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Abstract  The study examined the types and intensity of innovations in the indigenous Nigeria’s oil and gas servicing 
sub-sector. The study used primary and secondary data sources, 100 firms were purposefully selected and sampled, focusing 
on the period between 2001 and 2010. A total of 400 questionnaires were admin istered of which 70% were returned and 
found suitable for analysis. The responses were aggregated such that the unit of analysis was the firm. Secondary data were 
sourced from the internet and other published sources. The data so obtained were analyzed using descriptive and inferential 
statistics. Of the 4 types of innovation that the study examined, o rganizat ional innovation was the most prevalent (46%) while 
diffusion-based innovation was least (10%). Product and process innovations were implemented, respectively, by 17% and 
22% of the firms. Innovation intensity was low: only  two  patents were granted to the firms within  the period 2007-2010, level 
of organizat ional learning was low, the number of R&D staff was low while the impact of innovation on firms’ performance 
was expressed in increase in profit, process improvement and new product development. In conclusion, our study found out 
that the overall innovation capability of the firms was expressed in organizational innovations. 
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1. Introduction 
Science and technology (S&T) is crit ical to the economic 

growth and development of any nation. Indeed, the extent to 
which new knowledge is generated and innovation used is 
what distinguishes developing countries from developed 
ones. The difference between developing countries and 
emerging economies, such as Brazil, Ch ina and India that are 
fast becoming industrialized can similarly  be attributed to 
difference in  scientific  research and innovation[13]. S&T has 
also been identified to be critical to progress of 
industrialization in  our modern  knowledge-driven world 
economy. Therefore, many countries now devote an 
increasing proportion of their capability and resources to 
S&T and to research and development (R&D) in order to 
achieve competitive advantage.  

Researchers  in  the area o f sustainab le compet it ive 
advantages have come to the conclusion that the only thing 
that endows a compet itive edge on  an o rganization  or a 
nation is what it  knows, how it uses what it  knows and how 
fast it can know something new[7; 10; 18]. In other words, 
the cause of the competitive gap between nations of the north  
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and south is knowledge[18]. The payback of science and 
technology are derived through the invention and application 
of scientific and technological knowledge to create new 
products and processes and add value to existing products 
and processes. Hence, with or without technology transfer, 
late comer economies – like Nigeria - do not automatically 
benefit from the increasing global pool of technologies[23]. 

In developing countries, innovation is seen as a process of 
adoption, absorption and diffusion of traditionally availab le 
technology[11]. It is therefore important for firms in the 
indigenous oil and gas industry in Nigeria to develop the 
capability to explo it the locally available technology to gain 
competitive advantage. This capability is embedded in the 
set of skills and competences which the firm possesses 
and/or can exploit to manage change[15].[22] defined 
innovation capability as the skills, knowledge, resources, 
creativity and attitude needed to continuously generate and 
translate ideas and change into marketable new or 
significantly improved devices, products, processes and 
services. Innovation is very essential for the Nigerian 
indigenous oil and gas firms’ growth and also for these firms 
to compete with the foreign firms with in the industry[8; 21; 
22].[22] linked innovation with  economic growth. A  nation’s 
economic growth is the nation’s increasing capacity, to 
produce more and better goods and services to its population.  

2. Methodology 
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The study, which used primary and secondary data 
sources, was based on a sample of the indigenous oil and gas 
servicing firms in Nigeria. 100 firms were purposefully 
selected and sampled, focusing on the period between 2001 
and 2010. Four types of questionnaire were administered in 
the firms. This was supplemented with shop-floor 
observations and interviews. The questionnaires elicited 
informat ion on the firms’ innovation activities and the 
factors that influenced these. A total of 400 questionnaires 
were administered on heads of Production, Engineering, 
Finance and Administration in the firms out of which 70% 
were returned and found suitable for analysis. The responses 
were aggregated such that the unit of analysis was the firm. 
Secondary data were sourced from the internet and other 
published sources. The data so obtained were analysed using 
descriptive and inferential statistics. 

