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Abstract 
Forecasting purpose is different in Engineering-to-Order and in Make-to-Stock. However, 

researches on differences in forecasting in these different production settings are scarce. The only 

two papers addressing the difference of forecasting are papers from Wisner and Stanley (1994) 

who compared forecasting practices between JIT and non-JIT purchasing, and Masuchan et al. 

(2004) who compared forecasting in push and pull production. The main question is does 

forecasting differ in these two distinctive types of manufacturing. It is hypothesized that there is a 

difference and the hypothesis will be verified with a series of T-Tests. Additional descriptive 

statistics about forecasting is shown. 
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Introduction 

It is humanly impossible to forecast 100% accurately every time, but the question is how much 

error can you tolerate? A recent study by Jain (2006, 13) showed that companies lose as much as 

$1.30 million per year for each percentage point of over-forecasting and as much as $2.37 million 

a year for each under-forecasting percentage point. If forecast are too high inventories build up 

and their related carrying costs rise. If the forecast is too low they cause stock-outs and lost 

revenue (Wallace, 2006, 16). Even so, Jain (2008) on grounds of his research shows that 

companies are recognizing the importance of forecasting mostly because consumers are no longer 

loyal and are more demanding. If practitioners are interested in better forecasting and scholars 

investigate forecasting what can be suggested to practitioners? The unit of analysis is a 
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manufacturing plant and better forecasting will lead to better planning and therefore to reduced 

manufacturing costs, fewer over and under production leading to enhancements to sales (Flores et 

al. 2007). So an interesting question would be how to enhance forecasting and reduce forecasting 

error. 

Sanders and Manrodt (2003) show on the sample of 240 US Corporations that companies using 

forecasting software have 12.2% reduction in forecasting error in comparisons to those using 

spreadsheets.  Lowrence et al. (2000) showed that judgmental forecasts did not diminish the 

forecasting error, even though Fields and Goodwin (2007) propose the usage of judgment in 

forecasting. Sanders and Manrodt (1994) and Diamantopoulos and Winklhofer (1999) report 

increased usage of judgmental adjustment of quantitative techniques because of environmental 

turbulence. McCarthy et al. (2006) also report increase in usage of judgment techniques but also 

in the forecasting error.  Caro (2011) reports a 25% forecasting error on monthly basis in Zara. 

Tokle and Krumwiede (2006) report the percentage of forecasting error to be around 20% on a 

sample of 218 companies in several countries.   

Dense and Kalchschmidt (2011) investigating influence of forecasting on companies’ 

performance conclude that also collection and usage of information in the decision making 

process significantly affect company performance. Laying their hypotheses they presume that 

forecasting techniques do not alone improve accuracy, rather it is a combination of techniques 

and sources of information.  

Kalchschmidt (2012) in an extensive literature research finds that many scholars have focused on 

identifying and studying what best performers do in order to disseminate those practices among 

the rest of the business world. He also finds that firm size, industry type and uncertainty of 

environment in which firm operates have also significant impact on forecasting success. 

Therefore a large portion of description of the sample will also cover forecasting error, source of 

information for forecasting, firm size, industry and variability of the industry. 

Forecasting purpose is different in Engineering to Order and Make to Order (where the forecast is 

used to plan procurement and capacity) than in Make to Stock (where the forecast is used for 

demand forecast and production plan). However, which type of forecasting in those different 

production settings are used, have not yet been researched and this work presents a contribution 

in this respect. The only two papers found addressing a similar question are from Wisner and 

Stanley (1994) who compared forecasting practices between just-in-time (JIT) and non-JIT 

purchasing departments and the paper from and Masuchan et al. (2004) who compared 

forecasting in push and pull production. Both papers found statistically significant differences in 

forecasting between researched production systems. 

 

Companies define their processes also according to the specific objectives they have, both in 

terms of forecasting accuracy and operational performance. In other words, companies may differ 

since they have different specific business priorities; e.g., if attention is paid to cost reduction 
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(e.g., stock and backlog reduction), forecasting accuracy will be a major issue. However, if 

attention is paid more to quality or safety issues, forecasting will be far less relevant. Also, the 

need for an accurate forecast might depend on the level of investment in flexible manufacturing 

systems. In other words flexibility might somehow substitute forecast accuracy. Companies try to 

design a specific forecasting strategy that is internally consistent in terms of techniques adopted, 

information collected, people involved, and so on. Also the use of formal techniques is 

constrained by the skills of the employees involved in the process. Since technology is so 

prevailing enabling flexible manufacturing it can mitigate some of the forecasting error. That 

might be the reason why forecasting error did not diminish in time. From the basic definitions of 

Engineering-to-Order in Operations management textbooks, one would conclude that they do not 

even need forecasting since they are directly approached by the customer. On the other hand, 

Make-to-Stock would heavily depend on sales forecasts based on previous sales data and thus 

would use more extensively quantitative methods. Thus this work hypothesis that there is a 

difference in forecasting between dominantly ETO or dominantly MTS production.  

