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Editorial
The current state of research development in Namibia
Namibia has a number of unique features including history, the landscapes,
a diversity of cultures, and the small population. All these attract researchers
and thus create a need for a liberating yet ethical and stable research
environment. The need for research support structures and mechanisms,
and multi-disciplinary research teams working across institutions within the
country cannot be debated.
The main structure coordinating research in Namibia is the National
Commission on Research, Science and Technology (NCRST). The
government also has different research units that differ in the magnitude
and extent of research carried out, and these include: small units within
directorates that are responsible for information gathering, storage and
interpretation; units within directorates that are responsible for carrying
out the research, sometimes considerable, as part of the drafting of
legislation; directorates within ministries whose main function is research
and development; clearly defined institutes within ministries that operate
from purpose built facilities that offer essential services to a wide variety of
clients and whose research is an essential component of the services [1].
Both the University and the Polytechnic of Namibia are the main institutions
given the task of producing the future research community. There are several
private and non-government organization (NGO) sector research institutions
conducting contract, commissioned, and community awareness research
within the country.

Research Support mechanisms
The research support mechanisms offered by the government of Namibia are
concentrated mainly in the Council for Research and Industrial Innovation
(CRII), which assists with Data access, Permits and research facilitation,
Promotion of the work of affiliate institutions, Staff development, Research
Ethics, Promotional Activities, Patents, copyright and intellectual property
rights, marketing and development, and quality control issues. These include
assisting the National Library to strengthen its key central role in providing
access to research data generated throughout government; offering ICT
services to both the National Library and Archives to offer a high quality
online data access service to the research community. The National Museum
is seen as a key institution to take the lead in the process of popularizing
iii
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research results. Activities such as the ‘insectathon’ that the Museum has
promoted in the past are seen as valuable models that can be developed to
include other areas and activities such as the Young Scientist competition
[1]. Both the University and Polytechnic of Namibia have well established
research support mechanisms.

Type of research conducted
Houghton [2] concludes that research as a mode of knowledge acquisition
and transfer is increasingly characterized by greater emphasis on
interdisciplinary, multidisciplinary, trans-disciplinary approaches; enhanced
diversity in the locations of research activities; an increasing focus on
problems, rather than techniques; and more emphasis on collaborative
work and communication. Currently most research centers/institutions
engage more in subject specific rather than multidisciplinary research.
The main research fields identified in the draft national research policy
include: Agriculture, Archaeology and Anthropology, Arts and culture, history
and religion, Biology and biotechnology, Community development, Education,
Environment, Geology, Law, Marine, Medical, Physical Sciences, Social and
political sciences [3].
According to Sayed et al [4], the country produced a total of 480 publications
during the 2001- 2007 period in the following fields: Astronomy and
astrophysics, marine sciences, environment, chemistry of the earth, discovery
and innovation, and agriculture and geology.

Dissemination of research findings
There is a general ‘scarcity’ of Namibian research output in recognized
dissemination media. However, researchers in Namibia source material
for conducting research from a variety of scholarly outputs. These include
journals, conference papers, monographs, book chapters, books, working
papers, research and technical reports and databases. Journals remain
the preferred means of communicating scholarly work. Conference
participation and the delivery of papers at these gatherings of academics
and professionals is another important medium for accessing cutting-edge
research, while at the same time providing the opportunity to engage
with peers and communities (Abrahams, et al [5]). The current status of
dissemination through ISI journals is given in Table 1 below comparing
Namibian ISI journal output to selected Sub-Saharan countries.
iv
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Table 1: Number of Scientific and Technical Journal Articles (source: www.
worldbank.org [6])
Country
Name

2001

2002

2003

2004

2005

2006

2007

Botswana

50.60

60.40

66.50

63.60

48.40

67.10

61.60

Lesotho

2.40

2.40

2.60

2.80

0.80

5.70

3.00

Malawi

44.20

48.50

43.10

42.30

40.50

46.70

62.90

Mozambique

14.30

12.60

9.10

12.90

24.20

20.90

23.90

Namibia

17.30

21.60

19.70

12.30

23.40

20.60

14.10

2,291.40

2,328.00

2,204.80

2,319.50

2,395.40

2,642.70

2,804.60

Swaziland

2.40

3.50

5.70

2.00

2.80

1.40

4.30

Tanzania

80.90

92.90

76.30

88.80

107.00

128.20

122.80

Zambia

30.10

28.60

22.00

25.60

30.90

39.60

35.90

111.60

96.70

86.80

63.80

62.20

63.20

80.10

South Africa

Zimbabwe

The low rate of research output indicates low knowledge generation and
diffusion. Investigators argue that publications in ISI-journals are not
necessarily the best indicator of research activity in a country, especially in
developing countries, where there are many “informal” research institutions
who produce research findings in various non-standard dissemination media.
Also, it is well documented that journals in most African countries, are not
well-represented in ISI-indexes. Unless one also takes into account scientific
production in local African journals, one still has a very biased and restricted
view of research in such countries (Mouton, [7]).
Most of the research institutes within the country seem to be disseminating
their findings in other media like conferences, reports, books, and non-ISI
journals. The extent of dissemination is mostly national and regional (mainly
reports), with a few international media.
Frequency of dissemination is also a good indicator of active research
in a country. Most institutes publicize their results annually, rather than
quarterly and monthly. The low frequency of dissemination also indicates
low knowledge generation within the country.

Research Funding
If the Vision 2030 (Joining the ranks of high-income Countries) is to be
realized, Namibia needs to improve on the current state of research by among
other things, implementing the NDP3 which include (1) increasing the supply
v
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of graduates in skill areas in high demand; (2) strengthening the institutional
capacity and quality of tertiary education; and (3) increasing training of both
undergraduates and postgraduates abroad in areas not available in Namibia
(Sayed, [8]). Currently, Namibia does not have a nation-wide research
funding mechanism. The ministry research units, and the market they serve,
both tend to be too small to be able to sustain viable independent units that
could exist, in the main, from income generated from the services that they
offer.
The sources for research funding are mainly limited only to internal University
budget, and research granting agencies outside Namibia (UNAM, [9]). The
Research & Publications Office (RPO) for University of Namibia, and the
Institutional Research and Publications Committee (IRPC) of the Polytechnic
of Namibia administer budgets that cater for Research Projects, Conference
attendance and Publication charges within their respective institutions.

Conclusion Remarks
The current state of research within the country can be improved through
development of sustainable national funding structures and mechanisms,
encouraging and supporting presentation of research papers at regional
and international conferences, reporting of research findings in appropriate
media, keeping a frequently updated research database and formation of
research linkages/networks nationally and within the region.
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Biomedically-focused research productivity
by Namibian authors and institutions 19952010
Bruce H. Noden
Department of Biomedical Science, School of Health and Applied Science,
Polytechnic of Namibia, Windhoek, Namibia

Abstract
Publications are the result of individual scientists or ‘webs’ of collaborators
who present their scientific observations and share them with the scientific
community. A study of authors and institutions who have published provides
way to assess a country’s research environment. Using PubMed and ISI
Web of Science, this study identified Namibian authors and institutions which
published biomedically-focused studies between 1995 and 2010. Results
consisted of 150 different biomedically-oriented publications by a total
of 190 different authors from 44 different institutions. 89% of the articles
by Namibian authors were the results of collaboration, either foreign or
Namibian-based. 47% of the papers were 1st authored and 11% were single
authored by Namibian-based authors. The majority of Namibian authors
(72%) only produced one article while 28% produced 2 or more papers.
Further analysis indicated that there has been a negative trend in the number
of publications since 1998 which contrasts with the increasing number of
institutions which have published at least one article during that period.
In total, these results indicate that the biomedical science environment in
Namibia has potential to develop and expand. However, it needs support
from a national biomedical research strategy based on Namibian-informed
research priorities, investment in potential authors and institutions and
empowered tertiary institutions taking the lead to equip and build capacity in
local collaborators in order to reach its true potential.
Keywords: Namibia, Biomedical Publications, PubMed, ISI Web of Science,
Biomedical Research
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Introduction
Research publications are often used as proxies for the scientific progress
and development of a particular country (Dandona [1], Benamer [2-3], BissarTadmouri [4], Mohammadhassanzadeh [5]). They are the result of individual
scientists or ‘webs’ of collaborators (Newman [6]), both foreign and local,
who present their scientific observations and share them with the scientific
community. Because publications are usually an outcome of research, the
scientific analysis of research productivity called ‘bibliometrics’ is a popular
way to assess a country’s research strategy (Bakoush [7]).
Bibliometric studies, particularly those focused on regions or individual
countries, are popular for a variety of reasons. Regional studies compare
between countries and highlight which country is publishing the most and
attempt to identify the reasons (Bissar-Tadmouri [4], Rosselli [8], Neves [9],
Uthman [10], Hofman [11], Uthman [12]). Country-specific bibliometric studies
focus on particular research topics (Dandona [1, 13]), the output of various
medical schools (Benamer [3]), university faculties (Gulluoglu [14]; Dakik [15])
or biomedical publication patterns (Benamer [2], Mohammadhassanzadeh
[5], Bakoush [7], Neves [9]). These country-specific studies reveal trends that
reflect national strategies to encourage and build capacity in the institutions
and personnel involved in tertiary education, research, and health services
to do nationally important research (Benamer [2], Rosselli [8], Neves [9],
Gulluoglu [14], Thompson [16], Nwagwu [17], Abramo [18]).
Research in Namibia has only been studied in a peripheral way since
achieving independence in 1990. Nkwelo [19] indicated that Namibia
published 480 papers between 2001 and 2007, mainly in the fields of space
science, wildlife research, marine science and environmental science but
only recorded the main publishing institutions. Focusing on biomedical
research, recent publications have indicated that Namibia is publishing at
a low but steady rate. In a general analysis of publication trends in SubSaharan Africa (SSA), Uthman [10] demonstrated the Namibia remains in
the 4th tier (out of 5 being the lowest) in regards to biomedical publications
with an average rate of 2-10 publications per year between 1996 and 2005.
In their general assessment of SSA publication rates, Rahman & Fukui [20]
indicated that Namibia produced 2.19 biomedical publications per million
inhabitants per year between 1990-2000 with no sign of increase or decrease
in trend. These studies only highlighted trends and did not analyze what is
actually happening at the country level.
Therefore, as a means to analyze the biomedical research production in
2
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Namibia, a bibliometric study was carried out using PubMed and ISI Web
of Knowledge to identify Namibian authors and institutions which published
biomedically-focused research between 1995-2009. The overall goal was to
provide a baseline from which future studies can be compared.

Methods and materials
The study population consisted of all Namibian institutions and authors
which published biomedically-focused research between January 1995 and
July 2010. Two search engines were used to access the study population:
1) PubMed, a MEDLINE-linked search engine which provides access to 20
million citations for biomedical literature, and 2) ISI Web of Knowledge, a
leading citation database with multidisciplinary coverage of over 10,000 highimpact journals in the sciences, social sciences, and arts and humanities.
While PubMed is open to anyone, the author had access to the ISI Web
of Knowledge through an adjunct position at a North American institution.
The cut-off year of 1995 was chosen for two reasons: First, it created a
convenient 15 year time frame on which to base the analysis. Secondly, it
was sufficient time for Namibia to become independent from South Africa
in 1990. Until 1990 and some years after, many studies done in Namibia
were done by South African entities (Noden, unpublished data). This 5 year
post-independence cut-off allowed for the evaluation of the productivity of
Namibian institutions and mainly Namibia-based authors.

Inclusion/Exclusion criteria
An article was included in the analysis if it was found in PubMed and/or ISI
Web of Science (part of the ISI Web of Knowledge) as distinctly biomedicallyfocused in subject. In general, PubMed included articles related to biomedical,
clinical and basic medical subjects; but also including ecology, evolution, or
systematics; public, occupational, or environmental health; social science
(biomedical in focus); marine or environmental science and veterinary or
animal science or zoology if they were remotely linked to biomedically-related
subjects. Only original articles, review articles, and case reports were used.
ISI Web of Science, because of the width of its subject, was filtered with the
goal to attain as many papers of biomedical importance as possible that
would correspond closely with those chosen by PubMed. As such, articles
in the following areas were chosen: parasitology, ecology, tropical medicine,
pediatrics, marine and freshwater biology, genetics and heredity biology,
zoology and plant science, infectious diseases, environmental sciences,
biochemistry and molecular biology, veterinary sciences, immunology,
3
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hematology, public, environmental and occupational health, mycology,
biotechnology and applied microbiology, reproductive biology, entomology,
virology, animal science, evolutional biology, medicine, general and internal,
environmental studies, health policy and services, food science and
technology, oncology, microbiology, dentistry, oral surgery and medicine, and
biomedically-orientated social sciences.
Determining Namibian authors and institutions was time consuming in
an attempt to evaluate each paper individually. It was relatively simple
to evaluate first authorship as that is the address used by PubMed and it
could be confirmed by ISI Web of Science when applicable. However, for
co-authors, it was more difficult as ISI Web of Science provides a listing of
institutions for each author except before 2008, where no identification exists
of which author belongs with which institution. Therefore, it was necessary to
manually check each publication when an Namibian co-author was identified
using either the link on the PubMed abstract page, the listing provided for
the abstract in ISI Web of Science or by directly acquiring the paper via
the author’s access to WHO HINARI or a North American university library
system. By evaluating as much information as possible about each article,
mislabeled abstracts were filtered from those which were truly done by
Namibian-based institutions. Once the Namibian institutions were identified,
an internet search was carried out to find out if or how their names had
changed in the past 15 years. Analysis was done using Microsoft Office
Excel and EpiInfo Version 3.5.1. All figures were produced by Microsoft
Office Excel 2007.

Results
After searching and confirmation of PubMed and ISI Web of Science, 150
biomedically-focused articles authored by 190 Namibian authors were
identified between January 1995 and July 2010. Both search engines
captured 72.9% of papers where at least one of the authors was from a
Namibian organization with 18.6% and 8.5% found individually in PubMed or
ISI Web of Science, respectively. Outside of the articles identified, 63 studies
were identified using ‘Namibia’ as a keyword but were not used because
they 1) involved studies from neighbouring countries, 2) were completed in
other countries but labelled as Namibian studies, or 3) had authors based in
Namibia at the time who had completed their research in another country. 2
articles identified in PubMed were double and triple referenced.

