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(ABSTRACT) 

This research develops the concepts as well as a "case study” implementation of a cost 

model that estimates the costs of product design alternatives during the design process. 

This cost information, regarding design alternatives, is for decision making purposes. 

With the help of this cost model, the designer can better approximate that product form 

which results in the lowest costs of production, i.e., for which the sum of material costs 

and activity costs are minimized. 

The cost model integrates similarity analysis into an enhanced version of an activity- 

based cost management system. The similarity analysis is required because the details of 

a product's bill of materials and bill of activities are not yet available during the design 

process; however, such information provides the basis for any activity-based cost 

calculation. 

In a first step the cost model determines which of the existing products, based upon their 

cost driving characteristics, belong to the same product family as the design alternative. 

For these products detailed information is available, thus they can be used as reference 

products for the similarity analysis. These existing products are calculated as if they 

were the design alternative, hence they follow the decision costs principle; i.e., costs 

that will appear in the future but were determined in the past are not relevant for a



particular decision. Subsequently, those reference products - as calculated on the basis 

of decision costs for the respective design - are utilized in a regression analysis. This 

analysis approximates the functional relationship between the product's cost driving 

characteristics and its costs, so that, finally, the costs for the design alternative in 

question can be estimated based on its characteristics.
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Chapter 1 

INTRODUCTION 

Motivation 

Design is the first phase in the life cycle of every product. Consequently, decisions made 

in the design stage have the greatest possible leverage to influence the product's quality, 

performance, and profitability throughout its entire life cycle. 

While several surveys have shown that over 70% of a product's cost are determined in 

the design phase, most companies still focus on improving the production process in 

their struggle for competitiveness. However, because process planning determines only 

around 20% of the product's cost, the potential for significant cost reductions from this 

approach is limited. On the other hand, improvements in the product design offer 

significantly more cost leverage. Overall, although the benefits from improved design 

might not be as obvious at first because of their long-term nature, it is this long-term 

characteristic that makes the design phase so critical. 

In what is considered a benchmark survey regarding design literature Ehrlenspiel 

[EHR80] in 1980 evaluated the cost reductions achieved by value engineering of existing 

products. The survey covered 135 products and 42 companies with the majority being 

large companies from the machine building, vehicle, and precision engineering industry. 

The products the companies had analyzed were predominantly manufactured in large 

quantities with an average life cycle of 7 years. 

One observation was that the cost of production could be reduced through value 

engineering by between 10% and 80%, but on the average by 33% (see Figure 1-1). 
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Figure 1-1: High costs caused by inefficient design [EHR80] 

Most important, however, was the fact that the product design had been responsible for 

the clear majority of the changes that were made to reduce the cost of production. On the 

average as much as 67% of the cost reduction was achieved only by changing an initially 

inefficient design. 

designers’ responsibility were the following: 

- introduction of part families and norm parts 

- use of a different design concept 
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The fact that more than a 21% reduction in total cost of production was possible by only 

changing the product design shows that presently the designer frequently lacks accurate 

cost information when (s)he has to decide between design alternatives. Too often the 

designer cannot determine the least expensive design. 

In his survey Ehrlenspiel also evaluated what cost information and other resources 

designers actually used in their design decision process (see Figure 1-2). In as much as 

63% of all cases practitioners relied on cost calculation lists of current products in the 

design of a new product, whereas in 57% they relied on cost comparisons of material. 

Weight-based short calculation methods were used in 29% of the cases studied, 

estimation based on experience in 23%, and relative-cost factor catalogs in 14% of all 

designs. All of those resources used in the early phases of the design process have in 

common that they are largely based on product cost calculations from old designs. 

