
  

 

Copyright © 2015 IJEIR, All right reserved 

192 

 

 
International Journal of Engineering Innovation & Research  

Volume 4, Issue 1, ISSN: 2277 – 5668 

Total Productivity at Firm Level: A Case Study of a steel 

Manufacturing Company in Osun State, Nigeria 
 

Adedoyin, Rasak Adedapo 
Department of Mechanical Engineering 

Faculty of Engineering, Osun State  

Polytechnic, Iree. 

Adegoke, Benjamin Olusesan 
Department of Computer Engineering,  

Faculty of Engineering, Osun State Polytechnic, Iree.  

email: adegokebo@yahoo.com 

 
Abstract: Productivity performance has always been an 

important aspect in manufacturing. This measurement is 

essential to benchmark and improve a company’s 
performance. The total output could be regarded as the 

measure of performance of manufacturing firm with labour 

productivity as main contributing factor. This has led to 

manufacturing firm neglecting other measures of 

productivity. The total productivity of a steel manufacturing 

firm was determined for a period of five years using Craig 

and Harris model. The analysis carried out showed that 

years 2005 and 2008 had the lowest and highest total 

productivity level respectively. The computed partial 

productivity for these years are Labour = 4.87; 4.98 Capital = 

4.76; 5.60 Raw Material = 5.76; 6.38 while the productivity Pt 

= 1.69; 1.85.  The results revealed that labour cost is not the 

only factors of production that determines total productivity 

of a manufacturing firm; other factors of production such as 

materials, capital, miscellaneous are as well major 

determinant of productivity of such manufacturing firm. 

Therefore, this research work could serve as guiding 

information for manufacturing firms in determining their 

productivity level without just focusing on labour cost. 

 

Keywords: Labour Capital, Raw Material, Total Productiv- 
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1. INTRODUCTION 
 

The term ‘productivity’ means different things to 
different persons. As a phenomenon, it ranges from 

efficiency to effectiveness, rates of turnover and 

absenteeism, output measure, measure of client or 

consumer satisfaction, intangibles such as disruption in 

workflow and to further intangibles such as morale. It is 

perceived that the more different are the goals of the 

individuals, institutions and bodies that have a stake in 

productivity as a problem, the more different their 

definitions of productivity will be [1]. Krugman [2] 

asserted that defining or measuring productivity is a 

Herculean task when he asserted that “productivity isn’t 
everything, but in long run it is almost everything”. This 
conception of productivity goes to imply that it can indeed 

be perceived as the output per unit input or the efficiency 

with which resources are utilized [3]. According to Sink 

[4], the overall performance of a company is measured 

through their effectiveness, efficiency, quality, 

productivity, quality of work life, innovation, and 

profitability.  Total productivity is the total output divided 

by the sum of all inputs.  

Productivity combines the concepts of effectiveness and 

efficiency, where effectiveness is the degree to which end 

results are achieved to the required standard. Growth is a 

function of Total Factor Productivity (TFP), which is the 

aggregation of partial productivities. According to Kaydos 

[5] productivity and subsequently performance measurem- 

ent has been regarded as a prerequisite for continuous 

improvement. Total productivity in firm and total 

productivity of products are defined as mentioned in 

equation (1): 
  � � � =  � � �� �  � � �� �  �   (1) 

 =   �   � �   ℎ  �  

 =     � �   ℎ   � 
 

Rogers [6] discussed various methods to analyze 

productivity and stated that productivity changes can be as 

a result in either movements in the best “best practice” 
production technology or a change in the level of 

efficiency. 

Productivity Performance Measurement (PPM) has 

always been an important aspect in manufacturing. Poor 

productivity performance faced by a manufacturing plant 

may result in improper productivity measurement. Over 

two centuries ago, the term productivity was used in the 

journal de 1’ Agriculture [7]. In industrial engineering, 
productivity is generally defined as the relation of output 

(i.e. produced goods) to input (i.e. consumed resources) in 

the manufacturing transformation process. Growth is a 

function of Total Factor Productivity (TFP), which is the 

aggregation of partial productivities [8].  The percentage 

contribution of labour to firm’s total output in Nigeria is 
about 2 percent. This is plausible given the high rate of 

underemployment and unemployment in the economy. 

About 18.5 percent and 21.9 percent of Nigeria’s labour 
force has been noted to be both underemployment and 

unemployment in 1998 respectively [9]. The reported low 

capacity utilization of the industries may be responsible 

for the low value of the capital coefficient. 