2.1. Four Types of Innovation 

To measure the technological innovation, this study 
considered 4 types of innovation as outlined below. 

i. Product innovation was measured via three proxy  
variables, one of which is similar to those used in many 
previous studies[19; 14]. The first variable indicated whether 
or not the firm developed a new product during the reference 
period. The next two variab les measured whether or not the 
firm introduced a new product to the market or modified an 
existing one.  

ii. Process innovation was measured via three proxy 
variables indicating whether the firm developed, introduced 
a new process in its production activities or modified an 
existing one[19; 25].  

iii. Organizational innovation was captured with four 
variables drawn from[25]: changes in quality controls; 
maintenance routines, waste management procedures and 
reverse engineered any product or process. 

iv. Diffusion-based innovation is considered to be 
unique in the sense that it is particularly important in the 
developing country context. According to[17], in developing 
countries, technology transfer from mult inational 
corporations and from abroad is a fundamental source of 
innovation; and acquisition of embodied technology 
(equipment) fo r both product and process innovation is a 
major component of innovation. The crucial importance of 
capital goods as a source of innovation even in developed 
countries is confirmed by a survey of European enterprises, 
which shows that 50 per cent of total innovation expenditure 
is embodied in plant, machinery and equipment purchased 
by industrial firms, with own R&D accounting for just 20 per 
cent[24]. Th is innovation type was measured through two 
simple binary variables: the acquisition of product licence 
and/or process licence. Whether or not a firm uses 
technology licensed from a foreign owned company or enters 
into a joint venture has been found to be important for firm 
growth[6]. 

2.2. Extent of Innovation 

The intensity of innovation was measured using extent of 
innovation. The descriptive statistics on the extent of 
innovation within the indigenous oil and gas servicing firms 
was measured by the four variables as listed below: 

i. The numbers of patents requested by the firms and the 
number of patents granted to the firms with in the period 
2001-2010 

ii. Number of R&D staff working in the firms within the 
period 2007-2010 

iii. The intensity of organisational learning within  the 
period 2007-2010 

iv. The impact the innovation activities on firms’ 
performance indicators within the period 2007-2010 

3. Results and Discussion 
3.1. Prevalence of Technological Innovations in the 

Surveyed Firms  

The study considered the prevalence of different types of 
technology-based innovative activities in the sub-sector. 
Table 1 shows the statistics on the prevalence of each type of 
technological innovation found within the indigenous oil and 
gas industry. The Innovation index for product innovation 
was 0.17, process innovation was 0.22, organizat ional 
innovation was 0.46 and diffusion-based innovation was 
0.10. On the average, 21% of the firms were 
innovation-active during the reference period. 

As shown in Table 1 and 2, the prevalence of 
technological innovations was low except for organizat ional 
innovation which seems to be common to most of the firms. 
The prevalence of product innovation is observed to be low. 
This is probably due to the fact  that the resource required to 
implement these changes might not be available to many of 
the firms. The main product innovation in the surveyed firms 
was expressed in the introduction of new products rather 
than improving the already existing product and developing 
new products. This is might be due to the fact the firms need 
to widen the range of their services.  

On the contrary, the firms did not introduce new processes; 
they concentrated on improving the existing process. This 
may  be because process innovation in the oil and gas 
servicing firms was mainly expressed in the purchase, 
mastery and efficient use of new equipment. The cost of 
acquiring and deploying new machinery is high and 
interviews conducted in the field showed that most firms 
cannot easily afford it; it has to be strategically p lanned and 
budgeted for. 

The prevalence of organizational innovation was found to 
be highest and this could be because organizational 
innovation costs less to carry out. This suggests that 
organizational changes are at the heart of the innovation 
processes in the indigenous oil and gas servicing firms. This 
agrees with the study of[5] on the innovation capability in the 
cable manufacturing sub-sector. These changes, like[14] 
argued, are typically expressed in business practices and 
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workplace organization that are new to the firm and occur as 
a result of strategic management decisions. The intensive 
prevalence of organizat ional innovation within  our 
developing country context is not surprising because 
organizational changes are less risky and consume much less 
resources compared to other types of innovations.  The 
firms introduced maintenance routine to ensure good 
performance and the long time of their machinery. They 
introduced quality control to ensure the effectiveness and 
efficiency of their tools, equipments and machinery.  