 

Many authors have proposed descriptive analyses of how companies forecast. Watson (1996) 

provides a detailed description of how companies manage forecasting in the Scottish electronics 

industry. Similarly, Mentzer and Kahn (1997) provide evidence on practices within 207 US 

companies. Sanders and Manrodt (2003) explore forecasting on the sample of 240 US 

Corporations. Mentzer and Cox (1984) study the degree of familiarity and satisfaction of various 

forecasting approaches by means of a survey analysis on 160 companies. Similar contributions 

are given by Winklhofer and Diamantopoulos (2002). In this work it will also be shown 

descriptively how forecasting is done in companies. It will be analyzed do external factors (size, 

demand volatility) influence forecasting performance, but the greatest emphasis will be put on 

type of the production process and the forecast management (method, information, reason). 

 

Methodology 

Since forecasting is so complex and depends on so many variables the only solution to investigate 

this complex issue is by analyzing a large data set. GMRG 4 is one solution. This survey research 

is based on Global Manufacturing Research Group (GMRG) data. The data is from the fourth 

round (GMRG 4.0) took place in 2009. This research group dates back to 1986. Detailed 

description of the project can be found in (Whybark, 1997). In this fourth round, 1493 filled 

questionnaires, from 25 countries are collected which is a respectable sample size for analysis of 

plant operational issues (Whybark et al. 2009). Each country decides which modules it will 

collect and therefore in this analysis only countries that collected the forecasting module are 

analyzed. In that sample there are 742 companies.  

Table 1. Countries involved in forecasting research 

Country Percentage 

Albany 2,02 
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Austria 2,29 

Croatia 13,88 

Ghana 8,36 

Hungary 7,14 

Ireland 6,87 

Italy 7,28 

Chorea 15,50 

Macedonia 5,26 

Mexico 14,15 

Poland 7,68 

Sweden 4,31 

Switzerland 4,58 

Total  (N=742) 

 

Table 2. Description of the sample according to size measured in terms of number of employees 

Size in terms of no. of employees Percentage 

< 50 30,1 

> 50 and < 250 40,0 

> 250 29,4 

 

Table 3. Characteristics of forecasting by industries and sample percentage 

GMRG SIC code months 

into the 

future 

Times 

forecast 

modified 

Forecast 

suit the 

factory 

purposes? 

Forecast 

error 

2mos. by 

Product 

Forecast 

Error 2yr 

aggregate 

Demand 

volatility 

IP38 - 

IP39 

Percentage 

of 

companies 

Food Products GMP 12,31 6,76 4,69 10,2% 10,1% 55,77 5,32 

Textile Mill Products 6,78 18,44 4,50 29,8% 29,7% 43,22 1,94 

Apparel and Other finished 

Products 

9,00 2,00 2,50 10,7% 40,0% 100,00 0,81 

Leather and other products 7,50 4,00 7,00 20,0% 30,0% 24,67 0,48 

Lumber and wood products 5,00 3,00 5,00 10,0% 10,0% 26,60 0,81 

Paper and allied products 7,50 12,50 5,20 11,0% 14,4% 30,25 1,61 

Printing and Publishing and Allied 

Industries 

  52,00 4,00 15,0% 15,0% 35,00 0,48 

Petroleum refining and related 

products 

24,00 3,00 5,00 5,8% 3,3% 82,50 0,32 

Chemical and allied products 6,65 6,93 4,71 15,5% 20,4% 59,78 3,87 

Rubber and Plastic products 5,38 4,82 4,14 18,2% 17,7% 41,19 3,55 

Primary metal industries 5,93 8,88 3,58 24,2% 21,3% 53,20 3,55 

Fabricated metal 9,44 16,33 4,52 29,8% 24,3% 75,00 13,55 

Industrial machines and computer 

equipment 

10,44 8,34 4,73 27,2% 33,5% 68,63 17,42 

Electronic and other Equipment 8,45 10,35 4,41 22,8% 29,8% 57,39 24,19 

Measuring analyzing and control 

photographic, medical equipment 

8,25 5,50 5,00 15,1% 27,6% 88,00 1,94 

Motor vehicles, trailers and semi-

trailers 

12,22 7,63 4,64 10,9% 21,0% 51,57 3,23 

Other manufactured transport 

equipment 

11,50 8,42 5,00 13,8% 19,2% 39,57 1,29 

Furniture and fixtures 11,00 83,72 3,60 16,7% 39,5% 43,09 1,94 

Stone clay glass and concrete 

products 

11,00 21,33 5,33 5,0% 7,5% 51,00 1,29 

Miscellaneous Manufacturing 17,25 5,83 4,89 16,7% 17,4% 60,36 12,26 

Means/Total 10,43 12,17 4,56 20,8% 23,8% 60,23 100 
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Many authors discus does size of the company affects forecasting performance. However, in a 

series of T-tests it showed that there is no statistically significant difference in forecasting error 

between small, medium and large companies, except between group of small (less than 50 

employees) and medium (50 to 250 employees) (t=-2,364, p=0,019). Statistical indifference may 

be explained by large standard deviation of the forecasting error as in Zotteri and  Kalchschmidt 

