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Abstract. Several studies indicate that there are no enough people in the market with data sci-
ence skills and even those graduates in ICT from universities do not possess skills required by
employers. Thus, researchers have suggested the urgency for universities to review their curric-
ular as the world is heading towards data era. The aim of this research was to analyze the cur-
rent skill-gaps needs from stakeholders and opportunities to establish data science postgraduate
programme that reflects the current technological trends and market demands at the University
of Dar es Salaam (UDSM). A questionnaire was administered to 85 identified organizations to
solicit information on the needs for data scientists and existing skill gaps. A total of 61 filled
questionnaires response were received out of the 85 that were administered to selected organi-
zations indicating a turn out rate of over 70%. Overall the analyzed data articulated a com-
pelling evidence for the local industry growing need for data scientist. The survey that was
conducted was followed up by conduct of various workshops and meetings to solicit inputs
from different experts and stakeholders on different versions of the developed curriculum. Fi-
nally, a new programme in MSc in data Science was approved and established from April 2018
at UDSM. Despite its late approval and without formal advertisement on the public media, the
programme attracted a large number of applicants for 2018/19 academic year, compared to
other several postgraduate programmes in ICT offered at UDSM.

Keywords: Data Science, Data Scientists, UDSM, Data Science Education,
ICT, Skills-gap.

1 Introduction

Significant advances in ICT and underlying communication infrastructure within the
last decade has prompted the new era of data [1]. Data and information have taken an
unprecedented turn in recent years due to the new ways that it is being created and
collected including the speed and diverse nature of its format, fostered by the ever ex-
panding new digital telecommunication technologies that bring a close inter-twine of
societies, including the internet and mobile devices. This has demanded change in
methods of storing and analyzing such data in order to benefit from gaining insight


mailto:honestck@gmail.com

for evidence based decision making. Further, it has prompted need for change in com-
puting device architecture and algorithms thereof for data analytics and processing
[2]. The volume of new body of knowledge resulting from such activities put de-
mands for more focused specialization, not just for researchers but also data profes-
sionals.

The potential for this relatively new and exciting data era has led to data science
sub-discipline in fueling growth of the industrial and knowledge economy is immense
and anchored within data-driven decision making. Data Science, an emerging field
that combines techniques of computer science, Mathematics, statistics and numerical
computational for scientific and business data analytics in order to foster better deci-
sion making. The universal nature for need of data driven decision making across sec-
tors is now vivid. For example, the urgent need for countries to mobilize data to sup-
port monitoring of the Sustainable Development Goals (SDGs) targets and indicators
to meet the 2030 global development targets have seen tremendous efforts for coun-
tries to build capacity and strengthen national data landscape to guide monitoring of
global, regional and national development frameworks. Besides, data is a vital asset
to any organization. It holds valuable insights into areas such as customer behavior,
market intelligence and operational performance which can aid organizations improve
its resource planning and better direct the investments [2]. As universities have been
strategic partners to meet skilled human capital demands for numerous industrial dis-
ciplines, it is imperative and timely now for universities to assume and respond to the
growing local and regional skill gaps within the data science sub-discipline.

In Tanzania, the need to improve the national capacity for data-driven decision
making, policy planning and industrial investment is at high stake now than ever in an
effort to sustain the national industrialization agenda. Globally and particularly in
Tanzania, lack of adequate data science skilled individuals is apparent, while the need
for this expertise is set to rise as the role of data in development globally increases. It
is imperative to bridge the current national knowledge and skill gaps in data science,
and bring the country to harness the existing and future generated massive data set to
foster better policy, budgetary planning, decision making and direct for efficient and
effective investments, vital for propelling forward the national industrialization
agenda.

The aim of this research was to analyze the current skill-gaps needs from stake-
holders and opportunities to establish data science postgraduate programme that re-
flects the current technological trends and market demands.

2 Relevant literature on Data Science

Aalst [3], Discussed how data science came into existence after availability of large
amount of data. Competences that data scientist needs are also revealed as presented
in Figure 1; data scientist should have a mix of quantitative and technical skills,
should be creative, communication skills as well as apprehending end to end solution.



