their

capabilities and grow them systematically by learning from doing and learning by experimenting,

Suggested solution is to enable more individuals to develop ESs to build technical capabilities, create
and grow start-ups capabilities. Start-ups lack of resources requires prioritizing building topmost
ranked skills by having learning agility and being able to jump easily between different SD problems

(Mangiza and Brown, 2020), which can be learned from other successful start-ups experiences.

Expert System Catch-Up Maturity Model

This section is for research development step, a maturity model is developed using design science
research framework shown in table 1. Rapid evolution of Al, ES and limited resources necessitate
DCs start-ups tactics, strategies and capabilities to evolve continuously based on cumulative synthesis

of lessons learned from experience, practice and research.

Tablel. Expert System Capability Maturity Model.

Level ES Features, employee skills and start-up growth

Level O - Ignorance  Start-up lacks awareness of usefulness, importance of building ESs capabilities
and growing start-up systematically. The start-up runs on initial capital raised and possibly non Al
Information technology income generating activities. Initially startup ownet/s may work on startup

job and some an extra one to help support startup

Level 1 - Basic understanding and skills. Start-up has basic awareness of usefulness, importance of
building ESs capabilities and growing start-up systematically. Employees practice developing simple
ESs to learn and build basic capabilities. Start-up generates income to support itself from non Al
Information technology activities. Sales from ESs are negligible. Startup owner/s may continue

working two jobs.
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Level 2 - Intermediate knowledge and skills. Start-up creates intermediate knowledge, skills and
capabilities through learning by doing and experimenting acquired by startup management and
building simple ESs. Startup learns by adopting and using simple open source ESs and shells. Open
source ES software is free and provides source code enabling developers to more easily build
capabilities at lower cost. It builds ability to develop simple small knowledge based systems used by
businesses with many software engineering (SE) modules and one or few small simple ESs modules.
It learns from software start-up patterns and methods (Cukier and Kon, 2015). For example
entrepreneurship and innovation methods and fragments like lean start-up methodology fragments
(Ries, 2011) to distil best practices. It develops simple commercial hybrid SE ES systems. Start-up
generates income by open source support activities selling their hybrid ES systems and imported large

ESs. Start-up owner/s stop working external jobs and focus only on start-up.

Level 3 - Basic Experimenting. Start-up start experimenting with developing simple small commercial
ESs based on idea small is better to begin with. ESs develop at this level differ from level 2 by having
no conventional SE components. It incrementally adopts entrepreneurship and innovation methods
and techniques: starting by adopting their simplest parts then incrementally adopting more complex
parts until they are able to use complete methods like lean start-up methodology. Networking with
other start-ups in neighborhood and beyond to learn, share knowledge, solutions and experiences.
They allow technical debt whenever it’s necessary for start-up survival. Start-up moves away from non
ES IT activities. It continues selling imported ES large systems. Start-up starts automating its internal

activities with ESs.

Level 4 -intermediate Experimenting Start-up experiments gradually with developing increasingly
larger ESs. Every project must have a clear goal and vision to build capabilities. Start-up creates
experimental ESs never to be used in practice. Start-up must ensure commercial ESs are used by at
least one individual or organization even if it means giving them for free as shareware or open source.
Although given for free but evidence generated that it works in industry helps start-up builds valuable
credibility to use for marketing. Start-ups from level 4 and higher generate income only by selling ESs

they have developed, imported ESs and related activities.

Level 5 — Partnering and forming alliances ~ Start-up starts form partnerships and alliances with

other Al developing firms whether large or small, local or international. Forming these relationships
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should start by start-ups alliances and partnerships as they are easier and faster to form and manage.
Start-up use approaches like open innovation maturity model based on partnering (Enkel, Bell and
Hogenkamp, 2011) and sixth generation RD where organizations carry out basic and applied research
together as a consortium but research commercialization is left open for participating organizations
do it alone or in sub groups (Nobelius, 2004). Start-up down scales approaches for medium and large
enterprises to make them lightweight. Win-win alliances focused on building relationship capabilities
by acquiring knowledge and ESs together (Matusik and Heeley, 2005). If there are no start-up groups

to partner with, start-up advocates for institutional and government support in creating Al ecosystem.