Also, Table 1 shows that the performance of the firms in  
diffusion-based innovation was relat ively poor. Diffusion-b
ased innovation was found to be the lowest among the four 
types of innovation considered in th is study (Table 1). Th is is 
because almost all the firms in the industry are all SMEs that 
are mostly confronted by several resource constraints. It is 
therefore difficult  for them to procure licenses to use the 
newest technologies already discovered, protected and used 
in technologically advanced nations. Low levels of 
absorptive capacities may also explain this situation[20]. It is 
important to note here that although purchase of new 
machinery/equipment is included in the concept of 
diffusion-based innovation, the index constructed eventually 
only included product and process licensing (Table 2). This 
happened because most of the firms were reluctant to 
volunteer informat ion on their purchase of equipment. The 
firms that have been able to do this are those which are 
affiliated to foreign firms and individuals. From the survey, 
it was found out that there were two firms using licenses for 
product technology and one of the two firms obtained the 
license from a fo reign firm while the other firm obtained the 
license from a foreign university. Also three firms use 
license for process technology with two of the firms 
obtaining the license from a foreign firm while the other 

obtained the license from a Nigerian firm. Only a quarter of 
the surveyed firms developed or applied or modified 
versions of product and/process technology, About 31% of 
these developed new/modified versions of the product or 
process on their own while 69% did  through partnership with 
their licenser.  

Table 1.  Innovation indices for the innovation types 

Innovation types Innovation Index 

Product Innovation 0.17 

Process Innovation 0.22 

Organisational Innovation 0.46 

Diffusion-based Innovation 0.10 

Source: Field survey, 2011 
Legend: 0.00 - 0.40  Low, 0.40 – 0.60 Medium, 0.60 – 1.00 High 

3.2. Intensity of the Innovations 

The evaluation of the intensity of innovation within the 
sub-sector was carried out by considering the extent of 
innovation among the firms.[14] and[25] identified a broad 
range of act ivities that a  firm could  undertake to innovate. 
These activities as considered in this study are summarized 
in Table 2. The more of these activities that a firm is posited 
to implement, the stronger the firm is said to be and by 
extension, the broader the range of innovation within an 
industry, the more dynamic the industry would be. For 
instance, a higher level of uncertainty and competitiveness is 
very likely to be experienced within an industry where firms 
have comparable tendencies to develop new products, 
modify existing ones, make changes in their processes and 
approach the market in an innovative manner, among other 
innovative activities.   

Table 2.  Prevalence of innovation in the indigenous oil and gas servicing firms in Nigeria 

Product Innovation Started but later abandoned (%) Initiated and completed (%) 
Introduced new product 1.5 30.9 

Improved existing product 0 14.9 
Developed new product 3 1.5 

Process Innovation Started but later abandoned (%) Initiated and completed (%) 
Introduced new process 3 20.9 

Improved existing process 3 30.9 
Developed new process 6 1.5 

Organizational Innovation Started but later abandoned (%) Initiated and completed (%) 
Introduced quality control 5.9 39.7 

Introduced maintenance routine 8.7 52.2 
Introduced waste management procedure 13.2 33.8 

Reversed engineering of any product/process 22.4 9 
Diffusion-based  Innovation  Initiated and completed (%) 

Licensing contract for product technology  2.9 
Licensing contract for process technology  4.5 

Modified versions of product/process technology  24.6 

Source: Field survey, 2011 
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3.2.1. Number o f Patents Requested by and Granted to the 
Firms  

The patent propensity rate is a potentially valuable 
indicator for both innovative activit ies and appropriation 
conditions as shown in table 3.  

Table 3 shows the intensity of innovation is low as far as 
patenting is concerned. The firms  have not really  invented 
new technologies on their own as only two out of the nine 
patents that were applied for were granted to the seventy 
firms that were surveyed within the period 2001-2010.  

