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The effects of a digital technologies uptake on firm efficiency in the Nigerian manufacturing sector were
examined. The combined application of data envelopment analysis and the Tobit regression methods
were employed to analyze the cross-sectional survey data derived from a sample of manufacturing
firms. The research results showed that the uptake of digital technologies was still skewed to the low-end
appliances/devices, whereas the uptake of the high-end digital technologies required to forge the digital
transformation of firms was still low. Manufacturing firms in Nigeria need to make a quick transition
to high-end digital technologies in order for them to increase their efficiency and competitiveness in the
global marketplace. Challenges to the uptake of digital technologies need to be addressed as well. The
training/retraining of personnel need be scaled up so as to build the digital capacity of the sector, bolster
efficiency and improve the productivity of operations. The importation of digital devices may be an option

in the short run, but local production should be ramped up in the long run.
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INTRODUCTION

Digital transformation is the process of taking up
digital technologies in order to create new or modify
the existing business processes, culture, and customer
experiences in order to meet changing business
and market requirements. It is the “reimagining” of
business in the digital age, and transcends traditional
roles like sales, marketing, and customer service
(Xiao, 2022). Firms" business records are easily and
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quickly retrievable via the use of digital technologies,
providing ample opportunities to engage productively
with customers and suppliers in different sectors of
the economy (Zapata, Berrah & Tabourot, 2020). The
manufacturing sector is one of the key sectors that
have greatly been influenced by digital transformation
in order to improve labor productivity, increase
competitive advantage and provide quality products
and services to clients, particularly in developed
economies (Molchanova, 2020). The emergence of the
fourth industrial revolution has further aided digital
transformation in the global economy (Zu, Gu & Lei,
2022). Evidence shows that digital transformation in
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the manufacturing sector is expected to stimulate
innovation and competition, create new jobs and, by
extension, efficiency gains (Albukhitan, 2020; Zapata
et al, 2020).

Efficiency gains in the manufacturing sector in the
Nigerian economy have remained disturbingly low.
The sector is yet to fully transit from a low-skilled
labor-intensive activity to a capital-intensive and
high-skilled enterprise (Chete, Adeoti, Adeyinka &
Ogundele, 2016; Afolabi & Ogunjimi, 2020). There is
a considerable validation of the firm-level uptake of
digital technologies, and its transformational effects
associated with productivity gains, albeit in industrial
and emerging economies (Domanovic, 2016; Cariolle
& Carroll, 2020; Jakopin, 2020; Lukonga, 2020; Nucci,
Puccioni & Ricchi, 2023). A general consensus from
these studies is that the uptake of digital technologies
as innovations by firms in the manufacturing sector
will improve firm efficiency. The hypothesis that this
paper brings to the fore is that the uptake of digital
technologies may be a mechanism through which
efficiency in the Nigerian manufacturing sector can
be improved. However, it remains unclear if the
configurations of manufacturing firms in Nigeria
support this thesis as there is still a considerable gap
in the knowledge and paucity of firm-level studies on
the effect of digital transformation on the efficiency of
Nigerian manufacturing firms, which thus warrants
more evidence-based enquiries. In this regard, the
following research questions were addressed:

1. What is the structure of the uptake of
digital technologies by firms in the Nigerian
manufacturing sector?

2. What are the levels of the efficiency of these
firms in the pre- and post-uptake of digital
technologies?

3. What are the effects of digital transformation on
firm efficiency?

The growing importance of digital technologies in
the global economy and its transformational effect on
different sectors of the economy are also evidenced
by an increasing number of empirical and theoretical
studies (Mosiashvili & Pareliussen, 2020; Cusolito,

Garcia-Marin & Maloney, 2021; Danquah & Owusu,
2021; Afolabi, 2023). The theoretical position is that
digital technology is efficiency-enhancing although its
effect on employment remains unsettled. The theories
underlying the importance and effect of digital
technologies include neoclassical growth theory,
endogenous growth theory, neo-Schumpeterian
theory and innovation diffusion theory. However,
this study was guided by the neoclassical growth
theory highlighting the productivity paradox, with
an extension to the innovation theory so as to connect
the diffusion and uptake of digital technologies
(Brynjolfsson & McAfee, 2011, van Ark, 2016;
Brynjolfsson, Rock & Syverson, 2017).

This paper is organized into five sections. The first
section provides the background and introductory
elements of the study context which this paper was
culled from. The second section contains a review
of the relevant and related studies, while the third
section provides the methodology adopted for data
collection and analysis. In the fourth section, the
empirical results are presented and discussed. Finally,
the fifth section concludes the paper with policy
implications.

