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Abstract 
A number of South African rural households experience problems with roof 

leakage and flooding during rainy seasons and it results in the damage to their 
furniture. In most cases, the furniture is manufactured out of wood and these materials 
are not designed to withstand exposure of water for prolonged duration of time, their 
exposure limit is especially low that they can withstand enough water for cleaning. This 
paper aims to provide ordinary South Africans with durable, water resistant and 
aesthetically appealing furniture by providing the technical shrewdness for 
manufacturing the furniture using glass reinforced polymer (GRP) material. The 
employment of the recommendations from this paper will not only provide a solution to 
the green environment by saving the trees but also provide the personalized shapes and 
designs at economical costs, quicker as well as the creation of job opportunities for 
communities thus adding to the country’s gross domestic product. 

Keywords: GRP furniture manufacturing, composite moulding, green environment.  

INTRODUCTION 

South Africa experiences heavy and severe seasonal rainfalls; despite the 
climate change, the impact of these rainfalls is still significant. The intensity of the 
rainfall events over the past 10 year period increased by over 10 mm (Mason, Waylen, 
Mimmack, Rajaratnam & Harrison, 1999). According to Kruger and Nxumalo (2017) 
the precipitation tends to increase extremely over some parts of the country with the 
increase in annual frequency of very heavy rainfalls. The continuous wet days in the 
country is mostly in summer season for most part of the country with the exception to 
the south-western Cape. For the south-western Cape has the longest wet days, and to 
make matters worse they occur during the winter season where days are shorter than 
nights, the sun is further away from the surface of the earth and there is fog in the 
mornings.  

The furniture used in most South African households is manufactured from 
wood and sheet steel, the furniture manufactured out of wood is preferred due to its 
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aesthetic appearance, durability, low density, low thermal expansion and strength 
whereas the steel one is preferred due to the strength to weight properties (Broman, 
2001; Hyvönen, Piltonen & Niinimäki, 2005; Wang, Chen & Chang, 2005) 

The wonderful properties offered by the wooden furniture mainly depend on the 
maintenance and use of such furniture, particularly during wet conditions (Stark, 
Matuana & Clemons, 2004). The organic nature of wooden furniture makes it 
susceptible to organic decay; the decay is formed when a fungus is formed at a certain 
moisture and oxygen conditions for a certain period of time. The deterioration on the 
other hand is due to the combination of biological and physical process where the 
fungus causes decay or discoloration (Hyvönen, Piltonen & Niinimäki, 2005; Schultz, 
Nicholas & Preston, 2007; Stark, Matuana & Clemons, 2004). 

In wood there may be water in the form of free water, bound water and water 
vapor (Hyvönen, Piltonen & Niinimäki, 2005; Kozłowska & Kozłowski, 2012). Free 
water fills the lumen by absorption using capillary action; the water does not bond to the 
wood hence it is referred to as free water. Bound water is attracted by hydroxyls to the 
cell wall and bound through monomolecular adsorption or polymolecular adsorption. In 
monomolecular adsorption the bond is stronger than polymolecular one and it is also 
difficult to separate the water from the hydroxyl group. Water vapor resides in the 
cavities of the cell wall and the lumina (Hyvönen, Piltonen & Niinimäki, 2005).  

According to Hyvönen, Piltonen and Niinimäki (2005) the failure of wooden 
furniture due to water first starts with the adsorption of water, leading to the increase in 
volume proportional to the adsorbed water causing the swelling. Swelling increases 
until the cell wall is saturated with water, the increased saturation leads to a point where 
the water remains free water and no further swelling will occur. The moisture gradient 
between the surface and interior of the furniture causes stress resulting into surface 
warping, twisting and cracking. Above moisture saturation level fungi causes serious 
damage to the furniture, however this saturation level is not reached by water vapor but 
can be by exposure to liquid water.  

The wood however can be preserved using the principle of toxicity and also by 
managing the fungi by controlling the temperature and removing the oxygen supply, the 
latter is however highly impractical (Schultz, Nicholas & Preston, 2007; Wang, Chen & 
Chang, 2005). The more practical way to manage the moisture content is via surface 
coatings that are achieved by applying water repellents and dimensional stabilizers to 
the surface. Common surface coatings used are varnish, lacquer or paint which are 
effective if there are no scratches, openings and imperfections on them. Absorption of 
water can be reduced by rendering the wood hydrophobic; this is very effective on the 
furniture that is used outdoors. The liquid water can only penetrate the hydrophobic 
layer unless the external pressure is greater than the capillary pressure. Typical water 
repellents are waxes, oils, resins (natural & synthetic), fungicides, insecticides and 
solvents. Water also gives rise to dimensional changes in the wood, to preserve the 
wood for biological durability, concentrations are vital in treatments. The developed 
preservatives can achieve a 50 year service life in the furniture; the typical example is in 
the wood used as railway sleepers. (Hyvönen, Piltonen & Niinimäki, 2005). 

GRP material use and manufacturing is said to increase steadily since the 
introduction of this material during the 2nd world war (Abramovich, 2018; Bar, 
Alagirusamy & Das, 2018; Cooper & Turvey, 1995; Kaw, 2005; Patil & Ingale, 2018; 
Rafiee, 2013; Turvey & Zhang, 2006; Zou, Reid, Li & Soden, 2002). The growth is due 
to amongst others factors costs, weight, corrosion resistance, low friction factors, 
chemical resistance, excellent fatigue and impact resistance as well as damage tolerance 
(Avci, Şahin & Tarakçioğlu, 2007; Chandra, Singh & Gupta, 1999; Cooper & Turvey, 
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1995; Farshad & Necola, 2004a, 2004b; Hogg, 1983; Hogg, Hull & Legg, 1981; Jones, 
1989; Kawada & Srivastava, 2001; Khalili, Mittal & Kalibar, 2005; Knox, Cowling & 
Hashim, 2000; Melot, 2018; Noble, Harris & Owen, 1983; Prakash, Srivastava & 
Gupta, 1987; Price & Hull, 1987; Rafiee, 2013; Salibi, 2001; Stokke, 1988; Turvey & 
Zhang, 2006; Vallittu & Sevelius, 2000; Yang & He, 2016).  
 
METHODOLOGY 

There are a number of ways to manufacture furniture using glass-fiber 
reinforced polymer (GRP) materials, the main purpose is not to deviate from the 
strength, appearance and appeal to the user’s eye (Broman, 2001). To achieve the two, 
the price and the weight should be kept at a minimal level, this paper considers the 
manufacturing of the furniture using GRP material. The simplest methodology is to 
create a mold that will help achieve the required shape, in this work this is achieved by 
manufacturing three layers i.e. inner layer, outer layer and middle layer.  

The inner layer is manufactured to have the strength to contain and withstand the 
contents of the furniture; in most cases the product in contact with the furniture has the 
certain level of moisture content. It is because of this reason that the inner layer needs to 
be manufactured in order to protect the furniture from the moisture, chemical attack and 
the electrical conduction. 

The middle layer is the critical layer because it is the layer that is to be used to 
give the furniture its shape, has low weight and strength and can be used as a mold. 
Figure 1 (A-F) below shows the polystyrene foam in different forms, properties and 
quality. All as indicated below come in different colors, and can be shaped as seen 
below as in B and F. B and D are the most economical as they are available in portable 
spray bottles at a low cost. Their advantage is that the user can only use what is close to 
the required amount and thus eliminating the material losses. C and E are available as 
part of the packaging for furniture and fragile materials that are transported, the 
advantage of these is that they can be recycled to lower the costs and improve the 
environment. The most important use of these is to create the required shape before the 
resin material cures; as such, the foam is crafted into the required shape as seen in B and 
F. 

Figure 1: Polystyrene 
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The outer layer on the other hand is designed and manufactured to have an 
appealing look to the eye of the user as well as water resistance, durability, versatility 
strength and customized colors according to the user’s requirements. This can be seen in 
Figure 3 below where a lap jointed material that contains three layers discussed in this 
work is used.  

 
Figure 2: Plastic ball as a mold 

 
The layers stated above do not necessarily have to be seen physically, a typical 

demonstration of this can be seen in Figure 2 where a plastic ball was used as a mold 
and as soon as the GRP material had cured its use was no longer relevant. In this 
particular instance, it became evident that the GRP material is strong enough to be used 
without the inner layer and the thickness of the material was not significant. It is 
common and assumed by most people that metals are stronger materials, but this 
assertion was proven otherwise by the introduction of GRP materials that are lighter in 
weight. In order to give the end user certainty about the strength of the product, the 
inner layer is added to increase the width of the furniture material as in Figure 3. The 
inner layer may well be considered in instances like during the manufacture of chair 
legs, etc. 

 

 
Figure 3: GRP Section 
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Because this paper is not mainly addressing mass production of furniture, but 
rather focusing on customized furniture the middle layer is used as a mold. It is worth 
indicating that the industrial type molds that are suitable for mass production are 
expensive for ordinary individuals and startup businesses. Because of these costs, the 
ordinary African can use what is available and is on their disposal. The basic model is to 
use polystyrene foam or cardboard material, prepare it to the required shape. Apply the 
resin layer and then the reinforcement. The number of layers determine the thickness 
and depend on the required strength of the furniture, as in most materials the thicker the 
cross sectional area the stronger the material. 

 
RESULTS AND DISCUSSION 

Manufacturing furniture using GRP has proven to be able to provide the benefits 
offered by metallic and wooden furniture combined. The material is durable, if one has 
to compare the metallic or wooden furniture with the same durability and weight GRP 
furniture will be the best option. The resin has high water resistance and will play a vital 
role in protecting the fiber from absorbing water because the water will cause the fiber 
to lose the durability in a long run. The aesthetic appeal of the GRP manufactured 
furniture will give the end user the feeling of fulfilment, as with the wooden furniture 
the owners still do their best to preserve using varnish and other similar solvents. With 
the GRP there will be no need to buy solvents to preserve, rather only a small amount of 
water is required to wipe the dirt on the furniture. 

The costs associated with the manufacturing of the furniture are reasonably low 
with the minimal material loss because only the required amount can be used and the 
one that is not used can be reused. With the implementation of this, jobs will be created 
and thus help in building the economy of the country as well as contributing to the 
increase in the gross domestic production. 

 
CONCLUSIONS 

Purchasing inferior quality furniture is far more expensive than buying 
expensive quality furniture. What is more fulfilling and satisfactory to any African is to 
manufacture the furniture that is appealing to their eyes, strong, inexpensive and water 
resistant with a very simplified manufacturing process. In addition to this the end user 
of the furniture also deserves the value for their money and to be rest assured that the 
quality of the product is suitable to their needs. These GRP furniture is the best solution 
to Africans to make own furniture and will also help small and micro enterprise to grow 
and create employment the and thus contribute to gross domestic product of country and 
the continent. With the combination of both properties offered by the wood and steel 
that the GRP materials offer, the furniture that can be manufactured in this fashion can 
be the best option. 
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Abstract  
The study outlined how the microenterprises overcame the barrier of capital and 

credit through ‘open development’ characterised by collective sharing of knowledge, 
tools, equipment and workforce amongst competing microenterprises. Also by 
belonging to trade/professional associations which ensured that knowledge becomes a 
public good that can be accessed by everyone who needs it. The study also found out 
that majority of the microenterprises experienced scaling-up within few months to 
around three years from inception, while only a few scaled up only after three years. 
Scaling-up of microbusinesses was captured with four proxy variables: increase in 
number of employees, increase access to capital, increase in gross earnings and 
increase in gross sales. The study concluded that clustering of small businesses in 
Africa could be a potential avenue to overcoming the popular financial constraints and 
an enabler of firm growth.   
 
Keywords: Constraint, Finance, Small firms, Knowledge and Scaling-up  
  
BACKGROUND TO THE STUDY  

Industrialization can be seen as the process by which an economy moves away 
from smallscale artisanal production to large-scale machinery-based production. The 
process of industrialisation involves the extensive re-organisation of the economy for 
the purpose of manufacturing (O'Sullivan et al., 2003). Tregenna (2015) defines 
structural change as changes in sectoral composition of output and employment 
contributing to higher economic growth and increased utilisation of underutilised 
resources, especially labour. Tregenna in her article thus associated structural change 
with shifting labour and capital to higher‐productivity (Tregenna, 2015).  

Within the economy, entrepreneurs are active drivers of industrialisation. 
Entrepreneurs create new firms, offering new products and introducing new processes, a 
term referred to as creative destruction by Joseph Schumpeter in 1934. On another note, 
entrepreneurs also run their business through agglomeration and economies of scale, a 
term referred to as creative accumulation by Joseph Schumpeter in 1942. It is widely 
accepted that large firms significantly practice division of labour which helps them in 
promoting skills specialisation and improve their efficiency. There is also body of 
literature that supports the notion that the clustering of competent, highly specialized 
large firms lead to global value chains and localization economies (Malmberg & 
Maskell 2002; Henderson, 2003; Mander, 2014). Localization economies help to 
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promotes knowledge exchange, knowledge spill overs and technology transfers by 
encouraging innovation and rapid industrialisation which is most needed in Africa. 
Industrialization can be seen as the outcome of the activities of entrepreneurs (Mander, 
2014).  

Entrepreneurs have been known to play vital roles in developing and transition 
economies (Brasil, India, China and South Africa) because they played crucial role in 
structural transformation from low tech based labour intensive economies to high 
technology, knowledge based economies through adoption, assimilation and adaptation 
of foreign technologies from developed countries (Etzkowitz et al., 2015). Thus, the 
entrepreneur is the indispensable machinery for knowledge creation and knowledge 
diffusion (Braunerhjelm, Ács, and Audretsch 2010).  

As important as these entrepreneurs are, they are faced with a lot of challenges and 
most times their effort do not materialise in the desired output. This is because these 
entrepreneurs operate mostly as informal enterprises in developing countries. Most of 
the studies carried out on micro and small enterprises in Africa have identified financing 
(lack of access to capital) as the major constraints they face in the smooth running of 
their daily business activities (Peterson and Rajan, 1994; Berger and Udell, 1998; 
Cavalluzzo, Cavalluzzo and Wolken, 1999; OyelaranOyeyinka 2006; Oyelaran and Lall 
2006; Zeng 2008; Adeyeye et al. 2016, Egbetokun et al., 2016; Jegede et al., 2016, 
Jegede 2017a; 2017b; Oyelaran 2017). Despite the contribution of the informal sector to 
economic growth, attention hasn’t been paid to it fully by governments and researchers 
as well.  

There are lessons to learn from newly industrialising countries. For instance, 
China’s rapid industrialization over the last few decades disconnect with the popular 
widely accepted path in which developed countries in Europe took – having some 
financial standard and framework (Allen, Qian, and Qian 2005). In particular, the vast 
majority of small firms had little or no access to credit from state-owned banks (Ruan 
and Zhang, 2009; Firth et al 2009; Lin, 2011). Despite this major constraints, China has 
achieved industrialization in less than a quarter of the time it took Europe. How was 
China able to do this? Through the clustering mode of production (Allen, Qian, and 
Qian, 2005; Fisman and Love, 2003a; 2003b). It can be assumed that by dividing a 
cohesive production process (which agglomeration offers) into several incremental 
phases, clustering can lower capital entry obstacles, creating a pathway for more 
entrepreneurs to join production industries. Also, clustering promotes inter-firm trade 
credit therefore reducing the pressure of looking operating capital.   

Nigerian entrepreneurs are taking a peek from the Chinese story and trying to 
follow the shorter part towards industrialization. The Nigerian government too has been 
supporting the development of clusters as through its industrial policy and programmes. 
The Nigeria Industrial Revolution Plan (NIRP) was designed to facilitate the 
development of industrial cities, parks, and clusters while focusing on making hard 
infrastructure available within these industrial zones. Currently Nigeria ranks second in 
West Africa in industrial cluster development (World Competitiveness Report, 2015). 
The top cluster destinations in Nigeria include: Nnewi (Automotive), Otigba (ICT), 
Yaba (Technology), Onitsha (Plastics), Aba (Footwear) and Kano (Leather). Asides 
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these major clusters, there exists several hundreds of other smaller clusters. The 
government of Nigeria has also established several free trade zones in different 
geopolitical zones of the country even though not all of these free trade zone in Nigeria 
were created by government at the Federal and State level, but these free trade zones 
have enjoyed the support of government. Within the free trade zones, goods may be 
landed, handled, manufactured or reconfigured, and re-exported without the intervention 
of the customs authorities. The government created and strengthened, an institution 
called the Nigerian Export Processing Zones Authority for promoting and facilitation 
local and international investments into license free zones in Nigeria. Table 1 shows the 
currently available free trade zones we have in Nigeria.  
   
Table 1: Free Trade Zones in Nigeria   

Name   Location   Developer   Land Size 
(ha)   

Status   

Calabar Free Trade Zone 
(CFTZ)   

Cross River  Federal 
Government   

220   Operational   

Kano Free Trade Zone (KFTZ)  Kano   Federal 
Government   

463   Operational   

Tinapa Free Zone & Resort   Cross River  PPP   265   Operational   
 Snake  Island  Lagos   Nigerdock Plc.   59.42   Operational   

International  Free Zone           
Maigatari Border Free Zone   Jigawa   State Government   214   Operational   
Ladol Logistics Free Zone   Lagos   GRML   n/a   Operational   
Airline Services EPZ   Lagos   Private   n/a   Operational   
Sebore Farms EPZ   Adamawa   Private   2,000   Operational   
Ogun Guandong FTZ   Ogun   PPP   10,000   Operational   
Lekki Free Zone    Lagos   State Government   n/a   Operational   
Abuja Tech Village FZ   FCT Abuja  FCT   702   Under 

construction   
Ibom Science & Tech FZ   Akwa Ibom  State Government   122.14   Operational   

 Lagos Free Trade Zone    Lagos   Eurochem  
Technology   

218   Operational   

Olokola Free Trade Zone    Ondo   
Ogun   

 PPP   10,500   Operational   

 Living  Spring Free Zone    Osun   State Government   1,607.86   Under 
construction   

Badagary Creek Integrated Park   Lagos   Kaztec 
Engineering   

531   Under 
construction   

Ogindigbe  Gas Revolution 
Industrial Park (GRIP)   

 Delta   Alpha GRIP 
Development Co.   

2,506.03   Under 
construction   

Nigeria  Aviation Handing Co.  
(NAHCO)   

 Lagos   NAHCO   10   Under 
construction   

Nigeria International  
Commerce City   

Lagos   Eko Atlantic FZ Ltd  1,000   Under 
construction   
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Ogogoro  Industrial Park   Lagos   Digisteel   52   Under 
construction   

Ondo Industrial City   Ondo   State Government   2,771.2   Under 
construction   

Source: Compiled from http://www.nepza.gov.ng/index.php/about/downloads    
 

This paper attempts to establish the link between clustering, financing, and firm 
performance, by exploring one of Nigeria’s most successful clusters – the Otigba 
Computer Village. The study focuses on the Otigba Computer Village, in Ikeja, Lagos 
State, Nigeria, because it has been adjudged the biggest ICT market in Africa, the ICT 
hub of West Africa and the Silicon Valley of West Africa because of the size and 
volume of business activities carried out daily in the cluster (Oyelaran-Oyeyinka, 2006).  
  