Level 6 - Research and Development. Start-ups incrementally perform ES innovation research and
development. The goal is not to develop radical innovation capabilities but to build ability to develop
incremental capability to be able to learn from RD done by Al technological leaders. The highest level
innovation capabilities start-ups are likely to develop are technology breakthrough that uses
significantly different technologies that provide similar benefits to existing technologies rather than
radical innovations that use new novel technologies, create new markets that have higher benefits
(Queiroz et al. 2020). Start-up teams consist of ES developers from different disciplines and
knowledge experts from different problem domains. Start-up has advanced knowledge and skills of
managing the start-up. The start-up uses RD knowledge in its catch-up strategy to become a regional
leader or global fast follower. Alliances and partnerships upscale partnering capacity (Enkel, Bell and
Hogenkamp, 2011). Start-up partnerships and alliances could approach larger firms that have carried
applied ES research or have patented, which larger firms are not interested in commercializing. Start-

up strength in numbers increases chances of attracting attention of larger firms.

Level 7 - Continuous improvement. Start-up continuous improves ES development and start-up
management by upgrading knowledge, capabilities and skills. Start-ups have proactive alliance and
partnership selection strategy and share partnering expertise with collaborators (Enkel, Bell and

Hogenkamp, 2011). The startup uses state of art methods and technologies in developing ESs.

Few organizations reach highest capability level of most maturity models. It takes over three years for
an individual novice to become an expert. It will take a start-up a minimum of five years to build
capabilities from level O to reach capability level 4. The maturity model provides opportunity for

advanced start-ups and larger firms with capital to create ES start-up innovation hubs in DCs.
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Maturity Model Evaluation

This section is DRSF evaluation step. The ES model was validated by descriptive evaluation through
comparing it with other Al maturity models. Industry model evaluation is another approach that is
not often used because it requires five or more years to do so (Esterhuizen, Schutte and Du Toit,
2012). Industry evaluation can be done after with descriptive evaluation. Al maturity models are also
developed in two phases: phase one doing research and publishing journal article and phase two
implements the model and evaluates it (Hartikainen, Vidnidnen and Olsson, 2023). Design research
artifacts can be evaluated by comparing them with similar artifacts (Baskerville et al. 2009). Existing

Al maturity models were not evaluated with industry evaluation.

Descriptive evaluation uses relevant research to build a convincing artifacts utility argument (Hevner
etal. 2004). DCs that face severe resource scarcity when building ESs have to do so with few resources
available, negligible capital through discovery by experimentation, learning from similar successful
innovations and entrepreneurship cases. Textile firms increase productivity and lower costs through
applying ESs and experimentation to learn from their manufacturing activities (Bullon et al. 2017). A
start-up software pattern is solution to commonly recurring problem, an example pattern is learning
from entrepreneurship and innovation methods (Cukier and Kon, 2015). Methods are based on

industry best practices.

Majority of DCs Al start-ups are likely to be started by I'T graduate students who are unemployed or
under employed who can reduce capital required to get started by for example by operating from their
homes or garages with old PCs even ones students used in their studies, using open source platforms
and programming languages that are free. They can learn and practice to build maturity basic level 1
capability by learning to develop simple ESs, if they did not do so during their studies and maturity
Level 2 intermediate capability by acquiring, adopting open source ESs and learning from innovation
and entreprencurship methods. The study’s ES maturity model is based on increasing learning and
experimentation similar to lean start-up methodology for start-ups (Ries, 2011). Two open source
systems: JavaDON ES shell written in java programming language (Tomic, Jovanovic and Devedzic,
20006) and JESS ES for acquiring knowledge for software design and development implementable as
an Applet (Annaiahshetty and Prasad, 2013) could be used. A start-up entrepreneur may decide to
create and use an ES to support software design and development, and provide it as shareware to

another firm to produce evidence to use in marketing it. Several open source ES systems, shells exist

41


https://uonjournals.uonbi.ac.ke/ojs/index.php/ajein

AJEIN https://uonjournals.uonbi.ac.ke/ojs/index.php/ajein
September Vol 3 No.3, 2024 PP 28-47 ISSN 3005-7256

and publications are available. Start-ups can build capabilities by experimenting with open source shells

and frameworks in level 3, intermediate experimenting level 4, and RD level 6.

DSRF artifacts are evaluated by researcher reasoning about their purpose, internal structure and
conditions under which artifact is expected to work and others will not (Sonnenberg and vom Brocke,
2012). Compared with Al maturity models (Sadiq et al. 2021, Alsheiabni, Cheung and Chris, 2019,
Cukier and Kon, 2018, Péppelbul3 and Roglinger, 2011): study’s ES maturity model levels 1, 2 and 3
are simpler than equivalent levels of these models, can be implemented by a single start-up employee
and mirrors the way software development capabilities are developed by computing students and new

employees.