Motive behind data science discipline includes; realization of many organizations that
their survival is solely dependent on capability to exploit available data intelligently.
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Fig. 1. Profile of a data scientist (source: Aalst [3])

Mikalef, Giannakos, Pappas, and Krogstie [4], highlighted the skill gap that exists in
the market. The study was done by survey and interviews to ICT companies to see if
they have enough skilled labor who are able to transform data into actionable insights,
also to see if what is taught in training institutes meets their needs. It was found that
there are no enough people in the market with data science skills and even those grad-
uates from universities does not possess skills required by employers. The paper fur-
ther suggested the urgency for universities to review their curricular as the world is
heading towards data era.

Education for Data Intensive Science to Open New science frontiers [5] extracted
from Data Science Competence Framework, Data Science Body of knowledge, Model
Curriculum and Data Science Professional Profile; Data Science Competence Frame-
work has been extended based on already existing data science framework and ICT
competences and skills. The report defines five groups of competences of data sci-
ence; data analytics, data science Engineering, domain knowledge, data management
and research methods. These are basic skills which data scientists need to have to ac-
complish daily activities.

Moreover Song and Zhu [6], discusses the close relation between big data and data
science in this era of data. Due to advances in ICT there had been dozens of data pro-
duced characterized by 5Vs; Volume, Veracity, Velocity, Variety and Value. The
emerging trend in big data led to need for new methods to analyze and making in-
sights out of it. Thus new body of knowledge, data science came into existence. The
concept of big data, data science and data scientist are well discussed from a survey,
hence advice on approach on how to teach data science in colleges.

However Holman, Stuart-fox and Hauser [7] acknowledged the fact that minority
of women comprise Science, Technology, Engineering, Mathematics and Medicine
(STEMM) workforce. The study was done by analyzing publishing outlets; PubMed
and arXiV it was established that large percentage of authors were men. The authors’



recommends reforms in educational system, mentoring and academic publishing. The
results are also related to Zhang [8] which explains well the gender gap in data sci-
ence jobs in USA where on 26% are employed. The article went further by explaining
reasons for the gap. The reasons for the gender gap included: a lack of STEM educa-
tion for women early on in life, lack of mentorship for women in data science, and hu-
man resources rules and regulations not catching up to gender balance policies, to
name a few.

The National Academies of Sciences, Engineering, and Medicine established the
Committee on Envisioning the Data Science Discipline, as in [9]. The Committee
study report provide candid discussion on the outlook for the data science education
demand in various forms and potential for academic institutions to implementation
data science training at different levels, including high schools, undergraduate and
graduate levels. The committee reports provided an in-depth update on key issues per-
taining to data science education including the knowledge and skills required for a
data scientist; the success and challenges of existing data science programs; and the
challenges of creating new such programs and strategies around leveraging synergies.
We note, however, that the tremendous progress and the future outlook on data sci-
ence education paints a picture of the developed world than the globally. The devel-
oping world trend is by large at infancy stage of data science education with notable
initiative for strengthening the ecosystem pioneered by a few players including Data
Science Africa [10] fostering a networking platform for data science researchers
across Africa.

South African educational institutions stands by far as African leading institutions
in provision of different forms of data science education including the African Insti-
tute for Mathematical Sciences (AIMS) South Africa [11] which offers two months
intensive data science training and the University of Witwatersrand [12], offering a
one year degree program in Big data Analytics. Tanzania has not been left behind, in
this dynamics as there has been a few initiatives that aim to strengthen data use and
data driven innovation although largely funded through international donor programs.
As part of open government partnership (OGP) membership the country implemented
a basic statistics public data portal, and received data capacity building support
through the World Bank and other international donor agencies [13]. The basic statis-
tics portal [14] was established to provide data in a machine readable format to be
used and re-used by anybody. The data provided apply only to data and information
produced or commissioned by government especially the prioritized sectors of Educa-
tion, Water and Health. The most recent notable program for strengthening country
data capacity is the Tanzania Data Lab project (dLab) [15] that started in April 2016
to June 2018 that sought to promote greater data use in the country through fostering
data availability and data literacy. The dLab project was led by the UDSM through
PEPFAR/MCC funding, and one key outcome from the project has been the motiva-
tion to expand data literacy through mainstreaming the data science education in
higher learning institutions.

Tanzania Development vision of 2025 [16] emphasizes the need to have a well-ed-
ucated and learned society and Tanzania to have competitive economy. Furthermore,



the ICT policy [17] of which was formulated in the context of Tanzania development
vision 2025 recognize ICT being central to economic development of a nation.

