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Abstract

This article emphasizes the use of mathematical logic in scientifically examining and explaining the economic
challenge of massive youth employment crisis, under capacity development and unbridled household consumption
of telecommunication services. The proposed model is called GSM-EMCAD. The major finding of the paper is
that training or capacity development in telecommunication is a key factor that can expand employment
opportunities in this 21 century and beyond, implying that youth employment and loss of growth opportunities in
Nigeria can be explained by the rapid innovation in global system for mobile telecommunication and the mismatch
between market realities and labour skills set as opposed to many other factors highlighted in literature. The
motivation is that in aknowledge-based economy, the spillover effects from investment in GSM
telecommunication and people keep generating returns. Examples are GSM telecommunications hardware and
software, and other high-tech industries, play a particularly important role here.
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1. Introduction

Over the past ten decades Nigeria has witnessed a massive disequilibrium in the labour markets, economic
recession and spike in household telecommunication consumption. For example, between 1999 and 2010 the
economy witnessed substantial growth occasioned by diffusion of Global System Mobile telecommunication
among other factors. This trend culminated in the rebasing of its Gross Domestic Product matrix from about $270
to $510billion in 2013. However, youth unemployment continued to spiral and exacerbated from 2014 to date
while productivity growth stagnated. Given such a scenario, it is natural to ask how best to explain it.

An example is the observation that the major shift caused by the advent of global system for mobile
telecommunication (GSM Telecom) in Nigeria sometimes in 2000 has triggered some changes two decades down
the line, which has affected our social, cultural, and political spheres of our economy. More so, Feyer (2002)
argued that improvements in telecommunication technology observed in the early 1990 favoured countries with
a more flexible labour market such as the United States of America. Beaudry, Collard and Green (2005) added
that this introduction and subsequent diffusion of telecommunication is detrimental to countries with nonflexible,
pro-corporate working environment such as Japan. By implication, if Nigeria must experience massive
employment generation, capacity development/upgrade, it must as a matter of urgency adopt US style working
environment.

In this article, we present a system of equations derived logically based on economic theories on an alternative
perspective regarding the haemorrhaging of the Nigerian economy. By extension, our explanation is based on the
effects of GSM telecommunication diffusion. We assume the weak posture (or nonexistence) of institutions in
explaining the crisis and also emphasises the link between GSM telecom and the labour market. Accordingly, we
make two assertions. First, the youth employment crisis experienced in Nigeria is as a result of its maladjustment
to GSM telecommunication diffusion in the short run. Secondly, the increasing youth employment crisis is
traceable to the inconsistencieOs in the nationally coordinating youth capacity development, focusing their
abundant energies to creative endeavours that can provide much needed critical mass for job and economic growth.

This paper is hinged on the endogenous growth theory which explains that growth is generated from within
an economic system as a result of certain internal processes. For instance, the enhancement of a nation's human
capital will lead to economic growth due to new means of production via improvements in technology, efficiency
and delivery. The model argued that growthis influenced by internal processes such as human capital,
innovation, and investment capital, rather than exogenous theory which emphasizes external, uncontrollable forces,
challenging the view of neoclassical economics. In Schumpeterian models, growth basically results from
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technology innovations due to the profit seeking activities of entrepreneurs. Romer (1990) argued that endogenous
growth models were informed by neoclassical theory and opined Schumpeterian models highlight the importance
of key economic variables such as technology, institutional quality and the degree of financial development. In his
submission, Ugur (2016) observed that neoclassical and Schumpeterian models share the common characteristic
of being supply-side models. Therefore, improvements in productivity directly generates faster innovation and
more investments in human capital.

Initially it may appear unlikely that GSM telecom capacity development or training or skill set upgrade is a
key factor in explaining lacklustre performance of Nigeria’s economy over the last 25years in terms of youth
employment. It is proper to summate that other factors seem most plausible. However, in our opinion capacity
development holds sway in explaining the Nigerian crisis. Notwithstanding, since our conjecture regarding the
role of GSM telecom capacity development is clearly controversial, we will provide a thorough, surgical and
scientific argument based on economic theory, facts, logic and mathematics thereby motivating further country
specific and cross country data and regression research to support or refute our claims. In particular, in the first
section of the article, we present an introduction into the subject matter and the crux of our mathematical debate.
In section 2, we present a model, a concise system of equations outlining our argument on GSM telecom inspired
change and Nigeria’s maladjustment to its rapid diffusion. Based on the Beaudry and Collard (2004) adjustment
process model, it highlights systematic differences in the labour market adjustment matrix induced by new
technology adoption. As we discuss, our presentation implies that the role of continuous capacity development
plays in affecting the economy takes place at different rates per time.