3.2.2. Number o f R&D Staff in the Work Force  

The trend in  literature showed that it  is not innovation 
input (Research and Development) but innovation output 
that increases productivity[12; 1]. However, firms invest in 
research in order to develop process and product innovation 
which in  turn may  contribute to their productivity and other 
economic performances. This study found out that one-third 
of the firms were involved in research and development 
activities but results of the research and development have 
not really translated into innovation (Table 4).  

The data collected also showed that only 14% of the firms 
have research and development department as a separate 
technical department.  

3.2.3. Intensity of Organizational Learning 

Table 5 shows the various trainings the surveyed firms 
underwent within the period 2007-2010. 

There are three main components of human cap ital: early  
ability (whether acquired or innate); qualifications and 
knowledge acquired through formal education; and skills, 
competencies and expert ise acquired through training on the 
job. The concept of human capital arose from a recognition 
that an individual’s or a firm’s decision to invest in human 
capital (i.e . undertake or finance more education or train ing) 
is similar to decisions about other types of investments 
undertaken by the individuals or firms. Human capital 
investments involve an init ial cost (tuition and training 
course fees, forgone earnings while at school and reduced 
wages and productivity during the training period) which the 
individual o r firm hopes to gain a return on in the future (for 
example, through increased earnings or higher firm 
productivity).  

As with investments in physical capital, this human  capital 
investment will on ly be undertaken by the wealth - 
maximizing indiv idual or firm if the expected return  from the 
investment (or ‘net internal rate of return’) is greater than the 
market rate of interest.  

The firms surveyed did not engage well enough in 
organizational learning as less than a quarter of the sampled 
firms engaged in the different courses except for ICT in 2007. 
The rationale for this anomaly could be attributed to the fact 
that ICT and soft engineering services were d iffused to the 
indigenous Nigerian oil and gas servicing firms between 
2004 and  2006 as a result, many of the firms incorporated the 
use of ICT in their organizational routine and it was this that 

accounted for the 0.1 diffusion-based innovation index 
recorded in this study. Organizat ional learn ing theory 
suggests that innovation is an interactive learn ing process 
involving the generation, adoption, implementation and 
incorporation of new ideas and practices internally and 
externally[9]. The outcome of organization learning thus 
generates the knowledge and skill needed for firms to select, 
acquire, maintain, adapt, improve and develop  competit ive 
capabilit ies[7]. Such knowledge and capabilit ies further 
prepares the firms  to better understand, evaluate and explo it 
external knowledge in  the future[4]. More recent theories of 
open innovation further elaborates on the use of both internal 
and external ideas and paths to market, which increases the 
number of possible innovations and the ways that firms can 
capitalize on these innovations[2; 3]. The majority of the 
firms underwent organizational learning at some point in the 
reference period, the effect of this training is not really felt as 
the prevalence all the innovation types identified as relevant 
to this study were low except for organizational innovation. 
This could be a result of poor absorptive capacity which is 
usually due to the educational level of the employees or lack 
of machinery and tools to practice new knowledge or 
probably the innovations/technologies used by the foreign 
firms have been protected and probably the indigenous firms 
do not have funds to procure their licenses.   

3.2.4. Impact of the Innovation on Firms’ Performance 

It is well acknowledged that technical change and 
innovation are major drivers of competitive advantage and 
economic growth. The contribution of technical change to 
the indigenous oil and gas servicing firms’ competit ive 
advantage is estimated by an array of indicators as expresses 
in table 6. 

The impact of innovation activities of the indigenous oil 
and gas firms was given by: increase in the firm’ p rocess 
improvement as well as new product development  and profit. 
The innovation activities didn’t increase the market share of 
the indigenous oil and gas servicing firms above 31% (Tab le 
6) and this agrees with work of[16] which posited that the 
local content in the oil and gas industry is below 40%. Also, 
the organizational routine of the indigenous oil and gas 
servicing firms are quite similar and since innovation in the 
industry is quite low, there has been no major d iversification 
in the various services offered by the indigenous firms as 
most of the firms introduces new services and new processes 
about same t ime. They have not shown any level of 
competence in  offering a service or using process technology 
that is inimitable by their competitors. 

