
LEARNING CURVE IN MAKE-TO-ORDER AND 
MAKE-TO-STOCK LOGISTICS MANAGEMENT 
APPROACHES 
 
Dipl.-Ing. Yalili Rodríguez Romero 
Industrial Engineering Department, Central University from Las Villas, Cuba 
 
Dr. Roberto Cespón Castro 
Industrial Engineering Department, Central University from Las Villas, Cuba 
 
Prof. Dr.-Ing. Dr. h.c. Norge Isaias Coello Machado 
Mechanical Engineering Department, Central University from Las Villas, Cuba 
 
Dr.-Ing. Elke Glistau 
Institute of Logistics and Material Handling Systems, Otto von Guericke University, Germany 

 
Abstract
 
Knowledge is a strategically valuable resource in 
business management. Activity repetition is known 
to help learning and improve the ability to do certain 
job with better quality, lower time consumption and 
consequently, at lower production cost. This 
learning ability allowed the development of a 
prediction technique known as the "learning curve". 
This technique has been applied in different 
production processes for planning and to consider 
the impact on productivity, quality of work. This 
research is based on the possibility to extrapolate 
the concept of the learning curve to the supply 
chain and more specifically to its lead-time. Lead-
time is understood as the period of time between 
the request of an order by the customer and the 
time when it is satisfied. Therefore, this paper 
describes a methodology to extrapolate the 
concept of the learning curve to the supply chain. 
Firstly, the logistics network is described. Then a 
pilot sample of orders is determined, for which the 
lead-time is estimated according to the logistic 
management approaches (make to order and 
make to stock) in two Cuban companies. 
Subsequently, the sample size is verified by 
statistical regression. Conversion factors for the 
"learning curve" are determined, and the expected 
lead-time is adjusted in future orders. 
Consequently, the essential objective of this paper 
is to realize the learning curve to measure the lead-
time of the orders, for the MTO and MTS logistics 
management approaches. 
Keywords: Supply chain; Lead-time; Learning 

curves. 
 
1 Introduction 
 

The current scenario presupposes the adoption of 

new strategies of competitiveness on the part of the 

businessmen oriented to fulfill the expectations of 

the customer to offer them better products and 

services, decreasing the lead time. This requires 

shorter and less expensive lean-time, where the 

consideration of learning and its determination 

offer very promising expectations. 

It is known that by repeating an activity, you learn 

and the subject has the ability to do your job faster 

with better quality and lower cost of the product. 

This learning ability allowed the development of a 

prediction technique known as the "learning curve", 

first observed in [1] Since then, this technique has 

been applied in different production processes to 

consider the impact on productivity and quality of 

work and its incorporation in production planning.  

In [2], a knowledge creation framework is 

proposed, in which internal and external learning is 

directly related throughout the supply chain. It 

states that manufacturers would do well to allocate 

their resources to support and implement learning 

routines and strive to become a learning 

organization. 

This research is based on the fact that it is possible 

to extrapolate the concept of learning curves to the 

supply chain and more specifically to its lead-time. 

In this way, the supply chain involves not only 

production processes, but also storage and 

transport; for this reason, the problem to solve in 

the present investigation is the elaboration of a 

learning curve. Objective is to realize the learning 

curve to measure the lead-time of the orders. 

Two companies are taken as objects of study, one 

belonging to the construction industry: (A) and the 

other one, to the chemical industry: (B). This 

document is structured in five sections. In the next 

section, research background shows the literature 

analysis. First, the supply chain using management 

approaches and what the learning curve is. Section 

three proposes a methodology for the calculation 

of the learning curve in the selected study cases. 

Results and conclusions are shown in sections four 

and five, respectively.  