Conclusion

This section is design science research conclusion step that summarizing study. ESs can assist novices
and less skilled workers do work requiring higher skills than ones they possess. Being able to develop
ESs can help DCs fill skill gaps in different areas. The ES capability maturity model can aid building

ES development, start-up creation and growth capabilities in low cost way.

The model can be used by unemployed students and people who have basic Al knowledge and skills
to build startup management and technical capabilities. The model is based on self-bootstrapping
using what is available to create what is needed. The ideal solution of having all required prerequisites
is not feasible in many cases in DCs. Creating alliances and partnerships between less advanced
startups between themselves and across with more advanced local and international start-ups and

larger firms is important step towards maturing capabilities.

The study’s ES model was evaluated it by descriptive evaluation by argument that showed model
meets requirements from maturity model literature and compares favorably with other AI maturity

models used in industry. Industry evaluation is left as future work.

References
Akbarighatar, P. Pappas, I. & Vassilakopoulou, P. (2023). a sociotechnical perspective for responsible
Al maturity models: Findings from a mixed-method literature review. International Journal of

Information Management Data Insights, 3.

42


https://uonjournals.uonbi.ac.ke/ojs/index.php/ajein

AJEIN https://uonjournals.uonbi.ac.ke/ojs/index.php/ajein
September Vol 3 No.3, 2024 PP 28-47 ISSN 3005-7256

Alsheiabni, S. Cheung, Y. & Chris, M. (2019). Towards an artificial intelligence maturity model: From
science fiction to business facts. PACLS 2079 proceedings. 46.

Annaiahshetty, K. & Prasad. N. (2013). Expert system for multiple domain experts’ knowledge
acquisition in software design and development. I[EEE, 196-201.

Arakpogun, E. O., Elsahn, Z. Olan, F. & Elsahn, F. (2021). Artificial intelligence in Africa: Challenges
and opportunities. Springer, 375-388.

Atkinson, J. & Solar, M. (2009). Artificial intelligence and intelligent systems research in Chile. M.
Bramer (Ed.) Artificial Intelligence, INAT 5640.

Bajwa, S. Wang, X. Duc, A. & Abrahamsson, P. (2017). Failures to be celebrated: An analysis of major
pivots of software startups. Empirical software engineering, 22, 2373-2408.

Baskerville, R. Pries-heje, J. & Venable, J. (2009). Soft Design Science Methodology. DERIST 09,
ACM.

Becker, J. Knackstedt, R. & Péppelbul3, J. (2009). Developing maturity models for I'T management.
Business and Information Systems Engineering, 3, 213-222.

Besker, T. Martini, A. Lokuge, R. E. Blincoe, K. & Bosch, J. (2018). Embracing technical debt, from
a startup company perspective. Conference on Software Maintenance and Evolution, IEEE,
415-425.

Bickley, S. Chan, H. & Torgler, B. (2022). Artificial intelligence in the field of economics.
Scientometrics.

Boden, M. A. (2009). Computer models of creativity. Association for the advancement of artificial
intelligence, 30(3), 23-34.

Bullon, P. J. Gonzalez, A. A. Hernandez, E. A. & Queiruga-Diosc, A. (2017). Manufacturing processes
in the textile industry: Expert Systems for fabrics production. ADCAI] Journal, 6(1), 41-50.

Collins, C. Dennehy, D. Conboy K. & Mikalef, P. (2021). Artificial intelligence in information systems
research: A systematic literature review and research agenda. International Journal of Information
Management, 60.

Cukier, D. & Kon, F. (2015). Early-Stage software startup patterns: Strategies to building high-tech
software companies from scratch. HILLSIDE Proc. of Contf.

Cukier, D. & Kon, F. (2018). A maturity model for software startup ecosystems. Journal of innovation

and entrepreneurship, 7(14).

43


https://uonjournals.uonbi.ac.ke/ojs/index.php/ajein

AJEIN https://uonjournals.uonbi.ac.ke/ojs/index.php/ajein
September Vol 3 No.3, 2024 PP 28-47 ISSN 3005-7256

Da Silva, A. F., Kon, F., & Torteli, C. (2005). XP south of the equator: An experience implementing
XP in Brazil. In International Conference on Extreme Programming and Agile Processes in
Software Engineering, Springer Berlin Heidelberg, 10-18.

Enkel, E. Bell, ] & Hogenkamp, H. (2011). Open innovation maturity framework. International Journal
of Innovation Management, 15(06), 1161-1189.

Esterhuizen, D. Schutte, C. & Du Toit, A. (2012). A knowledge management maturity model to grow
innovation capability. SA Journal of innovation management.