REVIEW OF RELATED STUDIES

There is the growing literature on the effect of digital
transformation on firm performance, albeit with
mixed evidence. For example, W. Zu, G. Gu and S.
Lei (2022) investigated how digital transformation
in the manufacturing sector affected the trade
balance between China and the United States (US).
The digital transformation of the US manufacturing
sector had a positive and significant effect on the
US-China trade, and it is noteworthy that extant
manufacturing policies in China played a crucial
mediating role. Evaluation of digital technologies
in the manufacturing sector and the modalities for
improving efficiency in China by Y. Xiao’s (2022)
revealed that it improved automation and intelligence
and also helped firms achieve efficiency and
innovation. In their seminal paper, S. Hussain, A. M.
A. Hussein and M. H. A. Joma (2021) identified a lack
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of digital skills, a global market exposure, capacity
building and enduring philosophy as the barriers
to digital transformation and readiness to take up
digital technologies in the manufacturing sector of
any economy. Similarly, S. M. Molchanova (2020) and
Y. O. Abdallah, E. Shehab and A. Al-Ashaab (2021)
posited that barriers to digital transformation could
be classified into four management practices, namely,
the skills gap, the adoption of new technologies, the
change management process, innovation policies and
procedures, and argued for the need to address these
barriers.

In a qualitative study, K. Vogelsang, K. Liere-Netheler,
S. Packmohr and U. Hoppe (2018) highlighted the
factors that could foster digital transformation
in the manufacturing sector. The factors include
collaboration with clients, suppliers and other firms,
cultural dynamics and a technology type. The study
also outlined the three dimensions through which
digital transformation could occur - environment,
organization and technology. The study concluded
that taking these three dimensions into consideration
was a sure path to engendering digital transformation.
In a later study, K. Vogelsang, S. Packmohr and
U. Hoppe (2019) showed that the bottlenecks to
the achievement of digital transformation in the
manufacturing sector could be leveraged to develop
research agendas. G. Gaffley and T. G. Pelser (2021)
demystified how leaders’ transformative skills
powered digital transformation in South Africa. A
total of 2064 manufacturing firms were included in
a survey using the clustered sampling technique.
The findings revealed that digital transformation
in the manufacturing sector was low, but also that
it could be fostered if leaders in the sector deployed
their innovative skills. S. Albukhitan (2020) argued
that digital transformation transcended the adoption
of new technologies, but also encompassed being
proactive in the development of technological
innovation. Thus, manufacturing firms would need
to plan ahead and actively engage in generating new
innovation to foster digital transformation. M. L.
Zapata, L. Berrah and L. Tabourot (2020) proposed
digital models as critical in helping manufacturing
firms navigate through their digital transformation
journey.

UNIDO (2019) as well as the OECD (2021) reported
that the uptake of advanced digital technologies was
positively associated with firm productivity. Both
studies identified the age of the firm, investment in
research and development (R&D), and machinery,
human capital, the global value chain participation
as intervening variables. The countries and firms
actively engaged in advanced digital production
technologies grew manufacturing value added faster
than the rest that were not (UNIDO, 2019). The rapid
growth in manufacturing value added was explained
in terms of the dynamic nature of employment
creation, higher productivity gains, or both. The
UNIDO report maintained that the adoption of
advanced digital manufacturing production was
buoyed by the knowledge-intensive services driven
by information technology and the digital solutions
that sparked smart production. The interaction with
knowledge-intensive services potentially expands the
multiplier effects of manufacturing on jobs creation,
poverty reduction and, by extension, productivity. J.
Zhang, W. Zhao, B. Cheng, A. Li, Y. Wang, N. Yang
and Y. Tian, (2022) opined that one of the productivity
effects of digital technologies was that demand
for more products and services expanded, thereby
increasing demand for labor. Thus, the goods and
services whose production is increasingly automated
become cheaper and improve in their quality. Digital
technologies allow enterprises to rationalize costs,
reorganize supply chains and market products and
services globally. Expansion in trade at reduced costs
would have positive spillover effects on the economy
through competition, productivity, and innovation
(UNCTAD, 2017).

R. Evangelista, P. Guerrieri and V. Meliciani
(2014) investigated the economic impact of digital
technologies on labor productivity, economic
growth, and employment in 27 EU countries using
the generalized least square (GLS) method between
2004 and 2008. The results of the study revealed that
digital technologies were the major drivers of labor
productivity, economic growth, and employment
growth. The authors revealed that inclusive policies
may effectively contribute to bridge digital divide in
the EU countries. P. Gal, G. Nicoletti, T. Renault, S.
Sorbe and C. Timiliotis (2019) applied ordinary least
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square (OLS) regression analysis on the industry-
level data about the digital technology uptake and the
cross-country firm level data about the productivity
of the 20 OECD countries. The results demonstrated
the fact that the digital technology uptake in an
industry had positive impacts on productivity at
the firm level, particularly so in routine-intensive
and manufacturing activities. They concluded that
productivity gains were often more significant
among highly productive firms, and less significant
in the presence of skill shortages. This relationship
is explained by the complementarities between
digital technologies and other capital forms including
skills, intangibles, and organization. Building on and
extending the work of P. Gal et al (2019), N. Mosiashvili
and J. Pareliussen (2020) revealed robust connections
between the adoption of digital technologies, the
use of digital skills and the firm-level productivity.
Additionally, the results obtained from the sectoral
split analysis indicated higher firm-level productivity
effects because of the adoption of advanced digital
technologies in the services sector than in the
manufacturing sector.

