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ABSTRACT

One obvious problem in determining productivity especially for small and medium scale companies
is the lack of appropriate software to help determine their productivity. This work developed a
computer aided system for industrial productivity performance determination for small and medium-
scale industries. The industrial productivity assessment application was developed using C# in the
visual studio Integrated development environment. The application featured an easy to use and
modern graphical interface and PDF report generation functionality. The usage procedure
basically involved getting the productivity input data via an administered questionnaire, feeding the
input into the Material, Capital, Labour, Energy, Expenses and Output sections respectively and
generating the productivity report. In order to evaluate the performance of the developed
application, a suitable company “Psaltry International Ltd” was selected as a case study and the
data from 2013 to 2019 were used as the test inputs. The input data were also analysed manually
and the result were compared with the generated results from the productivity assessment
application which duly showed that the result from the productivity application was accurate. Based
on this it was recommended that small and medium scale industries should embrace the use of
computer aid systems in the management of their productivity.
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1. INTRODUCTION

One of the biggest concerns for any organization
is to improve its productivity, representing the
effective and efficient conversion of resources
into marketable products and determining
business  profitability  [1]. Consequently,
considerable effort has been directed to
understand the productivity concept with different
approaches taken by researchers, resulting in a
wide variety of productivity definitions [2-4].

Production is the process of manufacturing,
fabricating or producing certain type of goods,
semi-finished or finished, input being basic raw
material or semi-finished products or sub-
assemblies. A production process or a
manufacturing process is the transformation of
raw materials or components into finished
products. The stages in a production process
involve procurement, fabrication, assembly,
testing, packaging and distribution.

Productivity can be expressed as the measure of
the combined efficiency of employees, machines
and  equipment, raw  material  inputs,
management performance, efficiency of the
whole production system. Productivity can be
computed and expressed as the ratio of average
acceptable output per period by the total costs
incurred through various resources (skill and
unskilled labour, input material, power utilized,
capital, energy used, total plant hrs worked, and
other expenses) consumed in that period. It can
be seen as a measure of efficiency of the
integrated system comprising of resources like
Money, Men, Materials, Machines (4 Ms of an
industry) and time etc [5].

Productivity is defined in many ways because
different measures of productivity serve different
purposes. It is broadly defined as a terminology
for the measurement of the effectiveness on
employing the management skills, workers,
materials, equipment, tools, and working space
in order to produce a finished building, plant,
structure, or other fixed facility at the lowest
feasible cost Prokopenko [6] defines productivity
as the relationship between results and the time
it took to achieve them. He further noted that
time is a universal factor and the lower the time
taken to achieve a result, the more productive
the system is. It can also be seen as more
efficient and effective utilization of capital, land,
energy, and information in conjunction with
labour.

Development in the world of computing has
made the computer a useful tool in solving
engineering problems. The computer is able to
assess data and process data faster than any
other computation method and as such is a very
valuable tool for the modern-day engineer. As
such the development of computer aided system
for industrial productivity assessment is a natural
development.

This work intends to develop a software capable
of determining total productivity of an industry
and evaluate the performance of the software
developed using an industry as case study.

2. LITERATURE REVIEW
2.1 Partial Productivity

Partial of factorial is the productivity of individual
factors, which contributes to the overall
productivity. In order to obviate the difficulty to
the overall arising out of diversity of methods of
measurement of units of input of different
factors (Material, Labour, Overheads) it is
convenient to adopt cost as a convenient
measure of productivity.

Partial productivity is the ratio of output to
partial input. It measures the productivity of
each input and essentially determines the
contribution of each factor in producing and
generating output. The general formula for
partial productivity is given below:

Total Output

Partial Productivity = Partial Input

1)

Different partial inputs can be Labour, Capital,
Energy, machinery and materials, etc.

2.2 Labour Productivity

Labour is one of the factors of production as
such, the Labour productivity is essentially a very
common index amongst the partial productivity.
This index describes the major role of labour in
manufacturing products or services [7]. The
productivity of labour indicates better efficiency
and how useful the labour relates to the output
produced.