Productivity Models 

Productivity models are used to measure the Total 

Factor Productivity and partial productivities.  However 

all various models should satisfy the basic productivity 

equation which is defined as productivity = Output ÷ 

Input.  

a) Kendrick-creamer Model: Kendrick and Creamer 

[10] introduced productivity indices at the company level 

in their book “Measuring company productivity”.  
  � � � =    �   �   �  � �  �  �   �  �  (2) 
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and partial productivity such as Labour, Capital or 

Material productivity index can be calculated as: 

 �  � � � =  �  �   �  �� �  �  �   �  �   (3) 

 

b)Craig- Harris Model. The next most impartment 

study using the index approach at the company level is of 

Craig and Harris (1972 - 1975) [11]. They define total 

productivity measure as:  

 = � + � + +⁄     (4) 

 

where Pt = Total Productivity, L = Labour Input, C = 

Capital Input, R = Raw Material Input and Q = 

miscellaneous input and Qt= Total Output. 

c) American Productivity Center Model: American 

productivity centre has measure that productivity relates 

profitability and price factor. The measure is given by 

profitability given as: 

 � � � � =  �⁄    (5) 

 = [  � � � ][ �  � � �  ] 
 = [  � � � ][ �  � � �  ] 
 

where productivity = out/input 

 

Price recovery factor = A factor which capture the effect 

of inflation. Several criteria for the evaluation of 

productivity are (a) Validity, (b) Completeness, (c) 

Comparability, (d) Inclusiveness, (e) Timeliness and (f) 

Cost- effectiveness [12]. 

d)Modified Productivity Model: The input to the 

modified model consists of labour, capital, material, 

energy, subsidized ration, and miscellaneous expenses 

inputs. All the inputs to the model are expressed in 

monetary terms. Detailed description regarding various 

inputs to the model is presented below: 

Labour input (L): Labour input comprises the 

following costs incurred by the steel company. (a) Wages 

for development work such as nursery, extension planting, 

replacement planting, infilling etc. (b) Wages for plucking. 

(c) Wages for plant maintenance like drainage, pest and 

disease control, fertilizer application. (d) Wages for 

factory workers directly attached to the manufacturing 

department. (e) Wages for indirect factory workers like 

drivers, electricians etc. (f) Salary of staff. (g) Salary of 

executives. (h) Overtime wages. (i) Bonus. (j) Employer’s 
share of provident fund. (k) Leave with wages. (l) Wages 

for paid holiday. (m) Total medical treatment expenses. 

(n) Housing maintenance expenses. (o) Cost of weather 

protective such as umbrella, mosquito net etc. (p) 

Expenses on water supply. (q) Expenses on Creech. (r) 

Maternity benefit. (s) Gratuity. (t) Fuel and electricity 

provided to the workers and staff. (u) Others. 

Capital Input (C): The capital input includes the 

following expenses of the steel company. (a) Insurance 

premium for (1) Earthquake. (2) Fire. (3) Accident 

insurance of executives. (4) Mediclaime of executives. (5) 

Crop in stock insurance. (6) Crop in transit insurance. (7) 

Cash in safe insurance. (8) Cash in transit. (9) Other 

insurance premium. (a) Interest on working capital. (b) 

Interest on long-term expenditure. (c) Depreciation on 

plant machineries and other capital assets.        (d) Other 

capital input. 

Material Input (R): This input includes the following 

costs of tea estate.  

(a) Cost of purchase of material. (b) Cost of materials 

issued from the store. (c) Cost of packing material used. 

(d) Other material cost. 

Miscellaneous Input (Q): The expenses relating to the 

following heads are considered as miscellaneous input (Q) 

to the productivity measurement model.  

(a) Various contract work. (b) Purchase repairing. (c) 

Security cost. (d) Head office expenses. (e) Social 

overheads. (f) Demurrages. (g) Loading and unloading 

charges. (h) Telephone and charges. (i) Legal cost. (j) 

Traveling and transportation expenses of staff. (k) 

Accommodation and messing charges of guests. (l) 

Infrastructure maintenance like road, bridge etc. (m) other 

overheads. (n) Taxes and levies input. (o) Transportation 

input. 

Productivity Modeling: 
The following steps are employed for improving the 

total productivity of an organization based on the proposed 

model: 

1. Determine the objective of the organization, 

keeping in mind the different candidate improvement 

productivity techniques that the organization will be able 

to implement. 

2. Choose an appropriate production measure to 

evaluate the company’s productivity level such as total 
productivity measure. 

3. Determine the main parameters which influence 

the change of the organization productivity. 