Fagerholm, F. Hellas, A. Luukkainen, M. Kyllénen, K. Yaman, S. & Mienpaa, H. (2018). Designing
and implementing an environment for software start-up education: Patterns and anti-patterns.
The Journal of Systems and Software, 146.

Fukas, P. Rebstadt, J. Remark, F. & Oliver, T. (2021a). Developing an artificial intelligence maturity
model for auditing. ECIS 20217 research papers.

Fukas, P. & Thomas, O. (2021b). Innovation by information technology recombination: How
artificial intelligence progressive web apps foster sustainable development. INFORMATIK
2021.

Galvez, R. L. Culaba, A. B. Dadios, E. P. & Bandala, A. (2019). Artificial intelligence: Policy paper.
Journal of Computational Innovations and Engineering Applications, 4(1).

Gillard, S. Bailay, D. & Nolan, E. (2008).Ten reasons for IT educators to be early adopters of IT
innovations. Journal of Information Technology, 7, 21-33.

Gopi, J. & Williams, R. (2021). Emergence of artificial intelligence and its role in promoting new
products and services. Asian journal of economics, finance and management, 4(3).

Hartikainen, M. Vaininen, K. & Olsson, T. (2023). Towards a Human-Centered Artificial Intelligence
Maturity Model. CHI EA 23.

Hevner, A. R. March, S. T. Park, J. & Ram, S. (2004). Design science in information systems research.
MIS Quarterly, 28(1).

Jamil, M. Hossain, M. S. Islam, R. & Andersson, K. (2019). A belief rule based expert system for
evaluating technological innovation capability of high-tech firms under uncertainty. ICIE]”
and il 1”PR, 330-335.

Juma, C. & Clark, N. (2002). Technology catch-up: Opportunities and Challenges for Developing
Countries.

Kabalisa, R. & Altmann, J. (2021). Al technologies and motives for Al adoption by countries and

firms: a systematic literature review. Springer International Publishing, 39-51.

44


https://uonjournals.uonbi.ac.ke/ojs/index.php/ajein

AJEIN https://uonjournals.uonbi.ac.ke/ojs/index.php/ajein
September Vol 3 No.3, 2024 PP 28-47 ISSN 3005-7256

Kar, S. Kar, A. K. & Gupta. M. P. (2021). Modeling Drivers and Barriers of Artificial Intelligence
Adoption: Insights from a Strategic Management Perspective. Intel] Sys Ace Fin Mgmt. 28, 217—
238. DOI: 10.1002/isaf.1503.

Kumar, S.P. (2018). Knowledge-based expert system in manufacturing planning: State-of-the-art
review. International Journal of Production Research.

Lichtenthaler, U. (2020). Maturity levels of managing Al: From isolated ignorance to integrated
intelligence. Journal of Innovation Management, 8(1), 39-50.

Mambo, W. N. (2022). Aligning software engineering and artificial intelligence with trans disciplinary.
Trans disciplinary Jonrnal of Engineering and Science, 21-34.

Mambo, W. N. (2023). African informal sector inventors: Inventing outside their disciplines. African
Journal of innovation and entrepreneurship. 2(1).

Mangiza, P. & Brown, 1. (2020). Requisite skills profile of software development professionals for
startups, SAICSIT 20, ACM, 102-109.

Matusik, S. F. & Heeley, M. B. (2005). Absorptive capacity in software industry: Identifying
dimensions that affect knowledge and knowledge creation activities. Journal of management,
31(4).

Mauritius (2018). Mauritius artificial intelligence strategy. Working Group on Al

Mettler, T. (2011). Maturity assessment models: A design science research approach. Int. |. Society
Systems Science, 3(1-2), 81-98.

Navas, A. Hwang, J. & Yoon, H. (2021). Configurational paths of organizational and technological
innovation to firm performance using fuzzy-set QCA analysis, Latin American journal of
computing, 7(2), 74-82.

Nayebare, M. (2019). Artificial intelligence policies in Africa over the next five years. XRDS, 26 (2).

Nettel, P. Rogerson, A. Westgarth, T. Iida, K. Mbayo, H. Finotto, A. Rahim, S. & Petheram, A.
(2021). Government Al readiness index 2021. Oxford Insights.

Nobelius, D. (2004). Towards the sixth generation R&D management. Journal of project management.

Nyemba, W. R. Chikuku, T. Chiroodza, J. R. Dube, B. Carter, K. F. Mhohwa, C. & Magombo, L.
(2020). Industrial design thinking propelled by royal academy of engineering in Sub-Saharan
African for capacity building. Procedia CIRP 91, 770-775.