Similarly, M. Danquah and S. Owusu (2021) found
that digital technology had more impact on the labor
productivity of adopters than non-adopters. The study
also established higher benefits from the adoption of
digital technologies for larger enterprises in the upper
echelon of the informal sector in Nigeria. In a similar
study, Cusolito et al (2021) examined the impact of
digital technology adoption, such as the website and
the e-mail, coupled with other firm-level variables
such as managerial experience and exporting status,
on the revenue-based total factor productivity of
firms in 82 developing countries from 2003 to 2018.
The results showed that the adoption of digital
technology had positive effects on the productivity
of manufacturing firms in developing countries,
although the magnitude of the effects varied across
firms depending on the type of the adopted digital
technology.

DATA AND METHODOLOGY

Research design

The survey approach was used to generate primary
data from manufacturing firms in Nigeria. The study
covered the six geo-political zones of Nigeria and
the Federal Capital Territory (FCT), with a purposive
selection of one state in each region, and two
states from the southwestern region - Abuja (FCT),
Anambra (southeastern), Bauchi (northeastern),
Kano (northwestern), Plateau (north-central), Rivers
(south-south), Lagos (southwestern) and Ogun (south-
western). The choice of the states from each region
was based on the relative level of the economic and
business activities in the state and, by extension, the
likelihood that the firms in the state would adopt
digital technologies. Two states were selected in the
southwestern region due to the heavy concentration of
economic and business activities in the Lagos-Ogun
axis, which is broadly regarded as the commercial
hub of the country. A sample of the manufacturing
firms were randomly selected from the national
frame of the firms categorized by the states obtained
from the National Bureau of Statistics (NBS). The
inclusion criteria for the firms in this study was on
the basis that a firm must have at least five employees,
which effectively excludes the microenterprises or
informal sector enterprises from the sample. The
sample consisted of the formally organized small,
medium-sized and big firms in Nigeria in line with
the SMEDAN (2010) approved classification.

Research instrument, data sources and
description

In each of the eight selected locations, 25 copies of a
semi-structured questionnaire were administered,
totaling 200 copies. A total of 165 copies were
retrieved, representing an 83 percent retrieval rate,
and they were found usable at the end of the fieldwork
in February 2022. The questionnaire captured pieces
of information on the firm characteristics and the
profile of the digital technologies uptake in order
to enable the assessment of the effects of digital
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transformation on the efficiency of the manufacturing
firms. Precisely, the data were collected on the
estimated sales value of the firms’ pre- and post-
adoption of digital technologies and they were used as
a proxy for the efficiency of each firm. The estimated
value of the fixed assets of each firm’s pre- and post-
adoption of digital technologies was used as a proxy
for the capital input of each firm, while the number
of the employees’ pre- and post-adoption of digital
technologies was used to mirror the labor inputs. The
respondents filling out the questionnaire included
the human resource managers, the information
technology managers, the production managers and
the accountants of those firms.

Analytical procedures and techniques

The study employed the data envelopment analysis
(DEA) two-stage approach so as to determine the
efficiency scores of the manufacturing firms. The
DEA is a nonparametric approach based on linear
programming techniques, through which an efficient
frontier is derived. The best-performing firms in the
sample were used to generate the efficiency frontier.
The efficiency of the firms found at the frontier
were considered to operate at full potential by
either producing the maximum level of the output
for the inputs they use or operating with the least
amount of the input in order to obtain the given
level of the output. The DEA approach provides the
index numbers that tell how far each firm is from
the efficiency frontier. The indices range from zero
(the zero output and the non-zero input) to one (the
highest level of efficiency).

In mathematical terms, the basic DEA model that
illustrates the relative efficiency score of the decision-
making unit (DMU) is as follows:
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where the used symbols have the following meanings:
T, is the output j of the DMU 0; Q, is the input i of the
DMU o; B; represents the weight for the output j; P,
denotes the weight for the input j; 1 is the number of
the DMU; s is the number of the inputs, and  is the
number of the outputs.