4
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Number of articles published by Namibian authors
Of the 150 articles identified in PubMed and/or ISI Web of Science published
by Namibian authors between 1995 and 2010, 71 (47%) were 1st authored
by Namibia-based authors of which 19 (27%) were co-authored with only
foreign-based co-authors and 52 (73%) with both Namibian and foreign coauthors (Fig 1 and 2). Sixteen (11%) were single authored by Namibia-based
authors. The remaining 63 articles (42%) were written by foreign-based 1st
authors and co-authored with Namibia-based authors. Of note, 89% of the
articles by Namibian authors were the results of collaboration, either foreign
or Namibia-based. Of the 16 sole authored papers, only 11 authors singleauthored papers as one author had 3 three papers (in the same year) while 2
others had 2 each. Of the 16 single-authored papers, 10 were affiliated with
University of Namibia. Sixty-three percent of the single authored papers
were before 2005.
Interesting trends were observed in Figure 2. There was a noticeable
downward trend in Namibian 1st authors with Namibian co-authored papers
since 2004. On the other hand, there is an upward trend in Namibian coauthorship with foreign 1st authors since 2003. The other groups had too few
publications to produce notable trends and it was too early to observe trends
in 2010.

Figure 1: Authorship by Namibians of biomedical focused publications
between 1995-2010
Figure 2 shows the number of publications by Namibian authors and the
extent of collaboration/co-authorship with local and foreign researchers. The
2010 bar is provisional as the data were still developing when the projectwas
closed.
5
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Number of publications by Namibian authors between 1995-2010

Authorship proportions
The majority of Namibian authors (72%) have only produced one article
while 28% have produced 2 or more papers (Fig 3). When counting each
time a Namibian author’s name has been published between 1995 and
2010, Namibian authors appeared 283 times including all first, single and
co-authorships (Table 1). Of those 283 Namibian authorships, 68.5% were
as co-authors (Table 1). Of note, the 28% of authors who produced 2 or
more publications (Fig 3) became 52% of all cited Namibian authors in the
last 15 years (Table 1).

Figure 3:

Publications by authors between 1995 and 2010.

The x-axis represents the number of papers by a single author. The y-axis
indicates the number of authors.
Table 1: Namibian publications showing co-authored first authored, or sole
6
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authored publication
#
Publications
Namibian
authors

Co-authors

First
Authors

Sole
Author

1
2
3
4
5
8
Total

103
33
29
10
13
6
194

26
24
9
5
4
2
70

7
3
1
5
3
0
19

Total (%)

136 (48%)
60 (21%)
39 (14%)
20 (7%)
20 (7%)
8 (3%)
283

Namibian Institutions
Over the 15 year span analyzed, 44 different Namibian institutions have been
involved in biomedically-related publications (Fig 4, Table 2). The majority
of institutions (n=30) produced fewer than 4 publications during that 15 year
period (Table 2). The contribution of the institutions that produced 4 or more
papers is shown in Figure 4. At a glance, the University of Namibia clearly
has dominated.

Figure 4:

Author
affiliations
of
Namibian
have had 4 or more authors 1995-2010.

institutions

which

This figure details number of authors from Namibian institutions in the past
15 years and is not detailing publications per institution. For example, the
Namibia Institute of Pathology (NIP) has published 2 papers in 15 years but
those two papers included 4 authors from the NIP.
7
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Author affiliations of Namibian institutions
which had 3 or fewer authors 1995-2010.
First
Author

Namibian Institutions
Ministry Agriculture Water & Rural
Development
Natural Museum
Pharmaccess

1

EnviroScience

2

Sole
Author

CoAuthor

Total

3
3

3
3

2

3

1

Ministry of Basic Education

3
2

2

National AIDS Control Program

1

1

2

National Botany Institute

1

1

2

Gobabis Veterinary Practice

2

2

Medical Rescue

2

2

Rossing Uranium

2

2

1

2

2

2

Ostrich Production Namibia

1

WWF
WHO Namibia

1

1

2

Meat Co Namibia

1

1

2

Neudamm Agricultural College

1

1

Directorate of Forestry

1

1

Geological Survey Namibia

1

1

Namibia Blood Transfusion Services

1

1

National STD and AIDS program

1

1

Rhino Park Veterinary Clinic

1

1

Omaruru Veterinary Practice

1

1

Namibia Business Coalition of AIDS

1

1

Rainbow project

1

1

AfriCat Foundation

1

1

Namibia Nature Foundation

1

1

1

1

Rare & Endangered Species Trust
Oxfam

1

1

SADC

1

1

UNAIDS

1

1

Individual author: ecologist

1

1

Individual author: Keetmanshoop

1

1

When evaluating the data (Table 1), it was striking that a relatively large
number of Namibian institutions had at least one author who had published at
least one article between 1995 and 2010. To analyze this further, the year in
which a particular institution had first published was determined and plotted
8
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in a cumulative graph (Fig 5). The x-axis is consecutive years and y-axis is
increasing number of institutions. This graph shows that in 1995, there were 4
institutions publishing biomedically-focused papers whereas, 15 years later,
the total number of publishing institutions had increased to 44. However, if
the total number of annual publications is divided by the available number of
institutions which could have published in any given year (Fig 6), then this
publication ratio dramatically decreased from 1 to just above 0.2. The x-axis
for Fig 6 is consecutive years and y-axis is publication/institution ratio. This
graph indicates that Namibian institutions which have published at least one
paper have either stopped publishing or publish less than 1 paper per year
since 1999. It is notable that between 1995 and 1998, cumulative Namibian
publishing institutions increased from 4 to 21 with per institution publication
rates decreasing from 1 to 0.7. Between 1998 and 2003, there was basically
no increase in cumulative Namibian publishing institutions (21 to 26) but
there was another decrease in per institution publication rates from 0.7 to
0.3. Between 2003 and 2009, cumulative publishing institutions increased
again from 26 to 44, yet per institution publication rates decreased again
from 0.3 to 0.2. So, in total, the trend is showing a decrease in publications
for past15 years with little change since 1998.

Figure 5:

Number of institutions that have published one or more papers
in the last 15 years in Namibia

9
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Figure 6: The average number of publications per entity/institute 1995-2009.

Discussion
The current situation on biomedical research in Namibia
Namibian institutions and authors are doing biomedically-related research
and forming ‘webs of collaboration’ (Newman [6]) with foreign and local
co-authors. The evidence consists of 150 different biomedically-oriented
publications by a total of 190 different authors from 44 different institutions
indicating that the biomedical science environment in Namibia has potential
to develop and expand. The publication rate of Namibia is ‘on average’ with
the rest of the continent (Hofman [11]) as well as the world (Perez-Iratxeta
[21]), contributing 0.01% of the total number of biomedical publications in
Sub Saharan Africa (SSA) (Hofman [11]). This publication rate is also in line
with the Gross National Product (GNP) and total population of the country
(Uthman [10]), one of the main predictors of biomedical research productivity
in developing countries (Rahman [22]). The results also demonstrate that
positive levels of collaboration exist and the trend that collaborative projects
in Namibia are increasing.
While encouraging, the 15 year negative trend in publications/institution
is a concern as institutions who have published in the past have not been
encouraged to do more research. This could possibly reveal a lack of national
strategic vision for the role of biomedical research and publications, even
though the number of possible publishing institutions has increased. Most
countries with low publication levels of publication (e.g. Namibia) also suffer
from negative publication trends (Perez-Iratxeta [21]). In stark contrast to
Namibia’s negative publication trend, South Africa published 41.5% of the
biomedically-focused studies identified in Sub-Saharan Africa between 1995
10
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and 2004, far beyond their GNP / population levels (Hofman [11]). This is
mainly due to government investment of Research and Development (R&D)
expenditure and encouragement and fostering of a positive environment
of private-public partnerships (Worldmapper [23]). The principle focus of
biomedical research in Namibia has been ‘systems research’ with little to no
focus on basic, applied, or clinical science (Tugwell [24]).
Additionally, while collaboration may be increasing, the trend of Namibian
1st authored papers is decreasing. First authorship usually indicates the
person who conceptualized, directed, carried out, analyzed and wrote up the
paper. When this trend decreases, it indicates a lack of capacity building to
assist people in directing biomedically-oriented research. The lack of focus
on training Namibians to conceptualize research questions pertinent for
country-specific biomedical issues, poor or non-existent training in research
methods and struggles in writing and language competency all work together
to continue to rely on foreigners researchers to direct the research process
(Uthman [10], Tugwell [24]).

What can be done to encourage biomedical research by Namibian
institutions and authors?

Need for a National Research Strategy for Biomedical Health
There is a need for a practical, empowering national research strategy for
biomedical health in Namibia. Currently, a strategy exists on paper (MOHSS
[25]) but it needs to become a ‘habit’ for every biomedical researcher in
the country. In addition to government ownership, particularly the Ministry
Of Health and Social Services (MOHSS), this strategy needs to involve
partnerships with all current and potential Namibian research institutions,
both public and private. This way, biomedical health research becomes a
means to create an evidence-based national health policy based on existing
conditions and not based on the opinions of outside entities (Tugwell [24]).
Encouragingly, this situation appears to be changing. The recent National
Research Symposium (Sept 2010) brought together Namibian researchers
from many disciplines to present their data, some of it biomedical in nature,
and highlight what is happening in the Namibian research environment in
addition to discussions concerning a national ethical policy for research.
The Namibia Medical Society congress in November 2010 will also profile
Namibian health professionals presenting primary data in an event seeking
to ‘unite doctors from all corners of Namibia’. These events do much to raise
the profile of research in the country.
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The obvious effect of this national research strategy would be to empower
Namibian authors and institutions to do health-related research which
directly addresses Namibian health needs. Building capacity in biomedical
health means that the main stakeholders (government, tertiary institutions,
research centers, and the medical community) together develop an objectivebased needs assessment for critical areas in the national health program
that need research (e.g. a public health strategy to reduce the high rates of
suicides and unacceptable levels of drunk driving). An environment can then
be created, where research is considered equally important as provision of
service and teaching (Harris [26], Samadikuchsaraei [27]). This focus has
brought huge dividends in other developing countries. For example, South
Africa accounts for one third of SSA’s biomedical publications because
the government invested in infrastructure and modern equipment to retain
workers at universities, research labs and health institutions (Uthman [10]).
A government-based research incentive program pays universities and
researchers for each paper published in peer-reviewed journals.
Another incentive involves the possibility to patent biotechnological products
from one’s own research. When the institution or government ‘owns’ an
invention with limited to no benefit to the researcher, there is no motivation to
innovate. The researcher either will focus only on basic research or if they
determine that their bio-technological invention is marketable, they will leave
the institution before patenting and secure income from their invention at
another institution that is more open to such innovative thinking.
Namibian tertiary institutions need to grow into their role as centers of
research excellence.
To achieve this, centers of higher learning in Namibia need to foster a
‘research culture’ (Harris [26], Samadikuchsaraei [27]) where ‘researchese’
is spoken on a regular basis.
First, Namibian universities need to continue expanding their faculty evaluation
and promotion strategies to include research and not just teaching. This is
a common situation in developing countries (Benamer [2], Bissar-Tadmouri
[4], Samadikuchsaraei [27]). Because the number of faculty in a department
is usually determined by teaching loads or professional service rather than
research projects, a strong priority develops for teaching at the expense of
research. This, however, is counterproductive because it ignores the fact
that high-quality research by faculty dramatically increases student training
opportunities (Samadikuchsaraei [27]). Additionally, the extra payment for
teaching an extra-course is often higher than what is offered for research
12
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projects. Teaching overload, then, becomes a ‘research killer’. The remedy
will only occur when universities improve their research strategies to become
‘incubators of scientific research’ (Samadikuchsaraei [27]).
Secondly, these Namibian ‘incubators of scientific research’ need to bring
a research focus into every biomedically-focused course curriculum. All
scientific programs in tertiary level institutions in Namibia should have
research methodology courses which are not only focused on teaching
the research process but also basic data analysis and the mechanisms of
writing and publishing their research. Team work, critical thinking, research
management skills, literature review skills, and writing skills need to be taught
to both students and faculty members (Harris [26], Samadikuchsaraei [27]).
Thirdly, Universities need to encourage faculty to develop interests and
offer incentives to pursue health issues of national importance – not just
those thought to be important by foreign donors as has been the norm
(Tugwell [24]). Grant writing to compete for foreign funding is enormously
time-consuming. If institutions are to compete for international biomedical
health funding, fundamental changes needs to occur on many different
levels. Positively, in recent years, tertiary institutions in Namibia have been
working to encourage research among their faculty. While the main focus
remains teaching, policies are developing to link promotion not only with
teaching and service but also with increasing one’s professional degree
and publishing papers. This will take time as a ‘research culture’ begins to
develop within the schools and collaborations grow with local and foreignbased collaborators. Much like South Africa, offering incentives will promote
more research among faculty members.
Finally, these research institutions need to establish their roles as the
capacity builders of other Namibian institutions such as parastatals and
health-related partners. The majority of Namibian authors and institutions
have only produced 1 or 2 papers, demonstrating that publications are a
by-product of an institution’s work and not a priority. The remedy for this
is for tertiary institutions to lead the way, create a research network among
Namibian research institutions and train up cadres of researchers who know
how to ask the right questions and follow a study to its completion. In addition
to helping define research questions and analysis of data, this capacity
building needs to include improving writing skills and provide relevant access
to current scientific journals. The author has had several conversations with
persons involved in health-related institutions, both private and public, who
have the desire to publish their data but just don’t know where to begin.
Unpublished data is ‘dead data’. Universities must step into this critical area
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with their expertise and assist people to ‘unlock’ what they have.
Research institutions need to continue to focus on building
collaborations
This study demonstrated the encouraging trend of co-authorship in Namibia
in the last decade. This is much in line with developing global trend in coauthorship patterns in biomedical science as well as physical sciences
(Bissar-Tadmouri [4]). Collaboration improves the quality of the research
output as joint publications are usually found in journals with a higher impact
factor and quality than those with single authors (Samadikuchsaraei [27]).
This aspect is directly related to institutions which look at authorship in their
promotion schemes. Promotion scores based on what kind of author you are
– single, first or co-author – is naïve and counterproductive. A rewarding of
single authors above other authored papers not only decreases attainment
of teamwork skills which are vital for today’s scientist but also demonstrates
that the University itself does not see the value of collaboration networks
to truly make a project multi-disciplinary (Samadikuchsaraei [27]). Instead,
universities should evaluate a researchers ‘collaboration web’ to find out
just how interconnected they are to both local and international research
programs. This would encourage cross-pollination and not just building of
individual empires which don’t have contact with others.
Limitations
While limitations have tried to be avoided, it was not possible to completely
cover all aspects. One potential limitation comes from using MedLine as a
search engine in regards to authorship. Because MedLine only provides the
address of the first author, it is not completely possible to ensure that all papers
with Namibian authors were identified. While this limitation was addressed
by trying to hand-search each reference, it was not always possible retrieve
every paper and to identify the origins of all authors. Namibians continue to
be trained by South African institutions so the publications generated by their
studies are identified with their South African institutions, making it impossible
to identify them. Another limitation was that this study only evaluated quantity
of papers and did not use the normal indexes (impact factors) to evaluate
quality as others have done (Benamer [3]). Finally, potential authorship and
institutional information contained in the ‘grey literature’ in the archives of the
MOHSS and other government and NGOs was not available on the internet
and hence, lost to the parameters of the study.