PoppelbuB3, J. & Roglinger, M. (2011). What makes a useful maturity model? A framework of general
design principles for maturity models and its demonstration in business process management.

ECIS.

45


https://uonjournals.uonbi.ac.ke/ojs/index.php/ajein

AJEIN https://uonjournals.uonbi.ac.ke/ojs/index.php/ajein
September Vol 3 No.3, 2024 PP 28-47 ISSN 3005-7256

Queiroz, J. Leitao, P. Pontes, J. Chaves, A. Parra-Dominguez, J. & Perez-Pons. M. (2020). A quality
innovation strategy for an inter-regional digital innovation hub. Advances in Distributed
Computing and Artificial Intelligence Journal, 9(4), 31-45.

Ries, E. (2011). The lean start-up: How today’s entrepreneurs use continuous innovation to create
radically successful businesses. Crown Books.

Riesco, A. M. Artaso, M. A. Belandia, M. & Pickin, S. (2014). Still in the first steps of a barefoot
knowledge engineering. IEEE.

Rogers, E. M. 1995. Diffusion of innovations. Free Press.

Rosales, M. A. Magsumbo, ]. V. Palconit, M. G. Culaba, A. B. & Dadios, E. P. (2020). Artificial
intelligence: The technology adoption and impact in the Philippines. IEEE.

Sadiq, R. B. Safie, N. Rahman H. A. & Goudarzi, S. (2021). Artificial intelligence maturity model:
A systematic literature review, Peer| Comput. Sci. 7.

Sakala, L. C. Muzurura, O. & Zivanai, C. (2010). The use of expert systems has improved students
learning in Zimbabwe. Journal of Sustainable Development in Africa, 12(3).

Shipepe. A. Uwu-kheb, L. Kolog, E. Apiola, M. Mufeti, K. & Sutinen, E. (2021). Towards the
fourth industrial revolution in Namibia: An undergraduate course. Frontiers in Education.

Sonnenberg, C. & vom Brocke, J. (2012). Evaluation patterns for design science research artefacts.
M. Helfert and B. Donnellan (Eds.): EDSS 2011, CCIS 286, 71-83.

Stanford, U. (2016). Artificial intelligence and life in 2030: One hundred year study on artificial
intelligence. Report of the 2015 Study Panel.

Stanford, U. (2021). Artificial intelligence index report 2021. Stanford University Human-Cented
Artificial Intelligence.

Stanford, ( nd). Global AI Vibrancy tool. https://aiindex.stanford.edu/vibrancy/

Steckman, L. (2019). Pathways to lead in artificial intelligence. In Nicholas D. Wright, N. D. (Eds.)
Abrtificial Intelligence, China, Russia, and the Global Order, 81-88.

Takeda, H. Veetkamp, P. Tomiyama, T. & Yoshikawa, H. (1990). Modeling design processes.
American association for artificial intelligence, 11(4), 37-48.

Tocto-Cano, E. Collado, S. Lopez-Gonzales, J. & Turpo-Chaparro, J. (2020). A systematic review of
the application of maturity models in universities. Information, 11.

Thurner, V. & Socher, G. (2023). Disciplines go Digital: Developing Trans disciplinary Study
Programs that integrate Al with Non-IT Disciplines. 2023 IEEE Global Engineering

Education Conference.

46


https://uonjournals.uonbi.ac.ke/ojs/index.php/ajein

AJEIN https://uonjournals.uonbi.ac.ke/ojs/index.php/ajein
September Vol 3 No.3, 2024 PP 28-47 ISSN 3005-7256

Tomic, B. Jovanovic, J. & Devedzic, V. (20006). JavaDON: An open-source expert system shell.
Expert Systems with Applications, 31, 595-6006.

UNIDO, (2005). Capability building for catching-up, historical, empirical and policy dimensions.
Industrial Development Report.

Vaishnavi, V. & Kuecher, W. (2009). Design research in information systems, Association of
information systems.

Viliam, L. & Michal, V. (2010). The expert system as a proposal for creating innovative strategy. Journal
of Competitiveness, 2, 47-57.

Yams, N. B. Richardson, V. Shubina, G. E. Albrecht, S. & Gillblad, D. (2020). Integrated Al and
innovation management: The beginning of a beautiful friendship. Technology innovation

management review, 10(11), 5-18.

47


https://uonjournals.uonbi.ac.ke/ojs/index.php/ajein