From the above expressions, the DEA computed the
unknown weighted parameters B, and P, in order to
obtain a relative efficiency measure for each DMU.
This then allows the arrangement of the optimization
contingent on the efficiency of each DMU to convert
the inputs into the outputs in relation to the efficiency
of all the other DMUs. The weights for each DMU are
separately estimated so that the efficiency level can be
the maximum attainable. The DEA is mostly carried
out in two ways:

* the input-oriented approach (the given level of the
outputs is achieved with the minimum amount of
the inputs) and

* the output-oriented approach (i.e. the output is
maximized for the given level of the input).

In this study, the input and the output variables
reflected the use of digital technology in maximizing
the efficiency of the manufacturing firms. The input
variables considered in the efficiency analysis include
the estimated value of the fixed assets, while the
output variable used is the estimated sales value of
the sampled firms.

The digital technology (DT) uptake is dichotomous
in nature (measured by 0 and 1), and depends on
whether each sampled enterprise has adopted digital
technologies or not. After having computed the
efficiency score, the analysis further determined the
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influence of digital transformation on the efficiency of
the manufacturing firms in Nigeria, which was done
with the aid of the regression analysis using the Tobit
estimation method. The rationale for this technique is
due to the nature of the dependent variable ranging
between 0 and 1. The Tobit model is an econometric
regression model mostly used in the case of censored
data (Tobin, 1958). The framework of the Tobit model
requires that the observations of the efficiency score
be clustered at a threshold value of zero. This is
characterized as left-censored in the standard Tobit
model literature, whereas the inefficient score can be
kept as continuous data to represent the magnitude
of inefficiency.

The Tobit model is expressed as follows:

y = X'Bte, with elX~N(0:0%), with y =y if y =0,
and y =0 if otherwise @)

where y, y% X, p and ¢ are the observed variable
of interest, the latent variable, the vector of the
explanatory variables, the vector of the parameters,
and the error term (with the zero mean and the
constant variance %), respectively.

According to equation (4), the expected effect of X
on y is monotonic; the residuals follow a normal
distribution and the dependent variable is left-
censored.

In the context of this study, y* is the dependent
variable (the efficiency score generated from the DEA).

The Tobit regression model to be used to examine the
effect of digital transformation on the efficiency of
the firms in Nigeria is specified as follows:

EFF,= B, + B,LCAPLAB,+ B,FAG, + B,OWN + B DTI,
+B.RIRC+ ¢, @)

The definitions of the variables are accounted for in
Table 1.

RESULTS AND DISCUSSION

Characteristics of the firms

The description of the features of the sampled
manufacturing firmsis presented in Table 2. According

Table 1 The definitions of variables and measurement

Variable o Expected
name Definition Measurement Sign
EFF Efficiency Efficiency score generated from DEA
LCAPLAB The ratio of capital to the labor The total amount incurred on the fixed assets divided by N
used in the production of the firm  the number of the employees per firm
FAG The firm’s age The year of the establishment of the firm +
Sole proprietorship =1
Partnership =2
. Cooperative society = 3
OWN ;};:1 ownership structure of the Shareholding company with shares traded in the stock +
market = 4
Shareholding company with non-traded shares or shares
traded privately =5
. L Construct an index to aggregate the various types of the
oTl The adoption of digital technology digital technologies adopted by the sampled firms ¥
Registration with an internationally
RIRC recognized certification Yes/No ¥

Source: Author
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to the sectoral classification, the survey returns show
that a large proportion of the firms (28.5%) are in the
food, beverage and tobacco subsectors, only to be
followed by the basic metal, iron and steel subsector
(20%), and the least represented is thepulp, paper and
paper products subsector (1.2%). The modal age range
of the firms is from 1 to 10 years, the youngest firms
accounting for 40.6% of the sample, whereas only 6.1%
of the employees are over 40 years of age. The majority
of the firms (75.8%) are not older than 20 years. This
indicates that most sampled firms are young, with
the likely implications for their adoption and use of
digital technologies and its consequential lag effect
on productivity and employment. The firm size in
this study is proxied by the number of the employees
based on the SMEDAN (2010) classification of firms as
small, medium-sized, and large. The results show that
85.4% of the sampled firms are small, whereas about
134% and 1.2% are medium-sized and large firms,
respectively. The largest number of the sampled firms
(84.8%) are owned by sole proprietors, whereas 12.1%
are partnership businesses. The high proportion of
sole owners is not surprising as most firms are small
enterprises. The ownership structure of the firm is
the likely determinant of the level of the adoption of
digital technologies.