STATEMENT OF THE PROBLEM  

Studies carried out in the Otigba cluster so far have evaluated size capacity, 
evolution of the cluster, mode of operation, performance, production capability, 
sustainability and constraints of the industry. Hence, this study was carried out on two 
hundred randomly selected microenterprises in the cluster. It examined how the success 
story how the micro and small enterprises in the cluster overcome the constraints of 
financing and how the enterprises managed to ‘scale-up’ since ‘start-up’. It also shed 
some light on how the cluster grew from a business unit to over several hundred 
business units, became the biggest ICT market in Africa and a major contributor to the 
economy of Lagos State in Nigeria – a cluster that remained largely informal and 
outside of governments regulation and support. This study thus seeks to:  

a) Understand the dynamics of knowledge acquisition and diffusion in the cluster  
b) Investigate the forms of scaling-up among the enterprises in the cluster  

  
METHODOLOGY CONCEPTUAL FRAMEWORK  

Studies on industrial districts and networks was first popularise by Michael Porter 
(Porter, 1985;1990;1998) where he referred to these industrial districts and networks as 
clusters. Literatures have shown that the two main indicators for clusters are rapid firm 
growth and new firm entry (Porter 1990; Swann and Prevezer, 1996; Baptista, 1996; 
Porter, 1998; Beaudry et al., 1998; Swann et al., 1998; Baptista and Swann, 1999; Cook 
et al., 1999; Pandit et al., 2000; 2001a, 2001b; Beaudry and Swann, 2001). Swann et al. 
(1998) in their study also found out that enterprises in clusters are more innovative 
hence, grow faster than standalone enterprises. It also found out for high technology 
hubs, the strength of the science base in a cluster had a strong positive effect on new 
firm formation and growth of enterprises in that cluster. Other studies corroborated the 
fact industry location raises factor productivity (See for instance Henderson, 1986).   

All the above listed researches outlined that being part of a cluster allows 
companies to productively source for inputs; access information, technology and 
institutions; and integrate with other enterprises both on the horizontal and vertical 
levels. This is because enterprises in vibrant clusters can take advantage of the 
proximity of a wide range of specialised and experienced human and financial capital, 
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thereby lowering their research costs and learning time (Porter, 1998). In Saxenian’s 
(1994) work, cooperation amongst enterprises may happen in different forms: cross-
licensing, and joint technology purchase, patents agreements and joint-ventures. The 
study further buttressed the fact that proximity improves communications and 
interactions with the suppliers also. Another knowledge advanced in the work was that 
clustering creates avenue for monitoring and benchmarking with other enterprises in the 
cluster and industry.  

Our study draws insight from these literatures. In our study, we proposed that 
knowledge sharing in geographical clusters leads to rapid knowledge diffusion which 
eventually leads to scaling-up of the enterprises in the cluster as well as the cluster as a 
whole. We also advanced our concept that scaling-up of clusters can happen in at most 
four stages viz: input stage, process/activity stage, output stage and finally impact stage. 
Hence, innovation as a result of knowledge sharing and diffusion can produce a 
combination of or any of the four stages of scaling-up.  
Research scope   

The research was grounded on the collection of first-hand data, by developing and 
administering survey instruments designed to capture the attribute of the Otigba 
hardware market, the channels of knowledge diffusion in the cluster and the different 
forms of scaling-up in the cluster. The survey results were used for undertaking 
descriptive analyses responding to the study’s objectives. The information gathered was 
benchmarked with additional information from literature.   

The study included developing a methodological framework capturing cluster 
attributes, knowledge diffusion and forms of scaling-up in the informal ICT enterprises 
in the cluster and undertaking full scale surveys on two hundred informal (200) ICT 
microenterprises randomly selected from the approximately four thousand (4000) 
microenterprises in the cluster representing an estimated 5% of the cluster population.  
Research Instruments and Subjects   

 The main research instrument was a set of questionnaire administered on the 
owners of the business units at Otigba hardware market. These microenterprises 
comprise of businesses having employee size of less than ten offering a range of 
technical services such as:   
(i) Networking services,   
(ii) Production/installation,  
(iii) Branded computer/equipment,   
(iv) Sales of hardware and software of computer,   
(v) IT services/marketing,   
(vi) General IT maintenance and repairs,  
(vii) Assemblage of computer& accessories, and 
(viii) Sales of peripherals & other items.  
 
RESULTS AND DISCUSSION  
Socio-Demographic Features of the Enterprises  

Table 4.1 shows that about all the enterprises examined (85.5%) are micro 
enterprises i.e. they have 1-9 employees; only a few (14.5%) had over 9 employees. 
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This classification is in line with Small and Medium Enterprise Development 
Association of Nigeria (SMEDAN) in their sorting of enterprises. They classified 
enterprises with 1-9 employees having a capital below 5 million naira as micro-firms. 
This can be interpreted that the Otigba cluster is dominated by micro-firms. To 
corroborate this, about an average (52%) of the enterprises claimed that they had an 
initial start-up capital of about two hundred to four hundred thousand naira while about 
one quarter (22%) of the firms started with nothing less than a hundred thousand naira. 
The rest of the firms, about (24%), had well over four hundred thousand naira as their 
start-up capital as shown in Table 4.2. This means that on the average, a firm can join 
this cluster with an average of two hundred thousand naira and do well. This explains 
one of the reasons for the vibrancy of the cluster. The start-up capital is still within the 
reach of an average Nigerian.  

Figure 4.1 also depicts the business activities that the firms engaged in. 
Engineering and repairs were the main activities (80%) that the enterprises engaged in. 
The other leading activities were sales and services (40%), as well as services and 
installation (30%). Other activities as software engineering, phone engineering, and 
laptop troubleshooting, amongst others, were at minimal. The ICT business terrain in 
Nigeria is such that most computer operators go beyond just vending the equipment. 
They also learn how to make (assemble) and maintain/repair the commodities they sell. 
The survey carried out showed that the enterprises were engaged more in repairs and 
services than in software development. The implication of this is that while they go 
through the process of repairing equipment, they tend to develop competence in and 
knowledge of the product they work on. Figure 4.2 reveals the types of products the 
enterprises vend. Mostly sold in this cluster were phones, phone accessories, laptop, 
inverters and batteries. All these represent modern technologies with a lot of frequent 
incremental innovations. As regards the ownership of the business, majority of the firms 
claimed that their businesses were operated as an entity and not a family business (Fig. 
3). In Nigeria, most people prefer to separate family relationship from business so as to 
enhance accountability. Hence the reason why most of the firms in Otigba market 
clusters operated their business as an entity. However, few that claimed that their 
enterprises were family business while some also reported that they had well over 80% 
of the staff as family members (Fig. 4.4).   
  
Table 4.1:  Number of Employees  
   Frequency  Percent  Valid  

Percent  
Cumulative  
Percent  

Valid  1-9 employees  
10-49 employees  
50-249 employees  
250 and above  

171 85.5  85.9  85.9  
96.5  
98.0  
100.0  

21  10.5  10.6  
3  1.5  1.5  
4  2.0  2.0  

Total  199  99.5  100.0    
  
  

Missing  System  1 200  .5 100.0    
  Total  
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Table 4.2:  Initial Start-up Capital for the Business  
  Frequency  Percent  Valid  

Percent  
Cumulative  
Percent  

 Less than 100,000  
100,000-1,999,999  
2,000,000 -3,999,999  
4,000,000 - 5,999,999  

Valid  

6,000,000 - 7,999,999  

8,000,000 - 9,999,999  

10,000,000 - 11,999,999  
12,000,000 and above  
Total  

4  2.0  2.0  2.0  
44  22.0  22.0  24.0  
103  51.5  

4.0  
51.5  
4.0  

75.5  
8  79.5  
20  10.0  10.0  89.5  
5  2.5  2.5  92.0  
3  1.5  1.5  93.5  
3  1.5  1.5  95.0  
10  5.0  5.0  100.0  
200  100.0  100.0    

 

  
Figure 4.1: Business Activities in the Cluster 

Table 2 further reveals the nature of the cluster. All of the firms reported that 
they usually exchange information with other technicians, share experience with 
other technicians, engage technicians from other firms, and share tools and 
equipment with other technicians, though none of them had a joint purchase of 
expensive equipment and importation of inputs. The reason for this disparity could 
be to avoid the conflict that comes with joint venture. Also the cluster placed more 
emphasis on sharing what they had than combinational effort.  
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Table 2: Modes of Open Innovation Mechanism in the Cluster  
  N   Min   Max   Mean  Std. Dev.  
Exchanging information with other technicians  200  

200  
 0   4   3.45  .855  

Sharing experience with other technicians   0   4   3.20  1.130  
Engaging technicians from other firms  199   0   4   3.17  1.172  
Sharing tools with other technicians  200   0   4   3.07  1.354  
Sharing equipment with other technicians  200   0   4   3.03  1.398  
Joint purchase of expensive equipment  197   0   4   0.32  .644  
Joint importation of inputs  194   0   4   0.14  .529  
Valid N (listwise)  193          

Scale: Always = 4    Usually = 3    Occasionally = 2    Rarely = 1    Not at all = 0  
 
Dynamics of Knowledge Acquisition and Diffusion in the Cluster  

The acquisition and development of technology knowledge (i) relates to an 
entrepreneur’s ability to create products that meet market demands (Clarysse et al., 
2011), (ii) helps them respond to changing markets via rapid product development and 
(iii) allows them to stay abreast of technical changes related to venture performance. In 
the Nigerian setting, apprenticeship system of education is a viable substitute for formal 
education. This is usually practised more in the informal settings. Hence, in this paper, 
learning on the job is loosely categorised as apprenticeship. Fig. 1 confirms this 
showing that majority of the workforce went through different kinds of training on the 
job. Hence, the traditional apprenticeship system was the most important process of 
acquiring skills in the Otigba Hardware cluster as seen from the study. Oyelaran (1997) 
and Akinbinu (2001) works also confirmed this claim. They found out from their 
studies that the most popular mechanism for technological learning in the informal 
setting was through tradition apprentice system. This notion is also in line with 
OyelaranOyeyinka (2006) that shows that learning-by-doing was an important 
component of non-formal learning in the African small firms which are rooted in crafts 
apprenticeship. Most of the businesses asserted that they carry out internal trainings in 
their enterprises as a means of knowledge development (Fig. 2). According to Burger & 
Gochfeld (2008) and Burger & Shaffer (2008), technology development implies firms 
having relevant knowledge regarding the products, technologies, and/or processes that 
pertains to their business. The study showed that majority of the firms upgraded their 
knowledge weekly (Fig. 3). The essence of upgrading weekly was to keep abreast with 
customer’s needs. They major in the repairs of phones, laptops, etc., and this are 
products that come with a lot of technical changes as the products change from the 
producers. This is one of the reasons why the firms upgraded often so as to have the 
latest technical requirements as the market changes. Another way through which the 
firms develop their knowledge was through trainings sourced within the enterprise, as 
shown in Table 4. Other modes of transferring knowledge among the employees, aside 
training include learning under experienced personnel. Over 50% of the firms claimed 
this claim (Fig 5). Learning through experienced personnel literally means learning the 
easy way as the apprentice tends to learn from the mistake of the superior and hence 
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shorter learning duration. About 40% reported that they acquired knowledge through the 
simple task that was been assigned to them while only about 10% said that assignment 
of task with close supervision was the method through which they acquired knowledge.  

 

 
Figure 1: Ways through which Employees Acquire Skills 

 

 
Figure 2: Existence of In-house Training 

Figure 3: Rate of Knowledge Development in the Cluster 
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Figure 4: How the Firms in the Cluster Conduct Training 

 
Figure 5: Other Modes of Transferring Knowledge Aside Training 

 One channel of diffusing knowledge in the enterprises and in the cluster was 
through rotation of jobs (Fig 6). Table 3 shows that about 55.5% reported that allotting 
task with close supervision was the utmost diffusion mechanism. Another diffusion 
mechanism was 26.5% inhouse training and 16.5% allowance of employees to 
collectively undertake task. This way, the employees would be able to work with their 
hands, know their ability, learn from their mistakes and improve as time goes on. This 
may be relatively slow as compared to receiving the formal type of training but it has 
been proven to be worth the while as the employee tends to retain all the experiences 
they gain from this process and in no time gain independence to start-up their own. 
Informal knowledge diffusion method is a proven method of advancing a cluster as 
shown by the Otigba cluster.  

Figure 6:  Rotation of Jobs 
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  Table 3: Knowledge Exchange Mechanism for Knowledge Diffusion  
  

 
 Frequency Percent  Valid  

Percent  
Cumulative  
Percent  

Valid 

Allotting task with close supervision in-
house training  
Allowing the employees to collectively 
undertake task  
Others  
Total  

111  55.5  56.1  56.1  

53  26.5  26.8  82.8  
33  16.5  16.7  99.5  
1  .5  .5  100.0  
198  99.0  100.0    

Missing System  2  1.0      
Total  200  100.0      

  
Figure 7 illustrates that majority of the firms reported that there were informal 

association. They affirmed that the associations that existed were CAPDAN and 
COPTON. These associations regulate knowledge dissemination amongst them. trade 
associations serve as information intermediaries that collect useful information from 
individual enterprises and then aggregate them into sector-wide information for 
collective use – public good accessible by any member of the association (also 
including non-members see for instance the suppliers of equipment, machinery, tools 
and then customers). In the Otigba hardware cluster, the enterprises reported to have 
benefitted greatly from this information. The information they share range from very 
technical problem solving information to less important general information about the 
trend in the industry.  

 
Figure 7:  Informal Associations Guiding Knowledge Dissemination in the Cluster 

 
Forms of Scaling-up Among the Micro Enterprises in The Cluster  

The study captured scaling-up using four proxy variables viz: (i) improved access 
to finance, (ii) increase in workforce, (iii) percentage increase in gross earnings of the 
enterprises and (iv) percentage increase in gross sales. Most of the enterprises increased 
their capital base or accessed larger funds after inception (Fig. 8). The source of 
increased fund was majorly through commercial banks followed by co-operative 
societies (Fig. 9). These were trailed by business angels and micro-credit organisations. 
It is noteworthy that interest rates, charged by commercial banks in Nigeria, are usually 
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in the two digits - about 30%. However, co-operative societies have been a common 
feature of the traditional African societies. This is in tandem with some previous works 
on social innovations in the Nigeria (Akinbinu, 2001; 2003; Oluwale, Ilori and Oyebisi, 
2013). Majority of the enterprises increased their work force to run their businesses 
(Fig. 10). Most of the enterprises (Fig. 11). About 45% had an increase in the number of 
employees ranging between 1 and 5, 10% had an increase in the number of employees 
ranging between 6 and 10 while very few had an increase in the number of employees 
ranging between 11 and 14.   

 
Figure 8: Increase in capital base or access to larger funds to run business 

Figure 9: Sources of increased fund 

Figure 10: Enterprise’s increase of work force to run business 

  

Sources of Increased Funds 

commercial Banks Business Angels Micro Credit Cooperative Society 
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Figure 11: Increase in the number of employees  

Most of the enterprises recorded increase in their annual gross earnings over the 
years which is a positive sign of growth (Fig. 12). The growth in annual gross earnings 
was less than 15% for most of the firms’ while only few had increase in annual gross 
earnings ranging between 20% and 25% (Fig. 13). In the same vein, most of the 
enterprises recorded increase in their annual sales volume over the years as a sign of 
growth (Fig. 14). The growth in annual sales volume was also less than 15% for most of 
the firms’ while only few had increase in annual gross earnings of between 20% and 
25% (Figure 15).    

Figure 12: Firms’ increase in annual gross earnings    

 
Figure 13: Percentage growth of enterprises in annual gross earnings  
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Figure 14: Firms’ increase in annual sales volume  

 
Figure 15: Percentage growth of enterprises in annual sales volume 

 
CONCLUSION  

A major reason for the rapid growth in the cluster was knowledge sharing not 
access to finance. There was serious emphasis on sharing knowledge, skills and ability 
that each enterprise had to collectively compete. The nature of open collaborative 
innovation in the cluster was through cooperation to collectively compete as a cluster 
(with international market).  

In the cluster, knowledge acquisition was achieved either through formal methods 
(university education and trainings) and informal method (apprenticeship system and 
indigenous knowledge systems). However, apprenticeship system of education was the 
most used channel of acquiring knowledge in the cluster. Knowledge diffusion was 
communal in the cluster. especially with the presence of trade associations/union 
guiding wide dissemination of knowledge in the cluster. This is because of the 
monitoring role played by trade association/unions such as CAPDAN and COMPTON 
evidently present in the cluster. Amongst other reasons, knowledge sharing and 
diffusion influenced scaling-up in the cluster this manifested principally in increase in 
number of employees within enterprises. Improved access to finance, increase fine gross 
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earning and increase in gross sales Hence, knowledge sharing was seen an instrument of 
collective advancement (open development).  
Implications of the Study  
The practice of open collaborative innovation among knowledge-based 
enterprises/networks has been found to be highly productive in overcoming the barriers 
to accessing finance in the cluster. It is therefore highly recommended that government, 
unions, professional bodies, trade associations and self-help organizations buy into this, 
as knowledge sharing and collaborative problem solving approaches represent the 
currency in which enterprises in clusters need to trade with. How much an enterprise 
knows, how fast they can learn something new, and how much knowledge it is willing 
to volunteer determine the vibrancy of the enterprise not really how much it has.  
  
Acknowledgements   

This work was carried out under the auspices of the Open African Innovation 
Research (Open AIR) network, in partnership with the University of Cape Town 
(South Africa), the University of Johannesburg (South Africa), the University of 
Ottawa (Canada), The American University in Cairo (Egypt), Strathmore University 
(Kenya), and the Nigerian Institute of Advanced Legal Studies (Nigeria).     

We acknowledge the support provided for this research by Open AIR, the 
Social Sciences and Humanities Research Council (SSHRC) of Canada, the 
International Development Research Centre (IDRC), and the UK Department for 
International Development (DFID). The views expressed in this work are those of the 
authors and do not necessarily represent those of the research funders.   
 
References  
Adeyeye, A. D., Jegede, O. O., Oluwadare, A. J., & Aremu, F. S. (2016). Micro-level 

determinants of innovation: analysis of the Nigerian manufacturing sector. 
Innovation and Development, 6(1), 1-14.  

Akinbinu, A.F. (2001): Informal Small Enterprises Clusters: A Case Study of Auto-
Mechanic Villages in Ibadan. Nigerian Institute of Social and Economic Research 
(NISER) Monograph Series No. 5.  

Akinbinu, A.F. (2003). Industrial Reorganization for Innovation: Current Knowledge 
on Small and Medium Enterprises Clusters in Western Nigeria. Nigerian Institute of 
Social and Economic Research (NISER) Monograph Series No. 87.  

Allen, F., Qian, J., & Qian, M. (2005). Law, finance, and economic growth in China. 
Journal of financial economics, 77(1), 57-116.  

Baptista, R. (1996). An empirical study of innovation, entry and diffusion in industrial 
clusters, unpublished doctoral thesis, London: London Business School.  

Baptista, R. and Swann, G.M.P. (1999). A comparison of clustering dynamics in the 
US and UK computer industries, Journal of Evolutionary Economics, 9(3): 373-
399.  

Beaudry, C. and Swann, P. (2001), Growth in industrial clusters: A bird’s eye view of 
the United Kingdom, Stanford Institute for Economic Policy Research Discussion 
Paper No. 00-38, Stanford, CA: Stanford University.  



26 | K n o w l e d g e  a n d  T e c h n o l o g y  T r a n s f e r -  8 t h  I C A T  

Beaudry, C., Cook, G.A.S., Pandit, N.R. and Swann, G.M.P. (1998), Industrial 
Districts and Localised Technological Knowledge: The Dynamics of Clustered 
SME Networking, Research Report 3.3 (Clusters, growth and the age of firms; A 
study of three industries: Aerospace, Broadcasting and Financial Services) for the 
European Community DG XII.  

Berger, A. N., & Udell, G. F. (1998). The economics of small business finance: The 
roles of private equity and debt markets in the financial growth cycle. Journal of 
banking & finance, 22(6-8), 613-673.  

Braunerhjelm, P., Acs, Z. J., Audretsch, D. B., & Carlsson, B. (2010). The missing 
link: knowledge diffusion and entrepreneurship in endogenous growth. Small 
Business Economics, 34(2), 105-125.  