(2007) findings. However the result is intriguing because one would expect larger firms with 

more resources to have smaller forecasting error. 

 

Table 4. Forecasting error by size of the company 

Size in terms of no. of 

employees 

Forecast error 2mos. by 

Product Standard deviation 

Standard deviation of 

the mean 

< 50 0,14 0,18 0,01 

> 50 and < 250 0,19 0,23 0,01 

> 250 0,16 0,22 0,02 

Total 0,17 0,21 0,01 

 

Next it was researched how demand volatility affects forecasting. For this analysis the sample 

was divided by performance groups. Performance group is obtained by subtracting material and 

labor costs from profits. Also, Table 5 shows type of production by profit groups. Demand 

volatility is defined as in Dense and Kalchschmidt (2011) that is, peak minus lowest demand. 

 

Table 5. Profit groups, type of production, forecasting errors and demand volatility 

Profit group ETO

% 

MTO

% 

ATO

% 

MTS

% 

Forecas

t error 

2mos. 

by 

product 

Forecast 

Error 2yr 

aggregate 

Demand 

volatility 

IP38 - 

IP39 

No data on profits 17,0% 50,8% 21,0% 20,4% 14,9% 20,8% 64,93 

Worst performers (Margin under 30% of 

revenues) 
15,3% 55,4% 24,3% 27,9% 18,3% 22,6% 51,56 

Middle performers (Margin between 30% - 70% 

of revenues) 
17,5% 51,1% 18,6% 31,6% 15,9% 20,1% 55,72 

Best performers (Margin over 70% of revenues) 17,5% 27,1% 22,8% 50,3% 14,2% 24,0% 79,96 

Total 16,5% 52,1% 21,5% 28,3% 16,6% 21,4% 60,27 

 

It can be seen that “best performers” operate in the highest volatile environment, yet their 

forecasting error is the smallest. This is not in line with findings of Diamantopoulos and 

Winklhofer (1999) who showed that uncertainty is negatively related to forecast performance. 

Strange results gave also paired T-Tests. Even though there is almost 4% difference in 

forecasting error between best and worst performers the T-Test showed no statistical difference 
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(t=0,734; p=0,464). The same procedure was conducted for demand volatility that shows almost 

30% difference between low and best performers but again no statistically significant difference 

(t=-1,556; p=0,122). It was verified does higher volatility increase usage of specific information. 

Running regression with demand volatility as a depended variable and sources of information as 

independent variables, results showed that the higher the volatility, source of information are 

current economic conditions and market research. It can be thus concluded that in turbulent times 

it is more important to base the forecast on economic conditions and market research than on past 

data. This supports findings from Sanders and Manrodt (2003);  Lowrence et al. (2000); Fields 

and Goodwin (2007); Sanders and Manrodt (1994); Diamantopoulos and Winklhofer (1999) rand 

McCarthy et al. (2006).  

Results 

Companies are not strictly ETO (Engineering to order) or strictly MTS (Made to Stock), they are 

usually a mixture of production systems. Therefore for this analysis companies were divided into 

categories ETO, MTO (Make to Order), ATO (Assembled to Order) and MTS if that production 

type counted for more than 50% of production capacity of the firm. It was found that no industry 

had a specific type of production (ETO, MTS, MTO, ATO). In each industry all kinds of 

production systems are found. 

On the average on the whole sample 16,5% of production is ETO, the biggest share of production 

52,1% is MTO, 21,5% is ATO  and 28,3% is MTS. The question raised in this work is there a 

difference in forecasting between ETO and MTS production as examples of very different 

production systems. Figure 1. depicts what are forecasting used for in different types of 

production.   

 

Figure 1. Aims of forecasting according to type of production 

 

Even though there seems to be a difference in usage of forecasts between researched production 

groups the statistical difference is not found. The test was performed with one way ANOVA and 

series of T-tests and neither showed differences between production groups. However, from the 

Figure 1, it can be seen that forecasting is dominantly used for sales and budget preparation, for 
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equipment and facility planning (but only for the MTO group), and finally for production 

resource planning.  