14

PROGRESS Multidisciplinary Research Journal

Volume 1, Issue 1 - June 2011

Conclusions
The study identified that Namibian institutions and authors are doing
biomedically-related research, forming ‘webs of collaboration’ with foreign
and local co-authors, and publishing in international journals. However, due
to a lack of national research strategy and investment in potential authors
and institutions, biomedical research in Namibia is not achieving its potential
to provide evidence-based research on which national health policy and
programming can be based. Good quality publications will create the push
for more research and exploration of new areas. This continuous process
will allow the country to develop a research culture which can address its
own biomedical research needs and have a direct involvement in the solving
of health-related problems (Bakoush [7]). Until that change occurs, however,
Namibia’s researchers and centers of research excellence will never reach
their true potential.
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Balancing the technical and social contexts
of Spatial Data Infrastructure (SDI
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Abstract
One special characteristic of spatial data is that they can be shared to be
used for many purposes other than the one for which they were initially
produced. To facilitate their efficient sharing and reuse, they need to be
properly managed in the form of a Spatial Data Infrastructure (SDI). This study
argues that developing a successful SDI must be seen as a socio-technical,
rather than a purely technical exercise. It urges that SDI practitioners need
to understand the significance of human and societal issues as much as
technical issues, all of which contribute to the successful implementation of
SDI.
Keywords: spatial data, SDI, ANT, Socio-technical networks

Introduction
Public and private organizations are committing considerable resources
and making important long-term decisions concerning spatial data handling
- collection, management, use and dissemination. While these actions are
influenced by current policies, priorities, opportunities and challenges, their
ultimate success depends on future developments and trends e.g. changing
technologies, societal needs and institutional structures.
Spatial Data Infrastructure (SDI) can be defined as an umbrella of policies,
standards, terminology and procedures under which organizations and
technologies interact to foster more efficient use, management and
production of spatial data (Nebert [1]). In such, it consists of organisations
and individuals who generate and / or use spatial data, the technologies that
facilitate use and transfer of spatial data, and the actual spatial data. SDI is
not all about networks and technology; it will not function if the data has not
been generated, neither if communication channels, standards, procedures,
and partnership models have not been developed. SDI provides a basis for
spatial data discovery, evaluation and application for users and producers
within all levels of Government, the commercial sector, the non-profit sector,
academia and private individuals.
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An estimated 95% of all information used by national governments has
spatial characteristics or attributes (Mavima & Noongo [2]). It is thus not
surprising that the focus has lately shifted to the challenges associated with
integrating broadly sourced spatial data as an effort to create manageable
frameworks. The concept of SDI therefore, has evolved in response to a
growing recognition of the importance of spatial data, and the increasing
needs of society to use shared spatial data. A SDI is about facilitation and
coordination of the exchange, sharing, accessibility, and use of spatial data
within the spatial data community through standardization and routinization.
SDIs are dynamic, integrated and multi-leveled practices.
The SDI phenomenon emerged around the early 1990 (Masser [3]). Since
then development of SDIs have become an important subject and platform
in geoinformation science to facilitate and coordinate the exchange and
sharing of spatial data between stakeholders in the spatial data community.
Its significance is demonstrated by numerous initiatives by many countries
at different jurisdictional levels (Noongo [4]). The need for SDIs has also
been intensified by new technologies such as Global Positioning Systems
(GPS), satellite navigation systems for cars, and a new generation of mobile
phone services that can also display map-based information (Crompvoets
[5]). The proliferation of web-based spatial information services such as
Google Earth also makes it possible for users to view different parts of the
world at the click of a mouse. These technological developments mean
that the majority of people, consciously or unconsciously, are now users of
spatial information. Consequently, new spatial knowledge is being generated
continuously. SDIs rely on spatial data and on geoinformation technology (De
Man [6]; Eelderink, Crompvoets, & De Man [7]). Therefore, SDIs represent
specialized functionalities.
A common approach to information infrastructure construction is to focus
on the technical aspects, and to treat the “social” as the context in which
its development takes place. Approaches of this type assume that all
outcomes of technological change are attributable to the “technological”
rather than the “social”. It is essential that SDI practitioners understand the
significance of human and societal issues as much as technical issues, all
of which contribute to the success of SDI construction. Key issues include
overall information policies, sustaining a culture of sharing, political support,
establishing a common language, maintaining reliable financial support,
clarifying the business objectives which the SDI is expected to achieve, and
enlisting the cooperation of all members of the spatial data community. This
paper argues that developing a successful SDI must be seen as a sociotechnical, rather than a purely technical exercise.
19

PROGRESS Multidisciplinary Research Journal

Volume 1, Issue 1 - June 2011

Social aspects are also often overlooked in SDI assessments. SDIs
assessment criteria are often shaped with technical and financial aspects
(Crompvoets & Grus [8]; Eelderink et al [7]). When some SDI development
is celebrated as a success, often technical features are mentioned while
social issues are not incorporated in the analysis. When the implementation
is proclaimed as a failure, social factors are mostly blamed. This is a clear
signal that a better understanding of organizing is needed and that both
technical and social aspects should be incorporated in SDI frameworks.
SDI policy advisors are most of the time aware of social aspects, but do
not consider them as important, let alone they treat them as manageable
phenomena or too hard to conceptualize.
This paper views SDI through Actor Network theory (ANT) as a sociotechnical practice – an interplay between heterogeneous humans and nonhuman (e.g. technologies and organizations) actors and their intermediaries
(e.g. agreements) within a social and political context. It argues against
perceiving SDI construction as primarily a technical issue, but as a complex
social and technical charged matter where multiple actors influence and
possibly compete with each other. Consequently, neither social nor technical
accounts should be privileged in SDI developments.

Concept of Actor-Network Theory
Actor-Network Theory (ANT) emerged during the mid-1980s, primarily
with the work of Bruno Latour, Michel Callon and John Law. Emerging
from a Science and Technology Studies (STS), ANT asserts that the world
is full of hybrid entities containing both human and non-human elements
and that nothing is purely social or purely technical. It offers the notion of
heterogeneity to describe technology implementations in social settings,
implying that humans and non-humans should be integrated into the same
conceptual framework.
An actor, is any agent, collective or individual, that can associate or
disassociate with other agents (Latour [9]). ANT accepts humans, nonhumans (e.g. technologies and organisations), and their intermediaries (e.g.
agreements) as actors. Actors are not fixed and do not have significance in
and of themselves, instead, they derive significance through relations with
other entities (Latour [9]). Individual actors are not static or unitary; they
change over time, across social and political contexts, and in their relation
with other actors. Both human and non-human actors are considered equal
for the purpose of critical analysis and in as much as they have the ability
to act and be acted upon (Latour [9]). By considering actors equally, the
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analytical focus shifts from them (the actors) to the characteristics and
behavior of interactions between society and techno-science. Basically,
ANT’s primary interest in actors is not their context, but their interactions and
effects on other actors (Law [10]; Singleton & Michael [11]).
Individual actors in the network are usually associated with different networks
of their own interests. When delineated, this makes some networks fractal
or contracting infinitely (William-Jones & Graham [12]). A network viewed
as fractal is unwieldy, complex and all but useless for coherent analysis
(William-Jones & Graham [12]). Given this density, individual networks may
be simplified or “black boxed” to look like a single point (Latour [9]). This
means that behind each actor in the network there hide other actors more
or less effectively drawn together. It also means that any changes in the
actor-network affect not only actors directly involved, but also the networks
they simplify. The entry of new actors, desertion of existing actors or change
in alliances can cause the black boxes to be opened and their contents to
be reconsidered. Actor-networks rely on a continued maintenance of its
simplification for its continued existence. These simplifications are under
constant challenge and if they break down the network may collapse, and
may reform in different configurations.

The complex network of spatial data
Spatial data are items of information which identify geographic location and
characteristics of natural or constructed features and boundaries on the earth.
The information may be derived from - among other things - remote sensing
(spaceborne and airborne imagery), Global Positioning System (GPS),
Geographic Information Systems (GIS), cartographic techniques, Computer
Aided Design (CAD), and surveying techniques. Spatial data are particularly
valuable for planning and development efforts because they describe the
spatial distribution of economic resources, population and other relevant
factors that can contribute to mitigate problems of uneven development in
a society. They have the potential to impact widely on society, due to their
ability to represent a host of important characteristics spatially.
Spatial data is about space and the objects and processes therein. Space
is more than geo-referenced location – it matters for what it affords not for
what it is (Smith & Mark [13]). Space is subjectively conceived by individuals,
and individuals could even conceive it differently at different spatial levels.
Space is shared with others, meaning that space is also a setting for social
life (Crompvoets, Rajabifard, Van Loenen & Fernández [14]). The intensity of
social encounters and social life in general depends on the degree of “social
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capital” (Putman [15]), which is also different at different spatial levels. These
dynamics are likely to have a significant influence on the way spatial data
is understood by different people in terms of content, role, and complexity.
It implies that spatial data are multifaceted, and new spatial knowledge is
being generated continuously. The newly generated knowledge is always
subjected to time and space. Knowledge that was generated many years
ago might have appeared perfect at that moment though afterwards it might
have been proven counterfeit.
Spatial decision problems often require that a large number of feasible
alternatives be evaluated on the basis of multiple criteria. It translates that
spatial decisions are multi-criteria in nature. Multi criteria decision making is
complex as it requires finding an alternative that dominates all others with
respect to all criteria. The number of human actors involved in the decision
making process also influences the complexity of spatial decision problems.
Spatial data is one of the most critical elements underpinning decisionmaking for many disciplines. Over the last decades, many governments and
private sector have invested tens of billions of monies in the development
of geographic information, for the most part to serve specific purposes (e.g.
urban/rural planning, forestry, parcel records management, health care,
and forestry, etc) within a local, regional, national and even international
framework (Noongo [4]; Crompvoets [5]; Eelderink et al [7]). Nevertheless,
the need for multi-criteria decision making makes the need for integration
of spatial data obligatory. Different user groups have different views of the
world. As De Man [16] argues that though spatial data is obviously about
space, space matters differently at different spatial levels. Spatial data
handling thus, requires special skills in handling space, elevating the need
for specializations dealing with space, time and geography.
Spatial data handling may vary in quality and even portray some kind of
pathology (Crompvoets et al [14]). The complexities of spatial data handling
as a networked performance inevitably introduces conflicts and dilemmas,
arising when there is a need for data collection, manipulation, analyses,
presentation and distribution. Conflicts are usually experienced in the form of
exclusion (access denial), fragmentation, isolation from use, and discontinuity,
while dilemmas are usually between standardizations, bureaucratic control
towards uniformity, and facilitation of deliberations (De Man [16]; Noongo [4];
Crompvoets et al [14]).
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Socio-technical networks of SDI through ANT lens
In a report entitled Understanding Infrastructures, Edwards, Jackson, Bowker
& Knobel [17], elaborates on the notion of information infrastructure and
establishes a comparison between systems, networks and infrastructures.
Systems are compounds of known elements. They are absolutely controlled
because input, outputs and processes involved are known and pre-defined.
Their boundaries are closed and stable. Everything is under control and
so “control” is the main function. Networks are integrations of systems.
Although their elements (systems) can be known, their boundaries are open
and reconfigurable. So they should be conducted by control and coordination
functions. Infrastructures are integrations of networks. Their boundaries are
not only open and reconfigurable, but virtual. There is no control on the
elements (networks) but they depend on full coordination for functioning.
Coordination mechanism in this regard could mean protocols, policies,
standards and legal frameworks – including human actors who conduct the
coordination actions.
Taking the abstract definition of infrastructure, SDI is a genuine example
of an infrastructure - a complex phenomenon characterized by its multifaceted nature (De Man [6]) and its multi-perspective meaning. SDI is
a networked performance of human actors, technological artifacts and
information artifacts. The actors are tied together by various interests and
are continuously negotiating and aligning those interests.
GSDI Cookbook: An implementation Guide (Nebert [1]) distinguishes five
SDI components: access network, standards, policy, people and spatial data.
The access network component is critical from a technological perspective
to facilitate the use of data by people. It seeks to facilitate access to relevant
spatial data sources and services; e.g. access and distribution networks, web
services for data browsing, viewing, downloading and warehousing, etc. The
standards component defines the technical characteristics of the datasets. It
ensures interoperability amongst the datasets and the access mechanisms;
e.g. coordinate reference systems, data transfer formats, data models,
metadata standards, etc. The data component refers to the spatial datasets
to be shared and exchanged between technological platforms, organizations
and individual users. These datasets are produced within organizational
frameworks and must comply with the technical standards defined to be
compatible when shared and exchanged. The policy component is critical
for the construction, maintenance and access of application standards and
datasets. Commonly, SDI policies are required for data collection, processing,
integration, storing, distribution, pricing and licensing, custodianship and
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standards. The people component refers to a multitude of heterogeneous
stakeholders including all data producers, users, custodians and valueadding agents in the public or private companies, and all individuals that
interact to drive the construction of an SDI.
Understanding SDI as a networked performance finds support in ANT. The
different components of SDI are all actors, and they are all doing something
to make a difference. Actors also make other actors do things through
translations between them. While computer technology is at the heart of SDI
construction, data and information always require some form of infrastructure
beyond source and destination regardless of the technology. Spatial data
is the indispensable focal actor in SDI. It means that all other actors have
an interest in spatial data – they all want to reap benefits from such data.
Being indispensable, spatial data is understood to be performing –“doing
something” – pulling together all other actors in a network regardless of their
other varying interests. Other actors act upon this data in a networked circle.
Each of the actors in SDI can shape the construction process of SDI to their
own ends. They may modify it, deflect it, betray it, add to it, appropriate it
or let it drop. Translations between actors impact each other and society
at large. This clearly suggests that SDI construction is an integrated and
complex socio-technical charged matter where multiple actors influence
and possibly compete with each other to achieve their interests. This in turn
reflects the dynamic nature of the whole SDI concept where neither social
nor technical accounts can be privileged.
Under ANT lens, components of a functional SDI can be broken down into
two groups based on the different nature of their interactions within the SDI.
Given the substantial translations and fundamental roles between people
and data, these two components can form one group. People are the key
to transaction processing and decision making. All decisions require data.
However, as data become more volatile human issues of data sharing,
security and access forge the need for more defined relationships between
people and data. The rights, restrictions and responsibilities influencing this
relationship become increasingly complex through compelling and often
competing societal issues. The second group can be considered consisting
of the main technical components: the technology, policy and standards.
Anyone wishing to access datasets must utilize the technological network.
The nature of both groups is very dynamic due to the rapidity of technological
development and the changes occurring in society - their needs and ongoing
requirements for different sets of data and services. The two groups are
logical networks with own interests and may react to situations in different
ways. When black boxed, these two networks form the SDI, in which the
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actors affect the resulting SDI vision and succeeding concepts. This again,
clearly illustrates that SDIs are integral and characteristics of socio-technical
contexts.
A socio-technical SDI recognizes that even if it is assumed that SDI succeeds
on a technical level, its successful development and implementation still
will ultimately depend on how well implementation strategies address the
respective community barriers. For the same thought, Pickels [18] argues
that SDIs are also susceptive to geopolitical, economic, and socio-cultural
issues and all the associated opportunities and threats of cyber spaces and
interactions. These points recognize that societal aspects can be equally
critical in determining the success of SDIs and possibly of other information
infrastructures alike.