Burger, A. E., & Shaffer, S. A. (2008). Perspectives in Ornithology Application of 
Tracking and Data-Logging Technology in Research and Conservation of Seabirds. 
The Auk, 125(2), 253-264.  

Burger, J., & Gochfeld, M. (2008). Knowledge about fish consumption advisories: A 
risk communication failure within a university population. Science of the Total 
Environment, 390(2), 346-354.  

Cavalluzzo, K. S., Cavalluzzo, L. C., & Wolken, J. D. (2002). Competition, small 
business financing, and discrimination: Evidence from a new survey. The Journal 
of Business, 75(4), 641-679.  

Clarysse, B., Wright, M., & Van de Velde, E. (2011). Entrepreneurial Origin, 
Technological Knowledge, and the Growth of Spin‐Off Companies. Journal of 
Management Studies, 48(6), 1420-1442.  

Cook, G.A.S., Pandit, N.R. and Swann, G.M.P. (1999). The dynamics of industrial 
clustering in British broadcasting, Loughborough University Business School 
Working Paper 1999: 11.  

Egbetokun, A., Atta-Ankomah, R., Jegede, O., & Lorenz, E. (2016). Firm-level 
innovation in Africa: overcoming limits and constraints. Innovation and 
Development. 6 (2)  

Etzkowitz, H., de Mello, J. M. C., & Almeida, M. (2005). Towards “meta-innovation” 
in Brazil: The evolution of the incubator and the emergence of a triple helix. 
Research policy, 34(4), 411-424.  

Firth, M., Lin, C., Liu, P., & Wong, S. M. (2009). Inside the black box: Bank credit 
allocation in China’s private sector. Journal of Banking & Finance, 33(6), 1144-
1155.  

Fisman, R., & Love, I. (2003a). Trade credit, financial intermediary development, and 
industry growth. The Journal of finance, 58(1), 353-374.  

Fisman, R., & Love, I. (2003b). Financial development and the composition of 
industrial growth (No. w9583). National Bureau of Economic Research.  

Global Competitive Report (2015). World Economic Forum. Insight Report. Available 
at: http://www3.weforum.org/docs/WEF_GlobalCompetitivenessReport_2014-
15.pdf Accessed May 9th, 2018  

Henderson, J. V. (2003). Marshall's scale economies. Journal of urban economics, 
53(1), 1-28.  



27 | K n o w l e d g e  a n d  T e c h n o l o g y  T r a n s f e r -  8 t h  I C A T  

Henderson, J.V. (1986). The efficiency of resource usage and city size, Journal of 
Urban Economics, Vol. 19: 47-70. Available at:  
http://www.nepza.gov.ng/index.php/about/downloads  

Jegede, O. O. (2017a). Chapter 8. Collaborating to innovate: the case of the Nigerian 
mining industry. Innovation in Developing and Transition Countries, 156.  

Jegede, O. O. (2017b) Linking Information Sources, Innovation Outputs and Financial  
Performance in Nigeria’s Mining Sector. Journal of Entrepreneurship and Innovation 

Management. 6 (2), 73 - 95  
Jegede, O. O., Ilori, M. O., Olorunfemi, M. O., & Oluwale, B. A. (2016). On the link 

between human capital, innovation and performance: evidence from a resource-
based economy. International Journal of Learning and Intellectual Capital, 13(1), 
27-49.  

Lin, H. (2011). Foreign bank entry and firms’ access to bank credit: evidence from 
China. Journal of Banking & Finance, 35(4), 1000-1010.  

Malmberg, A., & Maskell, P. (2002). The elusive concept of localization economies: 
towards a knowledge-based theory of spatial clustering. Environment and Planning 
A: Economy and Space, 34(3), 429-449.  

Mander, J. (Ed.). (2014). The case against the global economy: and for a turn towards 
localization. Routledge.  

Oluwale, B. A., Ilori, M. O., & Oyebisi, T. O. (2013). Clustering and Innovation in the 
Automechanic Industry in Nigeria. African Journal of Science, Technology, 
Innovation and Development, 5(5), 411-421.  

O'Sullivan, Arthur; Sheffrin, Steven M. (2003). Economics: Principles in Action. 
Upper Saddle River, New Jersey 07458: Pearson Prentice Hall. p. 472  

Oyelaran-Oyeyinka, B. (1997): Nnewi: An Emergent Industrial Cluster in Nigeria. 
Ibadan: Technopol.  

Oyelaran-Oyeyinka, B. (2006). Systems of innovation and underdevelopment: an 
institutional perspective. Science, Technology and Society, 11(2), 239-269.  

Oyelaran-Oyeyinka, B., & Lal, K. (2006). SMEs and new technologies: learning e-
business and development. Springer.  

Oyeyinka, O. (2017). The State, Institutions, and Policy Support for Clusters. In 
Industrial Clusters, Institutions and Poverty in Nigeria (pp. 157-177). Springer, 
Cham.  

Pandit, N.R., Cook, G.A.S. and Swann, G.M.P. (2000), A comparison of clustering 
dynamics in the British broadcasting and financial services industries, European 
Association for Research in Industrial Economics (EARIE) Annual Conference, 7-
10 September 2000, Lausanne, Switzerland.  

Pandit, N.R., Cook, G.A.S. and Swann, G.M.P. (2001a). The dynamics of industrial 
clustering in British financial services, Service Industries Journal, Vol. 4: 33-61.  

Pandit, N.R., Cook, G.A.S. and Swann, G.M.P. (2001b), A comparison of clustering 
dynamics in the British broadcasting and financial services industries, International 
Journal of the Economics of Business, Vol. 9-2: 195-224.  

Peterson, M. A., & Rajan, R. G. (1994). The Benefit of Firm Creditors Relationship: 
Evidence From Small Business Data. Journal of Finance, 49(1).  



28 | K n o w l e d g e  a n d  T e c h n o l o g y  T r a n s f e r -  8 t h  I C A T  

Porter, M.E. (1985), Competitive advantage, New York: Free Press.  
Porter, M.E. (1998), Clusters and the new economics of competition, Harvard 

Business Review, November-December: 77-90.  
Porter, ME. (1990), Competitive advantage of nations, New York: Free Press.  
Ruan, J., & Zhang, X. (2009). Finance and cluster-based industrial development in 

China. Economic Development and Cultural Change, 58(1), 143-164.  
Saxenian, A. (1994). Inside-Out: Regional Networks and Industrial Adaptation in 

Silicon Valley and Route 128. Regional Networks and Industrial Adaptation. 
Available at: 
https://pdfs.semanticscholar.org/c199/4a53f305bd2affd052f72d9cd24b7a7075c2.pd
f Accessed May 9th, 2018  

Schumpeter, J. A. (1934). The theory of economic development. Oxford University 
Press, London  

Schumpeter, J. A. (1942). Capitalism, Socialism and Democracy, Harper and Row, 
New York.  

Swann G.M.P., Prevezer, M. and Stout, D. eds. (1998). The dynamics of industrial 
clustering: International comparisons in computing and biotechnology, Oxford: 
Oxford University Press.  

Swann, G.M.P. and Prevezer, M. (1996), A comparison of the dynamics of industrial 
clustering in computing and biotechnology, Research Policy 25: 1139-1157.  

Tregenna, F. (2015). Deindustrialisation, structural change and sustainable economic 
growth. UNU-MERIT working paper series. #2015-032  

Zeng, D. Z. (Ed.). (2008). Knowledge, technology, and cluster-based growth in Africa. 
World Bank Publications.  

  
  



29 | K n o w l e d g e  a n d  T e c h n o l o g y  T r a n s f e r -  8 t h  I C A T  

Determinants of Innovation Capability in the Informal Settings  
aOluseye Oladayo Jegede & bOlubukola Esther Jegede   
aCeSTII, Human Science Research Council, Cape Town, South 
Africa bCGSPS, Obafemi Awolowo University, Ile-Ife, Nigeria  

Abstract   
This study contributes to the growing literature on innovation capability in the 

informal sector in Nigeria. It explores the role of openness as a facilitator for 
measuring innovation capability, and proposes openness as a metric for the 
measurement of innovation capability in the informal sector. This new metric was tested 
using 200 informal information and communication technology (ICT) enterprises at the 
Otigba hardware cluster, which is located in the Nigerian commercial capital of Lagos 
and is regarded as a key ICT hub in West Africa. The main research instrument was a 
set of questionnaires designed to capture the core objective of the research. All 200 
questionnaires were retrieved and found suitable for analysis. The questionnaires 
elicited information on the socio-demographic characteristics of the enterprises, the 
attributes of the Otigba cluster, the strength of the enterprises, the strength of the 
cluster, the extent of innovations within the cluster, and the proximity advantages drawn 
from clustering. Spearman’s correlation and binary logistic regression were used to 
determine the direction and impact of the various independent variables (determinants 
of innovation capability) on the dependent variable (the extent of innovation as a proxy 
for innovation capability). It was found that openness plays a very significant role in 
access to: information, customers, new domestic markets, tools and technology, 
suppliers of raw materials, and inputs. However, openness was found to play only a 
limited role in finished products for the export market. It was also found that much 
more still needs to be done by the enterprises to build up their internal capabilities, so 
as to reduce their reliance on external sources of knowledge— notwithstanding the fact 
that exposure to external capabilities, through cooperation and openness, will remain 
necessary to complement enterprises’ internal capabilities.    

 
Keywords: microenterprises, clusters, informal sector, innovation capability, process 
innovation, openness, information and communication technology (ICT)  
 
Introduction   

Recent findings have shown that most innovations in the informal sector are not 
research and development (R&D)-based (De Beer et al., 2013; De Beer & Armstrong, 
2015; Oyelaran-Oyeyinka & Lal, 2006). However, these innovations are nevertheless 
technical, since technical knowledge is used in achieving these innovations, even 
though most of the outputs are not technological in nature (Oyelaran-Oyeyinka, 2006; 
Oyelaran-Oyeyinka & Lal, 2006). These innovations are products of some kind of 
knowledge peculiar to informal microenterprises.      

Despite the importance of the informal sector to employment and economic growth 
in developing countries, very little attention has been paid to informal enterprises, 
especially regarding innovation capability. The first, second and third edition of the 
Oslo Manual (OECD, 2005), as well as the Bogota Manual (RICYT et al., 2001) have 
conspicuously omitted microenterprises in conducting national innovation surveys. In 
view of this conceptual limitation, innovation studies have consistently and narrowly 
focused on enterprises in the formal sector, thereby blurring the theoretical lens of 
innovation measurement in Africa. Systematic research on innovation management in 
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informal microenterprises may help re-orient the measurement of innovation in Africa.  
In practice, the goal of knowledge management is to improve organisational capabilities 
through better use of the organisation’s individual and collective knowledge resources. 
These resources include skills, capabilities, experience, routines, and norms, as well as 
technologies. However, attention to knowledge management in the informal sector is 
very scant in the literature. Research has shown that larger enterprises have recognised 
that they compete in increasingly knowledge intensive markets. In order to thrive or 
survive, they are required to rethink the management of their organisational knowledge 
bases.     

Studies carried out in the Otigba cluster so far have evaluated size and capacity 
(Abiola, 2008; Oyelaran-Oyeyinka, 2006), evolution of the cluster (Oyelaran-Oyeyinka 
& McCormick, 2007), mode of operation (Abiola, 2008), performance (Oyelaran-
Oyeyinka, 2006; Oyelaran-Oyeyinka & McCormick, 2007), production capability 
(Awoleye, 2015), sustainability (Oyelaran-Oyeyinka, 2006; 2014; 2017), and 
constraints (OyelaranOyeyinka, 2006) for the industries located there. The literature 
defines a cluster in terms of geography and product specialisation. To this end, a cluster 
is defined as a sectoral and geographical concentration of enterprises (Schmitz, 1995). 
Previous studies (Cohen & Levinthal, 1989, 2000; Cassiman & Veugelers, 2006; 
Gallego, Rubalcaba, & Suárez, 2013) have identified that firms generally do not 
innovate in isolation because they rely heavily on knowledge sources external to the 
firm; which may be drawn from the proximity to one another within a cluster. Proximity 
fosters informal, face-to-face interaction as an effective means of information exchange 
among personnel from different enterprises and firm proprietors.    

The importance of face-to-face interaction in clusters and industrial districts has 
been cited in the literature (Cooke, 2002; Keeble & Wilkinson, 2017; Oyelaran-
Oyeyinka & McCormick, 2007, Oyelaran-Oyeyinka, 2014; 2017). Firms in dense 
geographic proximity tend to enjoy certain advantages of agglomeration relative to 
isolated enterprises (Oyelaran-Oyeyinka, 2006). This happens in at least two different 
ways. First, demand for their goods and services is enhanced as potential customers 
come to know about the existence of the cluster. This is especially true for micro- and 
small enterprises whose markets tend to be local and dependent on direct sales to traders 
and individual consumers. Second, a cluster’s ability to innovate and supply high 
quality products also benefits from agglomeration. For these reasons, the main 
advantage of agglomeration derives from the properties of knowledge: that it is largely 
tacit, uncodified and informal. The growth of clusters is most times anchored on how 
much the enterprises improved in acquiring, disseminating, and adapting knowledge and 
technology (both domestic and foreign); building a relatively educated labour force; 
achieving collective efficiency through joint actions and cooperation, and gaining 
support from national and local governments, institutes, and, in some cases, 
international bodies (Zeng, 2008).     

Previous studies (Abiola, 2008; Oyelaran-Oyeyinka & McCormick, 2007) on the 
Otigba market cluster investigated how the cluster was formed, how its enterprises 
evolved, which elements contributed to the enterprises’ success, and how the cluster 
was sustained. These studies did not, however, explore how external (cluster-related) 
factors and internal (enterprise-related) factors influenced innovation capability. Hence, 
this research on which this Working Paper is based sought to fill this gap in the 
literature.   
Innovation Capability    

In the broad sense, innovation capability in enterprises can be described as the way 
in which production processes and technologies are organised and managed to 
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manufacture the desired product/service for that enterprise (Bell & Figueiredo, 2012). It 
can also be seen as the ability of an enterprise to support the development of new 
products and services (Albaladejo & Romijn, 2000; Romijn & Albu, 2002). Hence, 
innovation capability has been defined in the literature from different perspectives. 
Adler and Shenbar (1990) explored innovation capability from five angles: the ability to 
develop new products that meet customer needs, the capacity to apply appropriate 
processes to produce these new products, the ability to adapt product and process 
technologies to meet future needs, the ability to respond to unexpected opportunities 
arising from technological change, and competitor activities. Capaldo, Iandoli, Raffa 
and Zollo (2003) view the innovation capability in six categories: skill of workforce (at 
the bottom), motivation, finance, human resources, advantages drawn from linkages and 
technological innovation capability (at the peak). Hence, drawing from existing 
literature, this study suggests that innovation capability can be drawn either from a 
source internal to the enterprise or from a source external to the enterprise which may or 
may not be limited to the cluster (Bell & Albu, 1999). The internal sources could 
include the firm’s enterprise capital, the skill of the manager and that of the employees 
as well, and training of the workforce, while the external sources can be drawn from 
interaction with suppliers, customers, competitors, knowledge centres, trade 
associations, amongst others.   

  
RESEARCH METHODOLOGY   
A. Conceptual Framework   

The conceptual framework used in this paper is based on concepts well-established 
in the literature. In the literature, chief among the conceptualisations of determinants of 
innovation capability are: research and development (R&D) expenditure/intensity; R&D 
expenditure and intensity (Bhattacharya & Bloch, 2004; Cabello-Medina et al., 2011; 
Jegede et al., 2015; Mytelka et al., 2004; Raymond & St-Pierre, 2010; Rogers, 2004; 
VegaJurado et al., 2008) the skill level of employees, firm capital, experience of the 
manager (Jegede et al., 2016; Kivimäki, 2013; Krause, 2004; Romijn & Albaladejo, 
2002) and networks and collaboration (Bougrain & Haudeville, 2002; Freel, 2003; 
Hadjimanolis, 2000; Jegede et al., 2012a, 2012b; Oyelaran-Oyeyinka & Adebowale, 
2012; Sarros et al., 2008). In order to apply, as this study did, an innovation-capability 
framework in an informal sector setting, the broad conceptual variables just outlined 
were simplified, in order to respond to the informal sector’s peculiarities.      

In Figure 1 below, the variable box at the top centre represents innovation 
capability, while the six other variable boxes connected to it represent six main 
determinants of innovation capability in informal, knowledge-based microenterprises. 
These six variables can be broadly categorised into two, namely: sources due to the 
strength of the enterprise, and sources due to the strength of the cluster/business 
environment to which they belong. The strength of the enterprise is premised on the 
background and characteristics of the enterprise, the skill of the employees in the 
enterprise, and the internal innovation efforts of the enterprise, while the strength of the 
cluster is premised on the breadth and depth of collaborating partners, proximity 
advantages drawn from collaborating partners, and the presence of an industry or trade 
association guiding the affairs of the enterprises in the cluster.   
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Figure 1: Determinants of Innovation Capability in Informal, Knowledge-Based 

Microenterprises. Developed by author through modifications of Hadjimanolis 
(2000), Romijn and Albaladejo (2002), and Capaldo et al. (2003).   

 
B. Study Variables and their Measurement    

i. Innovation Capability   
Process innovation was found to be the most common innovation modality in the 

Otigba hardware cluster, and hence it was treated, in the data analysis, as a proxy for 
innovation capability in the cluster. Process innovations were measured in terms of 
implementation of a new or significantly improved method of production within the 
reference year, and were recorded on a binary scale of “Yes” (=1) or “No” (=0).    

  Determinants of innovation capability in the cluster were measured in two broad 
categories— internal (peculiar to enterprise) factors, and external (peculiar to cluster) 
factors—as advanced by Bell and Albu (1999), Romijn and Albaladejo (2002), and 
Jegede et al. (2012b). Internal factors were captured using three broad variables: 
demographic characteristics of the enterprise, skill of the workforce (Romijn & 
Albaladejo, 2002), and internal efforts of the enterprise (Romijn & Albaladejo, 2002). 
External factors were captured using three broad variables: breadth and depth of 
collaborating partners (Laursen & Salter, 2014), extent of proximity advantages drawn 
from clustering (Love et al., 2014), and support from trade/industry associations guiding 
knowledge sharing within the cluster (Jegede et al., 2012b).   

ii. Internal (Enterprise-related) Factors    
This was measured using three proxy variables: background (strength) of the 

enterprise, the skills of the enterprise’s workforce, and the enterprise’s internal training 
efforts. The measurement of these variables is outlined in Table 1 below.   