  

KMKMMIJLLLLLLLLLLLLLLLL LLL 70 personal contacts 

63% cost calculation lists 
for current products 

57% cost comparison 
of material 

7 29% weight-based short 
LLLLLLLLLL calculation methods 

Vf 23% estimation purely 
—| based on experience 

  

N
O
N
 if 1p fp 14% relative-cost-factor catalogs 

(internal guidelines) 

Figure 1-2: Cost information used in the design process [EHR80] 
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Product cost calculation 

The problem which has led to most of the design inefficiencies discussed previously is 

that cost information for existing products tends to be very inaccurate, particularly 

when derived from traditional methods [CO88a], [HOR89], [KAP84], [KA90Ob]. 

Following a brief explanation of the inherent problems of traditional product cost 

calculation methods, a much improved activity-based cost system will be introduced to 

address this problem. 

Traditional thod 

Traditionally, the calculation of the product's total costs are based on process plans (e.g. 

cost of direct labor) and a bill of materials (cost of material), i.e., costs that can be 

allocated directly to each product. Other costs besides labor and materials cannot be 

attached to an individual product when using process plans and are treated as so-called 

“overhead costs.” Overhead costs are generally assigned to products as a percentage of 

their direct costs (see Figure 1-3). 

Bill of Materials 

@ 
  

  

  % of $ direct labor + $ material 
Overhead > = 

Process Plan (?) ?) 
Direct labor ; 

————— J Production —————ja- 

        

  

  
  

  

      
      

  

  

    Material _- —rsduct C 
roduct B 
            

  

Total Cost Product A 

Figure 1-3: Volume-based product cost calculation 
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Thus, in such volume-based systems the amount of overhead costs, sometimes also called 

"hidden costs," that each product is responsible for solely depends on direct labor 

content and its material content. This key for allocation of indirect costs is inherently 

arbitrary and can, in consequence, easily lead to distorted product cost calculations and, 

by a similar argument, to poor design decisions. 

This potential danger of the traditional cost allocation method is being made worse by 

increasing technological developments that have generally shifted the cost structure 

towards increased depreciation, data processing, and engineering costs. Resultant total 

overhead costs in the U.S. often reach 50%-70% of the product costs [BRI86], 

[MIL85]. 

The two fundamental mistakes in the traditional overhead cost allocation stem from the 

varying number of different overhead activities and from possible overhead economies of 

scale. Each is discussed below. 

Number of different overhead activities 

The production of a product requires manufacturing activities as well as overhead 

activities. However, only the manufacturing activities such as welding, lathing, forging, 

drilling, etc. are part of the process plan, while the whole variety of different overhead 

activities is not included. The costs of the latter are only added to the manufacturing 

activities in the form of percentages. One problem with this is that the same product 

might, dependent on its design, require a very different number of overhead activities. A 

design with many, separate parts might need many different overhead activities in the 

form of administration and material handling. A different design of the same product 

using those parts combined might cause significantly less overhead costs. 
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When using traditional cost calculation methods, overhead activities are accounted for 

based on direct costs, thus ignoring how the actual cost of overhead activities vary 

depending on different designs. In this cost environment a designer trying to decide on 

the most cost efficient design might inadvertently create new overhead activities and 

costs as they are not properly accounted for in his decision process. 

Economies of scale 

The traditional cost calculation of a product is performed independent from 

manufacturing quantity. However, due to economies of scale the larger the quantity 

produced the less cost per unit should usually be allocated to a product, and vice versa. 

While this economies of scale is well-known for manufacturing activities, Horvath and 

Renner [HOR90] among others have shown its significance for overhead activities. They 

analyzed a company with 21 variants of a single product line all having similar costs of 

material and manufacturing processes, i.e., resulting in the same product costs when 

applying the traditional, volume based cost methods. Their study showed that small 

quantity variants caused almost the same overhead costs as large quantity variants, or, 

in other words, once an overhead activity is caused its total cost is very insensitive to 

the quantity so that the costs per unit drop significantly with increased quantity (see 

Figure 1-4). 

Thus, a design using existing parts and components will show no cost advantage over one 

using new and different parts, when the traditional cost calculation is followed. 