3 Methodology

The objective of the study was to assess demand and opportunities for data science
education in the Tanzanian context and in turn inform the curricular development
need for a data science program at the University of Dar es Salaam. The dLab project
presence was a natural catalyst to the hypothesis that demand for data science skilled
professionals was, indeed, in the raise in the country, based on its internal need as-
sessment analysis on stakeholders training need assessment in basic data manage-
ment, data analysis and visualization course that were offered during the period of
2016-2018 as core project activities. The baseline data culminated with internal post
training follow-up surveys consistently reflected the belief that there was a growing
section of data community that were looking for cutting edge skills for working with
growing data sets emerging from different communities including government, non-
governmental organizations (NGOs), private organizations, researchers and innova-
tors.

In order to sustain the ecosystem both dLab and the University partnered to carry
this research for in depth assessment for demand and opportunities on data science ed-
ucation to lead into a concrete program at the university that pioneers the data science
landscape in the country. A field study was designed to reach out to the key potential
data stakeholders to solicit information through a questionnaire instrument. Through
dLab’s stakeholders mapping, it was established that most organizations including
government agencies, private companies and NGOs were based in Dar es Salaam with
operational branches in the regions, therefore for purpose of the study, the survey was
conducted in Dar es Salaam.

The questionnaire was developed and administered to 85 purposively sampled or-
ganizations drawn from amongst dLab mapped data stakeholder organizations in
which a consultation with individual recipient organization was conducted to identify
suitable informant from within the organization. A total of 61 duly filled question-
naires response were received out of the 85 that were administered to selected organi-
zations indicating a turn out rate of over 70%. The respondent organizations who par -
ticipated in this study were specifically drawn from sectors such as the education and
research sector, government agents, health sector, energy and mineral sector, agricul -
tural sector, international agencies, financial sector and industrial sector. The infor-
mants’ gender disaggregation constituted 53 male and 8 female; while participant age
profile was 68% being youth with age ranging from 18 to 35 years. A graphic in Fig-
ure 2, provides the gender and age profiling for the study participants.
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Fig. 1. Informant gender and age profile

To ensure that the informants clearly understood the information sought for by this
study additional written and oral information was provided to each participant to help
them understand the purpose of the study and why they were the best individuals to
participate. It was made clear to each informant that filling of the questionnaires was
voluntary and the information provided is categorically meant to inform the data skills
needed to empower them and better perform the organizational tasks they are in-
volved with informed decisions.

Filled questionnaires were compiled and coded in Microsoft Excel spreadsheet
where analysis was done using the newly introduced Data Analysis add-ins in
Microsoft Office version 2013. Different coding and analysis techniques were em-
ployed to analyze data depending on the type of information collected for each topic.
Analysis was done independently for each topic covered in the questionnaire and nec-
essary relationships between topics were established as is discussed in subsequent
sections. Overall the analyzed data articulated a compelling evidence for the local in-
dustry growing need for the shortlisted skill sets relevant for data scientist.

4 Results

In this section the key results and findings of the study are presented which are sum-
marized in four major subtopics; the informants’ profession and level of education,
the level of applicability or relevance of different skill areas related to data science
education within the probed organizations, a review of informants opinion on demand
for data science education and the relative preference of different available modes of
learning. In terms of professional background most informants were from the fields of
computing and ICT, Statistics, Finance, Engineering and Mathematics, while only a
few were from other disciplines that had little or no relation to the data science field.
Moreover, the informants’ level of education ranged from advanced diploma to PhD,
in which about 69% of respondents were yet to receive a master degree. Figures 3(a)
and 3(b) provide a graphical view of the disaggregation of informants along the pro-
fessional background and levels of education category.
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In recent years many higher learning institutions have invested in providing
choices for learners in terms of delivery modes, including on campus full-time or the
part-time evening counterpart, on the other hand the technology mediated online
learning or corresponding dual/blended mode of learning. It was imperative to find
out learning mode preferences from respondents to help understand how optimal the
investment should be directed along the various learning modes. When asked whether
they preferred full-time, evening, online or dual mode of learning, most respondents
indicated the part-time evening mode of learning as the most preferred as graphically
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Fig. 1. Learning mode preference