While partial productivities have over time
become widely adopted in industries, it does not
truly demonstrate the performance variation.
This is due to fact that there is a trade-off
between the different manufacturing sources [8].
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Consequently, an increase in one of the factors
of production might lead to reduction in another
factor and this will not be captured when
calculating with partial productivities since it is
the overall output that is compared with a
specific input [8].

Salehi, Shirouyehzad and Dabestani [8] noted
that there are four methods for calculating the
labour inputs: Working time ( Man hour ), cost for
paid labour, the number of labours engaged in
target working time and the number of direct
labourers. Hara and Hibiki [9] thus considered
the “per hour” valuation as the most important

measurement of labour productivity and
proposed the following
.. Real val dded
Labour productivity = = o
Labour input
Real value added (2)

employment Xhours worked

The labour input in most organisation is often a
mix between skilled and unskilled labour as
such the labour input (LI) adopted in the
development of the software will be

LyshXWs

Labour input (LI) =  Lusn>Wus (3)
Dg; Dyst

Where: Ly denotes the skilled labour hours; Ws
denotes the average wage rate, Ds denotes
the deflator for skilled labour, Lys» denotes
unskilled labour hours, Wys represent the wage
of unskilled labour and Dy is deflator for
unskilled labour.

2.3 Material productivity

Material productivity is essentially the ratio of
output to materials input. Productivity is typically
represented as the ratio between the output of
a production process and its inputs (OECD
2007). Material productivity is a single-factor
productivity indicator and measures the
effectiveness by which output has been created
from each unit of material [10,11] and can be
expressed the following way

= Yu
MPes = 4. 4)
Where Y represents output, M material input or
material use (Mt, i>0), t the time dimension, and i
the level dimension (country, firm).

The concept of material productivity has been
increasingly standardised, used in the academic
literature [12,13] and taken up in a number of

statistical offices in industrial countries such as
across the EU and Japan [14].

Material consist of direct material and indirect
material, Direct material are those which go into
the manufacturing of the product, while indirect
material represent other consumables such as
fuel, chemicals in heat treatment, cutting tools,
coolant etc. Material productivity is measured in
terms of goods produced [15].

The total material input in production is often
expressed as a function of the quantity of raw
materials used and the price per unit of raw
material. The deflator accounts for changes in
price from the base year to the target year when
calculating the productivity over a period of time.
The material input will be expressed as a

RmXPpt

Material input (MI) = >

)
Where Rm is raw material in Tonnes, Ppt is
price per unit, Dm is material deflator

2.4 Capital Productivity

Capital productivity is the ratio of output (goods
or services) to the input of physical capital.
Improving physical capital (known as capital
deepening) typically yields an increase in output.
The capital input to manufacturing organisation
can be roughly estimated as a product of the
cost of running the plant per hour and the total
number of hours worked. This is shown below:

Capital Input(CI) = w (6)
14

Where: Tpnw is total plant hours works, Py is the

plant hour rate, Dp is plant hour rate deflator (the

change in the plant hour rate is factored in via

the plant hour rate deflator).

2.5 Energy Productivity

Energy productivity (EP) of an industry is
measured by relating the energy consumption of
an industry (input) to its output. Although with
advent in technology, different innovative energy
sources have been adopted by manufacturing
industries and other organisations around the
globe, oil and electricity still remains a major
source of energy for production. Energy input
can be related as shown below

leppl_l_ Oe + E XEy

DO DOE DE

Energy Input(EI) = )
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Where O is litres of oil used; Py, is price per litre
of oil used; De is energy deflator; O, is other
energy used; Doe is deflator of other energy
used; E is electricity unit used, E, is rate per
kWh, D,is energy deflator.

2.6 Input Deflator

In statistics, a deflator is a value that allows data
to be measured over time in terms of some base
period, usually through a price index, in order to
distinguish between changes in the money value
of a gross national product (GNP) that come
from a change in prices, and changes from a
change in physical output. It is the measure of
the price level for some quantity. A deflator
serves as a price index in which the effects of
inflation are nulled. It is the difference between
real and nominal GDP

2.7 Total Input

Therefore total input for the current period (TIP) ;
is a function of the sum the different partial input
as shown below

(T1); =5 [LI,MI,CI,El,OE] (8)

(TNi=Li + Mi+ Cli+ Eli+ OEi (9)
Where Li is Labour Input; M; is Material Input; Ci
is Capital input; Ei is Energy Input; OE is Other
Energy Input

2.8 Total Output

The total plant output for a period of time is
function of the finished goods and the work in
progress.