However, in reality designing around existing components greatly reduces total cost of 

production because the marginal cost for existing overhead activities tends to be small. 
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Figure 1-4: Economies of scale for overhead activities [HOR90] 

By now, the above problems of traditional, volume-based methods are well understood in 

the literature. About seven years ago, leading American industrial and consulting 

companies, as well as universities started the Cost Management Systems (CMS) 

program, which can be considered the source of the Activity-based Cost Management 

approach [BER88]. By 1990 about 100 implementations of this cost management 

approach were counted worldwide [FRO91]. Although some comparable systems were 

known since before WWII, one of the main obstacles to further recognition have been the 

tax regulations which require the filing of financial reports according to the volume- 

based procedure [EBE90], [BOR90], [JO87a]. Also, in the past the drawbacks of 

traditional approaches have not been as critical because only over the last decade has the 

proportion of overhead costs increased drastically. 

The starting point of the activity-based approach is the fact that the production of each 

product requires a variety of activities. Activities are all those operations performed 

within each business function. To determine what activities are performed on a product, 
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its flow through the production process is observed carefully step by step, and all 

activities that influence the making of the product, even if only remotely, are recorded. 

The list of all these activities is called the bill of activities, which includes the 

manufacturing activities as well as all overhead activities. The bill of activities forms 

the focal point of the activity-based methods for product cost calculation. As the 

complexity of products increases, more overhead activities such as planning and 

controlling have to be performed as well. The bill of activities includes them all so that 

calculated product costs can correctly reflect the difficulty of making complex products. 

The bill of activities not only includes the number of different overhead activities, but 

also takes their economies of scale for current products into account - the second major 

problem area not satisfactorily resolved by traditional systems, as outlined previously. 

For every activity a “cost driver" is determined. This cost driver should best reflect the 

cost influencing factor of the respective activity. Many different types of factors can be 

cost drivers including hours, units of products performed, or number of setups. The 

bill of activities includes how many cost drivers the product requires for its production 

while being a part of a whole production lot, thereby the bill of activities accounts for 

the economies of scale effect. This effect is important only for those activities whose 

cost drivers are independent of quantity, e.g. placing a purchase order. In this example, 

the cost driver in the bill of activities will be 1 for production lot size 1, and 0.01 for 

lot size 100. Horvath [HOR89] and Kaplan [KA89b] call these activities batch 

activities. They have in common that their cost driver is independent of quantity, i.e., 

variant driven. On the other hand activities with volume-driven cost drivers are called 

unit level activities. A third type of activities are called product sustaining activities. 

Their cost drivers are totally independent of production. 
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Another difference of the activity-based models compared to traditional ones is its 

functional organization of activities. In order to more easily trace the product during its 

production process, the cost management system groups activities into business 

functions. In such a functional model, like the one shown in Figure 1-5, the Material 

Management function, for example, would include all activities that are required to get 

the material into the company including purchasing, material receiving, supplier 

payments, debitor accounting. On the other hand, in traditional models the purchasing 

activities and the supplier payments are part of the administration whereas the material 

receiving activity is part of the shop floor. This different classification clearly reflects 

the different orientation of the systems; traditional systems are department oriented 

while in activity-based systems the product flow through the company is the center of 

consideration. 

    

. ; Business Product 
Marketing Planning m engineering                 
  

— | Sales/ Service | L Process engineering + 

Y A Quality 
. Production and —_ Material ee =| assembly [> 

~# Shipping Storage Inventory 

  

        

            

            

Figure 1-5: Functional diagram of manufacturing enterprise [FLA88] 

One reason for why the CAM-!I consortium has chosen the functional model approach for a 

cost system is that it better models the product flow. Then, by knowing the cost of each 

activity required in the production process of each product, the cost management can 

Chapter 1: Introduction 9



best control the costs of the products. Another reason for the functional grouping is its 

fit for the CIM factory [FLA88]. By giving the cost management system a similar 

structure aS recommended for the CIM factory, the transition of data is simplified which 

is a necessary first step to computer integrated cost management [FRO91]. 