   
  

enterprise age 
of the 
enterprise 
 
 
 
 
 
 
Workforce 
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Table 1: Measurement of Predictor Variables for Internal (Enterprise-related) Factors   
Predictor Variable   Measurement   
(i) Background (strength) of enterprise       
Initial start-up capital    Continuous variable   
Age of enterprises    Continuous variable   
Size of enterprises    Continuous variable   
Financial capital (percentage increase in the 
enterprise’s annual gross earnings in 2016 relative to 
2015)    Continuous variable   
Production capital (percentage increase in the 
enterprise’s annual gross sales in 2016 relative to 
2015)   Continuous variable   
(ii) Skill of enterprise’s workforce       
Exposure to regular internal training programmes    “Yes” (=1) or “No” (=0)   
Employment of employees with extensive prior work 
experience with larger computer firms    “Yes” (=1) or “No” (=0)   

Prior work experience in other larger firms    
“1–2 years” (=1), “3–4 years” (=2), “5–
6 years”(=3), “7–8 years” (=4)   

Ability of enterprise to sub-contract for larger 
businesses    

“Yes” (=1) or “No” (=0)   

(iii) Enterprise’s internal training effort       
Frequency of in-house training for the enterprises’ 
workforces    “Once a year” (=1), “Quarterly” (=2)   
   “Monthly” (=3), and “Weekly” (=4)   
Source of training    “Sourced within the enterprise” (=1)   

   
“Sourced from other enterprises within 
the cluster” (=2)   

   
“Sourced from other enterprises outside 
the cluster” (=3)   

   “Sourced from a knowledge institution” 
(=4)   

   “Sourced from abroad” (=5)   
Mode of learning among employees    “Learning under experienced personnel” 

(=1)   

   
“Assignment of simple task to the new 
employees” (=2)   

    
“Assignment of bigger task to the new 
employees with close supervision” (=3)   

   
The direction of relationship between these internal factors—background (strength) 

of enterprise, skill of enterprise’s workforce, and enterprise’s internal training effort—
and the extent of process innovation was analysed using Spearman’s correlation. For the 
variables that showed significant positive correlations, binary logistic regression was 
used to determine the impact of each variable representing internal factors on extent of 
process innovation (innovation capability) as shown in the equation in Model 1 below:  
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Model 1 Specification log(odds) = log(y/1-y) = a + b1x1 +...+ bnxn + e ……… (i) 
Where:  y = extent of process innovation a = intercept (constant) b = coefficient 

(constant) e = error term x1 to xn = variables of internal factors 
  

iii. External (Cluster-related) Factors   
This was measured using three variables: breadth and depth of collaborating 

partners, extent of proximity advantages drawn from clustering, and support from 
trade/industry associations guiding knowledge-sharing within the cluster. The 
measurement of these variables is outlined in Table 2 below.   

   
Table 2: Measurement of Predictor Variables for External (Cluster-related) Factors   
(i) Breadth and depth of the collaborating partners      
other enterprises within your enterprise group   “Never” (=0), “Occasionally” (=1),  

“Always” (=2)   
suppliers of equipment, materials, components or 
software   

“Never” (=0), “Occasionally” (=1),  
“Always” (=2)   

clients or customers   “Never” (=0), “Occasionally” (=1),  
“Always” (=2)   

competitors or other enterprises in your cluster   “Never” (=0), “Occasionally” (=1),  
“Always” (=2)   

consultants, commercial labs or private R&D 
institutes   

“Never” (=0), “Occasionally” (=1),  
“Always” (=2)   

universities or other higher education institutions   “Never” (=0), “Occasionally” (=1),  
“Always” (=2)   

government research institutes   “Never” (=0), “Occasionally” (=1),  
“Always” (=2)   

(ii) Support from trade/industry associations    “Yes” (=1) or “No” (=0 )   
(iii) Extent of the proximity advantages drawn 
from clustering   

    

access to information   “Not significant” (=0), “Slightly 
significant” (=1),  “Very 
significant” (=2)   

access to tools/technology   “Not significant” (=0), “Slightly 
significant” (=1),  “Very 
significant” (=2)   

access to customers   “Not significant” (=0), “Slightly 
significant” (=1),  “Very 
significant” (=2)   

access to suppliers of raw materials and input   “Not significant” (=0), “Slightly 
significant” (=1),  “Very 
significant” (=2)   

access to domestic market   “Not significant” (=0), “Slightly 
significant” (=1),  “Very 
significant” (=2)   

access to international market   “Not significant” (=0), “Slightly 
significant” (=1),  “Very 
significant” (=2)   
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The direction of relationship between these external factors—breadth and depth of 
collaborating partners, support from trade/industry associations, extent of proximity 
advantages drawn from clustering—and the extent of process innovation was analysed 
using Spearman’s correlation. For the variables that showed significant positive 
correlations, binary logistic regression was used to determine the impact of each 
variable representing external factors on the extent of process innovation (innovation 
capability) as shown in the equation in Model 2 below:   
   

Model 2 Specification log(odds) = log(y/1-y) = a + b1x1+...+ bnxn + e ……… (ii) 
Where:  y = extent of process innovation a = intercept (constant) b = coefficient 

(constant) e =    error term   x1 to xn = variables of internal factors 
 
C. Assumptions of the Models    

Sample size: the study avoided small sample sizes within large numbers of 
predictors so as not to reduce its power. Also, categorical predictors with less than five 
cases in a category were a voided because this can lead to poor model fit.   

Multi-collinearity: The study involved a bivariate correlation analysis to check for 
high intercorrelations between predictors. Any bi-variable correlation values greater 
than 0.70 indicated high collinearity and were not used in the regression analysis. In 
addition, collinearity diagnostic tests were also carried out: tolerance value of less than 
0.10 indicated high collinearity while variance inflation factor (VIF)-values greater than 
10 indicated high collinearity and were not used in the regression analysis.   

Outliers: A scatter plot was used to identify any outlier variables in the model, 
using a standard deviation of 3.3.   
 
D. Research Scope   

The research was grounded on the collection of first-hand data, by developing a 
methodological framework/questionnaire useful for testing standard innovation 
indicator metrics for the informal sector and administering survey instruments on 200 
ICT business units in the Otigba hardware cluster in Lagos, which consists of 
approximately 4,000 business units.      

The sample frame used was the stratified sampling techniques to selected relatively 
equal number of respondent that were involved in different range of technical services. 
Those identified were: networking services, production of peripherals, installation of 
software, branding computer and other equipment, sales of hardware and software of 
computer, IT services, general IT maintenance and repairs, assemblage of computers 
and accessories, and sales of peripherals and repair of mobile phones and tablets. 
Twenty microenterprises were selected from each category to add up to the 200 selected 
microenterprises. The survey results were used for undertaking quantitative analyses 
responding to the study’s objectives. The information gathered was supplemented with 
additional information from published sources.    

 
E. Research Instruments and Subjects   

The research instrument used was a set of questionnaires administered to the 
owners and employees of the microenterprises at Otigba hardware cluster. These 
microenterprises are comprised of businesses having employee size of less than 10, and 
that were not incorporated nor registered for taxation.   
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F. Data Analysis and Interpretation   
Information from the questionnaire was fed into Statistical Package for Social 

Science (SPSS) 20.0, and was analysed using both descriptive and inferential statistics 
responding to the research’s core objectives.    

 
FINDINGS AND DISCUSSION   
A. Socio-demographic Characteristics of the Enterprises in the Cluster   

Figure 2 depicts the main business activities that the enterprises were found to be 
engaged in. The key activities were found to be hardware and software maintenance 
(46%), and sales and services (40%). Others were consultancy and trainings (6%), 
installations (4%), and web development (4%). All these activities represent involve 
technologies with plentiful and frequent incremental innovations.    

   

Figure 2: Business Activities in the Cluster 
 
About half (52%) of the enterprises claimed that they had an initial start- up capital 

in the range of NGN200,000 – 400,000 (see Table 3 below), while about one quarter 
(22%) of the firms said they had started with NGN100,000 or less. The rest of the firms, 
about (24%), claimed to have had over NGN4 million as their start-up capital.    

 
Table 3: Initial Start-up Capital for the Business   
Amount of capital, in Nigerian Naira (NGN) Frequency % 
No response   4 2 
Less than NGN100,000   44 22 
NGN100,000-1,999,999   103 51.5 
NGN2,000,000 -3,999,999   8 4 
NGN4,000,000 - 5,999,999   20 10 
NGN6,000,000 - 7,999,999   5 2.5 
NGN8,000,000 - 9,999,999   3 1.5 
NGN10,000,000 - 11,999,999   3 1.5 
NGN12,000,000 and above   10 5 
Totals   200 100 

Note: At the time of writing, USD1 is worth approximately NGN360   
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In the cluster, it was found that most operators preferred to separate family 
relationships from business as only 10.5% of the businesses studied were family 
enterprises (see Table 4 below).   
 
Table 4: Percentage of Family Enterprises   

    Frequency  %   
Yes   21   10.5   
No   177   88.5   
Sub-totals   198   99   
Missing   2   1   
Totals   200   100   

 

Hence majority of the enterprises have very few of their family members involved 
in the running of their businesses. Even though the business sampled were informal 
enterprises, a large majority (90%) of the respondents reported not having any family 
members in the day-to-day running of their business (Table 5 below). This further 
buttresses the point that informal businesses are hard to define, as some scholars 
interchangeably refer to informal businesses and household businesses.   

 
Table 5: Family Members Working for the Firm in the Cluster   

No.   Frequency  %   
0   180   90   
1   4   2   
2   11   5.5   
3   1   0.5   
4   1   0.5   
5   3   1.5   

Totals   200   100   
   
B. Characteristics of the Cluster   

Table 6 below shows the nature of the openness at the Otigba market cluster. The 
majority of the enterprises in the cluster strongly agreed that while there was 
“competition within the computer village” (mean = 4.64) “cooperation within the 
cluster” was fully embraced at the same time. Since open innovation is a paradigm that 
assumes that firms can and should use external ideas as well as internal ideas, and 
internal and external paths to market, the firms looked to advance their technology (De 
Beer et al., 2014; De Beer & Armstrong, 2015; De Beer, 2017).    

   
Table 6: Nature of Open Innovation in the Cluster   

   N. Min. Max. Mean Std. dev. 
There is competition within the computer village   200 1 5 4.64 .576 
There is cooperation within the computer village   200 1 5 4.10 .857 
There is mutual trust within the computer village   200 1 5 3.43 .894 
Valid N (listwise)   200     

Scale: Strongly agree (=5), Agree (=4), Undecided (=3), Disagree (=2), Strongly disagree (=1)   
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Table 7 below reveals more details regarding the nature of the cluster. All of the 
firms reported that they usually exchange information with other technicians, share 
experience with other technicians, engage technicians from other firms, and share tools 
and equipment with other technicians though none of them had a joint purchase of 
expensive equipment or importation of inputs. The reason for this disparity could be to 
avoid the conflict that may come with joint ventures. Also, the cluster placed more 
emphasis on sharing what they had than on combined effort.   

 
Table 7: Modes of Open Innovation in the Cluster   

   N. Min. Max. Mean Std. Dev.   
Exchanging information with other technicians   200   0   4   3.45   0.855 
Sharing experience with other technicians   200   0   4   3.20   1.130 
Engaging technicians from other firms   199   0   4   3.17   1.172 
Sharing tools with other technicians   200   0   4   3.07   1.354 
Sharing equipment with other technicians   200   0   4   3.03   1.398 
Joint purchase of expensive equipment   197   0   4   0.32   0.644 
Joint importation of inputs   194   0   4   0.14   0.529 
Valid N (listwise)   193               

Scale: always (=4), usually (=3), occasionally (=2, rarely (=1), not at all (=0)    
 

C. Extent of Innovations by the Enterprises   
The enterprises were mainly involved in process innovation (nearly 70% of the 

enterprises), followed by marketing innovation (nearly 30%), but their product 
innovation was low (Table 8 below). According to the Oslo Manual (OECD, 2005), 
process innovations include new or significantly improved methods for the creation and 
provision of services. This can also involve significant changes in the equipment and 
software used in service-oriented firms, or in the procedures or techniques that are 
employed to deliver services. For this research, process innovation was used to 
generalise for all innovation types, and was therefore used as the proxy for innovation 
capability.   

   
Table 8: Types of Innovations Enterprises Involved in   

    Frequency   %   
Product innovation   7   3.5   
Process innovation   134   67   
Marketing innovation   55   27.5   
Other kinds of innovation   1   0.5   
Subtotals   197   98.5   
Missing   3   1.5   
Totals   200   100   

   
D. Determinants of Innovation Capability in the Cluster   

i. Internal (Enterprise-related) Factors    
Of the 10 variables considered as internal determinants of innovation capability, 

seven were positively correlated with extent of innovation, while three were negatively 
correlated. Of the seven that were positively correlated, four were strongly positively 
correlated (Table 9 below). The incidence of in-house training had the highest positive 
correlation with ability of the enterprises to implement innovations (r = 0.773; p < 0.01), 
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and similarly for frequency of the trainings (r = 0.535; p < 0.01). This was followed by 
percentage increase in annual turnover (r = 0.468; p < 0.01) and by percentage increase 
in annual sales (r = 0.343; p < 0.01).    

   
Table 9: Spearman’s Correlation between Enterprise Internal Factors and Process 
Innovation   
  Correlation coefficient   
Start-up capital   –0.49   
Age of enterprise (year of establishment)   –0.007   
Size of work force   0.067   
Percentage annual increase in turnover   0.468**   
Percentage annual increase in sales   0.343**   
Sub-contracting to larger firms   –0.14   
Presence of in-house trainings   0.773**   
Frequency of trainings   0.535**   
Source of the trainings   0.025   
Mode of learning (transferring knowledge)   0.144     
** Correlation is significant at the 0.01 level (2-tailed).     

  The study went further to carry out a binary logistic regression of only the strongly 
positively correlated values, to determine the impact of each of these variables on 
innovation capability. Prevalence of process innovation was used to proxy innovation 
capability, which was the dependent variable. The independent variables included 
incidence of training, frequency of training, percentage annual increase in turnover and 
percentage annual increase in sales volume (Model 1, shown earlier). Because incidence 
of in-house training can be considered as perfectly predicting the outcome (innovation 
capability), due to its very high collinearity with the innovation capability proxy 
variable, it was dropped from the equation in Model 1. Hence, only three variables were 
used in the equation. The Nagelkerke R-square value from Table 10 below implies that 
the three variables in Model 1 explain 41.1% of the variates in the outcome being 
predicted or affected by the predictor variables in the model. This is quite acceptable for 
a binary logistics regression.    

 
Table 10: Model 1 Summary   
Step   –2 log likelihood   Cox & Snell  Rsquare   Nagelkerke  Rsquare   

1   25.379a   .132   0.411   
Note: Estimation terminated at iteration number 8.    

Also, the classification table (Table 11 below) shows how accurate the variables 
were in predicting the outcome: of the outcome was correctly predicted about 94% of 
the time by Model 1, once again affirming that the model was strong.   
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Table 11: Classification Table a for Model 1   
   Observed     Predicted     

Process innovation   Percentage correct   
0   1   

Step 1   

Process innovation   0   1   4   20   
1   2   96   98   

Overall percentage           94.2   
Note: Cut value is .500.    
 

Table 12 below gives the actual coefficients that we can use to create the equation 
in the regression model (Model 1). It also shows the odds ratio associated with each of 
the variables in the equation. The higher the ratio is above 1, the more likely it is that 
the enterprise will implement innovations. This implies that with a 1% increase in the 
annual turnover of an enterprise, the chances of its implementing innovations increases 
by 120%. Also, with a 1% increase in the sales of the enterprises, their chances of 
implementing innovation increases by 80%, while with a unit increase in the frequency 
of training of the employees in the workforce, the enterprises are about 7 times more 
likely to implement innovations. Hence, using the values shown in Table 12 below, 
Model 1 can be rewritten as:  

 
log(odds) = log(y/1-y) = –4.804 + 0.179×(PIAT) – 0.123×(PIAS) + 1.917×(FOT) + e 

Where y = implementation of process innovation, PIAT is percentage increase in 
annual turnover, PIAS is percentage increase in annual sales, FOT is frequency of 

training, and e = error term in the equation. 
   
Table 12: Binary Logistic Regression of Enterprise Internal Factors and Process 
Innovation   

     B. S.E. Wald Df. Sig. Exp(B) 
Step 1

a   
Percentage increase in annual turnover   .179 .078 5.345 1 .021 1.197 
Percentage increase in annual sales   .123 .060 4.186 1 .041 .884 
Frequency of training    1.917 .670 8.191 1 .004 6.801 
Constant   –4.804 3.104 2.395 1 .122 .008 

Regarding the internal determinants of innovation capability, the incidence of in-
house training had the highest positive correlation with the ability of the enterprises to 
implement process innovations, and similarly for frequency of the trainings. This was 
followed by percentage increases in annual turnover and by percentage increases in 
annual sales – which is in line with previous studies carried out in other countries 
(Moodie, 2004; Van Adelsberg & Trolley, 1999).   

Recent literature (Harmsen et al., 2000; Peretz et al., 2015) has also underlined the 
fact that the quantity of output of a firm determines to a great extent the amount of 
innovation within that firm. The studies found that the size of a firm, the mode of 
learning, and the source of training also had positive relationships with the 
implementation of innovation in the enterprises—which is again in accord with several 
studies that have been carried out, as described in earlier literature such as Adeyeye,  
Jegede, and Akinwale (2013), Adeyeye, Jegede, Oluwadare and Aremu (2016), 
Bhattacharya and Bloch (2004), Hadjimanolis (2000), Freel (2003), Jegede, Ilori, 
Olorunfemi and Oluwale (2016), and Rogers (2004). On the other hand, and in contrast 
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to existing literature (see, for instance, Rogers, 2004), age of firm, start-up capital and 
being an auxiliary to a larger firm all have a negative correlation with the 
implementation of innovation as described in this study.  

ii. External (Cluster-related) Factors   
Of the eight variables considered as external determinants of innovation capability, 

five were positively correlated with four of these being strongly positively correlated—
with the implementation of innovation (Table 13 below). Three variables were 
negatively correlated with implementation of innovation – with three being strongly 
negatively correlated. Collaborations within an enterprise or enterprise group (r = 0.515; 
p < 0.01), with customers (r = 0.302; p < 0.01), competitors (r = 0.273; p < 0.01), and 
trade associations or unions (r = 0.240; p < 0.01) were all strongly positively associated 
with implementation of innovation – once more corroborating several previous studies 
(Bramwell et al., 2008; Feldman, 1999; Jegede, 2017a; 2017b; Sandee & Rietveld, 
2001) (see Table 13). On the other hand, collaborations with R&D laboratories and 
consultants, universities and knowledge centres, and with government agencies were all 
strongly negatively correlated with implementation of innovation (Table 13). This 
indicated that the institutional and government sources of collaboration were not used 
by the enterprises in implementing their innovations.    

Table 13: Spearman’s Correlation between Enterprise External Factors and Process 
Innovation   

Type of collaboration   Correlation coefficient   
Collaborations within group   0.515** 
Collaborations with suppliers   0.143 
Collaborations with customers   0.302** 
Collaborations with competitor   0.273** 
Collaborations with R&D consultants   –0.506** 
Collaborations with universities   –0.342** 
Collaborations with government   –.0508** 
Collaborations with trade association   0.240** 

** Correlation is significant at the 0.01 level (2-tailed).  
  

In like manner, the author carried out yet another binary logistic regression of the 
strongly correlated values to assess the impact of each of the variables on the extent of 
innovation. Prevalence of process innovation was also used to proxy innovation 
capability as the dependent variable, while the independent variables included 
collaborations within an enterprise or enterprise group, collaborations with customers, 
collaborations with competitor, collaborations with R&D consultants, collaborations 
with universities, collaborations with government agencies and collaborations with trade 
associations or unions (Model 2). The Nagelkerke R-square value from Table 14 below 
implies that the seven variables in Model 2 explain 31.5% of the variates in the outcome 
being predicted or affected by the predictor variables in the model – again quite 
acceptable for a binary logistics regression. Also, the classification table on Table 15 
below shows how good the variables were in predicting the outcome: about 81% of the 
outcome was rightly predicted by Model 2, once again affirming that the model was 
good (Table 15).   
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Table 14: Model 2 Summary   
Step   –2 log likelihood   Cox & Snell  R-Square   Nagelkerke  RSquare   
1   116.302a   0.188   0.315   
Note: Estimation terminated at iteration number 20.   

Table 15: Classification Table for Model 2   
    Observed     Predicted    

 Process innovation    Percentage correct   
 0    1   

Step 1    Process  Innovation   0    5    23    17.9   
1    8   131    94.2   

Overall percentage           81.4   
Note: Cut value is .500.   
 