Table 2 The characteristics of the firms

Sectoral classification of firms | Frequency Percent
Cement 1 6.7
Food, Beverages, and Tobacco 43 28.5
Textile, Apparel and Footwear 1 6.7
Wood and Wood Products 14 8.5
Pulp, Paper and Paper Products 1 1.2
Chemical and Pharmaceutical 6 10.9
Products

Non-Metallic Products 18 121
Electrical and Electronics 4 2.4
Basic metal, Iron and Steel 33 20
Motor vehicles & assembly 5 3
The age of the firms

1-10 years of age 67 40.6
11-20 years of age 58 35.2
21-30 years of age 18 10.9

31-40 years of age 12 7.3

Above 40 years of age 10 6.1

The firm size /| The number of employees

Small 140 85.4
Medium-sized 22 13.4
Large 3 1.2

Ownership

Sole Proprietorship 140 84.8
Partnership 20 121
Cooperative Society 5 3.0

Source: Author

Types of digital technologies

The types of the digital technologies adopted by the
sampled firms are given in Table 3. The results reveal
that, to a certain extent, the four strands of digital
technology within the SMAC classification, namely
social media, mobile, analytics and cloud computing,
are used by the sampled firms. More than half of
the firms adopted social media applications such
as Facebook (58.7%), e-mail marketing (63.6%) and
WhatsApp (56.4%), which require no sophistication
to operate. The uptake of these broad ranges of access
technologies support e-commerce, e-marketing and
online banking activities, bolstered by low search and
transportation costs (Atiyas & Dutz, 2021). There are
both upstream and downstream dimensions of these
transactions and interactions related to products and
services. For instance, the Internet is used to locate
suppliers or market and sell goods and services to
customers, whereas mobile money platforms (which
do not necessarily require an Internet-enabled
smartphone) and online banking are used to pay
vendors or receive payments from clients (Atiyas &
Dutz, 2021).

Digital technologies in the second strand of the SMAC
framework - mobile devices - are also prominently
used by the firms, especially laptops (55.8%) and
smart phones (62.4%). It is instructive to note that
most other digital technologies are typically operated
on mobile devices, indicating their indispensability in
the digital space. The uptake of the third component
of the SMAC framework - analytics - is still nascent as
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only a few firms (3.6%) have integrated this technology
in their operations. The low-level uptake of analytics,
which is a sophisticated digital technology, shows that
for the largest part firms included in this survey are
yet to acquire high-end digital technologies and the
required expertise to deploy them for their operations.
The scenario is not dissimilar for the fourth strand,
comprising also high digital technologies such as
cloud computing, which has only been adopted by
3.0% of the firms. Robot/cobot, 3D printing, artificial
intelligence and block chain technologies are grossly
underutilized given the fact that less than 10% of the
total sampled firms employ these technologies. In

Table 3 The types of the digital technologies adopted

by the firms
Digital )
SMAC Technologies Frequency %
Facebook 97 58.7
Twitter 68 412
E-mail
Social | Marketing 104 63.6
Media | WhatsApp 93 56.4
Telegram 32 193
Instagram M 24.8
Snapchat 42 25.5
Smart Phones 103 62.4
Laptop 92 55.8
Mobile | iPad 26 5.8
Tablet 23 13.9
v 35 21.8
.| Big Data
Analytics | Araiytics 6 3.6
Robot/Cabot 5 12
Internet of
Things (loT) 28 16.9
Cloud
i 5 3.0
Cowd | PR
Cc:npu- Learning 18 10.9
ne 3D Printing 8 4.8
Artificial
Intelligence 2 1.2
Blockchain
technology 2 1.2

Source: Author

sum, the pattern of the uptake of digital technologies
by the manufacturing firm in Nigeria is still skewed
to low-end digital technologies (particularly social
media and mobile phones), the uptake of high-end
digital technologies (analytics and cloud computing)
still being at a low ebb.

Expenditure on digital technologies

Table 4 shows the expenditures on digital technologies
and their share of the total expenditure of the firm.
The largest number of the sampled firms spent less
than N500,000 (approximately 600 euros) on digital
technologies between 2017 and 2021. Specifically,
the percentage of the firms that procured digital
technologies paying for them less than 500,000
trended downward over the period, whereas the
percentage of the firms that spent between NI
million and N5 million on digital technologies ranges
between 16% and 20.7%. Meanwhile, the proportion of
the firms that spent more than N5 million on digital
technologies annually is less than 10%. Between
2017 and 2021, the share of the digital technology
expenditure in the total spending peaked at 20% as
reported by 48.7% to 51.8% of the sampled firms. The
percentage of the firms that spent between 21% and
80% on digital technologies was less than 10%. About
16% of the firms spent between 81% and 100% of their
total expenditure on digital technologies in 2017, but
the number of the firms in this category declined to
13% by 2021. The generally low expenditure on digital
technologies could be attributed to the large number
of sole proprietorship businesses in the sample. The
characteristic of the sole proprietorship businesses
is the low capital base to expansively deploy digital
technologies for the firms" operations. Overall, this
indicates that expenditure on digital technologies is
relatively low among the sampled firms.