In summary, an activity-based cost system directly traces all costs to activities 

including the previously "hidden" overhead costs, while in traditional systems the direct 

cost allocation was limited to manufacturing processes, and there predominantly to labor 

costs. For the product cost calculation, the process plan shown in Figure 1-3 is 

expanded to the bill of activities for each product as shown in Figure 1-6. 

Bill of Activities/ 
Cost of Activities Bill of Materials 

  

  

  

  

              

  

  

      
  

  

                

  

    
                

  

Business Functions 

Service Production Artiviti 
Operating vities 

costs Process Planning «eae 
. _— Activities |ivities 

Capacity Material Product 
costs Management Design rial 

Material : : —hierial 
: = Material uct C costs Ep Tuc 

Total Cost Product A 

Figure 1-6: Activity-based product cost calculation 

Overall, the activity-based approach can produce very accurate product cost calculations 

and, consequently, its information can be very valuable for the design process. 

Unfortunately, current activity-based cost management systems still lack some 

flexibility, as well as some additional analysis techniques, that limit the accuracy of 
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product cost calculation specifically during the design process in the Design-Concurrent 

Calculation. 

Design-concurrent calculation 

Theory 

The responsibility of the designer is to find a product form that not only satisfies given 

functional requirements but also one that minimizes the sum of activity costs and 

material costs of the product. 

In theory, an activity-based method appears to be the ideal tool to find this cost 

minimum because it calculates production costs with such high accuracy. The idea is 

that the designer is provided with the most accurate production cost information so that 

(s)he can properly calculate the costs of various design alternatives and choose the best 

thereof. Thus, an activity-based method should be the basis for cost-efficient designing. 

Classical design guidelines such as reduction in the number of parts, introducing less 

variants, reducing the number of required processes can then also be supported by cosi 

rationale. In addition, at least in theory, the point can be determined at which, for 

example, further reductions in the number of parts would make them so complicated that 

higher cost for material, pre-production activities and manufacturing activities will 

offset the simplification advantage. Again, the goal is to find the right balance. 

According to an international survey by A.T.Kearney, productivity can be improved by 

up to 40% when optimizing a design with respect to material and activities using an 

activity-based method [FRO91]. A comparable result cannot be obtained when using a 
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volume-based method to support the design decisions because they only account 

accurately for a portion of the production costs, namely the process costs. 

While the theory sounds appealing, one of the problems faced is that current activity- 

based cost systems cannot provide all cost information that are really needed in the 

design process. They cannot supply the information at the low detail level oftentimes 

required, and they also fail to supply only decision relevant costs. Both of these problem 

areas will now be explained briefly, and then this research proposes some solutions. 

Practice 

Detail level 

The design process always starts on the lowest level of detail. During this phase only 

decisions for specific concepts of the final product are made. Later in the design process 

those concepts are refined in detail by dividing each concept into subgroups which, 

subsequently, are further subdivided to even higher levels of detail and so on. Thus, the 

design can be characterized as a top-down process, starting at a low level of detail and 

gradually moving to a high level of detail (see Figure 1-7). 

End-Product 
Conceptual | An™—~"_ 
Design Activities Component 1 _Component2 | Component n 
Embodiment ooo | ——_. 
Design Activities Part-group 1 Part-group 2 Part-group n 

Detall oo | ———__ 
Design Activities Part 1 Part 2 Part n 

Activities Materials 

Figure 1-7: Increasing level of detail in the design process [BEC90, modified] 
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Once the design process has reached its highest level of detail the product has been 

broken up into small individual parts, each requiring material, manufacturing 

activities, as well as overhead activities. Manufacturing activities include welding, 

lathing, forging, drilling, i.e., activities performed on a shop floor, whereas overhead 

activities can be material handling, process planning, or product engineering. 