Concluding Remarks
Spatial data, and consequently SDIs, and other information infrastructures
alike are different at different spatial levels because of differentiated social
contexts. This paper has argued that SDIs are dynamic, integrated, and
networked performance of human actors, technological artifacts and
information artifacts. A closer look at the components of SDI reveals that
SDI is an integration of socio-technical networks with open, reconfigurable
and virtual boundaries, without control and basically based on coordination
mechanisms. Technical and societal actors of an SDI translate their interests
in a networked manner while, collectively as well as individually, each
having fundamental impacts on performance of an SDI. It is hoped that the
consideration of socio-technical construction of SDI presented in this paper
will raise consciousness on the importance of social matters often neglected
within SDI developments and implementations.
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Abstract
This study examines the problem of splitting views on assessment methods
at the Polytechnic of Namibia. This problem led to some lecturers being
unaware of what assessment method is relevant to their courses. The
paper evaluated the literature on major assessment categories of formative
(continuous) and summative (exam-based) using a comparative case of the
International Institute for Geo-Information Science and Earth Observation
(ITC) in the Netherlands and the Polytechnic of Namibia. The major finding
is that assessment methods stipulated in the Polytechnic Prospectus are
not clear. This has resulted in a gap between the assessment methods and
even questions the objectives of the courses. The project recommends that
the Prospectus Regulations should be revisited to make the assessment
methods strong. With a momentum towards increased strong hybrid
assessment it is appropriate to assess the correlation between student
performance in continuous assessment work and in more traditional end of
course written examinations.
Keywords: Examination, Formative Assessment, Summative Assessment

Introduction
Conflicting views have been noticed between the proponents of the
continuous assessment and the proponents of the hybrid assessment method
as stipulated in AC4.4.1.2 of the Prospectus [1] with two assessments that
qualify the student for the final 2 to 3 hour examination.
The proponents of continuous assessment without examinations at the end
of the semester believe in a teaching and learning approach that provides
students with consistent feedback throughout the semester. The proponents
of examination on the other hand, counter-argue that the level of maturity
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of the Polytechnic students does not allow them to go without examination.
One major problem is that not all the students write their own assignments
and it is assumed that students pay other people to write assignments
on their behalf. Moreover, other variables such as lack of self-discipline
especially among the young students and apathy of reading, may lead to
plagiarism or ignoring assignments altogether. Continuous assessment
without examination at the end could degrade the standard of the institution.
The institutional situation of large classes also does not allow lecturers to
use continuous assessment because of time and venues. Based on this
hypothesized problem this study intends to address the following question:
To what extent has the Polytechnic Assessment Regulations, been clear on
summative and formative assessment methods? A comparative study of the
ITC and the Polytechnic assessment approaches has been conducted to
throw light on the issues mentioned above.

Formative and Summative Assessment in the Classroom
Stakes [2] compares formative and summative assessment by saying that
“when the cook tastes the soup, that’s formative; when the guests taste the
soup, that’s summative”. Crooks [3] on the other hand refers to summative
assessment as intended to summarise student attainment at a particular time,
whereas formative assessment is intended to promote further improvement
of student attainment. In other words, this could be termed, assessment of
learning versus assessment for learning.
Garrison [4] states that summative assessments are given periodically to
determine at a particular point in time what students know and do not know.
Many people associate summative assessments only with standardised
tests. Garrison refers to some examples of summative assessments such
as end-of-unit or chapter tests and end-of-term or semester exams. The
UK Centre for Legal Education [5] suggests that summative assessment is
not traditionally regarded as having any intrinsic learning value. It is usually
undertaken at the end of a period of learning in order to generate a grade
that reflects the student’s performance.
The UK Centre for Legal Education (200-2009) further argues that the
traditional unseen end of module examination is often presented as a
typical form of summative assessment. Scriven, [6] supports the use of
summative assessment that, “summative evaluation provides information
on the product’s efficacy (it’s ability to do what it was designed to do). For
example, did the learners learn what they were supposed to learn after using
the instructional module? Scriven, [6] further argues that “in a sense, it lets
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the learner know “how they did,” but more importantly, by looking at how
the learners did, it helps you to know whether the product teaches what it is
supposed to teach”.
Two important points flow from this differentiation. Firstly, there is no reason
why only summative assessment should be included in any formal grading
of student performance. It is perfectly appropriate to have elements of
formative assessment as part, or even all, of the final grade. The second
point is that the distinction between formative and summative assessment
may be a false one. Whilst some elements of assessment may generate a
greater formative learning experience than others, it can be argued that all
forms of assessment have some formative element. Students undertaking
a degree course where assessment consists only end of module unseen
examinations will over the period of the course improve their examination
technique. This is a formative learning experience.
Perhaps instead of becoming overly concerned with whether an assessment
is formative or summative in nature it may be better to see various types of
assessment as a continuum of the formative learning experience.

Written Examination as summative assessment method
A person who passes an examination in academic school receives a diploma,
a degree or a certification. Carrick Institute for Learning and Teaching in Higher
Education [7] argues that written examinations typically involve a variety of
question types. Since examinations are intended to provide students with a
range of ways in which to demonstrate their knowledge, there are also some
issues of concern. The need to design assessment which is effective and
valid within existing resource constraints is one. Possibly, open questions
and extended essays are favoured by many academic staff and students, but
in practice other considerations should be made on availability of suitablyqualified assessors and the time required to mark individual papers.

Written Examination and Bloom’s Taxonomy
Before examining question types, it is useful to establish a link between
assessment and the cognitive processes. In assessing specific levels
of student’s mastery of course content, we always need a framework for
describing those levels. Bloom’s taxonomy is a system created to improve
testing precision by categorising cognitive functioning into distinct levels.
Appropriate questions could then be developed to assess the desired level.
Psychologist Benjamin Bloom developed this system at the University
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of Chicago in the late 1940s (8). His goal in formulating this classification
was to increase precision in the discussion of educational goals among
teachers, administrators, and researchers. This can be ranked low to high
level as Knowledge, Comprehension, Application, Analysis, Synthesis, and
Evaluation (UW-Madison Teaching Academy [8]).
According to (8), “Taxonomy” is simply a system of categorising and
organising. In this case, the taxonomy is hierarchical; each level is
subsumed by the higher levels. In other words, a student functioning at the
“application” level has also mastered the material at the “knowledge” and
“comprehension” levels. In light of this, it is now beneficial to discuss some
of the most commonly used question types according to Carrick Institute for
Learning and Teaching in Higher Education [9] and their potential relevance
to the Taxonomy approach is as follows:
Multiple –choice questions (MCQs): MCQS are extensively used in
examinations particularly at first year and large classes. At the Polytechnic
of Namibia, staff with large classes such as Economics, Human Resources
to mention but two, quite commonly use multiple-choice questions in
examinations due to the ease of scoring such questions. This means that
multiple-choice questions are often set to reduce strain on resources and
it would not necessarily be good to assess appropriate skills. Hence, the
MCQs are limited in their capacity to assess critical thinking and other valued
skills and knowledge. Although it is acceptable that MCQs save time, it is
also assumed that MCQs encourage undesirable approaches to learning
because they only test students’ ability to memorise detail. Carrick Institute
for Learning and Teaching in Higher Education (2007) also argues that while
it is true that MCQs can be used to assess the lower levels of cognitive skills
described in Bloom’s Taxonomy, knowledge level, and the ability to “list”,
“label”, “name”, or “recall”, well designed MCQs can do much more, but they
take time to prepare. This draws the conclusion that MCQs per se are not
deficient but their effectiveness requires careful design and consideration.
It also requires disciplinary-expertise, insight into student learning and time.
Thus, MCQs in examinations are usually presented as large sets in order to
reduce the chance of students scoring well by chance alone. Bloom’s Levels:
Knowledge, Comprehension, Application and Analysis.
True/false questions (T/F): The T/F questions can effectively diagnose
students’ level of understanding of complex concepts. However, their use in
examinations is problematic because they are not reliable due to limitations
to just two options, “guesswork” and “chance”. Sometimes the assessor
provides ambiguous and complicated statements in T/F questions that may
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confuse the student. Overall, when used in examinations the T/F questions,
would not be able to test critical thinking and valued skills in that particular
subject, because it operates like a jackpot. If by chance a student strikes the
correct knob then a lucky student can score high while knowing less. Bloom’s
Levels: Knowledge and Comprehension.
Short-answer questions: This type of question also appears in examinations
at the Polytechnic of Namibia especially for the first year students in various
departments. Atherton [10] argues that slightly less structured than multiplechoice questions, short answer questions are often used in examinations to
award a few marks as a “starter”, followed by a question which requires more
writing. Atherton [10] further provides the following examples of short-answer
questions as follows:
They may simply ask the student to write in a missing word or phrase: “The
Spanish Armada was sent during the reign of ......... in England, and ..... in
Spain (2 marks)”; or they may call for brief listings: “List three of Schneider’s
first-rank symptoms of schizophrenia (1 mark each)” or for a one-sentence
answer: “What is the basic principle of utilitarianism? (2 marks)”
Such questions may require an explanation or description, and often allow for
the use of diagrams in addition to text. Still, the emphasis in this examination
is predominantly upon demonstrating understanding, rather than writing skills
- ‘note-style’ writing is often accepted, and errors in grammar and spelling
tolerated. As the examples above indicate, such questions tend to test the
lower levels of the cognitive domain. The problem with these questions is
that if students get used to being asked them, they will revise just to produce
the “right” answers, and thus follow superficial learning. Short-answer items
are only suitable for questions that can be answered with short responses
(UW-Madison Teaching Academy n.d). Additionally, because students are
free to answer any way they choose, short-answer questions can lead to
difficulties in scoring if the question is not worded carefully. It’s important
when writing short-answer questions that the desired student response is
clear. Bloom’s Levels: Knowledge, Comprehension and Application.
Extended answers or essays: Extended written responses are also a
feature of examinations at the Polytechnic, particularly in the departments
of Public Management and Human Resources. However, when the class
sizes tend to be bigger the extended answers in an essay type are effective.
In timed examinations, it is usual to indicate the amount of detail required by
indicating the amount of time recommended for a particular question. UWMadison Teaching Academy (n.d) argues that some essay-style questions
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are multi-part, providing students with a structure and focus. Essay questions
are the only question type that can effectively assess all six levels of Bloom’s
Taxonomy. Moreover, they also motivate students to express their thoughts
and opinions in writing, granting a clearer picture of the level of student
understanding. But there are problems of time requirements and grading
consistency. Bloom’s Levels: Knowledge, Comprehension, Application,
Analysis and Synthesis Evaluation.

