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ABSTRACT 
 

This paper studies The Learning curve and how it can be applied to industry. The “Learning 
Effect” was being firstly noted in connection with the production of Aircrafts. It explains that the 
time required to make a product decreases as the number of times it is made by the same 
person or group, who is working and relates the manufacturing cost to cumulative production. 
The learning process helps to improve the quality and stock of knowledge, technological 
abilities and estimate the labor hours of the firm.  
                           
The analysis is expected to show that higher the complexity and duration of the work more will 
be the learning rate and improvements. The rate of learning is affected by different factors such 
as changes in the technology, equipment, manpower training, personnel and methods. A steady 
phase is seen once the learning effect is over. The method used here for the application of 
learning curve to industry is the technique of “process based cost modeling”, that breaks down 
the production process into its constituent sub-process. The analysis showed that learning 
curve model is an important technique to predict how long it will take to complete the future 
task. It is extensively used in management accounting. The learning effect is not applicable to an 
expertise since, the time taken can never be zero. 
   
KEYWORDS: Learning effect, Cumulative production, Manufacturing cost, Labor hours, Cost 
modeling.        
 

Introduction 
 

Learning curves have various alternate names, like improvement curves, progress curves, 
startup functions, and efficiency curves. T.P. Wright first coined the idea of learning curves and 
its impact on efficiency in the American aircraft industry in 1936. Wright encountered that there 
was a way in which people learned. Earlier, it seemed to be entirely due to the learning of the 
workers as they repeated their tasks. Later, it was ascertained that many other elements 
entered in, like available working conditions, improved and efficient machines, change in staff, 
design and various management practices. 
 
When people duplicate any activity, there tends to be an increase in efficiency. And this takes 
the structure of a decrease in the time taken to perform a work. Because cost is generally 
dependent on time or labor hours consumed. Initially Learning curve was just used as a tool to 
forecast changes in the labor hours of industries over time, but later the measurement shifted 
from labor hours per unit to cost per unit produced.  
 
The main feature concerning the theory is that every time the production quantity doubles, 
there is a change in the time required, that is more or less a percentage decrease in the effort 



            IJRFM                                   Volume 6 , Issue 2 (February, 2016)                    (ISSN 2231-5985) 
 International Journal of Research in Finance and Marketing (IMPACT  FACTOR – 5.230) 

                        International Journal of Research in Finance & Marketing 
    Email id: editorijrim@gmail.com http://www.euroasiapub.org 

  

 

40 

and time required to build a single unit. There is not a sudden decrease but occurs slowly with 
the production. The learning stops when there is a break in the activity concerned or if there is a 
change in the nature of the activity.  
 
Situations where there is no chance of any increase in the efficiency, the learning curve cannot 
be applied there. When industry can estimate the rate of learning, they can predict the product 
costs too. This is a practical application of learning curves in forecasting budgets. It is also 
important to predict cost for pricing decisions; should the company follow a cost plus pricing or 
price skimming. The another application of learning curve can be seen in the human resource 
determination where learning curve can be applied; they can cancel out some jobs or shift them 
to more specialized areas. 
 

OBJECTIVE OF THE STUDY 
 

1. To make an analysis of learning curve. 
2. To study the application of learning curve on industry. 
3. To find how learning curve helps in deciding the future cost in industry. 
4. To study the different factors that affects the learning curve of an industry. 
5. To check whether the companies have been able to profit from the benefit of learning 

curve. 
6. To find measures that can prevent the over-estimation of future cost and technical 

requirement which results in the low margin of industry. 
 

REVIEW OF LITERATURE 
        

According to the Bachelor thesis of William Scheggetman, Tilburg University   (2010) Learning 
can be discussed in various terms, learning curves play a big part of the learning experience that 
firms generate. 
 
Devinney (1987) brought forth the notion of learning curves as “the efficiency gained by a firm 
through technological experience, including internal firm technological development, 
organizational improvements, and knowledge of all phases of producing and selling a product”. 
This defines the importance of growth in the technological sector. On the other hand not all 
sources purely agree on this statement. It is clear that Devinney’s findings shows it to be 
entirely due to the technological development, however many other different factors also affects 
the learning curve.  
 