4. Define the model using the previous parameters. 

This can be expressed by the following method: Since the 

total productivity (TP) can be simply expressed as total 

output (Q) divided by total inputs (I): 
 =  �⁄      (6) 
 

Then,  =  �⁄  and   − =  − � −⁄  are the 

firm’s total productivities for two successive periods, and − . In addition, the change of total firm productivity, 

output and inputs between two periods, and − , can be 

defined as: 
 ∆ =  − −     (7) 
 ∆ =  − −  
 ∆� =  � − � −  
 

Substituting equation (1.1) in terms of successive periods, 

in the equation (2) Then 
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∆ =  − −     (8) 

 ≡ �⁄ − − � −⁄  

 

Applying equations (1.3) and (1.4) in equation (1.5); then, 

 ∆ =  − −     ∆ � =  � − � −      (9) 

 

Therefore  equation (8) becomes 

 ∆ =  ��−1∗( ∆ + �−1 − �−1)∗ ∆�+��−1∆�+��−1 ∗��−1   (10) 

 ≅ ∆ − − ∗  ∆�� + � −  

 

Quantitative evaluation of the total productivity of the 

steel company under study was the focus of this research. 

Moreover, the research investigates the level of 

productivity obtainable at the firm level in a specific 

Nigerian establishment, identify lapses and proffer 

solutions to identified lapses which can be applied in 

similar production companies. 

 

2. METHODOLOGY 
 

The total productivity at the steel manufacturing 

company under study was dependent on some factors of 

production. These were enumerated and used to analyze 

and obtain the total productivity of the firm for five years. 

The contributing factors to total productivity had been 

enumerated under the introduction. 

These are: (i) Total output, Qt (ii) Capital input, C, (iii) 

Labour input, L, (iv) Miscellaneous input Q, (v) Raw 

material Cost, R 

Data Collection: 
The yearly data on the various factors of production for 

the manufacturing firm understudy were obtained for five 

years. The sales / revenue generated were considered in 

total output. 

Anonymity: 
The identity of the steel manufacturing firm understudy 

could not be revealed because of the economic and 

security consequences that might result from such 

information. The researcher referred to the steel 

manufacturing firm as the firm investigated. 

Data Analysis: 
The total productivity of the steel manufacturing firm 

investigated was determined using Craig and Haris model 

as shown in equation (4). 

 

3. RESULTS AND DISCUSSION 
 

Data Presentation: 
The functional data as obtained from the firm under 

investigation are presented in Table 1. This shows on a 

yearly basis for five (5) years, the sales revenue, finished 

goods stock exchange, capital input, material input 

miscellaneous input and labour. 

Computation of Partial Productivity and Total Prod-

uctivity: 
The yearly productivity of the firm investigated was 

computed using equation (1). 

The yearly total productivity of the firm investigated 

was computed based on Craig-Harris model shown in 

equation (4). 

 

Table 1. Functional Data for Productivity of the Firm in 

Millions of Naira 
Year 

Functional input 
2004 2005 2006 2007 2008 

Sales Revenue 480 450 475 470 478 

Finished  Goods Stock 

Exchange 
0.30 0.20 0.60 0.50 0.20 

Capital input 100 94.6 90.5 88.2 85.4 

Materials input 80 78.2 79 76.5 75 

Miscellaneous input 1.5 1.85 1.75 1.8 1.85 

Labour 81.2 92.5 90.6 95.4 96.1 

 

Partial and total productivity for 2004: 
Partial productivity for labour, 

 

,   = �    =  .. = .  

 

Partial productivity for capital, 

 

,   � = �    =  . = .  

 

Partial productivity for raw material, 

 

,   =    =  . = .  

 

Total output, Qt= 480 + 0.3 = 480.03 million Naira. 

Capital Input, C = 100 million Naira; Materials Input, R = 

80 million Naira; Miscellaneous input, Q = 1.5 million 

Naira and Labour Input, L = 81.2 million Naira. Hence, 

the total productivity for year 2004 is given as: 

 = .. + + + . = .  

 

Partial and total productivity for 2005: 
Partial productivity for labour,   

 

, = � =  .. = .  

 

Partial productivity for capital, 
 

,   � = � =  .. = .  

 

Partial productivity for raw material, 

 

,   = =  .. = .  
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Total Output, Q t = 450 + 0.2 =450.2 million Naira. 