This implies that, for a unit increase in the depth of collaboration within an 
enterprise or enterprise group, the chances of the enterprise implementing innovations 
increases by a factor of 3. With a unit increase in the depth of collaboration with 
customers, the enterprises are about 116 million times more likely to implement 
innovations. Also, a unit increase in the depth of collaboration with competitors 
increases the enterprises’ chance of implementing innovation by 110%. And as the 
enterprises join the trade association or union they are 3 times likely to implement 
innovations. Hence, Model 2 can be re-written as:   

 
log(odds) = log(y/1-y) = –57.587 + 1.044 × (CWEG) + 18.573 × (CWCu) + 0.128 × 

(CWCo) + 1.086 × (CTAU) + e ……… (ii) 
Where y = implementation of process innovation, CWEG is collaborations within the 

enterprise group, CWCu is collaborations with customers, CWCo is collaborations with 
competitors, CTAU is collaborations with trade association or unions and e = error 

term in the equation. 
   

Table 16 below gives the actual coefficients that we can use to create the equation 
in the regression model (Model 2). It also shows the odds ratio associated with each of 
the variables in the equation. The higher the ratio is above 1, the more likely it is that 
the enterprise will implement innovations.   
   
Table 16: Binary Logistic Regression of Enterprise External Factors and Process 
Innovation   
Step 1a   B   S.E.   Wald   df   Sig.   Exp(B)   
Within enterprise   1.044   .396   6.949   1   0.008   2.841   
Customers   18.573   15282.763  .000   1   0.999   116465172.514   
Competitor   .128   .433   .088   1   0.767   1.137   
Association   1.086   .502   4.681   1   0.030   2.963   
Constant   –57.587   45848.288  .000   1   0.999   .000   

Note: Variable(s) entered on Step 1: within enterprise, customers, competitor, association   
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iii. Proximity Advantages from Openness in the Cluster   
As seen earlier, in Table 7, it is evident that openness plays a very significant role 

in access to information, customers, new domestic markets, tools and technology, 
suppliers of raw materials and inputs. However, it plays only a limited role on finished 
products for the export market. This implies that the cluster still needs to expand its 
territory in terms of market range for its products. This may be achieved through 
continuous improvement on the products from the cluster. Regarding cluster 
determinants of innovation capability, several previous studies (Adebowale & Oyelaran-
Oyeyinka, 2013; Dodgson, 2018; Jegede et al., 2012c; Jegede 2017a; 2017b; Kazadi et 
al., 2016; Lundvall et al., 2009; Romijn & Albaldejo, 2002) have highlighted the 
importance of the number of stakeholders within clusters that firms may network or 
collaborate with for innovation. Proofs exist in favour of customers, suppliers, trade 
associations, higher education and research institutions, among others, as helpful 
sources of information for the firms’ innovation activities. Collaborations within 
enterprises or enterprise groups, with customer, competitors, and trade association or 
unions were all strongly positively associated with implementation of innovation. On 
the other hand, collaborations with R&D laboratories and consultants, universities and 
knowledge centres and with government agencies were all strongly negatively 
correlated with implementing innovation. This indicated that institutional and 
government sources of collaboration were not used by the enterprises in implementing 
their innovations. Suffice it to say that, although the enterprises did not take advantage 
of the knowledge output from institutional sources, they did leverage the information 
readily available from their market sources and, most importantly, from their industry 
and trade associations which more or less operate as private institutions.   
 
CONCLUSION AND RECOMMENDATIONS   

This survey showed that the microenterprises in the Otigba hardware cluster—
which are primarily involved in engineering and repairs, sales, installation, and 
maintenance services—are very dynamic. They practice open innovation that allows 
them to supplement internal ideas with external ideas, as well as exploring both internal 
and external paths to market, as they aim to advance their technology and productivity. 
Hence, though there is visible competition within the cluster, while at same time strong 
cooperation within the cluster is fully embraced by the enterprises.    

It was found that although product, market and organisational innovations were also 
present, process innovation was at the core of innovations in the cluster. Hence, the 
enterprises’ innovation capability was mainly for the implementation of process 
innovations—which principally involve significant changes in the equipment and 
software used in offering their services, as well as significant changes in the procedures 
or techniques employed to deliver services. 

The chief internal determinants of innovation capability in the enterprises were the 
incidence and frequency of training, and business growth (captured in the increment in 
annual gross earnings and sales). The principal external causes of innovation capability 
of enterprises in the cluster were the intensity of cooperation with an enterprise or the 
enterprise’s network or group; receiving feedback from customers; spillovers from 
competitors; and joining trade/industry associations where up-to-date information was 
being shared. 

It was evident that openness plays a very significant role in access to information, 
to customers, to new domestic markets, to tools and technology, and to suppliers of raw 
materials and inputs. However, it plays only a limited role on finished products for the 
export market as this is directly determined by enterprises internal capabilities, i.e., the 
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skill of the workforce and how trained the workforce is. External sources of knowledge 
are important to complement internal capabilities. Internal capabilities will determine 
absorptive capacity, and will provide the foundation on which external knowledge can 
rest.   

At the same time, it is apparent in the findings that a lot more is still required for 
the enterprises to build up their internal capabilities and reduce reliance on external 
sources of knowledge. (Most of the variables for internal factors did not have as much 
significant positive impact on innovation capability as the external factors.) The 
findings from the study showed that external capabilities through cooperation and 
openness are necessary to complement enterprises’ internal capabilities (mainly internal 
training programmes). Finally, all of the respondent enterprises who benefitted from 
proximity in the cluster were involved in at least one form of innovation.    
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Abstract 

Television white space (TVWS) networks based on geo-location spectrum databases 
(GLSDs) present an excellent opportunity to provide affordable broadband to 
underserved rural communities in Sub-Saharan Africa. In this paper, we explore 
potential pathways to full-scale commercial deployment and diffusion of TVWS/GLSD 
technology in Sub-Saharan Africa from an innovation perspective. This is our key 
research contribution since previous works have focused on individual components of 
innovation in relation to TVWS/GLSD technology in Sub-Saharan Africa and elsewhere. 
In contrast, we explore the entire innovation process, from invention to 
commercialisation to diffusion. The case of South Africa is considered, in comparison 
with several other countries and sub-regions in Sub-Saharan Africa. We explain the 
technology behind TVWS networks and GLSDs, and the current state of TVWS and 
GLSD pilots, trials and commercial deployments in Sub-Saharan Africa. We then 
outline the broadband penetration and policy environment context. We examine the 
case in terms of four innovation paradigms, namely, inclusive innovation, open 
innovation, systems of innovation, and diffusion of innovation. We proceed to analyse 
existing and potential responses in terms of innovation policy and industrial policy. We 
assess the implementation status and conclude by summarising the paper, drawing key 
lessons and insights from the preceding discourse, and making recommendations for 
policy makers and practitioners. 
 
Keywords: Appropriate Technology, Broadband, Innovation, Internet, Mobile, 
Television White Spaces, TVWS, Wireless. 
 
INTRODUCTION 

Studies of the impact of broadband estimate that a 10% increase in broadband 
penetration can raise economic growth by up to 1.4%; that doubling broadband speed 
can increase Gross Domestic Product (GDP) by as much as 0.3%; and that these effects 
are more pronounced in lower income countries than in higher income countries (ITU, 
2016). Consequently, a number of governments in Sub-Saharan Africa, including South 
Africa (DTPS, 2013), have prioritised the rollout of broadband to their citizens.  

Due to the global migration of television (TV) transmission from analogue to 
digital broadcast, a large portion of the very high frequency (VHF) and ultra high 
frequency (UHF) radio frequency (RF) spectrum bands will be freed up and become 
available for other uses on a geographical basis. Furthermore, these TV frequencies 
have favourable propagation characteristics, making them ideal for reaching otherwise 
economically unviable markets, such as sparsely populated rural areas. Television white 
space (TVWS) networks therefore present an excellent opportunity to provide 
affordable rural broadband connectivity in African countries (Masonta et al., 2017). To 
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that end, the Independent Communications Authority of South Africa (ICASA), the 
country’s ICT regulator, recently finalised its regulations on the use of television white 
spaces (ICASA, 2018a). The challenge of diffusing this new dynamic spectrum sharing 
technology, its supporting regulations and its enabling policies throughout South Africa 
and other African countries is of paramount importance. This will help African 
countries create the necessary environment and market potential for the new unlicensed 
network technology and for the development of relevant societal broadband Internet 
services.   

Geo-location spectrum databases (GLSDs) are the preferred technique for enabling 
spectrum sharing between primary users and secondary users, or white space devices 
(WSDs), in the VHF and UHF TV bands. The technological feasibility of a world-class 
GLSD solution for the African context has been successfully demonstrated (Mfupe et 
al., 2014; Mekuria et al., 2016). 

In this paper, we explore potential pathways to full-scale commercial deployment 
and diffusion of TVWS/GLSD technology in Sub-Saharan Africa from an innovation 
perspective – this is our key research contribution. We note that: “Innovation is more 
than a new idea or an invention. An innovation requires implementation, either by being 
put into active use or by being made available for use by other parties, firms, individuals 
or organisations. The economic and social impacts of inventions and ideas depend on 
the diffusion and uptake of related innovations.” (OECD/Eurostat, 2018: 44) 

Whereas previous works have focused on individual aspects of this definition of 
innovation in relation to TVWS/GLSD technology in Sub-Saharan Africa and 
elsewhere, in this work we deal with all the aspects of innovation in an integrated 
manner. More specifically, we investigate how to move this new technology from 
invention to innovation, and from innovation to industrialisation, and how to drive the 
creation of related local small, medium and micro enterprises (SMMEs), and the 
establishment of an associated industrial base. In particular, the case of South Africa is 
considered, in comparison with several other countries and sub-regions in Sub-Saharan 
Africa.  

In the following section, Section 2, we explain the technology behind TVWS 
networks and GLSDs, and the current state of TVWS and GLSD pilots, trials and 
commercial deployments in Sub-Saharan Africa. We then provide an analysis of the 
broadband penetration and policy environment context in Section 3. In Section 4, we 
examine the case in terms of four innovation paradigms, namely, inclusive innovation, 
open innovation, systems of innovation, and diffusion of innovation. We proceed to 
analyse existing and potential responses in terms of innovation policy and industrial 
policy in Section 5. We review the implementation status in South Africa and Sub-
Saharan Africa in Section 6. We conclude, in Section 7, by summarising the paper, 
drawing key lessons and insights from the preceding discourse, and making 
recommendations for policy makers and practitioners. 
 
TELEVISION WHITE SPACE (TVWS) NETWORKS AND GEO-LOCATION 
SPECTRUM DATABASES (GLSDs) 
Motivation 

There is an ever-increasing demand for RF spectrum to accommodate the massive 
growth in bandwidth requirements for wireless, mobile and nomadic access to the 
Internet and, secondly, underutilised spectrum can be repurposed to meet the need for 
rural affordable broadband access in the forthcoming 5th generation (5G) wireless ICT 
ecosystem. These two critical factors are driving the surge in research, development 
and, to a lesser extent, innovation activities in dynamic spectrum access (DSA). There 
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are important technological and policy issues that must be addressed to realise holistic 
innovation and commercial development based on smart spectrum sharing (S3) 
technology for emerging economy countries. DSA and S3 technologies, as well as 
service frameworks for dynamic spectrum broadband networks, must contain software 
and features which will promote both network deployment and innovative policies to 
enable affordable broadband in underserved areas. A further function of DSA and S3 
technologies is to create a pool of much-needed and underutilised spectrum channels 
and techniques for use in future wireless 5G Networks. It is thus necessary to develop 
innovative business models to address the various use cases made possible through 
smart spectrum sharing.  

The main drivers and market potential for developing TVWS and GLSD 
technologies include the following: 

x Migration from analogue TV to digital TV broadcasting standards and the need 
for efficient utilisation of spectrum resources, and to enable affordable 
broadband Internet connectivity. 

x Meeting the 2020 Vision for broadband for all (DTPS, 2013) – technologies for 
enabling the design of low-cost broadband networks. 

x Becoming a reliable design house for spectrum databases in South Africa, 
regional Southern African Development Community (SADC) states and other 
African emerging economy countries. 

x Creating a comprehensive tool for shared spectrum broadband network planning 
and provision. 

x Providing an inexpensive platform for the deployment of dynamic spectrum 
regulatory policy frameworks. 

x Additional services such as: (a) wireless broadband infrastructure availability 
data and spectrum databases, and (b) spectrum monitoring tools, for wireless 
Internet service providers (WISPs), telecom regulators and government organs.  

TVWS networks 
Figure 1 depicts a typical TVWS broadband network. The network consists of a 

TVWS base station (BS) at the high tower with a sectorised antenna, connecting 
through a white space radio, to customer premises equipment (CPE) with TVWS 
transceivers at the service stations (located at rural schools, health clinics and public 
safety facilities, and agri-centres). The network backhaul is a high-bandwidth optical 
fibre link to the Internet and the GLSD for accessing available spectrum and network 
parameters. Other roles players that are connected via the Internet and GLSD include 
the regulator (ICASA), device manufacturers (DM), WISPs and Industry.     
 

 
Figure 1: Layout of a TVWS Broadband Network 
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The role of GLSDs in the TVWS ecosystem 
In order to ensure dynamic and efficient utilisation of the RF spectrum, the current 

trend among spectrum regulators and the wireless industry is to establish an ecosystem 
of key stakeholders in the TVWS value chain as shown in Figure 2. 

 

 
Figure 2: Typical TVWS ecosystem comprising: (360) the Reference geo-location 

spectrum database (R-GLSD) operated by the regulator, (370) Secondary GLSDs (S-
GLSDs) operated by commercial entities and, (380) the TVWS wireless network 

operated by WISPs. (Source: Mfupe, 2016) 
 

GLSDs are an enabling technology for the first phase in the cognitive radio network 
(CRN) evolution. The two major functionalities of CRNs are cognitive capability and 
re-configurability. Cognitive capability is the ability of a CRN device to sense the 
unused (white space) spectrum information from its ambient radio environment. 
However, GLSDs are currently the preferred means to implement spectrum sharing 
networks and guide dynamic spectrum access regulations by leading regulators due to 
their higher reliability compared with other options such as spectrum sensing and 
beaconing. 

GLSDs enable interference mitigation and quality spectrum sharing between WSDs 
and licensed TV broadcasters in the VHF and UHF bands. GLSDs have two primary 
roles. First, to translate WS spectrum usage regulations taken as an input from the 
national spectrum regulatory authorities. Secondly, GLSDs provide a static technical 
mechanism for enabling WSDs to access TVWS spectrum without causing any harmful 
interference to the incumbent TV stations.  

There are two dominant GLSD design approaches preferred by leading Western 
regulatory bodies (Mfupe et al., 2014): 
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x The Vectorised Approach, a deterministic based approach favoured by both the 
Federal Communications Commission (FCC) in the United States and 
Innovation, Science and Economic Development (ISED) Canada (formerly 
Industry Canada). 

x The Pixelated Approach, a statistical based approach proposed by the European 
Conference of Postal and Telecommunications Administrations (CEPT) and the 
UK's Office of Communications (Ofcom).   
 

It is important to note that in most cases these two approaches produce almost 
identical results on spectrum availability. For the purposes of this paper, the pixelated 
approach will be assumed in combination with the ITU’s method for point-to-area radio 
propagation predictions for terrestrial services in the frequency range 30 to 3000 MHz 
(ITU, 2009). 
Pilots, trials and commercial deployments 

There is no single authoritative, comprehensive repository of up-to-date 
information on TVWS and GLSD pilots, trials and commercial deployments in Africa, 
or anywhere else for that matter. Instead, the required information is scattered across 
multiple sources, such as the Dynamic Spectrum Alliance website1, which lack one or 
more of the necessary elements of authority, comprehensiveness or up-to-dateness. 
Figure 3 presents our understanding of the current and historical status of TVWS or 
GLSD pilots and trials across Africa, based on our own analysis of multiple sources. To 
the best of our knowledge, while Africa is relatively well-represented globally in terms 
of TVWS or GLSD pilots and trials (13 countries across all major regions of Africa), up 
to now there has been no full-scale commercial deployment of TVWS/GLSD 
technology anywhere in the continent. It is this gap in full-scale commercial deployment 
of TVWS/GLSD technology that this paper addresses. 

 
Figure 3: African countries where either TVWS or GLSD has been piloted or trialled 

(Source: Authors’ own analysis) 

                                                        
1 http://dynamicspectrumalliance.org/pilots/  
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Figure 4 shows a screenshot from the longest-standing of Africa’s pilots and trials 
of TVWS/GLSD technology, the Geo-Location Spectrum Database at CSIR Meraka 
Institute in South Africa, with which two of the authors are directly affiliated.  

 

 
Figure 4: Results from CSIR Meraka Institute’s GLSD (Source: 

http://whitespaces.meraka.csir.co.za/ ) 
 
CONTEXTUAL ANALYSIS  
Broadband penetration 

Figure 5 shows active mobile-broadband subscription penetration rates across the 
world, where broadband is defined as a speed of at least 256 kb/s. Globally, active 
mobile-broadband subscriptions have exhibited strong growth over the past seven years, 
increasing from 11.5 per 100 inhabitants in 2010 to 56.4 in 2017 (ITU, 2017). For 
comparison, the active fixed-broadband subscription penetration rates in 2017 were 13.1 
per 100 inhabitants for the global average versus 0.4 for Africa (ITU, 2017). South 
Africa’s 2017 statistics are 70 per 100 inhabitants for active mobile-broadband 
subscriptions, and 3.1 per 100 inhabitants for active fixed-broadband subscriptions2. 
Africa has the lowest regional broadband penetration rates both for mobile-broadband 
and fixed-broadband subscriptions, far below the global averages. South Africa’s 
mobile-broadband penetration rate is well above the global average and, in that sense, it 
is a positive outlier on the African continent. However, broadband affordability remains 
a significant challenge in most Sub Saharan African countries, including South Africa 
(Broadband Commission, 2018).  
                                                        
2 https://www.itu.int/en/ITU-D/Statistics/Pages/stat/default.aspx  
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Figure 5: Global mobile broadband penetration rates (https://www.itu.int/en/ITU-

D/Statistics/Pages/stat/default.aspx) 
Policy environment 

Of the 54 African countries, 45, about 83%, have a national broadband policy, a 
higher proportion than the global average of 81% (Broadband Commission, 2018). 
However, as noted in Section 3.1, Africa lags behind the rest of the world in 
implementation of broadband policy as shown the poor penetration rates. Broadband 
availability and affordability continue to be serious challenges in Africa. Turning to the 
specific instance of full-scale commercial deployment and diffusion of broadband based 
on TVWS/GLSD technology in South Africa, the country has a highly complex and 
fragmented policy environment. There are at least five South African government 
departments that have some direct bearing on the issue:  

x The Department of Communications (DoC), which oversees ICASA, the ICT 
regulator;  

x The Department of Telecommunications and Postal Services (DTPS), which is 
responsible for South Africa’s broadband policy (DTPS, 2013) as well as its 
national integrated ICT policy (DTPS, 2016);  

x The Department of Science and Technology (DST), which funds high-tech 
research and development in areas like TVWS/GLSD and is responsible for 
South Africa’s National System of Innovation (NSI) (DST, 2018);  

x The Department of Higher Education and Training (DHET) which directs 
tertiary education and skills development and training; and 

x The Department of Trade and Industry (DTI) which formulates industrial policy 
and localisation policy. 