Advantages and disadvantages of written examinations
The main disadvantage of these examinations is the extent to which they
encourage students to memorise information for examinations rather than
attempting to understand it as a component of their overall course. This
implies that students are prepared to study with the purpose of passing
final examinations without necessarily acquiring skills and knowledge for
the future. Eventually, the institution is producing unskilled graduates. This
argument tallies with Paulo Freire’s radical views on education systems
(De Beer and Swanepoel [11]. Freire is particularly critical of the existing
education system, which he says is equal to “banking education in which
students receive, file and store deposits … Banking education domesticates
students for it emphasizes the transfer of existing knowledge to passive
objects who must memorise and repeat this knowledge”. These types of
syllabuses discourage students from applying their knowledge in practice,
whereby they would have been able to improve their living conditions.
According to Race (1998) in The Higher Education Academy [12] the most
important thing lecturers do for their students is assess their work. There are
many different forms of assessment used in higher education, and below are
listed the advantages and disadvantages of the examinations which may be
relevant to the assessment situation at the Polytechnic of Namibia:
Advantages
•
•
•
•
•
•

Time-efficient
Cost-effective
Relatively easy to achieve equality of opportunity
Less plagiarism
Staff are familiar with exams
Encourages students to learn certain subject matter

Disadvantages
•

Does not increase students’ desire to learn
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Students play the game of guessing the agenda, so that learning
can be unfocused
For social work students in particular, experience of learning in
situations is limited
Traditionally feedback is low
Does not help the theory/practice gap
Scripts are usually marked in a rush
Handwriting, neatness and presentation are also assessed and
there is emphasis on exam technique rather than content
Staff marking the scripts become bored!
Difficult to be reliable when marked by different staff members
Encourages surface learning if exams questions are badly written
Does not measure teamwork, leadership, creativity and even lateral
thinking

Evaluation of secondary data on summative assessment ends here and the
focus is now on formative assessment.

Formative assessment
According to Boston [13] while many educators are highly focused on state
tests, it is important to consider that over the course of a semester or a
year, teachers and lecturers can build in many opportunities to assess how
students are learning and then may use this information to make beneficial
changes in instruction. This means that through continuous assessment
not only the students who learn but the lecturer’s instruction capacity also
improves. This is confirmed by Wiliam, et al [14] who state that formative
assessment involves a combination of activities aimed at targeting teacher
and student actions increasingly precisely upon the next steps in learning
for individuals. It involves dialogue that provides information about students’
understandings that helps teachers and students interpret the effectiveness
of the activity and tailor subsequent activities using that knowledge.
Moreover, Black and Wiliam (1998b) as quoted by Boston [13] define
assessment broadly to include all activities that teachers and students
undertake to get information that can be used diagnostically to alter teaching
and learning. They also explained that under this definition, assessment
encompasses teacher observation, classroom discussion, and analysis of
student work, including homework and tests. Eventually, assessments would
only become formative when the information is used to adapt teaching and
learning to meet student needs. In other words, FairTest [15] further says
that “formative assessment occurs when teachers feed information back to
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students in ways that enable the student to learn better, or when students
can engage in a similar, self-reflective process”. For the formative method
we should focus more on continuous assessment.

Continuous Assessment
Scanlan [16] argues that continuous assessment occurs throughout a learning
experience (intermittent is probably a more realistic term). Continuous
assessment is most appropriate when student and/or lecturer knowledge of
progress or achievement is needed to determine the subsequent progression
or sequence of activities. Obviously, continuous assessment involves
increased effort for both teacher and student. Continuous assessment is
more likely to be formative, process-oriented, informal, internal, learnerinvolved, and/or self-referenced in nature. It can take the form of daily work
(e.g. essays, quizzes, presentation and participation in class), projects/
term papers and practical work (e.g. laboratory work, fieldwork, clinical
procedures, drawing practice) (National University of Singapore NUS [17]).
Students are given the examination paper or assignment and 1 – 2 weeks
to submit their responses. It assesses their ability to research, redraft, and
use resources, and places less emphasis on speed and memory than
conventional exams. This means that in order for the institution to achieve
this goal through assessment, it should either do away with examinations or
reduce it to 1 to 2 hours duration and increase the self-study and research
duration including writing assignments. However, the following are possible
advantages and disadvantages of continuous assessment:
The advantages include:
•

Elimination of memorising and question spotting.

•

A reduction in pre-examination anxiety.

•

Higher quality answers.

•

Testing of something more worthwhile.

•

Encouragement to students to keep good notes.

In this regard the following disadvantage can defeat its purpose:
•

High and sustained level of anxiety during the take home period.

•

Student competition for library books.

•

Increased likelihood of students getting “expert” help.
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Discussion of Results
ITC refers to the International Institute for Geo-Information Science and
Earth Observation. The institute was established in 1950 (45 year older
than the Polytechnic of Namibia), and is usually referred to as ITC because
of its original name: International Training Centre for Aerial Survey. It is the
largest institute for international higher education in the Netherlands (ITC
Study Guide [18]). ITC is an autonomous organisation operating under the
aegis of the University of Twente, and is funded by the Ministry of Education,
Cultural Affairs and Science of the Netherlands. ITC is subject to the national
quality assurance procedure for universities in the Netherlands and it is
based in Enschede (ITC Study Guide 2008/2009/2010).

Effective Assessment Methods
This section of data analysis and discussion helps this study to describe facts,
detect patterns, develop explanations and provide answers to the research
question in the problem statement section above. In nutshell, the section
starts with the comparisons of the Polytechnic results on effectiveness of the
assessment methods. On the question: which assessment method should
be regarded as most effective in teaching and learning? The respondents’
indicate as shown the Figure/Table 1 below.

Figure 1.

Effective assessment method

At most 50% of respondents from the Polytechnic of Namibia and 86%
respondents from ITC indicated support of written examination as the most
effective method. In addition 35% of the Polytechnic respondents have no
idea which methods listed above are more effective in teaching and learning.
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They simply use any method prescribed in the Prospectus. However, those
who oppose written examinations, especially at the ITC, argue that the
written examination usually focuses on reproduction of class notes and it
lacks creativity and renovation. The examination is prepared and influenced
by lecturers, hence they can make it very complicated or simple. The student
in the examination has no chance to ask about the ambiguity of the question
and consequently the student can fail the subject that he or she may know
better.

Factors influencing assessments
Inquiries were also made to find out about those factors that the respondents
encounter as negative to the successful assessment of the students. Figure/
Table 2 below provides the outcomes as follows.

Figure 2.

Negative factors to Assessment

Almost all respondents mentioned large classes as the first problem that
affects assessments. For example, in the context of the Polytechnic of
Namibia, a lecturer teaching a class size of more than 200 students cannot
effectively assess students with more than three tests or assessments per
semester. Even in marking examination scripts the fatigue of the lecturer
may also affect the assessment. In the ITC for example, they have people
from all over the world, who cannot speak English which is the medium of
instruction. It is very difficult to assess students such as the Chinese with the
same assessment instrument that is used for the student from South Africa.
At the Polytechnic of Namibia, issues such as language problem among
students and lack of assessment skills among assessors were also
highlighted. Not all lecturers or other assessors at the Polytechnic of Namibia
have been trained in assessment methods. Another problem is time,
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overloading of students and lack of equipment for practical work such as in
the department of Land Management. The serious challenge is on individual
or written assignments at the Polytechnic. It transpires that students are not
usually the authors of the assignments they submit. Therefore, most of them
qualify with high semester marks and obtain less in the examination.

End-examination vs. continuous assessment
The question was asked whether it is appropriate for the students to sit for
the final examination at the end of the semester or module or it is enough
to only write assignments and obtain the final mark without sitting for a final
assessment. Figure/Table 3 below provides the results.

Figure 3.

Examination versus Continuous assessment

At most 90% of the respondents at the Polytechnic and 86% at ITC
support that students should write examination at the end of the module
or semester. The examination assesses the knowledge and skills of the
student. However, although most ITC respondents support the use of
examination, they argue that examination is only effective if it is supported
by other assessments during the period of the study. For example, the
students can be given projects to work on as professionals by producing
something that an outside expert or a planner/decision-maker can support.
Students can work as a team and generate something tangible such as
a plan, product, strategy etc. as if they were to present it on completion
to, for instance, Municipal experts. In that regard, not only the academic
and technical quality of the project results would be assessed but also the
manner in which a project outcome is presented in an understandable and
useful manner to a potential user. There are many advantages in making use
of assignments or continuous assessment methods, among them plenty of
room for interaction and adjustment. The only way to make the assignment
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or continuous assessment strong is a proper objectification of it. These
assessments present a true picture of whether the student can do things
according to the learning material. This means that the students can do
exactly and practically as the teaching and learning material has shown them
and not just explain what the material entails.
This was also supported by some respondents from the Polytechnic, that
examination does not provide any feedback to the students and the examiner
may be biased or examinations can leak to friends of those people involved
in handling the examination paper. The continuous assessment also has its
advantages, of which, among them, is that learning to the student is effective
because they continuously get feedback and they improve in the process.
The following are the views of the Polytechnic respondents on continuous
assessment:
•
•
•
•
•
•
•
•

It is good for practical courses only
It should be matched with a specific course content
It is good in providing prompt feedback to the student
It is very effective way of learning since students learn more through
conducting research, presentations and group or individual projects
It is not good for Accounting courses because the department links
with international professional bodies that require examination as an
assessment standard
It is not universally used in many universities and institutions of high
learning
It is impractical in large classes
It requires much and constant supervision

Examination duration
Duration of examinations varies considerably from course to course. This
implies that the examiner has to decide on the duration of examination
required for the type of questions comprised in that examination. The more
complex the questions, the longer duration required for that examination.
Based on this assumption this paper also asked the respondents which
duration is most favourable to their courses and modules. Figure/Table 4
below summarises the responses.
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Examination duration

It was found that 60% of the respondents at the Polytechnic of Namibia
indicated that their departments use 3 hours, 2 hours, 1 hour as well as
continuous assessment. However, this depends on the level of study, for
example, 1st year students may be required to sit for a one hour examination
in some departments. In addition, a department, such as, Land Management
may also use continuous assessment in practical courses. At the ITC, the
large number of respondents does not prefer a 3 hour examination and they
throw their weight of support on a 2 hour examination along with a range of
other assessment methods. They argue that it is too much for the student
to sit for the whole period of 3 hours. For example, examination time should
be a component of assessment itself. The speed is important to teach the
student to think very fast. This means that the student should not be given
such a long time to solve issues, they should be given a limited time to think
and solve problems in the examination to activate their quick critical thinking.
A 3 hour examination, which is commonly practised at the Polytechnic is not
worthwhile, was also criticized by respondents. The continuous assessment
with a minor sort of examination could be an effective way of assessment
and this can be projected as follows:

Figure 5. Learning fluctuation
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Figure 1 above entails that when examination and test based assessment are
used the students would only have high tendency of learning during the time
of the test and they go down when the assessment is a bit far. For example,
in the diagram above the learning level of students was high when they were
preparing to write test 1, test 2 and even higher at examinations. This implies
that the student is not studying to know the subject or to acquire skills and
competencies as stipulated in the objectives of the course but only to pass
the test or exams with good marks. For the continuous assessment the level
of learning remains extremely even throughout the semester. Assessment
is built in the broader context of teaching and learning and it motivates the
student to strive for marketable skills and competencies.
In that regard, examination based assessment motivates a student to acquire
temporary knowledge and to some extent reproduces the class notes just
for the sake of passing the test or exams. From practical experience, the
students’ behaviour at the Polytechnic of Namibia may justify the basis of
this reality. For example, students tend to coerce lecturers into giving them
the copy of the test or the examination or demand the summary of course
material because they intend to memorise and regenerate them to pass
examination or test. Therefore, the proponent of formative assessment
regarding written exams may weaken the learning process of the student.
Transparent evidence shows that assessments at the Polytechnic are
determined on the basis of other circumstances, for example, the number and
weight of assignments could have been reduced due to fear of “outsourcing”
of assignment by students or the situation of large classes. The attribution
behind this is that, since the lecturer does have direct control of the student
when compiling the assignment, the assignment is allocated a lower score
than the test which the lecturer is confident is the true work of the student. This
suspicion was strengthened when a number of spontaneous announcements
from people in the city, were found placed on notice boards around the city
and even on campus offering to help students with their assignment work
(see the example below), “I can help you with your assignment or research
project”. See the copy of the one notice below.
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Source: Researcher (2009)

Policy and Administering Assessments at the Polytechnic
At the Polytechnic the assessment policy is in the academic regulations
prescribed in the annual prospectus. According to the Polytechnic Prospectus
(2009:15) (AC4.1) “evaluation of a student’s performance in a certificate/
diploma/degree programme shall be based on continuous assessment and/or
examinations.” Furthermore, the Prospectus (2009:17) (AC4.4.1.2) indicates
that “for all residential courses, the semester mark will be determined by
way of appropriate assessments during the semester. A minimum of two
assessments must be set per semester, although variations may occur
per course and/or programme as approved by Senate. The Prospectus
stipulates the “minimum” and no “maximum” is indicated. This implies that
there is room for the departments to assess otherwise. The Prospectus also
provides for “two assessments” but it does not specify whether these would
be tests or assignments.
Furthermore, the Polytechnic Prospectus (2009) (AC4.4.1.1) stipulates that
“the scope and regulation of the examinations for the different qualifications
shall be determined by the Senate, and be conducted under the supervision
of Senate at such venues, dates and times as Senate may determine”.
The Prospectus further stipulates that, “on completion of a prescribed
syllabus (unless determined otherwise) examinations shall be conducted in
all courses”. This implies that the Prospectus serves as the Polytechnic’s
institutional assessment policy that, in this respect, stipulates examinations
as compulsory assessment at the Polytechnic. Although some respondents
perceive the Prospectus general rules as good assessment standards, some
have the opinion that the Prospectus has left a little space for departments
42

PROGRESS Multidisciplinary Research Journal

Volume 1, Issue 1 - June 2011

and schools’ flexibility to determine their assessment methods. Even a small
item requires the approval of the highest institutional body, such as, the
Senate.
Hence, most of the respondents at the Polytechnic perceive these rules as
rigid and they support the approach where the departments and schools
should be given freedom to make their own assessment methods. It was
also revealed that the rules in the Polytechnic Prospectus have remained the
same for many years and thus they need to be revised on a regular basis to
meet the requirements of current circumstances. However, the regulations in
the prospectus are required to make lecturers and students meet due dates
in terms of examinations and assignments.
Another point of contention is the AC4.4.2.1 of the Prospectus (2009)
“examination opportunities”. This rule regulates that,
“Examination opportunities will be offered once in all courses
at the end of each semester i.e. in June and November each
year. Students are encouraged to utilise the first opportunity
offered immediately following the semester in which the
course is taught, but may also choose to utilise the second
opportunity at the end of the following semester”.
In light of this, respondents argue that assessment conducted after six
months should not be expected to be as effective as possible. In terms of
Cohen as quoted by McGonigal (2006), “lecturing may feel good, but studies
tell us students remember less than 20 percent of what you’ve taught just
two weeks after the class is over”. Therefore, the respondents also feel that
this does not augur well with the Polytechnic’s current approach of Second
Opportunity examination written six months after the class is over.