2 Research background 

 



 
2.1 Supply chain 
 

This investigation starts from supposing a 

relationship between the supply chain and more 

specifically the duration of the lead-time with the 

generation of knowledge and learning measured 

through the learning curves. For this it is important 

to emphasize that the focus of the management of 

processes and operations, is based on maximizing 

profit, reducing costs through the automation of 

processes and the production of large volumes of 

manufacturing [3]. In [4] it is considered that 

developed a classification to characterize the 

different structures of supply chains and following 

this classification, in [5] it is proposed a framework 

based on the structures of the supply chain and two 

main contextual factors. 

At the same time, four logistic management 

approaches are recognized: make to stock (MTS), 

make to order (MTO), and engineering to order and 

assemble to order. For the purposes of the 

presented work, the MTO and MTS are of interest. 

Each one of them presents distinctive 

characteristics according to the dynamics of the 

production and the challenges for its management. 

MTS is based on demand forecasts and is 

generally used to produce generic and high 

turnover products [6]. On the other hand, MTO 

responds exclusively to signed orders and allows 

greater product flexibility, although with a longer 

response time [7]. 

The SCOR model developed by the Supply-Chain 

Council (SCC) in 1996 visualizes the supply chain 

of an organization from the supplier of suppliers to 

the customer of customer, including the 

relationships between internal customer [8], [9], 

[10], [11]. The SCOR model at its three levels, 

provides key performance indicators, 

systematically divided into five attributes: reliability 

or reliability in compliance, agility or flexibility, 

responsiveness, cost and asset management [10], 

[11]. The strategic metric to evaluate 

responsiveness is the order fulfillment lead-time. 

This model also recognizes the MTS, MTO, and the 

engineering to order (ETO) as main work 

environments. In [12] it is argue an important issue 

that is not abundant in the literature of the supply 

chain is related to the influence of the human factor 

and its knowledge. In [13] is suggested  that with 

the fourth industrial revolution, the separation 

between materials and information will disappear, 

because information will be an intrinsic part of the 

products. 

 

2.2 Learning curves 
 

Effects of learning have been investigated 

frequently in recent years. Wright in 1936 showed 

that the average unit production costs in aircraft 

assembly are reduced depending on the number of 

aircraft produced. This phenomenon is caused by 

an increase in the skill levels of the worker and a 

decreasing number of errors [14].  Doing an activity 

after the first time involves learning, product of 

experience. The learning curve is a characteristic 

inherent in all organized activity [15]. Learning 

curve can be studied through two perspectives, 

which have as a reference are costs [16]. First, 

costs are reduced as the volume of production 

increases and second, total costs decline in a 

production line as the volume of production 

increases.  

Learning curve is no more than a line that shows 

the relationship between the time (or cost) of 

production per unit and the number of consecutive 

production units [17]. 

In [18], it is made a historical review of the learning 

curves and explains that the literature on the 

subject focuses on military issues in the period 

from 1935 to 1969 and only after 1970 are studies 

focused on the strategic direction in the industry, 

product of its application by Boston Consulting 

Group (BCG) and Conley. 

Since 2000, learning curves in organizations have 

been used as a forecasting tool and a calculation 

of the costs generated by different treatments can 

be done, which shows that there are different 

models to explain learning in companies [19]. 

In 2002-2003, learning curves are used and control 

limits are generated for defective products, through 

a treatment in the learning period of a 

manufacturing company [20], [21]. 

The effects of the learning process in an industrial 

context have been verified in a series of studies; 

however, the focus was on the production process 

in most cases, and not on logistics processes. 

In [22] it is proposed to link the effects of learning 

with activities that include ordering forms in a 

warehouse. This is confirmed in [23] the review of 

the literature where he states that of the 457 

articles consulted only thirteen are supply chain 

and one is dedicated to logistics. Therefore, 
learning curve has little studies on processes of the 

supply chain and specifically in the lead-time. In 

[24] is suggested the realization of different models 

of learning curve in the light of new technologies 

and emerging industries, giving the example in the 

fourth industrial revolution. 