Expenditure for training/skills
development on digital technologies

The expenditure for training/skills development on
digital technologies and its share in the firms’ total
expenditure are accounted for in Table 5. The table
shows that more than 53% of the sampled firms spent
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Table 4 Expenditure on digital technologies

Expenditure
on digital
technologies 2017 2018 2019 2020 2021
(expressed in N’
Million)
<05 - 412 392 38.7 347
0.5-0.9 7.8 106 9.8 6.2 1041
1-5 17.9 16 19.3 18,5 207
6-10 56 73 76 25 7.6
>10 39 42 34 2 34
The share of the
total spending
on digital 2017 2018 2019 2020 2021
technologies (%)
0-20 5.8 50.7 50.4 485 487
21-40 39 73 56 28 62
41-60 5 2.5 39 36 45
61-80 28 28 45 3.6 22
81100 16 143 14 81 134

Source: Author

less than 500,000 on the digital technology training
or skills development of their workers between 2017
and 2021, whereas no more than 16.2% of the firms
spent between N1 million and N5 million. Moreover,
less than 7% of the firms spent between N500,000 and
N1 million, whereas less than 6% of the firms spent
more than N5 million on digital training and skills
development between 2017 and 2021. This indicates
the fact that digital training and skill empowerment
were all but prioritized by the biggest number of the
sampled firms. Table 5 further shows the share of
the cost of digital training and skills development in
the total expenditure shows that, between 2017 and
2021, an average of about 56.9% of the sampled firms
spent up to 20% on the digital training and skills
development of their workforce. The percentage of the
firms that spent between 81% to 100% ranged between
11.2% and 18.2%. Less than 5% of the sampled firms
spent between 21% and 80% on the training and
development of digital skills of their workforce. This
indicates that, while some firms prioritize the training
of their staff, the others spent a meagre percentage

of their expenditure on digital training and skills
development. In sum, spending on digital training
and skills development is still at a low ebb among the
sampled firms.

Table 5 Expenditure for training/skills development
on digital technologies

The cost of
training /skills
development
on digital 2017 2018 2019 2020 2021
technologies (N
Million)
<0.5 563 549 538 56 541
0.5-0.9 4.2 5.9 56 4.8 6.2
1-5 14.3 151 154 123 16.2
6-10 3.4 4.2 5.6 1.7 5.6
>10 0.6 06 06 0.3 0.8
The proportion of
the total spending
on training/skills
development 2017 2018 2019 2020 2021
on digital
technologies (%)
0-20 56 583 574 574 557
21-40 3.4 3.4 2.8 2.8 4.2
41-60 1.4 1.1 2 1.4 3.6
61-80 1.4 1.1 1.4 0.6 0.8
81-100 157 162 162 112 18.2

Source: Author

Data Envelopment Analysis (DEA)

Table 6 shows the efficiency scores of the Nigerian
manufacturing firms sampled in this study. The
results show that the majority of the firms lie below
the frontier both before and after the adoption of
digital technologies. Prior to the adoption, 163 (98.8
%) of the sampled firms had had the efficiency scores
ranging from 0 to 0.49, whereas only three (3) of
these firms accounting for 1.82% of the sample are at
the frontier with the efficiency scores at 1. However,
none of the sampled manufacturing firms had the
efficiency scores between 0.5 and 0.99, which signifies
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that an overwhelming majority of the Nigerian
manufacturing firms (98.8%) were inefficient prior to
the adoption of digital technologies. Comparing the
efficiency dynamics pre- versus post-uptake of digital
technologies in the manufacturing sector, the results
show a mild improvement as the total number of
the efficient manufacturing firms slightly increased
to 3% relative to 1.82% prior to the uptake of digital
technologies. Post-uptake, 96.4% of the sampled
firms had the efficiency scores ranging between 0
and 0.49, whereas 0.6% of the firms had the efficiency
scores ranging between 0.5 and 0.99. Interestingly,
the number of the manufacturing firms operating at
full capacity (efficiency) after the digital technology
uptake increased to five, accounting for 3% of the
sampled manufacturing firms. Evidently, the uptake
of digital technologies had slightly improved the
efficiency of more manufacturing firms relative to the
pre-uptake scenario.

The overall low efficiency gains from the uptake
of digital technologies imitate the predominant
types adopted, which are low-end digital tools,
namely mobile/smartphones, computer, the website
and social media (mainly Twitter, Facebook, and
WhatsApp, among others). It has been established
in the literature that efficiency gains are mostly
associated with sophisticated digital technology and
the other high-end digital technologies that have
enormous cost-reducing properties (Borowiecki,
Pareliussen, Glocker, Kim, Polder & Rud, 2021). It has
also been argued that digital transformation requires
integration with other technologies within each firm,
along with corresponding investments in skills, data
and the business model adjustments as part of the
firm’s intangible assets (Mosiashvili & Pareliussen,
2020).