The informants were subjected to a list of course topics relevant to the data science
body of knowledge in order to rank the level of importance and applicability to their
organization as shown in Table 1. In particular, from the given list of 29 data science
related topics the respondents were to identify the relevance to their work related
functions and their organizations’ needs. They were asked to rank by using 6 levels of
Likert scale ranging from highest relevance level 5 for “very important” to the lowest
relevance level 0 for “not applicable”. Besides, the encoded list the informants were
given an option to add in the list missed out topics of relevance. Table 1 shows the
aggregated response on level of importance for respective selected course topics in
addition two additional missed out relevant topics were listed by respondents, namely,
High Performance Computing and Digital signal processing topics.

S/n Topics Level of S/n Topic Level of
importance importance

1 Statistical 3.96 16 Data 4.67
models and management
regression

2 Distributed 4.09 17 Decision 4.09
systems Support System

3 Data 4.60 18 Data led 3.96
Analytics and Information
Processing Systems

4 Data Mining 4.32 19 Action led 3.67
and pattern Information
recognition Systems

5 Social media 3.59 20 Optimization 3.58
Analytics methods

6 Spatial 4.12 21 Forecasting and 3.98
databases and Predictive
Applications Analytics

7 Data 4.42 22 Strategic 4.07
Visualization Business Analytics

8 Statistics for 4.34 23 Big data 4.42
data analysis processing

9 Information 4.07 24 Artificial 3.41
Science Intelligence

10 Data Driven 4.26 25 Data 4.48
Application- interpretation
Emerging
Applications

11 Problem 3.87 26 Knowledge 4.10
Driven learning management




12 Scalable 3.84 27 Expert systems 3.83
Data Systems
and Algorithms

13 Data 4.37 28 Data standards 4.15
integration and
sharing

14 Monitoring 4.29 29 Data  security 4.77
and evaluation and privacy

15 Data use 4.31

Table 1. Topics and respective level of importance on Likert scale

In order to determine whether a data science program would be in demand, and a
market for such program existed, respondent opinion level for demand and market
was sought with respect to data science knowledge to solve day to day problems.
Figure 5, show a graphic representation on market demand opinion for skilled labor
force on the data landscape.

&0
3: I . . : -
Strongly Agree May be Disagree Strongly
FEr ee Dizagree

Fig. 5. Market demand

In addition to individual level of opinion, respondents were asked to further comment
on how data science could be vital in respective organizations. A number of interest-
ing approval comments emerged, as highlighted below by a few selected representa-
tive comments:

“The demand for the programme is vital and as well the programme will be used
to solve lots of data demanding operations. We give it go ahead and look forward for
its initiation™.

”The programme is highly needed in the country. Apparently the richest compa-

nies are data companies, thus managing data should be priority.”
“Strongly agree with the proposed programme as with data, professional and ex-
perts might produce a future analytic oriented results”.

“Importance of big data analytical tools, need for exposure to big data analysis.
The market is so fragile hence forecasting of customer behavior is essential. By inte-
grating social media data usage in telecom services/ product the organization will be

in position to come up with products needed by markets hence increase revenue”.

“The outlined topics in this proposal are in line with current market demand and

will help organizations to leverage on information for operational improvements and



10

increase their competitiveness. To be able to benefit large number of Tanzanians

(currently employed) especially those in remote regions, I suggest the programme to
offered in online mode as well as full time.”
As a proof of concept the findings triggered a curriculum development process at the
department of Computer Science and Engineering of the College of Information and
communication Technologies for Masters in Data Science Program at the UDSM in
partnership with dLab organization, the successor of the dLab project. The partnership
aimed at creating a linkage between the industry and academia, making this one of the
innovative program that harness such a linkage to foster both theory and practice. The
curriculum has been approved by the University Senate under regular/full-time mode
and the first cohort is ready for admission for the forthcoming academic year
2018/2019. Out of the admission process, it emerged out that this program had at-
tracted a high number of applicants more than the second runner postgraduate pro-
gramme at the host department which currently offers five postgraduate programmes
as shown in Table 2.