we will discuss the policy implication of our research bearing in mind the sustainable development goal (SDG)
no. 8 which stipulates that:

“inclusive and sustainable economic growth, employment and decent work for all”’
And African Union’s agenda 2063 which among others prescribes that:
“youth unemployment will be eliminated and Africa’s youth guaranteed full access to education, training, skills
and technology, health services, Jobs and economic opportunities”

This article builds on previous works aimed at explaining the economics of GSM telecommunication in
Nigeria over the years. Initially, Eke and Uke (2006), Eke and Aluko (2006) Magaji and Eke (2013) and Eke
(2019) worked on the broad impact GSM telecommunication has on Nigeria’s economy and investigated its role
during the recessionary years as hypothesized by a larger segment of literature. In these articles, we used models,
data, theoretical frameworks and analysis were used to articulate how one can discover the truth and its trends.
The results as published in respective journals support the notion that GSM telecom has significant impact on the
economy. It is at this point we begin to recognise and question the role GSM telecommunication is playing in our
nation’s and indeed Africa’s youth employment crisis.

This article draws upon some insights we have had from literature, previous work as well as the use of
mathematical logic to argue. We will show that GSM telecom capacity development will unlock innovation and
job opportunities which appear to have a central role in explaining the crisis ongoing in Nigeria. We must note at
this point that our paper is purely a logical effort deploying mathematical economics and therefore solicits
implementation and further research.

2. The Model of GSM telecommunication diffusion
We present Nigeria as an open economy that produces goods and services, which is either consumed immediately
or saved (invested). Our objective with this model is to demonstrate how the advent of GSM telecom triggered
structural disequilibrium or disturbance. The inspiration for the model is gotten from Eke (2019), Eke and
Mohammed (2012), Magaji and Eke (2013), Beaudry et al (2015)’ Beaudry and Collard (2002) and Feyer (2002).
We will use the model to demonstrate how GSM telecom using the General Purpose Technology espoused by
Bresnahan and Trajtenberg(1995) or Helpmann and Trajtenberg (1998) triggers disruption in the labour market
within the context of a population. To advance, we consider Nigeria’s economy in two stages. Namely, pre GSM
telecommunication and post GSM telecommunication periods. They are discussed in turns.
Nigeria’s economy in a pre GSM telecommunication time period
Consider Nigeria in the pre-2000 with a large pool of households, each of which derives utility from GSM
telecommunication consumption over time K(t) of a typical good or service. Therefore its utility function takes
the form:
Z=J, et Z[k() y(v]dt 1
Where p > 0 is a constant, Z[K(t)] is each household member’s utility over time and y(t) is the size of the
household income over time.
Assuming
y(t) =ny(t) 2

It enables the model to operate based on the notion that the size of the household income progresses in the

direction of population of Nigeria. In effect, n > 0 is the constant population rate of growth and Z(0) > 0 is given
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Over time each household is assumed to spend inelastically y(t) unit of naira at the real GSM telecom tariff
rate R%(t). The household possess capital stock C(t) and purchases shares at S°(t). Each household has access to
multinational markets via social media and presumably hold treasury bills [T(t)] which is assumed to yield returns
equitable to market rate of interest r. These revenues are used to make investment V°(t) and consumption of good
and services as a result, the household faces this budget constraint.

T(t) + K(t)y(t) + VO(t) = RO(t) y(t) + rT(t) + S°(t) 3
The strategy for household reinvestment becomes
Co%t) = VO(t) - ¥ C(t) 4
Where
0<y=<1

Which is the rate at which capital depreciates within the system and it is assumed that
Co%t) >0 is given
It is pertinent to note here that it is also assumed that investment made in telecommunication is unidirectional
and irreversible. Therefore,
Vi) >0 5
This means that, each household determines its optimality point as regards expenditure on consumption of
data bundle or airtime saving plans by maximizing (1) subject to (3) and (4). Telecommunication airtime and data
bundle is produced using capital and labour; CO(t) and y(t) respectively according to constant returns to scale
technology represented by the following production function.
0%t = C()* y(n'* 6
Optimal airtime and data plans are then determined by maximizing profits.
Since it is an open economy, household have access to information, social media, international best practices,
tariff plans and markets. Therefore the equilibrium capital labour ratio is given as
CO(t) = Cot)/y(t) is expressed as

Ct) = [a/(r + §)]“-2) 7
Hence, output per worker is given by
O%t) = [a/(r + §)]¥(-® 8

From (8) we propose that during the pre GSM period, households growth did not exert influence on
telecommunication contribution labour productivity.