Badiru (1992) gave a wider view of term learning curves as “typical learning curves present the 
relationship between production cost and cumulative output based on the effect of learning”. 
This definition is more consistent and reliable as it fits best for the learning curves of today, 
however the rate of learning in an industry affects its learning curve. 
                        
Nembhard and Osothsilp (2005) recognized the manufacturing sector as a learning-by-doing 
industry. The products are required to periodically be changed to fulfill the standards set by 
customers and competitors. Similar standards are there for organizational learning too. 
However it is not absolute that the aircraft manufacturing industry behaves similarly as other 
manufacturers. This is because aircraft parts are very peculiar good to sell. 
 
Nemet (2005) further states “An implication of the variation in the price–cost margin is that 
industry structure affects the learning rate. In the case of an industry that becomes more 
competitive over time, a price-based experience curve over-estimates the rate of technical 
progress." This statement states that structure of industry will surely affect the learning rate of 
companies and likewise affect its learning curves. In addition this leads to overestimation of 
technical progress, which results in low margin of industries. 
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According to Dunbar and Starbuck (2006) organizational design in terms of company structure 
positively influences the ability of firms that participate in this type of design to learn from 
experiences. This statement clears that learning capability and type of structure employed has a 
positive effect on learning capability of a particular firm. 
 
Lapré and Tsikriktsis (2006) concluded as “The typical learning-curve example, often observed 
in manufacturing firms, is the “power curve”, which specifies that the logarithm of unit cost 
decreases linearly as a function of the logarithm of cumulative number of units produced.” This 
definition states how learning curves operate in the manufacturing industry. Mathematical 
equations such as logarithm are used to show a graphical representation of learning curves in a 
curve form. It is a downward sloping line showing average cost on the vertical axis and 
cumulative output on the horizontal axis. 
 

RESEARCH METHODOLOGY 
 

The type of research involved in the process of writing this paper is a literature review of 
research done by economic scholars. The information is searched from secondary sources and 
consists of recent archives. The advantage of the secondary sources as a mean of research for 
this thesis is creating the base of theories needed to derive my own conclusion about whether 
or not a single valid answer can be found. 
 

Analysis of Learning curve 
 

Human performance of operations usually displays improvement when the operations are 
performed on a continual or repetitive basis. The time required to perform a task decreases 
with increasing repetitions. Learning curves shows this phenomenon. The degree of 
improvement and the number of tasks required to recognize the major area of the improvement 
is a function of the task being performed.  
 

If the task is truncated and routine to some extent, only a moderate amount of improvement is 
possible, and it usually happens during the initial repetitions. If the task is pretty complicated 
and has longer work duration, improvements will take place over a larger number of 
repetitions. Thus, learning curve is less relevant for programming of routine short operations, 
but they do have applicability for complicated long repetitive operations. 
 

Figure 1 Illustrates the relationship between units produced and time per unit that is, time per 
unit is decreased with the increasing number of units produced. The learning curve model, 
analyzed here, supposes that the rate of decrease in time per unit remains constant as the 
number of units produced doubles. 
 

 
 
Figure 1: The learning effect: time per unit decreases as the number of units produced increases 
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Factors such as choice of tools and equipment, design of product, manpower training and the 
amount of efforts made before, the beginning of the work, are some of the preproduction factors 
that affect the rate of learning or improvement. Other constituent factors include changes in 
methods, layout, support services, tooling, design, and increase in lot size after, the production 
has started. Similarly, managerial input aims to be a vital factor by improvements in planning, 
programming, motivation, and control. 
 
Leading changes, such as redesigning of product or installation of new equipment and tools, 
during the production results in a temporal increase in time per unit till workers adapt to the 
change. If series of leading changes are done throughout production, the learning curve tends to 
show scallops instead of a smooth curve, as illustrated in Figure 2.  
       