Considering that lead-time is an activity that 

includes provisioning, production and 

commercialization as a result of repetitive 

investigations, it can be assumed that lead time 

reduces with learning over time.  

 



 
3 Methodology for the determination of 

learning curves 
 

In this section, we propose a methodology to 

determine the learning curve in lead-time. To 

achieve this goal we follow the procedure shown in 

figure 1.  

  

Figure 1: Methodology for the determination of learning 
curves 

3.1 Description of the supply chain 
 

First, supply chain is described and represented. 

Then the production approach is determined with it 

is considered by the SCOR model (MTO and MTS). 

 

3.2 Analysis and standardization of the 
selected sample 

 

For the selection and standardization of the 

sample, the different production approaches are 

taken into account. In the MTO system, a typical 

representative is chosen one according to the 

quantity of products and their complexity. From 

this, the reduction coefficient (equation 1) is 

calculated to know the percentage of time that each 

article represents with respect to the representative 

type (Nt type). Where ki is the coefficient of product 

reduction and Nt is total time rule for the product i.  

Product representative type is the window.   

Then orders are homogenized by multiplying each 

coefficient by the number of items of each type 

requested in the orders. Contracts are analyzed 

with their start dates and receipt of invoices, as well 

as the required demand. In the MTS system, the 

lead-time is divided into two parts. First, the 

duration of the part corresponding to the 

production-commercialization cycle is determined 

and the supply time is estimated by statistical 

simulation. 

Afterward, it is accumulate the quantities of 

products and the duration of the cycle to avoid that 

the difference in the quantities affects the result. 

Finally, the cumulative duration is multiplied by 

eight working hours, and divided; by the 

accumulated quantity of products. 

 

3.3 Analysis and representation of the learning 
curve 

 

In the analysis of the sample, it is taken into 

account if the selected size is feasible, an analysis 

of the different regression equations is made. 

Maximum permissible errors are established 

through the confidence intervals of the established 

parameter. 

Then determine the learning curve and the learning 

ratio using the logarithmic method (equation 2 and 

3) taking into account the analogies of table 1. The 

logarithmic method is the most used according to 

the study [23]. 

 

𝐤𝐢 =
𝐍𝐭

𝐍𝐭 𝐭𝐲𝐩𝐞
 

(1) 

   
𝒀𝒏 = 𝒌 ∗ 𝒙𝒃 (2) 

𝒃 =
𝐥𝐨𝐠(𝒓)

𝒍𝒐𝒈𝟐
 

  (3) 

 

3.4 Implementation of the obtained solution 
 

When the learning curve is obtained, a small 

economic analysis is made. By change the reason 

for learning, sensitivity is evaluated and its impact 

on lead time. Then, conversion factors are 

tabulated as a decision support tool for managers. 

 

4 Results 
 

Company "A" has three main suppliers, five 

customer and 111 workers. The analyzed products 

are pre-construction. Window is the typical 

representative of his production. "B" has ten main 

suppliers, six customer and 258 workers. In the 

investigation of analyze three types of detergent 

that are elaborated here.  

Table 2 shows the behavior of the coefficient of 

determination of all the regression equations. The 

best equation is power because it has the highest 

coefficient of determination. The slope hypothesis 

test is performed to determine the quality of the 

adjustment to the regression. The p-value is lower 

than the level of significance of 0.05 set in the 

study. Regression is significant. Confidence 

intervals are calculated in MTO is [8.09; 9.22] with 

a maximum permissible error of 0.56 days / unit. In 

MTS the interval is [84.0; 89.8] with an error of 2.77 

hours / 1000-units. 

 

Analysis and representation of the learning 

curve 

Description of the supply chain 

Analysis and standardization of the selected 

sample. 

Implementation of the obtained solution. 