Table 6 The distribution of the firms by the efficiency
score

Efficiency score Pre-DT aodoptlon Post-DT oadoptlon

(%) (%)
1.0 3(1.82%) 5(3.0%)
0.5-0.99 0 (0%) 1(0.6%)
0.0-0.49 163 (98.8%) 160 (96.4%)

Source: Author

The digital transformation effect on the
efficiency of the Nigerian manufacturing
sector

The estimations presented in Table 7 show that the
Wald test for determining whether the correlation
between the residuals from the main equation
(predicting the firm age) and the residuals from the
auxiliary equation (predicting the efficiency score) is 0.
The existence of the endogeneity issue was confirmed
in the model, necessitating the use of the instrumental
variable Tobit (IV Tobit) model. The empirical analysis
exploring the effect of digital technologies and the
efficiency of Nigerian manufacturing firms for the
pre- and post- uptake of digital technologies are
presented in Table 7. The models 1 and 2 show the
estimates of the Tobit model with the continuous
endogenous covariates (i.e. the Tobit model with the
endogenous regressors). The estimates of the Tobit
regression model are presented in the models 3 and
4. In line with the standard literature, this study
only discusses the statistically significant variables
in the model of focus. Considering the IV Tobit
regression model, the estimates for the pre-digital
technologies uptake (the model 1 of the table 3) show
that the firm age, firm ownership and recognized
certification significantly determine the efficiency
of the Nigerian manufacturing firms. The estimates
in the model 2 reveal that the firm age and digital
technology adoption, firm ownership and recognized
certification significantly promote the efficiency of the
Nigerian manufacturing firms. Some of these results
do not conform with their expected signs, except
for recognized certification. However, the ratio of
capital to labor used in production is not statistically
significant under the two models. Checking the
robustness of the analysis, the Tobit regression model
was also used, and the results show that, prior to
the digital technologies uptake, the efficiency of
the Nigerian manufacturing firms had only been
determined by the firm age. With digital technologies,
the estimated results reveal that the efficiency
of the Nigerian manufacturing firms is mainly
determined by the firm age and digital technology
adoption, whereas the ratio of capital to labor used
in production, the firm ownership and recognized
certification are not statistically significant.
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Table 7 The digital transformation effect on the efficiency of the Nigerian manufacturing sector
e eressors (VTobigy The Tobit model
Independent variables Model 1 Model 2 Model 3 Model 4
Pre-DT adoption Post-DT adoption Pre-DT adoption Post-DT adoption

model model model model

LCAPLAB -0.023 -0.013 -0.001 0.001
(0.016) (0.014) (0.005) (0.005)
FAG -0.473™ -0.459™ -0.025" -0.029™

(0.170) 0.152 (0.013) (0.013)

OWN -0.201" -0.194™ 0.019 0.017

(0.092) (0.083) (.015) (0.015)
DTI -0.036™ -0.009"
(0.016) (0.005)

RIRC 0.226" 0.226™ 0.027 0.031
(0.122) (0.114) (0.034) (0.033)

Constant 2.113™ 24117 0.108 0.142
(0.796) (0.731) (0.099) (0.100)

Observations 165 165 165 165
No of left censored obs. 1 1 0 0
Pseudo R? 0.082 0.113
Prob > X? 0.0533 0.0253
Log likelihood -127.4536 -122.02484 61.114458 62.848593
Wald test of exogeneity 31.08 34.92
(corr = 0): chi2(1) (0.0000) (0.0000)

*hE kE

Note: The standard errors are in parentheses. ™,

Source: Author

Discussion of the findings

Digital technologies have a significant negative effect
on the efficiency of the Nigerian manufacturing firms
after their adoption, as is shown in the models 2 and
4 of Table 7. The result shows that a unit increase
in the use of digital technologies will retard the
efficiency of the Nigerian manufacturing firms by
0.01 and 0.04 points. This result does not follow a
priori expectation and is therefore inconsistent with
theory. This result is explained by the fact that the
majority of the sampled manufacturing firms have
only adopted low-end digital tools, namely mobile/
smartphones, the computer, the website and social
media (mainly Telegram, Twitter, Facebook, and
WhatsApp, among others). These low-end digital
tools will hardly produce high efficiency gains for
the manufacturing sector. Nevertheless, the results of

and " imply significance at 1%, 5% and 10%.

this study corroborate the findings of M. Borowiecki
et al (2021), who noticed that efficiency gains
were generally associated with the uptake of the
sophisticated nature of digital technology, such as big
data, cloud computing and the other related high-end
digital technologies that had enormous cost-reducing
properties.