One could argue, quite plausibly, that, besides these five, there are many other 
relevant government departments. For example, just at national level: the Department of 
Planning, Monitoring and Evaluation (DPME) which manages the National Planning 
Commission (NPC) and the National Development Plan (NDP); the Department of 
Rural Development and Land Reform (DRDLR) whose mandate is to uplift rural 
communities; and the Department of National Treasury which administers the nation’s 
finances. Our analysis would become even more complicated if we tried to take into 
account all relevant departments and agencies across all three spheres of South African 
government: national, provincial, and local. Therefore, as a starting point, we will limit 
our discussion to the above five national departments. Even restricting our attention to 
just these five national departments, we observe numerous overlaps and 
interdependencies involved with many elements of implementing TVWS/GLSD-based 
broadband commercially. For instance, successfully implementing just the GLSD itself 
requires: regulatory policy to enable TVWS (DoC); broadband policy to stimulate 
demand (DTPS); research and development on GLSD technologies (DST and DHET); 
skills development and training in engineering and computer science (DST and DHET); 
and industrialisation and localisation initiatives for the TVWS/GLSD sector (DTI).  
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INNOVATION PARADIGMS  
In this section, we examine our case in terms of four innovation paradigms: 

inclusive innovation, open innovation, systems of innovation, and diffusion of 
innovation. 
Inclusive Innovation  

Inclusive innovation is “the inclusion within some aspect of innovation of groups 
who are currently marginalised” according to a 6-level “ladder of inclusive innovation”: 
intention, consumption, impact, process, structural, post-structural (Heeks et al., 2014). 
In our case, the marginalised group are rural communities and, arguably, inclusion 
levels 1 to 4 (intention, consumption, impact, process) have been achieved. Structural 
inclusion (innovation created within a structure that is itself inclusive) and post-
structural inclusion (innovation created within a frame of knowledge and discourse that 
is itself inclusive) constitute work in progress. 
Open Innovation  

Open innovation has two distinct definitions in the innovation studies literature. 
One definition, “open innovation is the use of purposive inflows and outflows of 
knowledge to accelerate internal innovation and expand the markets for external use of 
innovation” (Chesbrough, 2015), focuses on how ideas flow across organisational 
boundaries and are used by firms to create commercial value. Business models are 
essential to this definition. A second definition is “open user innovation … [whereby] 
economically important innovations are developed by users and other agents who divide 
up the tasks and costs of innovation development and then freely reveal their results” 
(von Hippel, 2014). This definition emphasises user-centred innovation driven by end 
users and user organisations, as opposed to producer-centred innovation. Both forms are 
potentially useful in our scenario and should be utilised in the journey towards full-scale 
commercialisation of TVWS/GLSD technology in Sub-Saharan Africa.  
Systems of Innovation  

The concept of a system of innovation is essential to understanding the 
characteristics and performance of innovation: “Although to some the word [system] 
connotes something that is consciously designed and built, this is far from the 
orientation here. Rather the concept is of a set of institutions whose interactions 
determine the innovative performance, in the [economic] sense above, of national firms. 
There is no presumption that the system was, in some sense, consciously designed, or 
even that the set of institutions involved works together smoothly and coherently. 
Rather, the "systems" concept is that of a set of institutional actors that, together, plays 
the major role in influencing innovative performance.” (Nelson, 1993) 

The set of institutional actors whose interactions will determine the practical 
achievement of the innovative potential of TVWS/GLSD technology includes, among 
others, R&D institutions like the CSIR, universities, government departments, SMMEs, 
private sector financiers, and civil society and community organisations.  
Diffusion of Innovation  

Diffusion is integral to innovation because it is not only the process by which new 
technologies spread throughout a population, but it also an essential part of the 
innovation process itself since the original innovation is invariably enhanced through 
the imitation, learning, feedback, adaptation and modification that occurs as the new 
technology spreads (Hall, 2004). The rate of diffusion of new technologies is influenced 
by four main groups of factors: factors that affect the benefits received (e.g. degree of 
improvement over previous technologies, network effects, technological standards); 
factors that affect the costs of adoption (e.g. price, complementary investments in 
training and equipment, absorptive capacity); factors related to the industry or social 
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environment (e.g. regulation, market structure, cultural attitudes); and factors due to 
information and uncertainty issues (e.g. suitability for potential adopter’s situation, 
longevity and trajectory of new technology, reversibility and resaleability). In our case, 
complete diffusion corresponds to full industrialisation of TVWS/GLSD technology. 
The key diffusion determinants that have been influenced positively thus far are 
network effects and technological standards by creating and promoting common 
technology in South Africa and other African countries; tackling information and 
uncertainty through technical trials and pilots; and the adoption of clear technical 
regulations. These determinants should be strengthened, while addressing the remaining 
determinants. 

 
POLICY RESPONSES 

In this section, we consider appropriate responses from innovation policy and 
industrial policy perspectives. 
Innovation policy 

Innovation policies are policies that have an important impact on innovation, and 
are of three main varieties (Edler and Fagerberg, 2017): 

x Mission-oriented policies aimed at providing practical new solutions to specific 
challenges on the political agenda; 

x Invention-oriented policies which focus narrowly on the R&D/invention phase, 
leaving exploitation and diffusion to the market; 

x System-level policies which focus on features and improvements at the 
innovation system level. 

In our case, up to now, we have been heavily focused on mission-oriented policies 
(affordable rural broadband) and invention-oriented policies (research on TVWS and 
GLSDs). More attention and effort should be directed towards system-level policies. 
Table 1 presents a catalogue of policy instruments that can be applied to our scenario. 
For instance, we can stimulate both supply and demand for TVWS/GLSD by using 
standards, regulation and technology foresight (policy instruments 13-15). 
 
Table 1: Taxonomy of innovation policy instruments (Edler and Fagerberg, 2017) 
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Industrial policy  
Industrial policy relates to building out the TVWS/GLSD industrial base by 

economic and technological catch-up (Lee, 2013), and by exploiting Africa’s unique 
characteristics and opportunities, as was done so successfully in the African mobile 
communications industry (Ibrahim, 2012). It is important to note that this requires a 
strong element of emergent policy – akin to emergent strategy (Mintzberg and Waters, 
1985) – and therefore policy makers and practitioners must remain flexible and results-
oriented in their approach. The limits of what we might term “deliberate policy 
formulations” and the value of emergent policy are evident in South Korean and 
Taiwanese economic history: “This book often uses Korean and Taiwanese firms and 
industries as examples of successful catch-up, leaving us with an intriguing question: 
did the policy makers in these countries have the criterion of short cycle time firmly in 
mind as they planned and conducted industrial policy? While the answer to this question 
is no, they were in fact always asking themselves, “what’s next?” They looked keenly at 
which industries and businesses were likely to emerge in the immediate future and 
thought carefully about how to enter the emerging ones. Without specifically planning 
to do so, in effect the policy makers were always pursing the short-cycle industries as 
these were often the ones that relied less on existing technologies.” (Lee, 2013: xviii) 
 
IMPLEMENTATION STATUS 
Implementation status in South Africa 

R&D on TVWS networks has been going on in South Africa for close to a decade, 
an effort to which the authors have contributed over the years (ICASA, 2015). Despite 
this decade’s worth of R&D, it was only in March 2018 that the TVWS regulations 
were promulgated (ICASA, 2018a), and in October 2018 that the process of establishing 
a national Reference GLSD (see Figure 2) was initiated (ICASA, 2018b). This is an 
important step forward which must be enhanced by additional regulatory innovation. 
Other aspects of the innovation system around TVWS/GLSD technology, such as other 
government departments, SMMEs, private sector financiers, and civil society and 
community organisations have yet to be mobilised. 
Implementation status in Sub-Saharan Africa 

At innovation system level, other countries in Sub-Saharan Africa are substantially 
behind South Africa in TVWS/GLSD technology, although there are excellent instances 
of innovation in some other countries (Nyasulu, 2018). 
 
CONCLUSIONS 
Summary 

This paper describes an innovative spectrum sharing technology designed to 
significantly improve the effective utilisation of national radio frequency (RF) spectrum 
resources. The technology uses television white space (TVWS) broadband networks 
based on geo-location spectrum databases (GLSDs) to enable efficient RF spectrum 
sharing. It has been deployed on several experimental test-beds in South Africa and 
other African countries. This technology has the potential to support affordable 
broadband networks, particularly to address the demand for broadband connectivity in 
underserved rural communities. This technology is potentially of revolutionary benefit 
to the emerging economies of Africa. However, African telecom regulators are still 
lagging behind the rest of the world in enacting the necessary dynamic spectrum 
regulations required to enable the TVWS broadband Internet industry and associated 
services to flourish and provide the necessary socio-economic benefit. Spectrum sharing 
is also a technology being considered for future wireless 5G wireless network standards. 
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Hence this technology is future secure and expected to have extremely high market 
potential. 
Key lessons and insights 

The key lessons and insights emerging from this paper are as follows: 
x Complete innovation process. To reap the full benefits of innovation, African 

countries must implement and practise all elements of the entire innovation 
process: invention (R&D), commercialisation, and diffusion. In particular, the 
critical importance of diffusion, and the factors that influence it, has been 
underappreciated. It is important to realise that innovation is not a linear or 
sequential process and that all three elements will, in some sense, be in a 
constant state of flux as the innovation itself is being developed and deployed. 

x Systems of innovation. Successful innovation requires fully functioning systems 
of innovation at national, regional and organisational levels.  

x Local knowledge and capabilities. Developing strong knowledge of local 
characteristics and innovation opportunities, and creating strong local 
technological and commercial capabilities, is key to the development of 
technology-based sectors such as TVWS/GLSD. Good examples include the 
African mobile industry and the Asian tiger economies. 

Recommendations for policy makers and practitioners 
Our main recommendations for policy makers and practitioners are as follows: 
x System orchestration (policy makers). Focus on orchestrating – identifying, 

integrating and coordinating – the key actors in the innovation system. At a 
granular level, this involves formulating and implementing effective system-
level innovation polices that will stimulate both supply and demand for 
innovation. The key challenge in any system of institutional actors is how to 
align intentions, interests and incentives. Policy makers should become skilled in 
designing incentives, in the form of regulations, market mechanisms, and so 
forth, in such a way as to positively influence the behaviour of the various actors 
and enhance the performance of the innovation system as a whole. 

x Emergent innovation and industrial policy (policy makers). Due to the 
complexity of modern societies and economies, it is impossible for policy 
makers to control or foresee all the consequences or nth-order effects of their 
decisions. Consequently, successful innovation policy and industrial policy 
requires flexibility and an unremitting focus on results.  

x Commercialisation (practitioners). Practitioners should be keenly aware of the 
need to commercialise their ideas in the form of viable business models. This 
applies equally to researchers, entrepreneurs and intrapreneurs alike. Without a 
viable business model, no new technology is sustainable in the long term.  

x Aspiration (practitioners). Raise the level of aspiration beyond mere 
consumption, adoption or imitation to the level of production and creation. 
Practitioners whose aspirations and ambitions remain low cannot expect to 
survive, let alone succeed, in this highly competitive, rapidly evolving global 
economy. 

x Education and circulation (policy makers and practitioners). Help build 
understanding and linkages by educating each other about their respective 
worlds and encouraging the circulation of people between the various 
institutional parts of the innovation system. Most policy makers have little first-
hand – or even second-hand – understanding of the true objectives, concerns and 
motivations of practitioners. And, of course, the same is true of practitioners in 
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relation to policy makers. And yet the work of both sets of actors is vital to the 
success of the innovation enterprise. 
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Abstract  

We present high school summer outreach program in science, technology, 
engineering and mathematics (STEM) areas using Smart Lighting Program as a case 
study. The continuous improvement or advanced standards of the citizens of any nation 
depends on continuous research and innovations. The US enjoys the global leadership 
role in developing and implementing cutting edge research. However, there are few 
underrepresented minority groups of researchers and educators in STEM.  The 
contribution of a diverse population of scientists and engineers is necessary to meet the 
world’s needs. There is a talented underrepresented group that needs to be tapped and 
trained for research and improved technology. Under-represented high school students 
are invited to participate in summer outreach STEM program with the hope that they 
will pursue college education in STEM areas to improve their employability. We 
introduce STEM through lectures and hands on activities. The program includes daily 
activities coupled with field trips and presentations. Smart Lighting activities involve 
application of light-emitting diodes (LEDs) and solar power. The participants are 
introduced to instrumentation and use of mobile studio and Analog discovery. These are 
portable labs using a PC as the instrumentation, with dc power supplies and function 
generators that connect to the hardware (bread board with mounted circuitry). We do 
assessment for future improvement of future STEM programs. We receive positive 
response from the assessments. 
 
Keywords:  employability, outreach, discovery, assessment. 
 
INTRODUCTION          

Howard University has been one of the Educational Outreach Partners for the 
Smart Lighting Program which is led by Rensselaer Polytechnic Institute (RPI) and 
funded by the National Science Foundation (NSF). Howard University’s Electrical and 
Computer Engineering Department has been hosting the smart Lighting Summer 
program for the past several years.  One of the goals of this program is to introduce a 
wide range of engineering concepts to local High School students and encourage them 
to later major in Science and Engineering.  This is a 4-week program offered in July. 
Participating students are selected from mostly Washington, DC metro (DC, Virginia, 
Maryland) area high schools from 10 - 12 graders. 

During the Summer program, students’ learning activities are divided into several 
modules that are each taught by faculty and mentors.  These modules include lectures 
that provide the theoretical background information about electrical and computer 
engineering concepts as well as hands on labs that give students practical views and 
experiences on some engineering systems. This program is divided into three modules.  

Module I, introduction engineering design principles (Robert Bowman). This guide 
outlined series of actions and tasks that could lead to a successful analysis, design, and 
implementation of an engineering project, a list of common engineering terms and their 
definitions as well as assigned a Solar Powered Aerial cable car project.  
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Module II: Introduction to engineering concepts, electrical engineering concepts, 
areas of concentration,  and devices such as conductors, semiconductors, insulators, and  
circuit components such as resistors, capacitors, inductors, diodes and many more. He 
also gave students hand on projects about AM/FM radios, traffic Light systems, 
communications (report writing, oral penetrations) and   others.  

Module III:  engineering systems, devices and concepts which included electric 
circuits, in ways that made them understand easily some of these very complex 
concepts. Valuable feedback to students when they were building their electric circuits, 
introduction to Python programming presentation about weekly information learned. A 
mentor (graduate) student leads the students to conduct several labs activities. In 
addition to the three modules, we have invited guest lectures/speakers from industry 
(such as NASA) to participate in the program.    
 

SMART LIGHTING INSTITUTE 
The main purpose of the Smart Lighting program is to introduce high school 

students to pursue engineering education in future that will improve minority skills in 
their employability as well as make contributions to research. Presently, minority 
contributions in the STEM areas are rather low. Other similar programs are available on 
campus. The program introduces the students to general engineering education through 
lectures and hands on. They learn about electrical terms, quantities and how to use 
instruments to collecting data. They learn how to use the Analog Discovery which is a 
personal instrumentation that contains function generator with leads that connect to 
bread boar and then to the computer. It has dc power supplies as well as other signals. 
The computer is used as scope to measure voltages, currents and waveforms. 
A. Lectures 

The program consists of 3 main modules plus guest lectures form industry. Each 
instructor (with mentors) with different backgrounds conduct the assigned module. 
Module I  

Introduction to engineering design principles and related assigned projects that 
Robert Bowman). Frequently used vocabulary and key terms in science and engineering 
are first outlined and defined, as follows:  
Terms outline: 
x Hypothesis- an educated guess or prediction to make 
x Independent variable- controlled by the experimenter, maybe a measure of a 

parameter to determine the outcome 
x Dependent variable- variations because of independent variables observed or 

measured to collect data. 
x Constant parameters- remain the same 
x Quantitative observations- use of numbers to describe objects such as mass, volume 
x Qualitative observations- use of words to describe objects appearance, color, 

texture 
x Inferences - an attempt to interpret observations 
x Questions- answers to the experiment. 

After the above vocabulary and key terms are introduced, the instructor discusses 
the engineering design project guide that includes a set of steps to be followed in order 
to successfully complete   an engineering analysis and design project. Outlined below: 
x Getting started, gathering data, generating ideas, implementing solution 
x Engineering design process, define the problem, design notebook 
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x Background research, specifications 
x Brainstorm, multiple solutions choose optimal design 
x Implementing a solution- development work, prototyping, test and redesign 

After discussing the above necessary background for a successful completion of 
design project, students are assigned to solar-powered aerial cable car project in 
activities section.  
Module II  

Lectures involve circuit theory, introduction to semiconductors with emphasis on 
LEDs and applications, hands on labs, instrumentation are. Students learn how to use 
the analog discovery, a persona; instrumentation with built function generator and dc 
power supplies +/- 5 V. It works for analog and digital labs, concepts of conductors, 
semiconductors, insulators, AM radios, traffic light system. Figure 2, the functions and 
characteristics of circuits elements such as resistors (color code), capacitors, inductors, 
diode, soldering techniques.  

AM/FM: Lectures to students in the area of communications. Fundamental 
concepts of Amplitude Modulation, how a message signal can be modulated by a carrier 
signal to produce an AM signal on the transmitter side. On the receiver side, 
demodulate is explained how to recover the AM signal. Students are also shown two 
videos about how Amplitude Modulation and Demodulation work. After learning about 
the basic fundamentals of AM/FM systems, students are given an AM/FM radio kit with 
block diagram shown in Figure 3, an instruction manual containing the parts list needed 
for construction, and then asked to build the radio by soldering.   
Module III 

Provides students a wide range of activities such as Python Programming, circuit 
constructions, power point presentations, report writing. The lab activities include 
building circuits with  topics about resistors, Ohm’s Law and voltage divider, signal 
generators and waveforms, capacitors and time constant, inductors and resonance and 
3D-Printer. The Python programming includes topics about Functions, variables, If 
Statements and many more.   
b. Activities 
Each module has lectures are coupled with hands on activities (Science Buddies). 

(i) Solar-Powered Cable car 
This experiment uses a cable car that utilizes a solar panel to power it. The Aerial 

Solar Cable Car experiment encourages students to learn about how a solar panel works, 
the cable car works and what causes it to move based on design principles they pull 
from user profiles. This activity also encourages students to iterate on their designs and 
practice using different ideas and data. This exercise is a great way to push students to 
build, test and iterate while keeping their designs founded in engineering education. 
This activity also encourages critical thinking by asking students to synthesize their 
user’s profile to find their needs. Students must also demonstrate strength in the face of 
challenges or frustrations. Specifications: Solar panel output 1.1 V, 75 mA, size: 11mm 
x110mmx180mm, unit wt 2.9 oz, solar cell life 2 years normal use, Motor Dc, power 
consumption 1.2 Vx10mA, Tools needed: diagonal cutter,, screw driver, scissors.  

Materials: Each group (size 4-8, total 40 students) receives transport cable, 
automatic round trip return stoppers, solar panel and 30 plastic parts to assemble will be 
provided. Students will receive parts to build the item a solar powered aerial cable car 
shown in Figure 1. 
 
 



65 | K n o w l e d g e  a n d  T e c h n o l o g y  T r a n s f e r -  8 t h  I C A T  

 
Figure 1. Solar powered aerial cable car parts and view 

List of materials per team needed and a detailed step-by-step experimental 
procedure to complete the project’s measurements and data gathering are outlined as 
follows: Parts- Solar cell, cable car, string, 2 poles, marker, stopwatch, pole/shadow, 
protractor, chalk. 
Procedure: 

• First, assemble the Aerial Cable Car., Next, arrange two poles on a level grassy 
area.  

• Place the poles at least 54 inches apart from each other, attach the end of a string to 
each pole. Measure the poles at a 105 degree angle, if possible. Place the cable on 
the string.  

• Place the string under the plastic wheel and up and around the pulley.  
• Position the solar panel flat. Time the cable car at least 4 different hours.  
• Examples: 12:30, 1:30, 2:30 and 3:30pm on a sunny day, or pick your own. 
• The cable car is expected to go back and forth on the string at least six times each 

trial.  
• There will be at least two trials per hour. Record the time for each trial with a 

stopwatch.  
• Record the average time for the two trials per hour. Place a pole in the ground at the 

same angle to the poles with a string. Measure the angle of the shadow of the pole 
at each hour with a protractor. Use Chalk to draw a line where the protractor is 
placed. The angle is then recorded.  