 
Figure 2: Improvements may create a scallop effect in the learning curve 

 

Learning curves Ratio 
 

The rate of learning is highly steady in the beginning stage of the new process, that the rate of 
decrease in the unit time can be utilized to forecast labor cost in advance. The learning effect on 
cost is sum up in learning ratio-  
     

 
 
If the average labor cost for the first 100 unit of a product is Rs20 and the average labor cost of 
first 200 units is Rs15, then learning ratio will be determined as follows: 
 
Learning curve ratio = 15/20*100 or 75% 
 
Learning curve ratio for this shows that a 75% learning curve denotes a 25% decrease in unit 
time with each doubling of units produced. It also shows the cumulative production volume 
required to get a given target cost. 
 
In figure 3, a constant learning percentage, is shown by the straight line which is the foundation 
of learning curve estimates: Each duplication in production units results in a constant 
percentage decrease in the time per unit. For example, an 80% learning curve denotes a 20% 
decrease in unit time with each doubling of units produced and a 90% curve denotes a 10% 
decrease rate. It is important to note that a 100% curve implies no decrease in unit time. 
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Figure 3: Straight line learning curves 

Further, when the learning effect ends, steady phase will begin. Learning effect also ends in 
steady phase, as soon as the operation gets well established. Figure 4 shows that steady phase is 
reached as the work is learned enough over a period of time, with the repetitions.  

 
Figure 4: Learning and steady phase of Learning curve 

 
Learning curve equation 
Mathematicians have express the relationship in equations as:    

                    … (1) 
 Where, 
X is the cumulative number of units produced 
Y is the cumulative average unit cost of those units X 
K is the average cost of the first unit 
s is the improvement exponent or the learning coefficient which is calculated as follows 

 
Learning curve equation becomes a linear equation when it is written in its logarithm form: 

                                   … (2) 
                                                                       
Each of the above two equation defines cumulative average cost. Either of them can be 
converted to a formula for the total labor cost of all units produced up to a given point. Total 
cost under equation can be found out by following formula: 

               … (3)     
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Method for the application of learning curve to industry 
 

To examine the consequences of learning curves on production it is necessary to break down a 
production process into its additional sub-processes. Further, the application of learning to each 
sub-process can be studied, individually. It becomes easy to understand the learning process at 
a sub-process level, in comparison to aggregate level. This breakdown into sub-processes can be 
studied using a technique called “Process Based Cost Modeling”. 
 
Process Based Cost Modeling (PBCM) is a powerful logical tool that incorporates primary costs 
from technical and operational grounds to ascertain the total production cost. PBCM’s offers to 
forecast manufacturing costs for new designs, initiating well developed processes, depending 
upon basics of the manufacturing process instead of historic data. A particular manufacturing 
process can be viewed with respect to factors like reject rate, down time, cycle time, equipment 
cost, tool cost, and material cost; and the concept of learning curve can be individually be 
applied to each of these factors. 
 

These factors can then be shifted into the PBCM to get the cost per part being produced. 
 

$ = f (cycle time, downtime, reject, labor, energy, equipment, tools...) 
 

However, to use the process variables like (cycle time, down time and reject) one is required to 
make distinct forecasts. There exists uncertainty of forecasting, but it is convergent around 
tangible technology and operational spheres. This provides a scope to employ subject matter 
expertise to develop trust around the forecasts made. 
 

 
Figure 5: Illustration of Process Based Cost Modeling 

For application purposes, the PBCM can be divided into three sub-models as shown above 
(Figure 5). The first one describes the processes needed to produce the product or part. The 
next model takes into consideration the operations of the manufacturing facility. The final 
model integrates financial considerations to the operation. 
 
ANALYSIS AND INTERPRETATION 
 

Learning curves are largely used in industry in different forms and with different objectives. It 
has gone through a wide transition in its understanding and application since it was first coined 
by Wright in 1936. Initially, Industries used learning curves as a tool to forecast how the labor 
hours for manufacturing would change over time. With time, the scale of measurement changed 
from labor per hour to labor cost per unit and finally to cost per unit produced. 
 