Conclusions and Recommendations
This study draws a conclusion that both formative and summative
assessment approaches have their advantages and disadvantages.
Continuous assessment is a major component of formative assessment and
is a purposeful approach to listening and observing students and using that
information to understand a student’s thinking and skills. Examination, on the
other hand, is the major component of summative assessment that may test
the student’s practical skills and understanding, if the questions are properly
set, especially in line with Bloom’s Taxonomy. It is not clear whether the
lecturers at the Polytechnic match their course objectives with assessment
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methods and questions.
The objectives determine the assessment criteria and even the weight of
the test and the assignment. All interviewed respondents ITC/Polytechnic
indicate that it does not mean that examination is always bad. When you are
working with a big group it is not easy to reach your objectives when other
assessment methods are used. Almost all respondents refer to the same
administrative and technical issues of negative impact on the effectives of
tests at the Polytechnic of Namibia:
• Students to bring their own answer papers to the test room.
• Time and venues.
• Relationship between test and assessment of lecturer by students.
However, those who oppose written examinations, especially at the ITC,
argue that the written examination usually focuses on reproduction of class
notes and lacks creativity and renovation. When examination and test based
teaching and learning is used the students would only have high tendency of
learning during the time of the test and they go down when the assessment
is far ahead. This implies that the student is not studying to know the subject
or to acquire skills and competencies as stipulated in the objectives of the
course but to pass the test or exam with good marks. It was noticed that
there are good aspects that the Polytechnic could draw as a lesson from
the ITC assessment approaches and regulations. This paper therefore
recommends that the hybrid type of assessment should be emphasised to
avoid examination and test based assessment only so that tools such as
report writing should also be extensively used. NQA Framework should be
on the table of the examiner when setting examination or test paper and
even assignments to ensure that the assessment is in line with level of that
particular course
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Abstract
This study investigates the impact of power quality problems on the efficiency
of a ring distribution network. The paper focuses on the effects of outage and
harmonics on the distribution network efficiency and the practical implications
on power system economics and reliability. An 11 kV ring distribution network
was modeled and simulated in DigSilent PowerFactory (Demo version)
14.0.512 software package. Five case studies were conducted on the
network for normal operation conditions and abnormal conditions (outage
and harmonics). A methodology to estimate the technical losses (economic
losses) in the distribution system was developed and used as a basis for
determining the network efficiency. A load flow based analysis was carried
out on the distribution system to determine the voltage and current profiles
under normal and abnormal conditions.
It emerged that the loss of feeder cables or lines in the network has an
adverse impact on the efficiency of the network. This raises the question
on the existence and the need of an optimum supply configuration. It also
puts an increased focus on the need of improved reliability engineering in
distribution systems as the costs of failures could be high.
The authors conclude that the efficiency of a ring distribution network is
affected adversely during contingency (outage and harmonics). The degree
to which the efficiency is affected depends on the initial optimal design
configuration and the nature of the disturbance or contingency condition.
Preventative steps that can be taken to “harden” equipment and systems to
PQ problems are also suggested.
Keywords: harmonics, outages, efficiency, non-linear loads, 11kV ring
distribution network, voltage profile, current profile, technical losses,
harmonic distortion profile
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Introduction
The ring main distribution network is the name given to distribution feeders
which are arranged to form a closed loop having one or several feeding points
[Cotton, 1]. This arrangement allows feeders to be fed at both ends thereby
approximately halving voltage drops [Chard, 2]. The three main features for
which the ring network was initially designed are continuity, flexibility and
reliability [Mtetwa, 3]. Energy losses in a power system reduce the efficiency
of a power system. Therefore, it is important to know how much energy is
being lost in the system in order to take corrective action.
In 2001, a study was carried out on the contingency analysis of an 11kV
distribution network which concentrated on developing an algorithm for
contingency analysis rather than relying on the instinct of system operators
for network analysis [Hawtrey, 5].
In 2004 another study sought to find an efficient approach for contingency
ranking based on voltage stability [Bijwe, 6]. It was found that many
research papers published on the subject of contingency analysis have only
concentrated on overload and voltage deviation [Wildi, 4]. What is of greater
anxiety/concern is an environment lacking sufficient generation capacity. To
manage such a situation and maintain supply when a contingency occurs,
switching plans for the distribution system need to be devised to keep
technical energy losses minimal. Literature tends to fall short in taking into
consideration the energy losses that occur in distribution networks during a
contingency.
The main aim of this investigation is to find out the degree to which the
efficiency of the ring distribution network is affected during contingency. In
the investigation an 11kV ring distribution network is modeled and is then
used for contingency analysis of the network. The DIgSILENT PowerFactory
(Demo Version) 14.0.512 software package was used to simulate different
possible contingencies in an 11 kV ring distribution network.
Power system losses can be divided into two categories: technical losses
and non-technical losses [Suriyamongkol, 8]. Technical losses are naturally
occurring losses (caused by internal actions to the power system) and
consist mainly of power dissipation in electrical system components such as
transmission and distribution lines/cables, power transformers, measurement
systems, etc. Technical losses are possible to compute and control, provided
the power system in question consists of known quantities of loads. Nontechnical losses (NTL), on the other hand, are caused by actions external to
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the power system, or are caused by loads and conditions that the technical
losses computation failed to take into account [Suriyamongkol, 8].
Because of the unpredictable nature of the failure of the power system
components, such as cables, power networks are designed such that the
remaining feeder cables should maintain the system by taking up the extra
load while still remaining within the cables volt drop limits [IEC, 7]. The NRS
048-2 standard states that busbar voltages should be within a 6 % limit of
nominal voltage [NRS, 9]. On cable loading, the SANS 10142-1 states that
the voltage drop in cables during normal conditions should not exceed 5%.
In a ring network system, the outage of cables results in a change of network
impedances, hence causing a change in the energy losses in the network
[Mtetwa, 3]. The following formulas are important when evaluating efficiency
of an electrical network.
Plosses =Pin - Pout

(W) 				

(1)

Where:
Plosses is power lost in the network (W), Pout is the electrical output power in
the network (W), and Pin is the electrical input power in the network (W);
Formula expressing percentage losses:
P � Pout
			
(2)
%Losses = in
�100 %
Pin
Formula to calculate the efficiency of a network:
			
						
(3)
Formula used to calculate the energy input and the energy lost in the network
respectively:
Ein=Pin x t

(4)

Elosses=Plosses x t

(5)

Where: Ein is energy delivered in the network (J), t is the time taken for energy
transfer (s), and Elosses is the energy lost in the network (J).
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Methodology
The DIgSILENT Power Factory software package was used to simulate
different possible contingencies on an 11 kV ring distribution network. A
study was undertaken to determine the impact of network configuration
changes on energy losses and how energy losses can be minimized to an
optimum level. Five case studies were conducted, and for each case study,
cable loadings, voltage profile were monitored in accordance with NRS 0482-2004 standard, so as to ensure quality of supply. The methodology for
carrying out contingency analysis for outages on the primary feeders of the
ring distribution network was formulated and is as shown in Figure 1 below.
Likewise the methodology for determining the efficiency of the network is
presented in Figure 2.

Methodology for outage
Obtain data from the network

Place the network on simulation program

Set the network model to initial conditions

Simulate blackout (outage) on primary feeders

Extract voltage & current profiles and power loss

N-1

Last feeder done

Calculate cable losses & transformer losses and
then determine the network efficiency for each
case study or contingency.

Countermeasures

			
Figure 1:

End

Contingency Analysis work flow diagram
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Methodology to determine network efficiency
Step 1
Place the network on
simulation program.

Step 2: Model distribution
cables and set its electrical
parameters (Current &
impedance) also specify the
length of the cable. Cables
were modeled as short line,
no shunt capacitance.

Step 3: Model distribution
transformers: specify (Power
rating, Voltage level, vector
group and short circuit
impedance.

Step 4: Model the loads
connected to the network.
Specify (Power requirement &
power factor)

Step 5: Carry out a load flow
on the distribution network
for the set condition.

Step 6: Extract (current,
voltage as well as input &
output power) from the
network.

Step 7: Determine losses in
transformers: (No‐load losses
+ copper losses (I2Re)). In
this study No‐load losses
were ignored because they
are less compared to copper
losses.

Step 9: Calculate the total
network technical losses
(cable losses & transformer
losses).

Step 8
Determine losses in
distribution cables: (I2R
losses).

Step 10: Determine the
network efficiency:

Step 11: Carry out a
contingency on a network
(outage & harmonics) & then
repeat (step 5 to step 10).

Step 14: Take corrective
actions (countermeasures) for
a worse case scenario and
then repeat: (step 5 to step
11).

Step 13: Draw conclusions
from case studies analysis and
give technical explanations or
technical comments on the
observed results.

Step 15: Compare the overall
network efficiency before and
after a corrective action
(countermeasure).

Step 16: Draw conclusions
from case studies analysis and
give technical explanations or
technical comments on the
observed results.

Figure 2:

Network efficiency evaluation flow chart
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Step 12: Compare the normal
network efficiency to that
obtained during contingency
for each case study.
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Profile
Voltage Profile
The NRS 048-2-2004 administers the utility to supply voltage to consumers
within 6% of the busbar nominal voltage during both normal and abnormal
operating conditions in the network. The voltage profile is a verification to
check that the voltage is within the 6% limit.
Table 1:

Voltage Limits LV busbar

NRS 048
Regulation

Nominal
Voltage (V)

Minimum
Voltage (V)

Maximum
Voltage (V)

6%

400 V

376.00

424.00

Current Profile
According to SANS 10142-1-2004, the voltage drop in cables during
normal running conditions should be within 5% of the rated conductor voltdrop. Therefore, it is important to ensure that the primary feeders are not
overloaded more than their rated capacity. The current carrying capacities of
the feeders that were used are as shown in Table 2 below.
Table 2:

SANS 10142-1-2004 limits for feeders
Maximum Current (Amps)

Cable

Ground

Ducts

Air

300 AL

350

292

378

Network description
The ring main distribution network in figure 3 is classed as a four cable
feeder group. It is supplied from the distribution substation, a 66kV/11kV Dyn
11 transformer (TRF 1) receives its supply from the AC voltage source that
is connected to the reference busbar rated at 66 � 0° kV. The network has
got 4 primary feeders, cables 1, 2, 3 and 4. Cables 5 to 11 completes the
11kV ring main network. All these cables except cable 6 were 300 AL types
with a current carrying capacity of 350 A. Ring main units have distribution
transformers which are 11kV/0.4kV and are either Dyn7 or Dyn11. Consumers
are supplied via their service cables from the secondary system.
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11kV single-line-diagram ring distribution network

The network components or elements were modeled as presented in the
tables below (table 3 to table5). Table 3 shows the loads that were modeled
as linear loads. Table 4 depicts distribution transformers while Table 5
presents cable sizes and other cable parameters.
Table 3:
Element
Load 1
Load 2
Load 3
Load 4
Load 5
Load 6
Load 7
Load 8
Load 9
Load 10

Voltage (kV)
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4

Load data
MVA
1.2
1.5
1.5
0.6
1.2
1.5
0.75
0.75
1.5
0.6
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Power factor
0.92
0.95
0.95
0.93
0.93
0.92
0.95
0.95
0.92
0.93
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Distribution transformer data

Element

Voltage (kV)

MVA

R%

X%

TRF 1

66/11

30

0.9217

8.5073

TRF 2

11/0.4

1.6

0.86

4.76

TRF 3

11/0.4

2

0.78

6.03

TRF 4

11/0.4

2

0.78

6.03

TRF 5

11/0.4

0.8

1.04

4.33

TRF 6

11/0.4

1.6

0.86

4.76

TRF 7

11/0.4

2

0.78

6.03

TRF 8

11/0.4

1

0.935

4.678

TRF 9

11/0.4

1

0.935

4.678

TRF 10

11/0.4

2

0.78

6.03

TRF 11

11/0.4

0.8

1.04

4.33

Table 5:

Cable/feeder data

Element

Length
(km)

Size of Cable(mm)
and Conductor
Type

Cable 1

0.946

Cable 2
Cable 3

300 Al

+/- Sequence
Resistance ohm/
km
0.1215

0.085

1.831

300 Al

0.1215

0.085

0.578

300 Al

0.1215

0.085

Cable 4

1.563

300 Al

0.1215

0.085

Cable 5

0.807

300 Al

0.1215

0.085

Cable 6

1.502

70 Cu

0.3211

0.0106

Cable 7

0.891

300 Al

0.1215

0.085

Cable 8

0.854

300 Al

0.1215

0.085

Cable 9

1.217

300 Al

0.1215

0.085

Cable 10

0.627

300 Al

0.1215

0.085

Cable 11

0.807

300 Al

0.1215

0.085

CASE STUDIES
Case Studies conducted for outage
The ring network was examined by applying the method above and creating
five case studies. Case study 1 (CS 1) was conducted for a normal operational
condition while the other three case studies (CS 2, 3 and 4) were conducted
for abnormal conditions, regarded as service or fault conditions. Here each
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of the primary feeders was removed consecutively. CS is an acronym for
Case Study.
 CS1- Operated under normal conditions (Cable 1, 2, 3 and 4 are
connected).
 CS2- Cable 1 disconnected, Cable 2, 3 and 4 connected
 CS3- Cable 2 disconnected, Cable 1, 3 and connected
 CS4- Cable 3 disconnected, line 1, 2 and 4 connected
 CS5- Cable 4 disconnected, line 1, 2 and 3 connected
The analysis of results obtained from all case studies focused on voltage
profile, current profile, and power/energy losses and network efficiency.