3. Nigeria’s economy in a post GSM telecommunication period
Let’s assume that in the post GSM period, t = t*, the economy experiences an unprecedented expansion due to
access to new means of production and wealth creation especially online commence, which is more productive
than the pre GSM period. As a result, this post GSM economy produces O%M of the same goods and services as
produced in the pre GSM period using C%M and new skilled worker w(t) according to a constant return to scale
technology represented by the production function
OFSM(t) = COM(t) “[(1+1) w()] (- 9
Where
¥>0

which fully captures the advancement ushered in by GSM telecommunication revolution using new skilled
labour in the new technology relative to using the old skilled labour, y(t). A typical firm in the post GSM has a
choice between using pre GSM or post GSM telecommunication subject to constraint in a bid to maximize profit

O%(t) + O%SM(t) - SO(t)COt) - RO(t) y(t) - SESM(H)COSM(t) - WOSM(t) WO(t) 10

The advent of GSM telecommunication enables households to enhance their decision though their preferences
which remains unchanged. For instance, household must make a choice either to work in pre GSM
telecommunication oriented firms or upgrade or undertake a training to develop their capacity to enable them adapt
in the new working environment in order to match industry expectation. It is assumed that labour-in-training or
undergoing capacity development is unproductive. Secondly, new entrants (presumably young Nigerians) come
into the market with skill sets proportional to the older individuals in the workplace will be unproductive as well.
Therefore a steady state effect of population growth has been neutralized or eliminated. Thirdly, this process is
not internalized by the household but plays out at an aggregate level. Where p > 0  for individuals in
upgrade/training/capacity development are having an instantaneous probability of acquiring new skill set.
This evolution is captured thus:

w(t) = pu(t) + nw(t)y(t) 11
Where
U(t) is the number of individual upgrading their skills/capacity
W(t) is the proportion of new skilled individuals in the population
W(t) = w(t)/y(t) 12
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The balance y(t) — u(t) — w(t) workers are engaged in firms deploying pre GSM telecommunication technology.

The main assumption concerning the post GSM skills with its associated upgrade requirement is that

p¥y>X

Since the effect of skill upgrade automatically translates to marginal increase in labour productivity by ¥ with
a probability of p the condition specifies that the expected discounted gain (p¥/x) is greater than the short run
reservation cost. This guarantees a complete switch to the post GSM technology in the short run.

By observation, even with the prevalence of GSM enabled telecommunication, the old capital simply evolves
as specified in (6) and the rate of acceleration for the post GSM revolutionary telecommunication technologies is
given by

CGSM(t) = VGSM(t) _ SCGSM(t) 13
Investment VES™M(t) must be greater than zero
As a result household’s budget constraint now becomes
T(t) + k(t)y(t) + VOSM(t) + VO(t) = xT(t) + RO [y(t) — w(t)] + WOSMB)W(t) + S()C(t) + STSM(t)COSM(t) 14

Each household determines its plan by maximizing (1) subject to (6), (12), (13) and (14) Given that typical
household faces constant interest rate on capital, allocating time between training and working can be optimized
using

Max U(t)S(t)i=t ft‘f e~ =mEEI) [RO(1)(1 + U(t) - S(t) + REM(1)S(t)]dt 15
Subject to
S(t) = pu(t) + nw(t) - nw(t)
Where w’(t) is given
The first order conditions are:
RY(t) = pp(t)
u(t) = - [REMD)] - RO + x p(t)
!irg n(Ow(t) e~ @M=t =

Where pu(t) is the anticipated income associated with being a GSM telecom skilled worker. Since this new
capital stock can be financed on the market at rate x + 9, it therefore shows capital-labour ratio in the post GSM
telecommunication oriented or dominated era and wage rate are constant.

Wage paid to GSM telecommunication complaint workers is

ROM(t) = (1 — a)(1 + ¥)[a/(x+8)1- 16
It can be shown that in a co-state scenario, wage paid pre GSM technology firm is
RO(t) = p/(x+p)RESM(1) 17

Since R%(t) equals the marginal productivity of labour in pre GSM telecommunication era, therefore the

fraction of individual in capacity development is
(O = - w(t) — [x + p/p(1+1)] " [(x+8) ] V1-CO(0) 18

By this assumption that px > x which implies that in equilibrium, the marginal efficiency of capital in the pre
GSM telecommunication era is lower that the post GSM era, hence firm will choose V°(t) = 0 after the introduction
of the new telecommunication platform. As a result, the evolution of telecom compliant labour for (t > t*) is equal
to

W(t) = 1-ePE — p/(p-8-n)[x+p/p(1+1) [ (x+8)/a] /1-*CO(t)[e CMEepEt] 19

Skill sets and capacity development exhibits a dynamism which determines the output per worker per
household. The per worker evolution per time that takes place after upgrade capacity (t > t*) can be derived from
the production function given by
O(t) = (1+9)[a/(x+8) ¥ +[x+p/p(1+¥)]"*(1+%)(x+8)/a[p/(x+n) — P/(p-8-n)CO(t)e M-t