The negative but significant effect of the firm age on
the efficiency of the Nigerian manufacturing firms
suggests that the older firms accustomed to the crude
methods or analogue modes of operation might have
a difficulty in adopting and using digital technologies
due to the cost considerations and adaptability. The
results also indicate that the efficiency effects of
adopting and using digital technologies might not
show up for younger firms in the short run but could
only be evident after a lag period. Consequently,
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the efficiency of these firms may be impaired in the
short run. The significant but negative effects of
the firm ownership on the firms’ efficiency can be
traced to the preponderance of the sole ownership
structure of the sampled firms, which by implication
undermines the efficiency of the firms. With respect
to registration with an internationally recognized
certification, the estimates for pre- and post-digital
technology adoption show a significant positive effect
on the efficiency of the Nigerian manufacturing firms,
which implies that the importance of possessing an
internationally recognized certification, particularly
so the ISO 9001 certification, could improve or
promote efficiency, and the assurance of quality
for international markets. A related finding was
reported by N. Zahoor and O. Al-Tabbaa (2021), who
claimed that firms with internationally recognized
certification had the tendency to embrace digital
technologies and thus promote the efficiency of their
operations.

CONCLUSION

The digital technologies uptake pattern adopted
by Nigerian firms is still skewed to low-end
digital technologies such as WhatsApp, Twitter,
Smart Phones, and Laptops. The high-end digital
technologies (Data Analytics, 3D Printing, Cloud
Computing, Iols, Blockchain) uptake, those being
required to forge the digital transformation of firms, is
still low. The overwhelming majority of the Nigerian
manufacturing firms confirmed to be inefficient prior
to the adoption of digital technologies, nevertheless
the uptake of digital technologies slightly improved
the efficiency of the manufacturing firms relative to
the pre-uptake scenario. A fact has been established
in the literature that efficiency gains are mostly
associated with digital technologies, especially the
high-end ones that have enormous cost-reducing
properties (Borowiecki et al, 2021). Therefore, digital
transformation can be considered as an emerging
phenomenon in the Nigerian manufacturing sector.
The transformation and efficiency effects of the digital
technologies uptake might not appear in the short
run, and it only becomes evident after a lag period.

Consequently, the efficiency of these firms may be
impaired in the short run. To engender a positive
transformational effect of digital technologies
on the firms’ efficiency, it is imperative that the
manufacturing firms should make a quick transition
to the uptake of high-end digital technologies.
There is, however, a strong requirement for making
substantial investments in skills, data and the
business model adjustments as part of the firm's
intangible assets (Mosiashvili & Pareliussen, 2020).

Some of the limitations of this paper, as well as the
implications of the findings of the study, are as
follows:

¢ the data collected are a one-time measurement of
both the apparent cause and the effect, making
long-term trends difficult to prove;

¢ the number of the questionnaire responses cannot
be compared to using the database that was
unavailable at the time of inquiry; there were also
a few questions in the research instrument (the
questionnaire) that went unanswered;

* despite these limitations, the findings of the study
are still valid and valuable.

This paper has focused on the digital transformation
prior to and after the digital uptake and firm
efficiency in the manufacturing sector. A further
research attempt on this issue of enquiry may wish to
focus on the other two major sectors of the economy,
namely agriculture and services, to come up with
the comparative analysis of the subject matter across
the sectors. Also, subject to the availability of the
secondary data, a comparative study across African
countries across sectors could also be embarked upon.
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DIGITALNA TRANSFORMACIJA I EFIKASNOST
PREDUZECA U PROIZVODNOM SEKTORU NIGERIJE

Foluso Modupe Adeyinka

Nigerian Institute of Social and Economic Research, Ibadan, Nigeria

U ovom radu se ispituju udinci koris¢enja digitalnih tehnologija na efikasnost preduzeca u proizvodnom
sektoru Nigerije. Kombinovanom primenom analize obavijanja podataka i metoda Tobit regresije u ovom
radu ispituju se unakrsni anketni podaci dobijeni iz uzorka proizvodnih preduzeca. Dobijeni rezultati su
pokazali da koriScenje digitalnih tehnologija podrazumeva sklonost ka jeftinijim aparatima/uredajima.
I dalje se slabo koriste skupe digitalne tehnologije koje bi podrzale digitalnu transformaciju preduzeca.
Proizvodna preduzeca u Nigeriji moraju brzo da se okrenu koriS¢enju skupih digitalnih tehnologija
kako bi uvecala svoju efikasnost i konkurentnost na globalnom trziStu. Neophodno je da se “uhvate u
kostac” sa izazovima koriS¢enja digitalne tehnologije. Potrebno je sprovoditi naknadne obuke zaposlenih
u tim preduze¢ima kako bi se izgradio digitalni kapacitet u proizvodnom sektoru, pojacala efikasnost i
poboljsala produktivnost poslovanja. Uvoz digitalnih uredaja moze biti jedna od opcija samo kratkoro¢no,
ali bi dugorocno trebalo povecati lokalnu proizvodnju.

Kljucne reci: digitalna transformacija, efikasnost preduzeca, proizvodni sektor, analiza obavijanja
podataka
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