Voltage profile
NRS 048-2-2004 standard on voltage profile limits was used to verify whether
voltages are within the 6% limit. Figure 4 depicts the voltage profile at the
secondary low voltage (LV) busbar for all case studies (CS1 to CS5). The
nominal voltage at the LV side is 400 V or 0.4 per unit.

Figure 4:

Secondary LV busbar voltage profile

Under normal operation conditions (CS1) all bus voltages are within the
limit of 6% as stipulated by NRS 048-2-2004. Likewise, on average, the bus
voltages (CS2 to CS5) have voltage deviations less than 6%, except LV2 in
CS2 which is at 6%. Thus, there are no voltage violations encountered in
the network as a result of loss of primary feeders compared to the allowable
limits.
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Current profile
Figure 5 below shows the cables loading. This profile is to verify overloading.
No overloads were encountered.

Figure 5:

Current profile (cable loading)

Network efficiency
Table 6 shows the powers obtained during each case study conducted. The
Table shows the input power, power losses, output power and efficiency
in each of the case study conducted. The total technical losses in all case
studies conducted are as a result of cable and transformer losses. The total
technical losses for the normal operating conditions (CS1) were 145 kW.
Therefore the technical losses contributed as a result of a contingency in the
network (CS2 to CS5) are expressed as losses increase.
Table 6:

Powers obtained for all case studies

Network

Units

CS1

CS2

CS3

CS4

CS5

P in

MW

9.7

9.64

9.67

9.67

9.69

Pout

MW

9.56

9.45

9.5

9.51

9.54

Cable
losses

kW

54.76
90.2

98.2
89.49

75.86
89.81

71.304
89.49

56.545
90.14

145

187.69

0

29.44

14.26

10.89

1.16

98.56

98

98.2

98.3

98.45

Total
losses

kW
kW

losses
increase

%

Efficiency

%

The power losses obtained from CS3 and CS4 increased normal operating
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condition (CS1) power losses by 14.26 % and 10.26% respectively. The
highest power losses in the system were experienced in CS2. In this case,
the system technical losses increased by 29.44%. It can be seen in table
6 above that the technical power losses in the cables for CS2 to CS5 are
higher. In comparison to normal operation (CS1) cables power losses, the
cables power losses for CS2 to CS5 are 79%, 38.54%, 30.22% and 3.3%
in the respective cases, with CS2 giving the highest percentage of cable
power losses. The focus is therefore, placed on the power losses occurring
in cables. These losses increase in cables during contingency as a result
of increase in current simply because the remaining cables in the network
have to take the extra load current from the lost feeder. When a feeder is
lost from the network, the network configuration changes and so the network
efficiency also changes.
Overall network efficiency
Figure 6 below shows the efficiency of the network for various case studies
conducted.

Figure 6:

Efficiency of network obtained in case studies

From figure 6, the efficiency of the network is heavily affected by the removal
of feeders. The case study number 2 (CS2) was considered to be the worst
case for network efficiency reduction. Therefore for this worst case scenario
(CS2), countermeasures were considered in order to reduce the power
losses to an optimum level.

Energy losses
Figure 7 below shows the network energy losses for the worst case scenario
(CS2) with cable 1 disconnected. The energy losses were calculated over
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an estimate of power transferred in 1day (24 hours) recorded at an interval
of two hours.

Figure 7:

Energy losses obtained in CS2

The network energy losses will increase linearly with time, with the assumption
that the loads are constant power loads for the duration of the investigation.
This graph demonstrates that the longer (time) cable 1 is out-of-service, the
more the energy losses are experienced in the network. This shows that
the loading of cable 1 during normal operating condition is high compared
to other feeders. It is for that reason that the energy losses increases much
more when cable 1 is out of service. More input energy to the network will be
required than normal, hence enhance the risk of load shedding and reducing
system reliability.

Harmonic Analysis
Actual voltages and currents in electrical power systems deviate from ideal
sinusoidal waveforms. These distortions can be caused either by saturating
devices like transformers or by thyristor controlled devices, particularly AC/
DC converters [DIgSilent,10]. The injection of harmonic current or voltages
into the power system leads to voltage distortions and additional losses.
In power systems, harmonics appear only as integer multiples of the
fundamental frequency as long as they are generated by saturation effects
or by line-commutated converters. However in the case of modulated
converters (e.g. PWM converters) , non-integer harmonics (inter-harmonics)
can also be found. Symmetrical waveforms are free of even harmonics.
Therefore, the appearance of even harmonics in power systems is usually
weak. They occur most commonly in the supply current of transformers with
DC-components on their load side. [DIgSilent, 11]
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Network Description
The ring main distribution network in figure 8 is classed as a four cable
feeder group. It is supplied from the distribution substation, a 66kV/11kV
Dyn11 transformer (TRF 1) receives its supply from the AC voltage source
that is connected to the reference busbar rated at 66 � 0° kV.
The network has got 4 primary feeders, cables 1, 2, 3 and 4. Cables 5 to
11 complete the 11kV ring main network. All these cables except cable 6,
were 300 AL types with a current carrying capacity of 350 A. The primary
system supplied the secondary system via a ring main unit. Ring main
units have distribution transformers which are 11kV/0.4kV and are either
Dyn7 or Dyn11. Consumers are supplied through the service cables from
the secondary of the load transformers. The non-linear loads (HSource 1 &
HSource) connected at the bus LV 1 (PCC bus) has the harmonic spectrum
shown in Table 7. It is a 100kVA Variable Speed Drive with a displacement
power factor of 0.766.
Table 7:

VSD Harmonic Spectrum

Harmonic Order
5th
7th
11th
13th
17th
19th

Figure 8:

Harmonic Current (%)
63.9
40.8
1.1
7.1
3.6
0.70

Spectrum Angle (°)
-23
-76
26
22
29
23

11kV ring distribution network
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Case studies on the impact of harmonic sources
Two case studies were conducted on the distribution network shown in figure
8 where the acronym CS represents Case Study.
The acronym CS represents Case Study
 CS 1- Operated under normal conditions (Harmonic loads
disconnected).
 CS 2- Harmonic loads (HSource 1 & HSource) at LV1 (PCC bus)
connected.
Plans for reducing energy losses to an optimum level and countermeasures
were implemented based on the analysis of the results.
These case studies focused on evaluating the effects of harmonics on the
efficiency of the network with respect to:





Voltage limit violations;
Overload conditions and volt drop violations and;
The network’s power and energy losses.
Total Harmonic Distortion profile

Although the main focus of this paper is to investigate technical losses during
abnormal conditions and find possible ways of reducing these losses to an
optimum level, factors such as cable loading and voltage violations have to
be studied first to ensure that the network can handle outages without cables
being overloaded or any voltage violation happening, hence ensuring quality
of supply. This makes it easier to find areas for improvement.

Voltage Profile
The NRS 048-2-2004 administers the utility to supply voltage to consumers
within 6% of the busbar nominal voltage during both normal and abnormal
operating conditions in the network. The voltage profile is a verification to
check that the voltage is within the 6% limit. Figure 9 below depicts the
voltage variation from the nominal voltage (400 V) at the LV busbars for
normal and abnormal conditions. The acronym LV represents low voltage
busbars.
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LV busbar voltage profile

During normal operation conditions (CS1) and abnormal conditions (CS2)
all bus voltages are within the limit of 6% as stipulated by NRS 048-2-2004.
Thus there are no voltage violations encountered in the network as a result
of non-linear loads as compared to the allowable limits of standard.

Current Profile
Figure 10 below shows the cables loading. This profile is to verify overloading.
No overloads were encountered. This verification was to investigate any
overloading and voltage drop violations. The simulated cables in this network
had a maximum carrying capacity of 350A (0.35kA).

Figure 10:

Cable Loading

Total Harmonic Distortion Profile
The voltage total harmonic distortion limit for distribution networks is 8%
according to the NRS 048-02:2004 standard. This profile was evaluated at all
the LV busbars to determine the effect of harmonics on the other consumers
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connected to the PCC bus and the rest of the network LV consumer busbars.
Figure 11 shows the VTHD recorded at all the LV busbars in the network.

Figure 11:

Total Harmonic Distortion

The highest THD (3.55%) was measured at the PCC bus (LV1). All the
recorded total harmonic distortions in the network are within the NRS 04802:2004 standard. It can be seen that although the harmonic loads are
connected at LV1, the THD were seen at other LV busbars (consumers) in
the network.

Harmonic Distortion Profile
Figure 12 shows the VHD recorded at the PCC bus LV1 busbar as a result
of individual harmonic order. This profile was evaluated at the PCC (point of
common coupling) LV1 bus to determine the effect of harmonics on the other
consumers connected to the PCC. Figure 13 shows the injected harmonic
current being injected at LV1 (PCC) busbar by the non-linear load. This is
an appreciation that non-linear load injects distorted currents in the network.
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Figure 12:

Harmonic Distortion at LV1

Figure 13:

Non-linear load current

Efficiency of the network
Table 8 shows the powers obtained during each case study conducted. The
Table shows the input power, power losses, output power and efficiency
in each of the case study conducted. The total technical losses in all case
studies conducted are as a result of cable and transformer losses. The total
technical losses for the normal operating conditions (CS1) were 145 kW.
Therefore, the technical losses contributed as a result of a contingency in the
network, (e.g. CS2), are expressed as an increase in losses. Table 8 shows
powers obtained in the case studies conducted.
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Powers obtained for all case studies

Network

Units

CS1 (No Harmonics)

Parameters
P in

CS2 (With
Harmonics)

MW

9.7

9.86

Pout

MW

9.56

9.7

Cable losses
Transformer losses
Total losses
losses increase
Efficiency

kW
kW
kW
%
%

54.77
90.2
145
0
98.56

48.414
104.83
153.244
5.69
98.4

The power losses obtained from CS2 increased normal operating condition
(CS1) power losses by 5.69 %. It can be seen in table 8 above that the
technical power losses in the transformers for CS2 are higher as a result of
harmonic current. However, cable power losses have decreased showing
that the transformers are prone to harmonics hence contributes to technical
losses.
Overall efficiency
Figure 14 below shows the efficiency of the network for the case studies
conducted

Figure 14:

Efficiency of network obtained in case studies

From figure 14, the efficiency of the network is affected by the non linear
load that draws harmonic currents. The case study number 2 (CS2) is
considered to be the worst case scenario for network efficiency reduction.
The efficiency reduced as result of increase on the RMS current due to
harmonics. Therefore for this worst case scenario (CS2), countermeasures
were considered in order to reduce the power losses to an optimum level.
The results are discussed in the next section.
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Countermeasures
There are a range of countermeasure techniques that can lead to energyefficient network and inherently have additional benefits of, improving the
reliability and quality of supply of the power network as well as reducing
system losses. Improving energy efficiency presents a mutually beneficial
situation for all sectors within energy supply, delivery and utilization systems.

Network reconfiguration for outage
To decrease energy losses in a ring distribution network, one method which
is commonly used is to reduce current flow through conductors by adding
an additional cable to the network so as to provide an alternative path to the
load. For this network a cable was added in turn to all the various areas within
the network. Simulations were conducted in an experimental way to find the
best area giving a reduction in losses less than the worst case scenario
(CS2). Areas with percentage voltage deviation close to the limit were highly
considered especially LV1, LV2 and LV4 for CS2 with 5.8%, 6% and 4.8%.
The appropriate cable for power losses reduction was chosen based on the
percentage total losses increase (see table 6) for worse case scenario (CS2)
and maximum current for feeder cable 1. The appropriate cable size (120
AL) was chosen based on calculations shown below.
Percentage total losses increase =29.44%
Feeder maximum current=350A
Power=I2R
For argument sake it is logically clear that if you reduce the current by 2 then
we inherently reduce the power loss by 4.
New cable current requirement = Feeder maximum current x square root of
total losses increase.

Therefore a cable such as 120 mm2 AL, rated current 210 Amps was chosen.
It was found that adding a cable between busbars HV2 and HV6 that supply
the aforesaid LV busbars resulted in a dramatic reduction in the energy
losses. Figure 14 below depicts the reconfigured ring network.
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Figure 15: Reconfigured 11kV ring distribution network
Table 9 shows the technical power losses acquired from the network
after and before network reconfiguration. These losses (before and after
reconfiguration power losses) were compared to show the significance of
carrying out contingency analysis in the network.
Table 9:
Case study
Total losses
before (kW)
Total losses
after (kW)

Comparisons of power losses
CS1

CS2

CS3

CS4

CS5

145

187.69

165.67

160.794

146.685

142.02

161.5

156.75

156.758

143.73

Table 9 that the total network technical power losses have decreased as
a result of network reconfiguration especially in CS2. This shows that the
method of adding an extra cable will work effectively. Figure 16 depicts
how the efficiency of the network has increased as a result of network
reconfiguration.
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Efficiency comparison before and after the reconfiguration

The efficiency of the network has improved significantly, especially for CS2.
This shows that reconfiguring the network was the most effective way in
this network to lessen power losses during an outage. The reduction in
losses was a result of reduction in current in the remaining feeders due to
reconfiguration of feeders during an outage.

Installation of Power Factor Correction Capacitors (for correction
and harmonic mitigation)
Capacitor installation is used to improve the power factor and voltage
regulation of the network, thus improving voltage profile. Since the power
factor is improved the current will be reduced just as the technical energy
losses (I2Rt) are reduced, hence improving the network efficiency. The power
factor capacitor is placed at the LV1 bus to improve the power factor from
0.766 to 0.95 for the non-linear load. The capacitor rating requirement for
power factor correction was determined as follows.
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Non-linear load ratings:

Since there are two non-linear loads, the capacitor rating will be doubled.
Therefore the total kVar rating for the capacitor will be. The capacitor is
placed at the PCC busbar (LV1) where the non-linear loads are connected
and is as shown in figure 17 below.

Figure 17:

Improved PF 11kV ring distribution network
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Figure 18 shows how the efficiency of this network was improved as a result
of the network power factor correction at LV1 busbar. The losses (before
and after power factor correction) were compared to show the significance
of carrying out contingency analysis in the network focusing on harmonic
mitigation.