Some of the learning processes applied by industry  
 

 Learning by doing:  It is a kind of an internal learning to a company and relies on the 
production activity. 

 

 Learning by using: It is also a kind of internal learning to a company and is connected to 
the use of different resources, machinery, tools and other inputs. 
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 Learning from inter-industry spill over: It is concerned with the acquisition of technical 
knowledge developed by the rivals. 

 

 Learning by interacting: This kind of learning is external to a company and relies upon the 
level of interaction with upward or downward sources of information within or outside the 
firm.  

 

 Learning by searching: It is also Internal to a firm and is mainly related to the activities 
that targets to develop new base for knowledge such as research and development. 

 

Application of Learning curve to Industry 
 

The process variables can be expressed as a function of cumulative volume or time in the PBCM. 
Process variables are expected to have different phases of learning. These learning phases can 
mostly be classified as an initial phase, followed by a learning phase and finally a saturation 
phase.  
 
The first phase witnesses’ initial transient after the new process is implemented. This stage is 
characterized with slow improvements in the process parameters. Initial transients are seen as 
a result of implementation of a new process because it takes some time before line workers 
start to learn the practicalities of a work. 
 

The second phase is the learning phase, where major improvements take place, which are 
associated to:  
 
 Job familiarization, as a result of repetition of the work by the workmen.  

 
 Improvements in tool coordination and engineering. 
 
 Development of more efficient sub-assemblies, part-supply systems and tools. 
                        
The time spend in understanding the practicalities of the of the work results in a better 
application of knowledge to improve the overall performance. 
 
The final phase is the saturation phase where further improvement in the process parameters 
ends and steady phase occurs. The steady phase denotes that some of the parameters cannot be 
improved indefinitely and are constrained by laws of nature. The learning process is completed 
when a minimum Cycle time value is achieved leaving no scope for further learning.  
 

Usage of the learning curve 
 

It is interesting to note that CIMA’s 2009 Management Accounting survey found that 
approximately 15% of respondents were using the learning curve. It further revealed that: 
 
 5.2% of respondents use the learning curve for management accounting. 
 
 One in six respondents thought it was an inappropriate technique. 
 

FINDINGS OF THE STUDY 
 

 Learning curve models are an important technique for predicting how long it will take to 
undertake future tasks. 
 

 Learning curve users make extensive use of this technique for management accounting. 
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 The learning curve can be applied to a wide range of business sectors, including sectors not 
normally associated with its use. Almost half of learning curve users work in the service 
sector. 

 

 The learning curve is affected by different factors such as cycle time, labor, tools and 
equipment etc. 

 

 The companies are able to increase their profit after using the learning curve as studied in 
this paper. 

 

 Over estimation of the future costs and technical progress will result in low margin of the 
Industries. 

 

 The graph of the learning curve of an Industry of is convex to origin because as the number 
of units produced is doubled the time of production decreases. 

 

 Learning curve shows a steady phase on industry when the product gets saturated or there 
is no chance of further improvement. 

 

 The learning curve does not apply to very experienced people for the same job, since the 
time taken can never tend to become zero or reduce after a period of time. 

 

CONCLUSION 
 

It can be concluded that learning curves play a big part of the learning experience firms 
generate. It is an effective tool used by the industry to decrease their cost while becoming more 
experienced in its work. The study is dependent on the secondary sources of data for the 
analysis of the subject. The Process Based Cost Modeling is a powerful analytical tool that 
integrates elemental costs derived from technical and operational drivers to estimate the total 
cost of production. It breaks down a production process into its constituent sub-processes and 
understands how learning applies to each of these sub processes. It is much simpler to 
understand the learning process at a sub-process level compared to aggregate level. Finally, it 
can be said that the learning curve can be applied to a wide range of business sectors, including 
sectors not normally associated with its use. Almost half of the learning curve users work in the 
service sector and its importance can’t be denied. 
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