+ (T+3) [0/ (x--8) [/ (p-8-n) | x+p/p( 1) V17 CO(1%) 1 @t 20

Where C%(t*) denotes the capital-labour ratio in the pre GSM telecommunication period at time t* what then
is the characteristics of the effect of the advent of GSM oriented telecommunication

From (11) to (20) we propose that emanating from steady state of the economy where only the pre GSM
telecommunication existed, the introduction of the GSM telecommunication triggers a temporary drop in labour
productivity. In the same vein, after the introduction of GSM telecommunication, the population/economy will
first experience drop in productivity. This is so because since there are fewer workers operating with pre GSM
telecommunication model, output drops. As a result, the rental rate of pre GSM telecommunication skills drops
lower than the post GSM telecommunication skills. Automatically, there is no incentive for household to invest
in the old capital stock. This is further exacerbated when labour opts for capacity development or upgrade or
training thereby forcing productivity to dip. However, when the diffusion of GSM telecommunication skill set is
widespread the trend reverses. The system of equations therefore suggests a way of finding out telecommunication
paradigm shift. Notwithstanding, the key implications can be tested using a regression framework.
t<t*, log O(t) — log O(0)/t = ao + au[(log y(t) — log y(0)]/t + o2 1(t) + &g
and
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t>t*, log O(t) — log O(t*)/t-t* = Bo; + Pi[(log y(t) — log y(t¥)]/ t-t* + B2 r(t) + g
where x is set of variables explaining the phenomenon.
Let’s consider an initial pre GSM telecommunication period where a good or service G can be produced
using the production function
G(t) = C2(t) Y (1) e(t)] ' 21

Where 0<a<l
C¢’ is the physical capital
Y is the labour time
e is effort applied
According to Beaudry et al (2005) e reacts to the degree to which the wage paid by a producer of G exceeds the
market wage
Let competitive wage rate be Re(t) and R%(t) be the actual wage paid to a worker producing G. The Beaudry et
al (2005) condition specifies that € is an increasing function of R%(t)/ Re(t)
Hence,
e(t) = e[R%(t)/ Re(t)], €’ [R%/ Re(t)] >0

Now since GSM telecommunication introduces an alternative means of producing G which is fJC%M(t),
YSM(t)] where C%Mg is new type of capital . GSM telecommunication aids the reduction of physical and mental
effort through increased automation and processing speed. Hence firm will pay workers R%(t) instead of Re(t)
thereby investing the difference in constant upgrade of telecommunication equipment and software to boost
efficiency via automation and processing speed. At firm and household level, GSM telecommunication makes
task accomplishment easier.

4. Conclusion

The main objective of the paper has been to mathematically explain the economics of employment dynamics,
capacity development and link it to household telecommunication expenditure in Nigeria. The system of equations
deployed served this purpose. It helped surgically and scientifically discuss the subject matter without socio-
cultural or political bias since Nigeria is a melting pot of diverse backgrounds. In this treatise employment
dynamics, capacity development, telecommunication diffusion interacts with the rate at which the new technology
impacts them in a continuum.

These mathematical and logical manipulations with the aid of theoretical economic foundations have given
rise to some policy discussion. Since GSM telecommunication has become the ultimate disruptor, enhancing
lifestyle, it is arguably the key to fix the mismatch between job market realities, workers skill set and capacity.
The article proposes that since youth, job creators or seekers emanate from households defined by myriad socio-
cultural affinities, combating youth unemployment ravaging Nigeria would require merit based system devoid of
the limitations, conflicts and constraints inherent in our socio-political and cultural backgrounds. Difficult as it
may be entrepreneurship and its success is possible because it is a purely competitive model based on merit, driven
by innovation as demonstrated by mathematics and logic.

To increase productivity, youth employment opportunities, capacity development also known as training ,
skill set upgrade, by taking advantage of the market, more research on the subject matter will lead us to provide a
more definite answer because Nigeria’s and indeed Africa’s growth potential is locked in its private sector.

Finally, to combat this crisis, the Nigerian and indeed African governments and private sector institutions
must as a matter of urgency nurture innovation initiatives and offer incentives for individuals and businesses to be
more creative, such as research and development (R&D) funding and intellectual property rights. The motivation
is that in a knowledge-based economy, the spillover effects from investment in GSM telecommunication and
people will keep generating returns. Examples are GSM telecommunications hardware and software, and other
high-tech industries, play a particularly important role here.
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