Figure 18:

Efficiency comparison before and after the PF correction

The overall efficiency of the network was improved when the power factor
correction equipment was installed. This shows that installation of power
factor correction capacitor and harmonic filters is an effective way of lessening
power losses due harmonics in power distribution systems.

Network reconfiguration significance
Traditionally, contingency plans are temporary back-up plans for power
system networks, to ensure continuity of supply during outages. The
consideration of efficiency in power networks has made contingency plans
a permanent feature. Although this method might have high initial cost, it
reduces costs in a long run due to reduced maintenance requirements. Also
the supply power requirement for distribution will be reduced owing to a
reduction in the energy losses of the power system networks.

Conclusions
The research concludes with the following remarks:
In most cases, energy losses and efficiency of the entire system are usually
ignored during contingency analysis studies. However the results from the
case studies conducted showed that the energy losses increased during
the outage. This is because there is a change in network configuration and
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remaining feeders are taking extra load current from the lost feeder therefore
increasing technical losses.
Harmonics in the network contributes to the technical losses in a ring
distribution of the network simply because the RMS line current of the
network increases with the increase or presence of harmonic current hence
causing an increase in power losses.
It is very important to carry out contingency analysis in a distribution
network so as to predict the network behaviour and take corrective
actions. This investigation was done to consider technical losses (and
efficiency) during contingencies.
The investigation concludes by noting that the efficiency of a ring distribution
network is adversely affected during contingency conditions. The degree to
which it is affected depends on the design and the nature of disturbance,
hence affecting the reliability and flexibility of the network.
The treatment of T&D losses, including PQ losses, in emerging competitive
energy markets needs to be analysed, benchmarked and to apportion the
responsibility and accountability between network operators and consumers.
The development of distributed generation systems against a background of
energy shortage within the regional energy trading block, Southern African
Power Pool, may need an assessment on the impact this will have on network
efficiency. The relation between network losses and distributed generation
needs to be investigated with a view to determine how regulation can be
used as a substitute to competition [Chatterton, 15], so as to promote the
development of competitive electricity markets in traditionally monopolistic
energy supply environments.
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A Review of the “Tea Cup Effect” and removal
of suspended solids from water
Damas A. Mashauri
Department of Civil Engineering, Polytechnic of Namibia, Namibia

Abstract
Suspended solids problem in water is an issue as old as water treatment itself.
Suspended solids can be causative to eroding through abrasion of impellers,
pump casings, pipes and other water works related appurtenances. It is
therefore appropriate that suspended solids must be removed as early as
possible in the water works treatment facilities. It is usually done at the river/
lake intakes to reduce the coarse particulate matter that would otherwise
adversely affect the water works thereafter.
The fine particles that will escape the entrapment at the intake works would
therefore require further and more effective system that would remove this
fraction. By and large this removal process is achieved by chemically aided
process such as coagulation/flocculation unit operation. This process is
expensive and demands high level trained personnel to man them. In the
same vein then a simple and effective system is proposed. This is a swirl or
grit removal system that does not need any chemicals, moving parts or even
highly trained personnel to operate them. This paper is looking at the theory
of the “Tea Cup Effect” and how it has been used in practice to remove or
reduce suspended solids from water. The paper gives some examples where
such devices have been used and how effective they have been.
Keywords: Tea-cup-effect, vortex motion, mantle, shear zone, removal
efficiency

Introduction
The “Tea Cup Theory”
Consider a flat bottomed glass and a few tea leaves in water can demonstrate
part of this process at work. After stirring tealeaves swirl round the peripheries
of the glass, as the speed of rotation declines the solid particles move to the
centre and settle in the middle of the base.
Figure 1 below is a simplified explanation of a highly complex process. But
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it suffices to say that the Figure shows some of the forces inaction. As it
would be explained later, at low velocities the central column rotates much
slower and out of ratio with the remainder of the liquid. The difference in
velocities creates a “Shear Zone” around the outer edge of the column as
such induces settleable solids down to form a doughnut shaped ring of solids
at the bottom.

Figure 1:

“Tea Cup Effect” simply put

Figure 2 below shows this doughnut phenomenon in reality. But when an
orifice (for under-flow drainage) is provided at the bottom the settled matter
forms a spiral like path towards the hole. This theory was experienced
with different suspended solids (varying densities, size and shape) but the
resulting patterns were identical see Figure 3 below.

Figure 2:

“Tea Cup effect” (Adames, [1])
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Theoretical spiral paths of particles in a vortex basin (Mashauri, [2])

The theoretical “Spiral like” paths shown in Figure 3 were almost replicated
in reality when different particles (densities and sizes) were subjected to
vortex motion in swirl concentrator. A typical pattern is as shown in Figure
4 below. This shows that the “spiral” trajectories are real and not only in
theory. Further experiments showed the patterns on the bottom of a swirl
concentrator as shown in Figure 5 below. In any case this phenomenon
shows how the particles once settled on the bottom move in “spiral” paths
towards the central orifice.

Figure 4:

“Spiral like” paths towards the underflow (Mashauri, [2])

Upon reaching the orifice the settled particles are flushed out as part of the
underflow. As mentioned in Mashauri [3] the underflow should be limited to
less than 10% of the inflow. Again there must be a trade-off between the
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underflow amount and the removal efficiency one wants to achieve. Please
note that the higher the ratio of diameter of basin to diameter of orifice the
lower the removal efficiency but less underflow amount. This is only true up
to a certain size of particles see Mashauri [3].
The “Tea Cup effect” is evident in Figure 5 too. The two photos in the middle
show the mantle formation and its fading phase. The mantle is basically
what we had shown in Figure 1 and was referred to as “shear zone”. This
is a zone that perpetually has the contents (water and suspended load) in
motion with a final downward motion towards the orifice. Indeed any particle
that enters this zone is bound be flushed out through the underflow. There is
no chance of uplifting in this area.
This phenomenon happens in large water bodies (seas, lakes and rivers)
and is often referred to as sinks. A swimmer or a small boat that has
the unfortunate situation of entering such zones is bound to be dragged
downwards which can only mean death by drowning!
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Flow patterns in a swirl concentrator (Mashauri, [2])

Applications in Practice
Smisson approach
The vortex overflow facility in its simplest features is shown in Figure 6
below. A pioneer engineer Bernard Smisson, in Bristol, first observed this
phenomenon while researching into drop shaft problems. In 1963 he designed
and built two storm water overflow devices called Vortex Overflows to retain
solids in the sewers while allowing the cleaner overflows to discharge to the
River Avon (Smisson, [4]).

Figure 6:

Vortex Overflows (Smisson, [4])

The approach has resulted in several Vortex overflows facilities built and
operated. What is remarkable was that the facilities managed to reduce
suspended solids load by over 70% with only 20% of the inflow. Experience
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shows that the facilities have been used effectively, almost trouble free and
have required no maintenance at all. Indeed this is what can be applied to
our suspended load problems in Namibia without much modification.

USEPA approach
The United States of America Environment Protection Agency (USEPA)
borrowed a leaf from the Smisson’s work on the vortex overflow facility.
USEPA approach developed what is called a swirl concentrator in the 1970s.
The Facility (Figure 7) has so far not gained much popularity in practice due
to its demand for a high head which is normally not available in storm water
drainage problems. However USEPA developed further the swirl concentrator
and the heliconical bend pollution control devices that have functioned fairly
well (Sullivan et al [5]).

Figure 7:

USEPA Swirl Concentrator, (Sullivan, [6])

USSR experience
There are a number of attempts in the same lines in the former USSR. The
following is only some of the examples that form part of the success stories.
• 2 Basins Designed for 2 ……. 2. 5 m3/s (since 1959 working perfectly)
• A series of chambers designed for 15 m3/s discharge.
• For the purpose of eliminating sand ahead of irrigation canals and
hydropower plants.
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TURKEY experience
Turkey has tremendous sediment problems. As such they have tried a
number of approaches to remove sediment ahead of headrace tunnels for
hydropower facilities and in irrigation works. Again here the swirl concentrator
has come out as one of the best solutions.
• Hydropower production application
• Basin diameter
=
15m
•
•
•
•
•

Discharge
=
Inflow area
=
Bottom slope
=
Under flow diameter =
Under flow Qu
=

Vi = 1.71 m/s

5.25m /s		
3.06m2
2%
0.6m => Db/Du = 25
3% Qi
3

The Grit King approach
This is a continuation of the earlier version of vortex overflow facilities to have
more efficiency. As the name alludes it is a facility to remove grit (sediment,
grease and floatable) from water. Trials were carried out to measure the
working efficiency of the Grit King. Here, working efficiency is defined as the
capability of the device to remove grit or sand particles greater than 0.2mm
diameter. A one meter diameter Grit King, together with ancillary equipment
was set up at a sewage works. Sand/gravel samples, which were weighed
and graded before and after each test, were fed into the unit and results
obtained were used to calculate the efficiency at the various flow rates. The
tests used flow rates from1.7 litres/sec to 20 litres/sec and the efficiency
various from 99% at the low flow to 95% at the high with the average being
97%. The graph below shows the results (Adames, [1]).

Figure 8:
Grit King Performance for particles greater than 0.2mm diameter
(Adames, [1])
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Typical working principles of a Grit King (Adames, [1])

The simplified diagram (shown in Figure 9) indicates the basic feature found
in all separators. Dynamic separators are passive devices and only operate
when full. They can be designed to meet a wide variation in site conditions.
The liquid containing the solid for separation is tangentially fed continuously
into the side of the separator through the inflow pipe or jet so that the contents
rotate gently about the vertical axis; this creates the conditions similar to the
flat bottomed glass example previously mentioned. Solids are discharged to
the collecting facility underneath the cone.When the flow reaches the top;
the now decanted liquid is discharged through the annular slot to the overflow. Mention should be made of the dipplate’s function its location is critical
as it assists in stabilizing the position of the “Shear Zone”.
Floating materials is gathered in the floatable trap, a feature which is adapted
in some applications to remove oil and grease. This feature is very much
applicable in Namibia where flush floods occurs very irregularly but quite
intensive bringing in floating debris and suspended solids. Indeed such
facilities could be utilised in storm water management (treatment and final
discharge).
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Fish hatchery waste reduction example

Distribution
Settling basin
chamber

Clear water
Overflow

Inflow pipe

Figure 10:

Swirl concentrator Fish Hatchery facility in Lammi, Finland,
summer 1986 (Mashauri, [2])

In a fish hatchery (Figure 10) a lot of waste is produced in a concentrated
area. The waste produced is a made of fish food and excreta at the bottom
of large fish hatching facility. The waste consists of nutrients mainly of N, P
and K as well as suspended solids. The nutrients are soluble in water so they
must be removed before being discharged into receiving water bodies (e.g.
Lake, river) downstream of the facilities. A vortex basin (swirl concentrator)
is one solution to remove the suspended solids load which to some extent
is attached to the nutrients mentioned earlier on. In a prototype testing
(Mashauri, [2]) over 40% of the suspended load was removed by such as a
basin. It is possible to achieve even better efficiencies if several basins were
installed in series (Rantanen and Ryynanen [7] and Hakkinen et al [8]).
The same vortex basin was used to remove polystyrene and plastic pebbles.
The particles had varying settling velocities and were subjected to various
inflow discharges. In both cases removal efficiency dropped as higher
inflows were allowed into the basin. The data is as shown in Figures 11 and
12 below. The results compare fairly well with the Grit King performance
shown in Figure 8. As expected the higher the setting velocity the higher the
removal efficiency. Indeed in these experiments, though limited to about 10
l/s inflows the lowest removal efficiency is over 75% for the heavier particles.
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Figure 11:

Removal efficiency of plastic pebbles particles (Mashauri, [2])

Figure 12:

Removal efficiency of polystyrene particles (Mashauri, [2])

River intake arrangement
In this typical arrangement, a weir with a gate is constructed across a river
to dam-up the water. In this way a desired head is created upstream of the
basin which will be the driving force in the settling mechanism. The side
curvilinear weir is arranged so as to direct the flow towards the diversion but
at the same time removing the coarse particles. See Figure 13 below.
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Typical arrangement of swirl concentrator or vortex basin at a
river intake

Swirl concentrator in series
In order to improve removal efficient a number of concentrators can be
arranged in series as shown in Figure 14 below. In Hakkinen et al [8]) it was
shown that this type of arrangement can achieve higher separation efficiency
than a single stage swirl concentrator. This is shown in Figure 15 below.

Figure 14:

Multi-stage concentrator used in the experiments (Teizazu, [9])
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Cumulative efficiency versus inflow and inlet velocity when
the overflow is taken from all the stages (Hakkinen et al, [8])

It is evident that if overflow is only taken from the last stage (Stage 4) one
achieves a better removal. This is clearly shown in Figure 16 below.

Figure 16:

Cumulative efficiency when the overflow is taken only from
stage 4. (Hakkinen et al, [8])

Flood control in an urban setting
Recently flooding problem in the Scottish City of Glasgow got a shot in the
hand by the introduction of vortex flow control facilities upstream of food
prone areas (Andoh, [10]). The flood control systems were designed to
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handle discharges between 8.0 and 33m3/s. The vortex flow control units are
part of Glasgow’s £50 million flood prevention scheme. It is encouraging to
see these holistic approaches in the 21st Century replacing the conventional
ones of the 20th Century.

Concluding Remarks
From this review one can conclude the following: (1) The “tea cup effect”
can be put into use in solids separation processes; (2) Solids separation
can be effected through simple swirl concentrators without any elaborate
appurtenances or any moving parts; (3) Overflow vortex facilities have
been designed and implemented for almost half a century without much
maintenance. Their performance has been excellent and in many cases
exceeds 80% removal efficiencies; (4) Swirl concentrators have been used
to separate fish waste in fish hatcheries with good removal efficiencies; (5)
A number of examples of these simple but effective basins are in operation
in many countries handling discharges up to discharges 33 m3/s which are
by no means a small fit; (6) If higher removal efficiencies are desired then
basins can be arranged in series to achieve this. Indeed this has been shown
to be a possible solution to waste water treatment process.
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