 

 

Table 1: Modifications made to the logarithmic method for the determination of learning in the lead-time 

 

Table 2: Coefficients of the regression equations 

Learning curve for the lead-time in companies "A" 

and "B" is shown in figure 2. Coefficients of 

determination are 0.755 and 0.614, values that 

represent a good adjustment. Reason for learning 

is 93% and 94% respectively. Average of errors is 

0.019 and 0.053 respectively when analyzing the 

errors of the equation. Errors what are considered 

valid and brought about mainly by the differences 

in the characteristics of the supply, the condition of 

the market and the great fluctuation of the labor 

force present in "A" and "B". 

Finally, figure 2 depicts that there is a decreasing 

trend in the curve as the number of orders 

increases, which indicates that learning is present.  

 

Figure 2: Learning curve a) Company A, b) Company B

 

Figure 3: Duration of the lead-time with different learning rates 

Once the curve is obtained, it is possible to readjust 

the lead-time, starting from the fact that as more 

homogenized orders are made and learning is 

considered, the time must be reduced. 

In fact, if you want to know the expected duration 

of a future order 29 in "A" the value of K is replaced 

in equation 2, you get 7,83 days / unit. This value 

means that the order 29 of a homogenized unit will 

be delayed under the learning effect 8 days. 

To know the total duration of the real lead-time, it 

would be sufficient to multiply the value obtained 

by the quantity of homogenized units of the order. 

Final value obtained would be the lead-time to be 

promised to the customer. 

Similarly, in "B" if you analyze order 23 that took 24 

days, for 2000 units and report an income of $ 

10013.60. If the learning is considered using the 

conversion factor of 0.8176; then, conversion 

Variable Production Lead-time  
X Consecutive number of the product Consecutive order number 
Yn Average time (in hours) for the production of product X Average time (in hours) for the duration of the  lead-time 

of the order X 
k Working time for finishing the production of the first 

product. 
Average time of the lead-time to finish the first order. 

log 2 Criterion established when the number of orders is doubled, to establish the learning rate 

b Equation coefficient 

r Learning curve rate 

 MTO MTS 

Models R R2 R R2 

Power 0.86 0.75 0,78 0,61 

Cubic 0,70 0,49 0,76 0.57 

Quadratic 0,70 0,49 0,76 0.57 

Logarithmic 0,66 0,43 0,68 0,46 

Compound 0,60 0,36 0,74 0.54 

Growth 0,60 0,36 0,74 0.54 

Exponential 0,60 0,36 0,74 0.54 

Logistics 0,60 0,36 0,74 0.54 

Linear 0,59 0,35 0,70 0.49 

S 0,57 0,32 0,42 0,18 

Inverse 0,56 0,29 0,42 0,17 



 
factor is multiplied by 111.78 which is the average 

duration of the first order and 91.39 hours per 1000 

units that will be obtained 182.78 hours to use for 

the entire order, 9.22 hours less than those actually 

used. This generates an increase of $ 480.86. If 

this time is used to comply with other orders, a 

difference between the companies in the sector is 

established. 

By performing a sensitivity analysis (figure 3) of the 

order cycle time and varying, the level of learning 

we can observe the decrease or increase of the 

lead-time. In this paper, managers are offered a 

tool for practical solution to calculate the duration 

of the lead-time taking into account the learning. 

Table 3 shows the tabulated conversion factors.

       Company A, learning rate 93%                                                                  Company B, learning rate 94%           