(Fgp)ix(Ppui (WipX%Cp X Ppy)
Dfn Dfoe

[TOP); = + 2= (10)
as

Where:

Fgp is the mass of finished goods produced in

tonnes, Ppyis price per unit hour (i),

Dm is the deflator, factor (i), Wi, is work in

progress, C, is percentage completed;

Droe is deflator for other expenses, Dvs is dividend

from security (i), Das is deflator for dividend form

security.

2.9 Total Productivity Measurement or
Overall productivity

The total productivity is thus a ratio of the
different productivities

[ToP]i

Total productivity measure (TPM) = TP

Where, [TOP]; is total output for any year i and
[TIP]ii is total input of any year;

Labour productivity [LP]Jii = [TOI]JL]
Capital productivity [CP]; = EP]‘
Material Productivity [MP], = [Tlg—:h

[TOP]i

Energy Productivity [EP]i = MET]i

[TOP]i
[OEIi

Other expenses productivity [OEP]ii =

3. MATERIALS AND METHODS
3.1 Development of Software

The software was developed using the C#
programming language. The software was done
using the visual studio integrated environment
(IDE). The inputs to the software was collected
as text input via the input field in the graphical
user interface GUI of the developed software.
The basic required inputs parameters are skilled
labour (hrs), unskilled labour (hrs), materials,
total plant hrs worked, energy used, other
expenses, finished goods produced, work in
progress, percentage of completion, price per
unit, dividend from security, deflator for dividend.

The final output was an installable executable file
(.exe) and the expected output will be the
productivity ratio and index table. The flow chart
below shows the different input stages and
expected output for the developed software.

3.2 Case Study

In order to generate accurate data for testing and
performance analysis of the software, a suitable
case — study was selected. An ideal case study
is an organization with well documented records
of inputs and outputs spanning a couple of years.

Psaltry International Company Limited (PIL) is
an agro-allied company located in Ado-Awaye in
Oke-Ogun area of Oyo state. Its focus is the
production of Starch and High Quality Cassava
Flour. The company has a production combined
capacity of about 35,000 MT of various cassava
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based products including starch, sorbitol, flour
and glucose. At present, it has over 8000

hectares of land which it outsources to farmers
for its out-grower scheme.

Input data;

Cp Byp, Fc,Pe Doe, Wip, Dc, %Cpl, Ppu Dof, Dvs, Dde, Lsh, Wse,
Dsl, Luskh, Ws dlIs CE, Dexp, Wash Dun, Rm, Ppt, Dm TPhw, Phrs,

Dp, Oe Ppl De

Calculate the Deflator Dfn=Cp/byp

v

. FiPuc WokCur, D,
Compute [TOP] i = Do + . Do + D, " (1)

Lf = I:L\)’r '”J“S ])Ilr D.n" + [L\)’f ‘H/[][]:.r.\ ] "llll 1)

sl

v

M IR mp p nt Jl—) m

v

Cl :lTphu 'PI |Dp

s

v

El =|0i.Ppi\Di+|ODAD,, +|E.Er|/ P

v

ot = CE [ D

v

[711= Y [LaM,CLLEICE=[T + M + CI + EIl + CE]i

v

Determine productivi ty measure| TP M|

ITPMJi = | TOPJi/| TIP|i
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v

[LP)i =[TOPY L1i

v

[CP 1i = [TOP 1i[CI i

v

[MPi = [TOP Jil MI |i

v

|EPi = |TOP i EI |i

v

[OEP) = [TOP) [ LOEN;

v

print results : LI, MI, CI,
EIOEL, [TLJi[TPM] i[LPi
[PTHI[MPlI[  EPJ[OEP]i

Stop

Fig. 1. Software Logic

3.3 Questionnaire Design

The questionnaire was designed to essentially
collect quantitative information on the different
inputs outlined for the software. The
guestionnaire was divided into 3 main sections;
A, B and C respectively. Section A was
designed to collect relevant information relating
to the organisation while section B, and C were
designed to collect the organisation’s output
data and the different inputs parameters
respectively.