Each student writes a final project design report it is completed.  
Report writing outline: The project report will just entail pulling together the 
information you have already collected into one document according to: 
acknowledgments and bibliography, a detailed description of your procedure, data 
analysis and discussion, results and conclusions. The report format include these 
sections: 
x Outline—to include the following: 
� Cover sheet and Title of project 
� Abstract (Project Summary) - this is an abbreviated version of your report. 
� Table of contents 
� List of questions, variables, and hypothesis 
� Background research – What you did before starting the experiment 
� Material list 
� Science Project Logbook (your experiment journal) 

x Experimental Procedure 
x Data analysis and discussion- This section is a summary of what you found out in 

your experiment, observations, data table, and graph(s). 
x Conclusions and Ideas for future research  
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x Acknowledgements – thank anyone who helped you with your science project 
x Bibliography – combine with the above. 

Students work on this project in several phases; they first assemble the Solar 
Powered Arial Cable Car and then got outside several times during the day in order to 
take some measurements such as the speed of the car, the shadow angle with respect to 
the sun position on the sky. 

(ii) Traffic Light Project 
After discussing a traffic light system’s elements and functions, the students are 

provided the traffic light kit below. They are asked to read the instructions and assemble 
all components on the board by soldering and conduct testing. 

 

   
Figure 2: Traffic light kit, parts and instruction manual 

In order to construct the traffic light system, students use the information provided 
in Figure 2. It shows each of the components and a sequence of steps that must be taken 
for assembly.  

(iii) AM/FM Radio Project 
After learning about the basic fundamentals of AM/FM communication systems, 

students are given an AM/FM radio kit with block diagram shown in Figure 3, an 
instruction manual containing the part list in Figure 2.4, the circuit board and all parts 
needed for construction, and then asked to build the radio by soldering each component 
onto the circuit board.   
 

 

 

 

 

 

 

 
Figure 3:  AM/FM radio system, block diagram and parts 
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(c) Lab Hands On Activities 
Students are introduced to several lab activities and safety where they learn about 

electric circuit components, such as resistors, capacitors, inductors, diodes, LEDs. They 
build and test several circuits using breadboards and the Analog Discovery.   
Sample activities 

(i) Activity 1: Resistors 
In the first lab activity, students are introduced to the resistor circuit element. They 

learned about its physical characteristics, how to read a resistor value using its color 
code, and then measure its value using the Multimeter instrument.  Each student is 
given several resistors and asked to compute the resistor value based on the color code, 
and then compared it to the value obtained from the Multimeter reading. An example of 
resistor color code is shown below: 

Figure 4: Resistor color code                           Figure 5. Ac voltage and flashing LEDs 
 
This Lab is extended to Ohm's Law and voltage divider labs verification 

(ii) Lab Activity 2: Signal Generators and Waveforms  and Analog discovery 
During this lab experiment, students are introduced to the Diligent Analog 

Discovery instrument. They learn about its internal functions such as Oscilloscope, 
Arbitrary Waveform Generator, DC voltage generator, Network Analyzer, and others. 
After learning about the Analog Discovery (AD) instrument, students are asked to use a 
solder less breadboard and to construct the circuit in Figure 5 using 1 Kilo Ohm resistor 
and two Light Emitting Diodes (LED). The Analog Discovery is used to generate the 
sinusoidal input voltage with a frequency that is changed from 1 Hz to 60 Hz with an 
increment of 5 Hz. Students observe the behavior of each LED (off and on) with 
different time delay at variable frequencies of the input signal. Also, students used the 
measurement function built-in the AD to measure input and output voltage 
characteristics such as amplitudes, frequencies, periods, the input across the voltage 
source, and LEDs devices.  

 
(iii) Lab Activity 3: Capacitors and Time Constant  

Students are asked to build on a solderless breadboard the circuit in figure xxx using 1 
K-Ohm resistor and a capacitor with value 1 microfarad as shown in Figure 6 with 
results. The input voltage source is square wave generated from the Analog Discovery 
with an amplitude of 500 mV and an offset of 500 mV. 
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Figure 6 Capacitor Circuit- charge discharge with square wave input 

 
Students are instructed to observe the output waveform across the capacitor using 

the oscilloscope and to observe that the capacitor is charging and discharge as shown in 
figure 6.  The calculated and measured time constant are also compared.  
(d) 3D - Printer Activity 

Students are introduced to the 3D-Printer in Figure 7. It can be used to print 3D-
objects of difference sizes and forms. The printer comes assembled, the only installation 
done is about the control software package called Cura.  

 

 
Figure 7: Printer software interface and 3D- Printer 

 
The software is downloaded to the computer connected to the 3d-Printer and 

several configuration parameters are set. The Interface allows the user to interact with 
the 3D-Printer in order to load models, set parameters, and print 3D-Objects. Students 
print 3D-Objects.  
(e) Python Programming 

Students learn Python programming and its applications.  The activities cover a 
wide range of Python programming topics: such as:   Python If Statements, Variables, 
Functions, and Loops. A summary follows:  

Introduction to Python (Python IDLE) 
The Python 2.7 program is designed to be a simple way to begin writing code (Dr, 

N. Harrington). 
Downloading Python: 1. Follow this link to download: bit.ly/pythonLE27, 2. 

Run the file and continue until the folder is downloaded, 3. Open the Python 2.7 
folder, and open IDLE (Python GUI). 4. Browse through the Python 2.7 or search for 
IDLE via Starting to Code (python Program). Setting Variables: In any 
programming language, data can be stored in different data types.  Variables can be 
modified and printed. Data types Strings and integers. Python If Statements: An If 
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Statement is the way programmers ask the computer questions. If Statements are 
true/false questions that the computer can evaluate. The truth or falsity of a statement 
determines which steps the computer takes next in a program. If Statements have a 
particular design. The trigger for an If Statement is the word if (no caps). User Input: 
Programmers can make the computer ask for user input. Python Functions: is a 
reusable block of code that serves as a template for one or more actions. We have 
already used the print() function and the input() function. Create your own functions. 
Variables: 2 types of variables. Strings are groups of characters, and Integers are 
numbers without decimals. Python automatically decides whether something is a 
String or an Integer. Input function: [variable name] = input ([Message you want the 
computer to ask]). Note: You do not type the answer to the question inside the input 
function! You type the answer after running the program. Example: age = 
input("Please enter your age: "). Python Loops: is a short (one or two line) segment 
of code that allows the programmer to repeat lines of code until a certain condition is 
met. Loops encase the code that needs to be repeated. While Loops: The While loop 
looks and works similarly to the If Statement. Loops can easily be integrated into 
existing programs to make a program that lasts longer and has more utility. While 
Loops and Functions: Lines of code that begin with a hashtag are called comments 
and are not run by the code. Programmers add comments to organize and label 
different parts of longer programs, numbers and print their sum. While Loops and 
Input: is asking the user whether they would like to run the program again. This 
combines the input function and the while loop. 

 
CONCLUSION 

Howard University Electrical and Computer Engineering Department hosts the 
Smart Lighting program each summer where students from local High School are 
introduced to a wide range of engineering concepts and activities. Learning activities 
are divided into several modules. In these modules, students are involved in several 
activities that include lectures and labs using Analog Discovery, a personal 
instrumentation.. They learn about the engineering design process, AM/ FM radio 
systems, traffic light systems, Python programming, circuit building and testing, and 
other engineering concepts and devices. We do pre and post survey assessment of the 
program. Both results show participants enthusiasm and their desire to pursue STEM 
areas in their college education. The program is improved on yearly bases based on the 
students’ surveys outcomes.   
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Abstract 

The effort to make pre-primary education accessible to children from birth to five 
in Africa has been ongoing since before research revealed the importance of brain 
development in infants. A child's brain develops rapidly during the first five years of 
life, especially the first three years. It is a time of rapid cognitive, linguistic, social, 
emotional and motor development. Their first teachers have an important impact on 
their future development. Governments and international organizations quickly adopted 
policies to address the issue but many early childcare teachers in Africa have no formal 
training. An appropriate use of technology to address this problem is to provide 
instructor-facilitated, self-directed, online training using a learning management system 
(LMS). By integrating pre-recorded video lectures, instructor graded assignments, 
forum discussions and downloadable resources delivered through mobile phones and 
other smart devices, training can take place. In areas that do not have schools, it would 
be useful to include entrepreneurial, administrative and other types of training using e-
learning technology. Providing instructor-facilitated online training using mobile 
devices can increase the number of trained teachers and the quality and effectiveness of 
their interactions with young children. This paper summarizes the tools and techniques 
that can be used as a result of our experience and research in technology and early 
care.  
 
Keywords: Early childhood education, learning management system, distance learning, 
pre-primary, teacher training, brain development, Nigerian Pre-Primary Education. 
 
INTRODUCTION 

Recent research has revealed that brain development in infants affects the cognitive, 
language, perceptual, socio-emotional and motor development faculties they will need 
for academic success and future achievements. As a result of these developments, early 
childhood education policies have been initiated to better prepare young children for 
school. In many African countries teachers of children from birth to five years of age 
have received very little formal training. The early years is now widely accepted as the 
most important period where brain development becomes the foundation young children 
depend upon for future development. Ninety percent of a child’s brain development 
takes place before the child reaches the age of five (Figure I). 

Figure I. Human Brain Development 
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The development of the brain is impacted by many factors, including a child’s 
relationships, experiences and environment. Early childhood teachers influence the 
quality of those experiences. Teachers that are well trained understand how to develop 
the sensory pathways, language and higher cognitive functions through play and other 
activities (Sun, Rao and Pearson 2015). 

Most of our knowledge about online training and early childhood development 
stem from over thirty years of experience training teachers and parents, over one 
hundred thousand enrolments in our courses and conferences, thirty plus years in 
technology and networking with other professionals at conferences and universities 
from around the world. We have designed, developed and implemented online training 
for more than eight years in a variety of industries. It is the summation of our 
experience and primary research that forms the foundation of this paper.  

The Instructional Technology Council (ITCNetwork.org) is the leading 
organization of colleges and universities in the United States that offer online degree 
programs. As a member of the organization I participated in their e-learning 
conferences. Most of the member colleges did not offer continuing education (non-
degree) online courses. The infrastructure for e-learning was expensive and required a 
lot of support. They decided the best use of the technology was with their degree 
programs and tenured professors. Most of the schools used Black Board as their 
learning management system which was very expensive to purchase and support. It was 
resource prohibitive to offer online non-degree courses and support the part time 
instructors that taught them.  

During the World Forum in Early Care and Education conference held in San Juan, 
Puerto Rico in 2014, discussions and presentations confirmed that in many parts of the 
world, including Nigeria, Ghana and other countries, teachers that work with young 
children in pre-primary classrooms have little or no formal training in Early Childhood 
Education (ECE). Presentations during the conference discussed the limited resources to 
train Early Childhood teachers. 

Governments now realize the need for pre-primary education but the resources 
needed to effectively train the teachers are still lacking. In Nigeria, there is a shortage of 
teachers but more than half of all teachers for children birth to five have no formal 
training at all (Sooter 2013). The ratio for teachers to children in Nigeria are from birth 
to two (1 to 10) and from three to five (1 to 25) (Salami 2016). 

At the 2015 E-learning Africa Conference in Addis Ababa, Ethiopia, one of the 
major questions was, “Does Africa need more online training for degrees or should 
online training be used for continuing education and professional development?” Most 
of the attendees and dignitaries were from colleges and universities throughout Africa. 
By the end of the conference, most had decided that degrees were most important. 

Distance Education is the discipline that covers the entire realm of learning at a 
distance. It started sometime after the invention of the Printing Press when the first 
correspondence course was delivered. Now when we speak of Distance Education or 
Distance Learning as it is sometimes called there are technological implications. This 
type of distance education is called E-Learning or Online training. What is E-Learning 
or Online Training? There are generally three general perceptions of E-Learning.  

For colleges and universities e-learning usually means an instructor-facilitated class 
using a course management system (CMS) or learning management system (LMS). 
Platforms like Blackboard, MOODLE, CANVAS, Web-CT and Angel are very popular.  
Many institutes of higher education use these tools as an extension of the classroom. 
They provide links to files that support the course; the syllabus, documents, audios, 
videos, and quizzes. How they are used is directly related to the technology skills of the 
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instructor and the level of support provided by the institution. Most colleges and 
universities use this technology primarily for their degree programs. They usually offer 
continuing education courses through third party vendors such as Ed2Go and LERN. 
Those organizations host the courses but offer the training through colleges, 
universities, organizations and government agencies.  

Outside of academia, most e-learning consists of self-directed presentations with 
embedded quizzes that don’t penalize you if you get the answers wrong. It may be 
followed by a test and you might be able to get someone to answer your questions by 
email.  This type of training is most useful for learning basic concepts. Students and 
instructors do not get to engage with each other. 

The third is organizations that promote live video presentations as training.  These 
live online presentations or webinars take the place of the classroom lecture. Usually 
you can return to a recording of the presentation if you happened to miss it, but you lose 
your opportunity for limited interaction with the presenter, if one is available. These 
presentations generally lack the assessment required to measure learning. 

There are limited benefits to each type of e-learning, but when their characteristics 
are combined with additional tools and technologies, online training can become much 
more effective than classroom training. During a classroom lecture a student may 
receive a list of resources including documents and videos they should review. In an 
online course those resources are directly accessible. The group activities and 
discussions that are conducted in the classroom are also available online through forums 
and group assignments. Redundant resources can be made available online to support 
the learning styles of every individual. All of these tools are available in learning 
management systems. The true promise of online training is a virtual learning 
environment (VLE) where activities equivalent to what takes place in the classroom, are 
conducted online. The Certified Online Instructor (COI) credential offered by 
LERN.org, is a platform independent certificate program that teaches participants how 
to develop effective online content. It focuses on how to construct online activities and 
assessments that are equivalent to those that take place in the classroom.  

We have designed instructor-led online courses for childcare professionals since 
2010 but our courses could not work well in Africa for a variety of reasons. By 
addressing those issues we will be able to develop effective online courses to conduct 
teacher and administrative training for early childhood educators. We started with long 
pre-recorded lecture videos that consumed a lot of Internet resources utilizing the Flash 
video format. Over time Flash technologies have been replaced by HTML5 and videos 
have been recorded in smaller segments. Also, todays e-learning tools are smart device 
aware and compliant. 

 
E-Learning in Professional Development 

The use of online training in the workplace is generally limited to self-directed 
training. This type of training is useful for learning basic concepts in areas such as 
computer security, ethics and customer service skills. However, to teach someone how 
to protect their computer from viruses, how to enforce ethics and professionalism and 
how to provide excellent customer service to your customers cannot be taught 
effectively using self-directed online training alone. 

There are tremendous opportunities for online training to be used to increase the 
knowledge, skills, abilities and effectiveness of early childhood teachers but efforts to 
use distance learning in this way has been limited. The concepts of On-The-Job and 
Just-In-Time training begin to take on new meaning when you can provide flexible 
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training techniques to learn new job skills. Instructor-facilitated online training changes 
how organizations measure employee effectiveness. 

Though most colleges and universities offer continuing education and workforce 
development training, they only use instructor-facilitated online training for their more 
expensive degree programs. The expense of supporting a course management system, 
instructors, instructional designers, administrators and help desk staff is prohibitive. 
Government agencies, corporations, small businesses, non-profits and individuals can 
all benefit from instructor-facilitated online training courses. 
The Learning Pyramid 

The more involved students are in the learning process the better retention can be 
expected. In traditional face-to-face classes most time is spent in lecture with the 
teacher. The instructor is the “Sage on the Stage”. This traditional lecture presentation 
activity reduces the amount of time and resources spent on audio visuals, 
demonstrations, discussions, practice and student presentations which contribute higher 
levels of learning retention. In the distance learning environment, the instructor is the 
“Guide on the Side”. It is the collaborative activities and resources that engage the 
student. The student must take responsibility for participating in their learning activities. 
It is the instructor’s responsibility to make sure that the students complete the activities. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure II. The Learning Pyramid. 
 

The Learning Pyramid is a model that estimates the rates at which students retain 
information based on learning activities. Though lectures are the most common type of 
learning activity they are not particularly effective. A student can expect to learn more 
from reading an article or chapter in a book than by having an instructor talk about it. It 
is said that a picture is worth a thousand words. Students can retain more from a chart, 
sound bite or video than they can from a lecture or reading an article. Along these same 
lines demonstrations, discussions, practice and teaching others can offer higher levels of 
retention for students than lectures alone. In a classroom a combination of these 
learning activities are often employed, in an online course all of them can utilized in 
such a way that students can learn outside of the classroom and on their own (Figure II).  

Online training should include redundant resources so that students have use the 
learning styles they are most comfortable with. One popular theory, the VARK model, 
identifies four primary types of learners: visual, auditory, reading/writing, and 
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kinaesthetic. The instructor can use a pre-recorded lecture, YouTube video, an article 
and a group discussion using a forum to teach a single concept or topic (Table I). 

 
Table I. E-Learning Equivalents to Classroom Instruction 
 

Classroom  Online 
Lecture   Live webinar, video, pre-recorded lecture 
Reading  Web document (html, .doc, .pdf) 
Audio Visual  Podcast (audio, video) charts, graphs, resources 
Demonstration  Case Study (text, video, audio) Quizzes 
Discussion  Forum, Blog, chat 
Practice Doing  Simulation, exercise, assignment, activity 
Teach Others  Live webinar, lead a discussion, write an article 

 
 

There are many types of activities that have been conducted in the traditional 
classroom by effective teachers. Often the primary delivery is through lecture. 
However, many teachers have a limited amount of time to teach their students. Also 
students have a limited amount of time to be taught. The quality and effectiveness of the 
resources and activities available to students is just as important if not more important 
than the lecturer. Online course resources are readily available to the students and the 
expectations for the students should be higher than the participation requirements in the 
classroom.  

Most of the criticism about online training consists of the lack of interaction 
between the students and the instructor and the ineffectiveness of T/F, multiple choice 
quizzes. These are easily addressed by using forums which are threaded discussions 
between the instructor and students or even groups of students. It creates an 
environment where dialogue take place. Though it is asynchronous, responses are 
posted in an hierarchical structure that allows a participant to catch up and join in at any 
time. The use of Assignments is effective because it allows the teacher to interact 
individually with each student as the short answer or short essay assignments are 
graded. Another criticism of quizzes is that it makes it easy for students to guess 
answers without reviewing course materials or sharing the questions with other 
students. However, if you have a ten question quiz using a bank of twenty-five 
questions and have the questions selected for each student at random, it minimizes the 
impact of cheating. You can also password protect each quiz to ensure that students 
complete reading or other activities tracked by the learning management system. 

 
Table II. Types of Instruction 

Instruction Type  Description 
 
Face-to-Face    (classroom lecture / Instructor-Led) 
Self-Directed / Self-Paced (student proceeds at own pace) 
Instructor-Facilitated   (web-based using Forums and Assignments) 
Blended / Hybrid   (combination of face-to-face and online) 
Webinar    (live online presentation) 

 
Today, web-based training tools are the most effective way to deliver training at a 

distance. With mobile broadband networks audio, video and text are easily accessible. 
With the participation of an instructor to keep students engaged and on track, there are 
opportunities to provide effective training. In locations where Internet access is limited 
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there are tools and techniques that can be used to reduce the reliance on the Internet. 
These include downloadable resources that students can review offline. Blended 
training is a combination of classroom and online training where students meet in a 
traditional classroom setting periodically, then perform much of their work and submit 
assignments online. In remote areas with limited teacher educators and limited Internet 
access this type of instruction is especially effective. In some areas teacher education 
training is also conducted through radio lessons. 
Materials and Methods 
MOODLE Learning Management System (LMS) 

The MOODLE LMS is an open source virtual learning environment that is used by 
colleges and universities throughout the world. This feature rich learning management 
system encourages collaboration between teachers and students. The latest version of 
MOODLE is 3.5.2. It is mobile compliant and there is a mobile app designed 
specifically to let students complete their entire course from a smart phone or other 
mobile device. It also provides students with the ability to download segments of the 
course for offline review. When the student reconnects to the Internet assignments and 
activities are uploaded to the learning management system. 