O Factor O Factor O Factor O Factor 

1 1 51 0,7233 1 1 51 0,7644 

2 0.9635 52 0,7219 2 0,9695 52 0,7632 

3 0.9377 53 0,7204 3 0,9479 53 0,7619 

4 0.9180 54 0,7190 4 0,9313 54 0,7607 

5 0.9020 55 0,7177 5 0,9178 55 0,7595 

6 0.8885 56 0,7163 6 0,9064 56 0,7583 

7 0.8769 57 0,7150 7 0,8966 57 0,7571 

8 0.8668 58 0,7137 8 0,8880 58 0,7560 

9 0.8577 59 0,7124 9 0,8803 59 0,7549 

10 0.8495 60 0,7112 10 0,8734 60 0,7538 

11 0.8421 61 0,7100 11 0,8671 61 0,7527 

12 0.8353 62 0,7087 12 0,8613 62 0,7516 

13 0.8291 63 0,7076 13 0,8559 63 0,7506 

14 0.8233 64 0,7064 14 0,8510 64 0,7496 

15 0.8179 65 0,7052 15 0,8463 65 0,7486 

16 0.8179 66 0,7041 16 0,8420 66 0,7476 

17 0.8081 67 0,7030 17 0,8379 67 0,7466 

18 0.8036 68 0,7019 18 0,8341 68 0,7456 

19 0.7994 69 0,7009 19 0,8305 69 0,7447 

20 0.7954 70 0,6998 20 0,8270 70 0,7438 

21 0.7844 71 0,6988 21 0,8237 71 0,7428 

22 0.7811 72 0,6977 22 0,8206 72 0,7419 

23 0.7844 73 0,6967 23 0,8176 73 0,7410 

24 0.7811 74 0,6957 24 0,8147 74 0,7402 

25 0.7780 75 0,6947 25 0.8120 75 0,7393 

26 0.7749 76 0,6938 26 0,8093 76 0,7384 

27 0.7720 77 0,6928 27 0,8068 77 0,7376 

28 0.7692 78 0,6919 28 0,8044 78 0,7368 

29 0.7664 79 0,6909 29 0,8020 79 0,7359 

30 0.7638 80 0,6900 30 0,7997 80 0,7351 

31 0.7613 81 0,6891 31 0,7975 81 0,7343 

32 0.7588 82 0,6882 32 0,7954 82 0,7335 

33 0.7565 83 0,6873 33 0,7934 83 0,7328 

34 0.7542 84 0,6865 34 0,7914 84 0,7320 

35 0.7519 85 0,6856 35 0,7894 85 0,7312 

36 0.7498 86 0,6848 36 0,7875 86 0,7305 

37 0.7477 87 0,6839 37 0,7857 87 0,7297 

38 0.7456 88 0,6831 38 0,7839 88 0,7290 

39 0.7436 89 0,6823 39 0,7822 89 0,7283 

40 0.7417 90 0,6815 40 0,7805 90 0,7276 

41 0.7398 91 0,6807 41 0,7789 91 0,7269 

42 0.7380 92 0,6799 42 0,7773 92 0,7262 

43 0.7362 93 0,6791 43 0,7757 93 0,7255 

44 0.7345 94 0,6783 44 0,7742 94 0,7248 

45 0.7328 95 0,6776 45 0,7727 95 0,7241 

46 0.7311 96 0,6768 46 0,7713 96 0,7235 

47 0.7295 97 0,6761 47 0,7698 97 0,7228 

48 0.7279 98 0,6753 48 0,7684 98 0,7221 

49 0.7263 99 0,6746 49 0,7671 99 0,7215 

50 0.7248 100 0,6739 50 0.7658 100 0.7209 

Table 3: Conversion factors 

5 Conclusions 
 

Considerations and results obtained allow 

determining the duration of the lead-time and the 

realization of the learning curves. Learning process 

is used as a forecasting method to determine lead 

times should be a commitment to customers by 

reducing the logistics costs of the supply chain. 

Sensitivity analysis demonstrates the variation 

between the different levels of learning and the 

duration of the final lead-time. In this research, 

tabulated conversion factors are also offered to 

facilitate the work of specialists. 

Results of this study have limitations (see also 

[25]), because the attributes of the learning curve 

depend on a variety of factors, such as in the 

selected process, the characteristics of the 

individuals and the work environment. However, it 

was shown that while the number of orders 



 
increases, learning begins to show in the lead-time 

analyzed. 

In future paper would be interesting to carry out 

similar studies in the engineering to order and 

assemble to order; approaches not addressed in 

the case studies. 
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