In early stages of the design process, decisions are made at low levels of detail. Those 

decisions have significant cost leverage as they impact on a Jarge number of activities. 

The later decisions are made in the design process the less activities are involved and, 

consequently, the smaller is the decisions’ cost impact. Decisions at the level of parts or 

components only involve their respective activities, while decisions concerned with the 

end-product have to take the costs of all activities of all parts of the entire product into 

consideration. 

Clearly, it is very desirable to be able to predict accurately the cost of alternative 

designs early in the design process, i.e., at low level of detail. However, while cost 

information is more critical early in the process, it also tends to be less accurate 

because it is so much more difficult for the designer to determine all necessary 

activities and materials and their associated costs at that low level of planning detail. 

Now, considering that costing alternative designs early in the process is critical at that 

point it seems impossible to determine all relevant activities and materials and their 

respective costs. 

One technique to obtain cost information at the detail level in question and one that can be 

applied for design-concurrent calculation is using cost information from existing 

products by a so-called "similarity analysis" [PIC89]. The basic idea is to find existing 
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products which have similar characteristics to those needed in the new design but for 

which all cost data are available. Those characteristics are also called product cost 

drivers. Product cost drivers can be the number of parts, quantity or type of material, 

number of processes, or size among others. Total costs for the existing products are 

interpolated, or extrapolated if necessary, to obtain an estimate for the expected cost of 

the new design (see Figure 1-8). 

Costs a 

Characteristic A 

  

  Characteristic B     
    

C) Current products 

f-/7 New Product 

Figure 1-8: Cost estimation using similarity analysis 

The problem in performing a similarity analysis for current activity-based systems is 

that a new design cannot and should not be calculated the same way as the reference 

products were calculated. In 1923 Clark [CLA23] introduced the principle of “different 

costs for different purposes." One of these current systems is the CMS-PC activity- 

based cost management system which was introduced by the CAM-I consortium and which 

had been analyzed separately prior to this research [WIE90]. Other current systems 
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unable to solve adequately this problem are the approaches described in the Harvard 

Business School cases (see references). 

Consequently, a similarity analysis has to be based on decision costs which frequently 

differ from the product costs provided by current activity-based systems. Thus, the 

concept of decision costs is introduced next. 

Decision costs 

Design-concurrent calculation has to consider costs from a decision perspective. Clark 

[CLA23] defined relevant costs as "the costs that are incurred if that business is taken 

and which are not incurred if that business is not taken.” 

The relevant or decision costs are lower if a company has some unused capacity, which is 

almost always the case except in a perfectly balanced shop. Products, if designed 

accordingly, may use that idle capacity, thus making the respective fixed costs of that 

capacity non-relevant. In consequence, for specific designs capacity costs must not be 

part of the design decision, making the respective designs more cost-efficient. The point 

to be made here is that a modern design-concurrent calculation system has to enhance 

current activity-based systems to account for what degree activity costs are decision- 

relevant. 

The activity consumption of a design alternative is lower when exiting products are re- 

used as parts or components of a design alternative. (A design alternative to fulfill a 

stated purpose that includes many re-used parts can be cost-efficient because it can 

make those of the respective activities non-relevant whose cost drivers are independent 

of the production quantity). A design-concurrent calculation system must provide the 

flexibility to consider the “design class” to which a design alternative belongs while also 
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enhancing current activity-based systems by only including certain activities as 

decision-relevant. 

While on one hand most activity-based cost management systems are based on today's 

costs and activities, the design decision process on the other hand needs future planned 

costs and activities for good decisions. A design concept which surely is a cost-efficient 

one today can very well turn into a highly cost-inefficient one in the future. Thus, a 

good cost management system for design support must be able to provide the flexibility 

to deal with the activities and their costs in different future time periods by using 

planning data for its calculations. 