3.4 Performance Evaluation

In order to test the performance of the
developed software, a suitable questionnaire
was developed and administered to a test
company. The questions where structured to
obtain the required quantitative information for
the various partial productivity inputs. The
inputs where inserted into the required fields
on the software and further used to test the

accuracy of the software against the values
obtained from manual calculations

4. RESULTS AND DISCUSSION

The models of productivity measures were used
to develop the productivity application software.
The software for productivity models application
was created in C# programming using the Visual
Studio IDE and compiled into an executable file
(.exe). The final executable file is compatible with
both 64-bit and 32-bit system architecture.

The software was developed with a relatively
simple and easy to use graphical user interface
(GUI). On start of the application, the user is
presented with a security interface for either
registration or login. A successful login operation
consequently gives the user access to the main
application interface to either create a new
organization/company’s record or update existing
ones as shown in Fig. 2 below. Fig. 3 shows the
flowchart of the operation of the software.
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FRODUCTIVITY ASSESSMENT

Welcome Admin

IR

Material

5e|ected E)ase Year: 201%

Status: Base year does not exist!

. Pec:‘Fg base Year

Specify Base Year before proceeding

-@nﬁ&

Name of Organl'sation:

New Records

L s @l LU Psalfry International L

5Peci‘-—5 Records Year

Year

E xist ing Records

Helect Report to View FSALTRY v

5Peci{:5 Records Year 2021 %

wr =) B3 1 Arire Ridwan Emiols Fufa MTeck 2009

Fig. 2. Graphical Interface of developed software
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FRODUCTIVITY ASSESSMENT 25/06/2021 1:07:22 AM

We'come Admin " .

Material apte Energy

5e|ec.ted E)ase Year: 201%

Status: Base year does not exist!

Entry Records  Productivity Reports  Sectional Report

ILI
load Records FRODUCTIVITY OVERVIEW !G‘p‘iﬂt Records

Other Expenses Productivity
Produciivite Index

Material Productivity Capital Productivity Energy Productivity Labour Productivity

1 1.000385 14.45 30.45282 70.29729 13005 0.8960899
2 2014 1.000308 14.94713 33.99825 97.04478 16255 0.9038534
Name of Organisation: [f| ERRELALE 1.000145 40.41642 96.76806 194.3316 34455 0.9614404
4 2016 1.000133 47.13125 102.5741 201.9009 37705 0.9654251
Year 5 2017 1.000118 37.72768 95.78442 238.7288 42255 0.9605779
6 2018 1.000107 48.81878 180.9422 257.8788 46805 0.9710596
7 44.22222 133.9868 261.7718 0.9672914

LogOut

w ™) B 1 Asira Ridican Emiol Tuta MTeck 2019

Fig. 4. Partial Productivity and Overall Productivity of Psaltry International Ltd
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Login

Select/Create
Company’s Records

Enter production
Inputs and Outputs

Generate Productivity
index and Ratio

Export Outputs

Fig. 3. Flow chart on operation procedure

4.1 Performance of the Software study. Questionnaires were administered at the
Developed using an Industry as company and data gotten from the administered
Case Study guestionnaire were used logged in into the

various inputs category of the software. Fig. 4

To test the accuracy of the software, Psaltry shows the output of software showing the

International Limited was selected as the case material productivity, capital productivity, labour
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productivity, energy productivity, other expense
productivity and the productivity index of the
company.

5. CONCLUSION AND RECOMMENDA-
TION

The proposed industrial productivity assessment
application was successfully developed using C#
in the visual studio Integrated development
environment. The application featured an easy to
use and modern graphical interface and PDF

report generation functionality. @ The usage
procedure basically involved getting the
productivity input data via an administered

guestionnaire, feeding the input into the Material,
Capital, and Labour, Energy, Expenses and
Output sections respectively and generating the
productivity report.

The productivity application allows the user
create accounts for different companies and
generate their corresponding report as well as
select any valid year as the base year against
which the inputs of other years are to be
compared.

Small and medium scale industries are advised
to embrace the use of computer aided system in
order to evaluate the productivity of their workers
as well as improve their overall productivity as it
is economical to use the application for the
determination of small and medium scale
industries.
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