Capital input, C = 94.6 million Naira; Materials input, R = 

78.2 Million Naira; Miscellaneous input, Q = 1.85 million 

Naira and Labour input, L = 92.5 million Naira. Hence, 

the total productivity for the year 2005 is calculated as: 

 =  .. + . + . + .  = .  

 

Partial and total productivity for 2006: 
Partial productivity for labour, 

 

, = � =  .. = .  

 

Partial productivity for capital,  

 

,� = � =  .. = .  

 

Partial productivity for raw material,  

 

, = =  . = .  

 

Total output, Qt= 475 + 0.6 = 475.6 million Naira. 

Capital input, C =90.5 million Naira; 

Materials input, R = 79 million Naira; Miscellaneous 

input, Q =1.75 million Naira and 

Labour input, L = 90.6 million Naira. Hence, the total 

productivity for year 2006 is given as: 

 = .. + + . + . = .  

 

Partial and total productivity for 2007: 
Partial productivity for labour, 

 

, =   .. = .  

 

Partial productivity for capital, 

 

,� = .. = .  

 

Partial productivity for raw material,  

 

,   = .. = .  

 

Total Output, Qt = 470 + 0.5 = 470.5 million Naira. 

Capital input, C = 88.2 million Naira; 

Materials input, R =76.5 million Naira; Miscellaneous 

input, Q = 1.8 million Naira and 

Labour input, L = 95.4 million Naira. Hence, the total 

productivity for year 2007 is given as: 

 

 =  .. + . + . + . = .  

Partial and total productivity for 2008: 
Partial productivity for labour,  

 

, =  .. = .  

 

Partial productivity for capital,  
 

,� =  . = .  

 

Partial productivity for raw material,  
 

, =  . = .  

 

Total Output, Q = 478 + 0.2 = 478.2 million Naira. Capital 

input, C = 85.4 million naira; 

Materials input, R = 75 million Naira; Miscellaneous 

input, Q = 1.85 million Naira and 

Labour input, L = 96.1 million Naira. Hence, the total 

productivity for year 2008 is given as: 
 =  .. + + . + . = .  

 

Annual total Productivity of the firm: 
The total productivity of the firm computed yearly is 

shown in Table 2 which is graphically represented in 

Figure 1. The plot shows a cyclical pattern of flow which 

indicates that the firm under study experienced 

fluctuations in its operation. This could be attributed to 

some factors of production that are not deterministic in the 

country. Some of these factors are irregular power supply 

system, irregular government policy and irregular 

inflations rates. 
 

Table 2. Yearly Total Productivity of the company 

Year Total Productivity 

2004 1.828321 

2005 1.685196 

2006 1.816307 

2007 1.796487 

2008 1.850977 

 

 
Fig.1. Total Productivity of the Investigated Company 

 

Discussion: 
The total productivity of the steel manufacturing firm 

investigated was computed for a period of five (5) years. 

The result obtained revealed that the company had its 
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highest productivity in the year 2008. This was attributed 

to the reduced capital input and material inputs, despite the 

lower total output during this particular year. The year 

with lowest total productivity was 2005. Could be 

attributed to the low total output in this year. The finding 

have revealed that total productivity of this manufacturing 

firm depended on five major factors of productions 

namely total output, capital input, material input, 

miscellaneous input and labour cost. The general 

misconception of the adverse impact of labour cost on 

total productivity has been clarified during the course of 

this research. This was because the year with the highest 

level of total productivity (2008) had the highest 

associated cost of labour. It has been proven that the other 

factors of production are major determinants of 

productivity at firm level. This research work could serve 

as guiding information for manufacturing firms in 

determining their productivity level without just focusing 

on labour cost. 
 

4.CONCLUSION AND RECOMMENDATION 
 

Conclusion: 
Manufacturing firms have long been trying to apply 

various techniques to set different productivity indicators. 

The result of productivity measures has not been able to 

represent their actual performance. Poor total output at this 

firm might have been erroneously attributed to high cost of 

labour, whereas the total productivity still depends on 

other factors of production earlier discussed. This research 

has made it clear that single/partial factors productivity 

measurement which considers only labour productivity is 

not an appropriate measure of total productivity of a 

manufacturing firm. 

Recommendations: 
Determining real total productivity should not be based 

on labour factor alone but rather on all other factors. That 

company or firm should have periodic productivity 

measurement. To promote industrial growth, lapses 

hindering productivity and factors enhancing productivity 

should be treated from time to time. It is very important to 

choose a methodology that fills the purpose of   analysis 

and data to be used. Further research in this area can be 

carried out by forecast future total productivity of this firm 

using exponential smoothing techniques. 
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