In 2009 we established the Early Care Institute. It is a MOODLE online training 
site that we established to provide instructor-facilitated training to early care providers 
in Maryland, Virginia and the District of Columbia in the United States. We have 
provided training for thousands of students in a variety of topics. Childcare 
Management Solutions is approved to provide training to early care administrators and 
staff for each Core of Knowledge Area at the advanced level. Each state establishes 
their own policies, procedures and requirements for teacher training organizations and 
training organizations get approved to offer courses in the classroom and online (Figure 
III).   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure III. Early Care Institute (MOODLE Site) 
 
Videos 

The HTML5 specification introduced the video element for the purpose of playing 
videos, partially replacing the object element. HTML5 video is intended by its creators 
to become the new standard way to show video on the web, instead of the previous de 
facto standard of using the proprietary Adobe Flash plugin. The HTML5 video element 
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allow device independent use of properly formatted videos. MOODLE supports the 
integration of videos from services such as YouTube and Vimeo. For videos used for 
online training in Africa the segments should be short segments by topic. They should 
also provide students with the option of downloading the video for offline viewing. 
Mobile Devices 

Smart phones are more widely used in Africa then computers and much less 
expensive. Smartphone connections are expected to surpass 725 million by 2020, up 
from 226 million in 2015. Much of this activity is driven by the expansion of mobile 
broadband services and smartphones that cost less than $50 US (Dahir 2016). 
MOODLE is a mobile compliant application that recognizes when a smart phone or 
tablet is being used. It will allow students to download resources and activities to the 
device for later access to minimize data costs and to complete the complete course on 
the mobile device (Figure IV). 

Figure IV. MOODLE Mobile App 
 
Moodle Mobile is the official mobile app for Moodle. 
x Browse the content of your courses, even when offline 
x Receive instant notifications of messages and other events 
x Quickly find and contact other people in your courses 
x Track your progress, mark tasks as complete and browse your learning plans 
x Attempt quizzes, post in forums and edit wiki pages 
x Upload images, audio, videos and other files from your mobile device 
x View your course grades 

 
MOODLE is an Open Source learning management system designed to provide 

educators, administrators and learners with a single robust, secure and integrated system 
to create personalised learning environments. It is used by tens of millions of people 
worldwide. It can also be extended with over 500 plugins for assignments, quizzes, 
grading, certification, and social and collaborative learning. Here are just a few of the 
standard features (Table III). 
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Table III. MOODLE Activities and Resources 
Module Name Description     
Assignment Enable teachers to grade and give comments on uploaded files 

and assignments created on and off line 
Attendance Allows teachers to keep detailed records on attendance and 

participation 
Chat   Allows participants to have a real-time synchronous discussion 
Choice A teacher asks a question and specifies a choice of multiple 

responses 
Database Enables participants to create, maintain and search a bank of 

record entries 
Feedback For creating and conducting surveys to collect feedback. Similar 

to Questionnaire, but allows for anonymous feedback. 
Forum Allows participants to have online discussions to complement 

class 
Glossary Enables participants to create and maintain a list of definitions, 

like a dictionary 
Lesson   For delivering content in flexible ways 
Questionnaire Allows the teacher to design survey questions for students, such 

as mid-term evaluations 
Quiz Allows the teacher to design and set quiz tests, which may be 

automatically marked and feedback and/or to show correct 
answers 

Scheduler Allows participants to sign up for time slots created by the 
teacher 

SCORM Enables SCORM packages to be included as course content, 
sometimes SCORM modules are available from textbook 
publishers 

Survey Tool for gathering data from students to help teachers learn about 
their class and reflect on their own teaching using pre-loaded 
surveys 

Wiki   A collection of web pages that anyone can add to or edit 
Workshop  Enables peer assessment 
Gradebook Allows teacher to collect and calculate grades, with the option of 

allowing students to see their only grade calculations for the 
course 

Completion  Tracking that allows a teacher to set criteria that marks an activity 
'complete'. 
 

Course Content 
Established Early Childhood Education (ECE) curriculum for teacher training is 

widely available and accomplishes the primary goal of providing training for classroom 
teachers, but there is also a unique opportunity to provide training in other topic areas. 
Training for administrators and for individuals interested in starting a new school can be 
provided online. Nigeria’s Basic Curriculum provision of the National Policy on Pre-
Primary Educations suggests to achieve their objectives that a variety of steps be taken 
(Sooter 2013): 

1. Encourage private efforts to provide pre-primary education 
2. Make the training a specialty 
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3. Ensure that local languages are incorporated into the training, including textbooks 
and resources 

4. Ensure that the main method of teaching be through play and be reflected in the 
curriculum for teacher training 
 
These basic curriculum materials already exist. By modifying the materials for 

online and converting them into local languages, existing teachers can be trained and 
new teachers can be recruited and trained.   
 
RESULTS AND DISCUSSION 
Technology Solutions 

Online training can increase the number of trained teachers that are available to 
work with children from birth to five in Nigeria and other countries in Africa. Using 
mobile devices and content designed to work effectively in environments with limited 
Internet access will increase the number of teachers that are trained to work with young 
children. 
 
CONCLUSION 

Evidence shows that birth to five education has a critical impact on a child’s 
educational ability later in life. Trained teachers are needed to work with young 
children. Effective E-Learning can be a cost effective tool to increase the skills of 
existing teachers and to train new teachers. As mobile broadband networks and 
smartphone usage expands, online training will be a logical choice to provide the 
training needed by teachers of young children.  The use of online training tools for early 
childhood teacher training places much of the responsibility for learning on the student. 
It also makes the training materials more accessible to the student, they can learn at a 
time and in ways that are most convenient and effective for them. Instructors also 
benefit because their schedule becomes more flexible and their burden of being 
responsible for training is shared with the student as it should be. Instead of utilizing 
classroom training which is very limited in rural areas, learning resources can be made 
available to the teachers of young children more effectively.  

It’s time to start using online training tools in the workplace and at home to make 
employees more productive, businesses more effective and students more engaged. 
Using distance learning technologies provides an opportunity to stretch the training 
budget and make better use of resources. 
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Abstract 

This project is done using Intel UP² Grove IoT Development Kit that provides 
guidelines how IoT sensors can be configured using UP² board. The purpose of this 
project is to show how to read data from sensors and use the monitor to interact with 
the UP² board. It assesses how IoT sensors function to control our environment such as 
detecting how bright or dark light. The project mainly tests three sensors. The first 
sensor is Grove LCD that shows outputs on the LCD display using UPM library. The 
second sensor is rotary angle sensor that rotates up to 300 degrees to control the sensor 
output. The third sensor is Grove Light Sensor which uses a light dependent sensor 
(GL5528 photoresistor) to detect the intensity of light in the environment. The project is 
done with the assistance of Dr. Jesse Bemley. Because of budget and time restraints, the 
project is limited to Intel UP² Board Grove IoT Development Kit. I have also used 
online articles throughout the research. The project will help as an introductory point 
for those who are interested on the area to do further research. The project is organized 
into three major parts. While the first part gives the general introduction about the 
whole project, the second part provides details about how to configure UP² Board. The 
last part of the project covers how different sensors sense environment and displays 
output. It also incorporates bibliography. 

 
Keywords: IoT Sensor, UP² Board, Grove Pi+ Board, Arduino Create, blink application 
 
INTRODUCTION 

This project is to configure IoT sensors using UP Squared (UP²) Board intel’s 
IoT Development Kit. It briefly provides guidelines for users how IoT sensors work 
with UP² board. The IoT (Internet of Things) is the network of physical objects or 
devices, vehicles, buildings, and other items embedded with electronics, software, 
sensors, and network connectivity that enables these objects to collect and exchange 
data. This kit includes various materials that are needed for the Kit to function properly. 
As it is shown on figure one below, the kit comprises UP² board, Grove Pi Board, Micro 
USB Cable, UP² Board Power Cable, Ethernet cable and internet access, and host 
computer connected to the internet.  

 

 
 

While the UP² board (located at the bottom on figure two) is the most powerful 
maker board ever in Intel, Grove Pi Board (a rectangular shape with many ports located 

Figure One: UP Squared IoT Grove Development Kit materials 
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at the top of UP squared board on figure two below) does not need for soldering or 
breadboards. You can just plug in your Grove sensors and start programming directly. 
Grove is an easy to use collection of more than 100 inexpensive plug-and-play modules 
that sense and control the physical world. The UP Squared IoT Grove Development Kit 
offers pre-installed Ubuntu 16.04 and Arduino Create, which includes over 400 sensor 
libraries.  

By connecting Grove Sensors to Raspberry Pi, it empowers your Pi in the physical 
world. With hundreds of sensors to choose from Grove families, the possibilities for 
interaction are endless. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Building UP Squared (UP²) Board 

UP Squared board (UP²) is the world’s fastest x86 maker board based on latest Intel 
platforms Apollo Lake. UP is the bridge between your hobby and your future business. 
UP² board is the most powerful maker board ever in Intel. “Features of the UP Squared 
Board are multiple USB 3.0 ports, double Gigabit Ethernet, and HDMI making it ideal 
for solutions in Internet of Things” ("UP Squared Boards - AAEON | Mouser Europe", 
2018).  

In order to configure IoT sensors on UP² board, we are going to have three major 
steps. Each step will have various sub-steps and instructions. These major steps are to 
make Board connections, connect to Arduino Create, and run the blink application. All 
of these step’s instructions will be elaborated throughout this paper.  
Make Board Connections 

To make the board connection you need Grove Pi+ board, micro UP² board, and 
Ethernet for the system that connects the board to internet connection. The figure Three 
below shows a diagram of Arduino Create with UP² board IoT sensors. 
 
 
 
 
 
 
 
 
 
 

 

Figure Two: Up Squared board with Grove Pi+ board 

Figure Three: A diagram for Arduino Create with UP Squared Board. 
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This is how the board connection looks like after completing all connections. 
Making board connections on the UP squared board follows three major guidelines as 
the following. 

a) Install the Grove Pi+ board. To install the Grove Pi board, locate the small white 
arrow on the UP² board. Look for small white arrow (triangle shaped) at the tip of the 
UP² board right next to the gold screw. Then, locate the connector 1 on the UP² board 
and connector pins on the Grove Pi+ board. Once you locate both the connector1 and 
pin on the Grove Pi+ board, line up pin 1 on Grove Pi+ board and connector 1 on UP² 
board. Then, carefully press down the Grove Pi+ board to the UP² board. Make sure all 
the pins on the Grove Pi+ board slide neatly into the connectors on the UP² board. Do 
not bend any of the pins on the Grove Pi+ board which will damage all the system not 
to function properly. 

b) plug the Micro USB Cable into the UP² board. Identify the Micro USB 3.0 port on 
the UP² board and plug the Micro USB cable in to the UP² board. Since there is dual 
Micro USB 3.0 port on the UP² board, plug the Micro USB cable into the left side of the 
USB port. Then, connect the Micro USB cable to your host computer so that it can 
transfer any data or information to the host computer. Connect the Ethernet Cable to the 
UP² board and to your Router.  
Note: the Ethernet cable must be plugged first before powering on your board so that 
your board can get an IP address. 

c) Power up your board. After completing all other connections, the next step is to 
plug in your UP squared Board to the power supply and plug the power supply into an 
electrical outlet. If you completed the connection correctly, you will see the orange LED 
light blinking at the top of your Ethernet port and power LED light on the left side of 
your power supply jack. While the orange LED light implies your UP squared Board 
Ethernet connection, the green power LED light shows the UP squared Board is 
ultimately connected to power supply. In addition, you can either press the small white 
button next to the blue LED or simply unplug the power cable. 
Connect to Arduino Create 

“Arduino Create is an integrated online platform that enables Makers to write code, 
access content, configure boards, and share projects” ("Arduino - Create", 2018). 
Arduino is an open source computer hardware and software company, project, and user 
community. It designs and manufactures single-board microcontrollers and 
microcontroller kits for building digital devices and interactive objects that can sense 
and control objects in the physical and digital world.  

Through Arduino Create, you can access Arduino Web Editor that allows you to 
write code and upload sketches to any Arduino board Intel based platforms from your 
web browser after installing a simple plug-in. Since it is hosted online, it will always be 
up-to-date with the latest features and will always support any new board of the 
Arduino system. The Arduino Web Editor is supported on Windows, Linux, Mac and 
Chrome OS. In order to configure Arduino Create, follow the following three sub-steps. 
Configure the UP Squared Board 

On your host computer, go to https://create.arduino.cc/getting-started/up2. Then 
click Login. When you click Login, it will ask you to sign in or sign up for Arduino 
Create. If you do not have account, follow the onscreen instruction to sign up. You have 
to activate your account and log into the site using your new password and user name. 
You will be asked to install Arduino plugin if this is your first-time using Arduino 
Create. To install Arduino plugin, follow the onscreen instruction. If you get an error 
message saying “We are not able to detect the installed plug in”, locate the Arduino 
plugin icon and Right click on the icon , then select Open plugin. After you 
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create Arduino account and logged in into Arduino create, you will be asked to upload 
the Arduino Connector to your UP² board. Then click Upload. 
Verify your Board’s Connection 

After you complete the plugin, you will be asked to double check if your board is 
properly connected so the connector can be installed. Make sure all connections are 
properly connected including power supply and network. After installing the plugin, 
verify if it is still powered on and click Next.  
Upload the Arduino Connector to your Board 

Once you verified your board is properly connected, upload the Arduino connector 
to UP² board. You will be asked to upload the Arduino Connector to your UP² board. 
Then Click Upload. In order for your board connect to Arduino Create, the process will 
take about 3 minutes as shown on figure four below. 

 

 
 Figure Four: UP Squared Board connecting to Arduino Create 

 
Hence, make sure to wait at least 3 minutes for the connection process. After 3 

minutes, you will see the message “Congratulations! You are all set”. If your board 
cannot connect with in 3 minutes, check your connections such as Ethernet, power, 
micro USB, and others. If your board is not still connected to Arduino Create, apply the 
following troubleshooting guidelines: 

x Restart your UP Squared board 
x Minimize all windows to see if you have missed a pop-up message “Do you want to 

install a driver” or other forms of pop-up messages. 
x Make a hard refresh on the Arduino web pages. 
x Refer to a troubleshooting guide on Arduino pages or you tube. 

Name your Board 
Once your board is connected with Arduino Create, give your board a name, such 

as up1, up2, or up3 as shown below (see figure five below).  
 

 
Figure Five: Creating a Device Name 

 
At this point you are ready to do your very first program using Arduino Create 

software. As your board is connected with Arduino Create software using internet, you 
can start doing your project on it. 
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Run the Blink Application 
In this topic you will run a blink application using your UP Squared Board and 

Arduino Create application. You will run a sample Blink Application by connecting 
LED into your board. You will also upload the sketch using Arduino Create and write a 
software code that run the Blink Application. 
Connect an LED 

Before you connect an LED light, get the Grove Green LED and locate D4 on the 
Grove pi board (circled in Green on figure six below). Use a Grove Cable to connect the 
LED to D4. The LED have two pins, a longer and shorter. While the longer pin is 
carrying a positive charge, the shorter pin is carrying a negative charge. Therefore, 
make sure you connect the longer wire to the positive terminal. 

 
 
Note: you can 
leave the board 
on when 
plugging in the 
LED. 
 
 
 
 

 
 
Open the Sample Blink Application 

In order to do the sample Blink application, open the Arduino Web Editor page 
from Arduino Create page and open the Blink Examples. Once you open the Arduino 
Web Editor, go to Examples > FROM LIBRARIES > UP Squared GROVE IOT DEV 
KIT > Blink (see figure six above). 

 

 
Figure Seven: Web Editor Sample 

 
Upload your Sketch Using Arduino Create 

Open Arduino Create page to upload the sketch using Arduino Create. Then, from 
the drop-down menu, choose your board via Cloud as it is indicated on figure below. 
Then click Upload (the right arrow sign on figure eight) to upload and run the sketch. 
When you click Upload button, you are uploading and running the sketch on your target 
device. However, if you want to compile your sketch without uploading and running it, 

 Figure Six: Connect an LED 
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click the Verify button to the left side of the Upload button as it is shown on figure 
eight below. 

 
 

 
 
 
 
 
 
Your Sketch is Running 

At this moment it is time to confirm that your sketch is running. In order to confirm 
this process, you will get a process ID (PID) at the bottom of the screen as indicated 
below. 

 

 
Note: the sketch ID / PID number will be any number generated automatically when 
you run the sketch.  

Now you should see the LED is flashing. Since the LED is less bright and flash 
slowly, go closer to it and you will see the LED flashing slowly. If your LED is not 
flashing, follow the next guidelines to troubleshoot the LED: 

x Check if you have connected the LED to the right connector on your Grove Pi 
board D4  

x Check if your board is still connected. 
x Check if the LED is plugged correctly 
x Make sure you selected via cloud board 
x Re-try it again. 

Sensors 
A sensor is a device which detects or measures a physical property and records, 

indicates, or otherwise responds to it. It is an object whose purpose is to detect events or 
changes in its environment, and then provide a corresponding output. A sensor is a type 
of transducer; sensors may provide various types of output, but typically use electrical 
or optical signals. For example, a thermocouple generates a known voltage (the output) 
in response to its temperature (the environment). There are different types of sensors for 
different purposes. The following are some of the examples of sensor. 
 
Grove LCD Display 

LCD (liquid-crystal display) is a flat-panel display or other electronic visual display 
that uses the light-modulating properties of liquid crystals. Liquid crystals do not emit 
light directly. The figure below shows a diagram of Grove LCD display connected to 
UP Squared board. 

Figure Eight: Upload your Sketch Using Arduino Create 
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 Figure Nine: Grove LCD display connected with UP Squared Board 

 
In order for any UPM (Useful Packages and Modules) library to work, you need to 

include the header file corresponding to that particular sensor in your sketch. If you 
browse the Libraries in Arduino Create* and include the UPM library, all the UPM 
sensor libraries will be included, and you probably only need one or two out of the 
several hundred. 

 
Grove Rotary Angle Sensor 

The rotary angle sensor produces analog output between 0 and Vcc (5V DC with 
Seeeduino) on its D1 connector. The angular range is 300 degrees with a linear change 
in value. The resistance value is 10k ohms which is perfect for Arduino use. It is also 
called a “potentiometer”.  

 
Figure 10: Grove Rotary Angle Sensor 

As it is shown above on figure, first connect the hardware. You have to plug in the 
Grove LED to "D4" on the Grove Pi board. Then, plug the Grove Rotary Angle Sensor 
into "A0". Second, get the code. Use the existed code, open the example in the Arduino 
Create IDE, navigate to Examples > FROM LIBRARIES > UP SQUARED GROVE 
IOT DEV KIT > Grove Rotary Angle. 
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Grove Light Sensor  
The Light Sensor is one of the two sensors that give your robot vision (the 

Ultrasonic Sensor is the other). The Light Sensor enables your robot to distinguish 
between light and dark. It can read the light intensity in a room and measure the light 
intensity of colored surfaces. Grove Light Sensor uses a light dependent sensor 
(GL5528 photoresistor) to detect the intensity of light in the environment. The 
resistance of photoresistor decreases when the intensity of light increases. The output 
signal from this module will be HIGH in bright light and LOW in the dark. 

The Grove light sensor works as the following. First, plug the Grove light sensor 
into port A0 on the Gro pi board. Then get the code from the Arduino Create IDE under 
Examples > FROM LIBRARIES > UP SQUARED GROVE IOT DEV KIT > Grove 
Light Sensor. Before running the code, open the Monitor in the IDE. Once you run it, 
you should see the value of the sensor input in the Monitor.  

 
 Figure 11: Grove Light Sensor 
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