Table 1. Summary of admission into masters programmes for 2018/2019

Programm | MSc Computer | MSc  Data | MSc Health | MSc MSc
e Science Science Informatics Informatio | Compute
n System | r and IT
Manageme | Systems
nt Engineer
ing
Applicants 15 39 10 30 8

5 Discussion

The objective of the study was to assess demand and opportunities for data science
education in the Tanzanian context and in turn inform the curricular development
need for a data science program at the University of Dar es Salaam. There is com-
pelling evidence of growing data science skill shortage in Tanzania as more data sets
are becoming readily available and demand for harnessing such data is on the increase
not just from the public sector but also researchers, innovators, NGOs and the private
sector, it is also a concern for [3]. For, instance Government agencies such as min-
istries regulatory authorities need skilled labor on data science to draw insights from
routine, administrative and survey data for development of the nation. Furthermore
data science postgraduate education responds to [16, 17] since it prepares skilled hu-
man resource to manage the emerging data management and analytics demands in or-
ganizations. Data Science is vital to emerging data driven economy which will play a
vital role in any industrialized and service driven business economy. Data Science
postgraduate education will contribute towards the country’s drive for industrial econ-
omy by increasing the number and quality of data scientists in organizations who will
drive evidence-based decisions and policy planning in order to meet market demands.
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The professional background and level of education of most data practitioners who
are currently involved in organizational data related tasks confirmed that the existing
graduate programs lack the necessary course topics that fosters knowledge and skill
required for a competitive data scientists as in [4]. However, such professions and
level of education can be leveraged as a prerequisite for entry into a data science edu-
cational program, in particular, through a postgraduate program in data science.
Therefore, this bring new opportunity for educators to established postgraduate pro-
gram focused in data science.

The gender disaggregation data confirmed that the field of data and ICT is skewed
towards male as 87% of respondents who are also data practitioners in the shortlisted
organizations were men. Indeed, this shows that the ICT related jobs in Tanzania are
male dominated as discussed in hence, the same gender disparity would be expected
for candidates of the anticipated data science program as discussed in [7, 8]. Higher
learning institutions would need to put in place a deliberate strategy that seeks to
overcome the gender disparity in the long term, possibly might attempt to reach out
and engage female practitioners in the industry and schools to consider opting for
ICT related programs. In this there is a lot that higher learning institutions can learn
from a number of initiatives that the dLab had pioneered to promote women and
young girls’ involvement in data and data driven innovations. It is also noted that
most data practitioners are young people below 35 years while 95% are under the age
of 45. In such age group it is likely that a practitioner has acquired a relatively good
experience and a career focus, hence also suitable to enroll for a postgraduate educa-
tion.

There are delivery constraint for learning institutions to consider in terms of appro-
priate mode of learning for a cross-section of potential learners which indicate vary-
ing needs. It is clear that although most practitioners had showed willingness to take a
stride for data science education, they are constrained with keeping their jobs, there-
fore, it is not surprising for the overwhelming majority being in preference of under-
taking an evening mode of learning. That is, the evening mode of learning is the most
preferred learning mode for postgraduate education as most candidates are on em-
ployment thus can find time for studies after work.

In spite of uncovering the opportunity for data science education, the issues of pol-
icy and decision making to leverage the uncovered opportunities should came into
spotlight. On one hand it has been shown that the most preferred learning mode is
part-time/evening mode, but as part of curricullum implementation process, it emerged
that current curriculum approval policies in some higher learning institutions includ-
ing the UDSM, did not support evening mode, which impact on the majority learners’
constraint. On the other hand, the country being part of the OGP membership acted as
a catalyst for increased data related activities leading to demand for data science skills
across national sectors. It is likely that the recent national policy shift leading to with-
drawal from OGP and the further tightening to access and use of public statistics
through the new enacted statistical act may humper the dynamics for uptake of and
anticipated outcome of strengthening the data science education.
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6 Conclusion

As for the global trend, in Tanzania data scientists will rapidly be in demand follow-
ing technological adoption in new and existing business organizations faced with
global competitions, leading to appetite for growth through evidence based planning
and decision making. Our analysis indicates that data science field attracts growing
importance nationally as demand for skilled data scientists to cater for envisaged
growing demands, fueled by country policy drive for industrial economy. It is essen-
tial for local performance monitoring and the global requirement for SDGs monitor-
ing and reporting. Higher learning institutions need to actively play the role of main-
streaming the data science education in order to sustain the near term and future sup-
ply of data scientists.
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