Additionally, it was gathered in the study that although 
most of the firms engaged in some innovation activities 
during the reference period, only a few of the firms actually 
engaged in a broad spectrum of innovation activities. Taken 
together with the figures on the index of innovation, a main 
implication o f these is that the capability for innovation in 
the indigenous oil and gas servicing firm in Nigeria is 
generally low (Tables 1 and 2). Indeed, the figures favour the 
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fact that capability for organizational innovation is the most 
pronounced. It fo llows, then, that much is still to be done to 
ensure that innovation capability improves in this sub-sector 
in the three other areas of innovation considered in this 
study. 

Further empirical evaluation of the intensity of innovation 
was somewhat difficult to establish at the sub-sectoral level 
because most of the firms were reluctant to supply precise 
financial information, particularly  regard ing their turnover. 

Data on machinery/equipment investment was not available 
from any of the firms. 

Table 3.  Number of patents requested by and granted to the firms within 
the period 2007-2010 

No. of firms No. of patents 
requested  

No. of patents 
granted Intensity 

70 9  2 0.03 

Source: Field survey, 2011 

Table 4.  Correlation between number of R&D staff and the innovation types 

  Product Innovation Process Innovation Organisational Innovation 

No. of people working in R&D in 
the firms in 2007 

Pearson Correlation -.077 0.505 0.126 
    
    

No. of people working in R&D in 
the firms  in 2008 

Pearson Correlation -.077 0.505 0.126 
    
    

No. of people working in R&D in 
the firms in 2009 

Pearson Correlation -0.030 0.112 0.426 
    
    

No. of people working in R&D in 
the firms in 2010 

Pearson Correlation 0.339 0.258 0.147 
    
    

**. Correlation is significant at the 0.01 level (2-tailed).  
Source: Field Survey, 2011 

Table 5.  Intensity of organisational learning among the selected firms 

Training programmes held in the firms 2007 (%) 2008 (%) 2009 (%) 2010 (%) 

ICT 34.3 2.4 17.1 17.1 

Repairs and Maintenance 5.7 14.3 34.3 32.9 

Project Management 1.4 7.1 22.9 27.1 

Technical Report Writing 0 2.9 8.6 7.1 

Industrial Safety 11.4 18.6 27.1 34.3 

Source: Field survey, 2011 

Table 6.  Impact of innovation on firms’ performance 

Firms’ performance Increased (%) Unchanged (%) Decreased (%) 

Profit 50.8 49.2  
Market Share 31.8 68.2  

Diversification 30.3 69.7  
Product differentiation 39.1 60.9  
Process improvement 81.2 17.2 1.6 

New product development 53.2 46.8  
Employment 35.5 61.3 3.2 

Source: Field survey, 2011 

4. Conclusions 
The major technological influencers of innovation 

capability within the sub-sector revolved around training, 
research and development, and innovation investment and 
almost all the firms  are involved in  at less of the three 

mentioned. As the case studies confirmed, most of the firms 
operate at sub-optimal capacities due to the exogenous 
constraints they face. These exogenous constraints are 
notably poor power supply, weak institutions and very low 
levels of government support. Besides, one particular factor 
that seemed to have negatively impacted firm-level 
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innovation in the firms surveyed was the very low support 
available through the knowledge institutions. Nonetheless, 
the firms apparently make up for th is deficiency through the 
considerable support system available from their trade 
association which acted as a major avenue of learning and 
capability building. Together with that, the firms may have 
interacted most extensively with their competitors, 
customers, and suppliers.  

5. Strategic Implications for Practice 
For the indigenous firms , the fo llowing specific suggestio

ns are useful for the build-up of innovation intensity: 
i. firms are required to improve their absorptive capacities 

by creating regular programmes for staff development, and 
making the necessary investments. 

ii. firms should make efforts to interact with government, 
knowledge institutions and other key  actors of the sectoral 
innovation system.  
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