From Table 3. it can be seen for example that Petroleum industry is very variable but yet has the 

lowest forecasting error. On the contrary Textile and Fabricated metal products have the highest 

forecasting error (see Table 3).  

Next forecasting software is researched. It is shown that forecasters are most satisfied with 

internally developed forecasting software. However, Figure 3. shows that this software does not 

have the smallest forecasting error. 

 

Table 6. Satisfaction with forecasting software 

Forecast evaluation technique Forecast suit the 

factory purposes? 3. Software developed internally 5,239 

6. belonging to ERP systems (i.e. APO - SAP, Networks - Manugistics, DPM - Tools 4,872 

1. Software for report preparation (i.e. Microsoft Access, Crystal Report, etc.) 4,792 

2. Spreadsheets (i.e. Microsoft Excel, Lotus 123, etc.) 4,598 

4. Forecasting modules belonging to statistical software (i.e. SPSS, SAS, Minitab, etc.) 4,333 

5. Forecasting packages (i.e. Forecast Pro, Autobox, SmartForecasts, etc.) 4,333 

7. none 4,000 

Mean 4,680 

 

The medium satisfaction with software is 4,6 which is slightly satisfactory (1-unsatisfactory, 7-

very satisfactory). The lowest forecasting error is acquired by using forecasting modules but in 

Statistical software packages, as seen in Figure 2. 

 
Figure 2. Forecasting error and software use 

 

Forecasting packages as Forecast Pro and others have lower forecasting errors than Spreadsheets 

in accordance with findings of Sanders and Manrodt (2003) but not in amount they found. In this 
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sample the difference in forecasting error between Forecasting packages and Spreadsheets is only 

2 percent point difference.  

Table 8. Type of production and forecasting error 

Dominant production type Forecast error 2mos. 

by product 

Forecast Error 2yr 

aggregate 

% Costs to Sales 

Not dominantly any type of production 17,28% 21,39% 60,15% 

1. ETO 16,08% 25,68% 66,40% 

2. MTO 15,01% 15,65% 54,70% 

3. ATO 18,24% 27,37% 61,28% 

4. MTS 14,28% 17,51% 54,97% 

Mean 16,62% 21,35% 59,51% 

 

MTS production has lowest forecasting error which is expected because they can use their past 

data for forecasting. MTS has 2 percentage points lower forecasting error but the T-test analysis 

show that this difference is not statistically significant at level of 1%. In Figure 3 it is shown 

which technique is used for each type of production. 

 

 

 
Figure 3. Used forecasting models 

 

Management opinion is still the dominant technique for forecasting regardless of type of production, 

followed by qualitative models. However, the T-Testes between MTS and ETO groups don’t show any 

statistically significant differences. However, the T-Test showed significant statistical difference between 

ETO and MTO type of production in Quantitative Time Series Models and Qualitative Causal models, but 

no significant difference between MTS and MTO.   

 

 

Figure 4. Source of information for forecasting 
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Even though there seems to be a difference in source of information for forecasting, again T-Tests 

revealed no statistically significant difference. 

 

Conclusion 

This work showed that volatility does affect source of information for forecasting. Running the regression 

on best performers it was shown that economic conditions and market research information are most used 

when volatility is high. It was shown that size of the company does not influence the forecasting error. 

That means that larger companies with more resources do not necessarily have smaller forecasting error. 

Regarding industries, analysis has shown that some industries are more volatile than others and thus the 

magnitude of forecasting error differ by industries. For example “fabricated metal industry” shows the 

highest forecasting error and a very high frequency of forecast revisions. This is somehow a surprising 

result since fabricated metal industry is not perceived as a dynamic industry.  

The smallest forecasting error is obtained if statistical software is used. Yet, companies are most satisfied 

with their internally developed forecasting software.  

 

Figure 3. shows that on the whole sample “Management opinion” is by far more used method. This 

conclusion can be interpreted in several ways. Either they use quantitative models but the final decision is 

made by management opinion, or is the market becoming so volatile that past data cannot forecast 

demand; therefore companies are more using current economic conditions and market research which 

cannot be modeled leading again to higher usage of management opinion. From Figure 4 ETO and MTO 

production uses current backlog information for forecasting, but again the statistical difference is not 

present. 

Finally it can be concluded that there is no statistically significant difference in the process of 

forecasting between ETO and MTS production even though those types of productions are very 

different. For the two month period the average forecasting error is 16,62% and on two year basis 

21,35%. Our findings are not in accordance with Wisner and Stanley (1994) who found a 

statistically significant difference in forecasting in JIT and non-JIT settings and Masuchan et al. 

(2004) who found statistically significant differences between push and pull production systems. 

From Table 8. it can be seen that ETO production has highest cost of production MTO and MTS 

lowest in accordance with textbook description of manufacturing processes Slack et al. 

(2012,116).  
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