Research objective and contribution 

The objective of this thesis is to develop a model for developing cost information, 

regarding design, for decision making purposes. 

For any product design alternative presented, the model supports the designer in his/her 

design selection process with the best possible cost information. This information is 

available throughout all stages of the design process and it incorporates the anticipated 

product life cycle, the current company status, as well as the class of the design 

alternative. 

The structure of the model is such that it can be expanded easily by additional modules 

for other decisions that are based upon the cost management system. Those decisions can, 

for example, include product abandonment, process investment, non-value adding 
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analysis or similar evaluation questions. This latter model capability is to satisfy the 

respective core requirement put forth by the CAM-I consortium for research proposals. 

The cost model is based on the similarity analysis as a design-concurrent calculation 

method. The contribution of the cost model can be summarized by the three main 

features that make it distinct from other models using similarity analysis. All three 

features deal with a more accurate calculation of the reference products, which is the 

principal basis of similarity analysis. These features are in particular the calculation 

according to the dynamic method of investment theory, the use of the activity-based 

approach, and the determination of relevant costs, as will now be explained in more 

detail (see also Table 1-1). 

1. The product design process is part of the engineering decision making process. In 

the area of investment theory the engineering economy profession has developed several 

techniques to analyze similar problems. Existing cost models use what is called a “static 

method" to calculate the costs of reference products. This means the costs of only one, 

the current period, are considered in the cost analysis. The cost model in this research 

uses a "dynamic method" to calculate the costs of the reference products thereby 

considering the product life cycle costs of the design alternative. Product life cycle costs 

are the production costs over the entire life span of a product. This way current as well 

as the future activities and their costs are accounted for. Due to process investments, 

the activities themselves as well as the cost structure of the company are constantly 

changing throughout the product's life cycle. Thus, in this thesis investment planning is 

integrated into design-concurrent calculation as a first step towards concurrent 

engineering. Also, the economies of scale can be included in the cost analysis because 

different quantities of the design will be produced in different time periods. 
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Table 1-1: Distinct features of the cost analysis model 

Reference products are calculated ... 

# Existing models 

1 ... using current costs in a static 

method 

2 ... using a volume-based approach 

3 ... hot for a decision making 

purpose 
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Proposed model 

... using planned costs in a dynamic 

method 

... using an activity-based approach 

... using the decision relevant costs 

of the design alternative 
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The second and the third feature accurately determine the data pattern required for the 

dynamic calculation method. 

2. The cost model in this research uses the activity-based cost management 

approach for the calculation of the reference products because the activity-based 

approach has proven superior to traditional volume-based approaches. A volume-based 

approach is used in existing cost analysis models using the similarity analysis method. A 

discussion of the advantages of the activity-based approach for product calculation was 

given above. The activity-based approach can be considered as the main characteristic of 

this cost model. Only this approach can realistically include the concept of a product's 

life cycle as well as that of the relevant costs only, the third model feature. 

3. The third characteristic feature is that the cost model calculates the reference 

products for the similarity analysis based on the decision costs of the design alternative, 

i.e., using planned activities as well as relevant costs. Considering planned costs and 

activities has already been part of the first model feature, the idea of relevant costs is 

now added. Again, the idea of relevant cost is described by the principle of different costs 

for different purposes. In general, costs that will appear in the future but were 

determined in the past are not relevant for a particular decision. Again, the decision 

costs principle is used because the design-concurrent calculation is part of the decision 

making process, i.e., it is a problem solving method. The relevant cost concept also 

constitutes another step towards concurrent engineering in that the company status is 

considered in the product design process. 
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Scope and limitations 

As ambitious as the objective and contribution stated above are, there are limitations to 

the research. This thesis shows the conceptual development and a case study of the design 

concurrent-calculation model. Consequently, the scope of this research is theoretical in 

its focus. To date, no effort has been expanded to implement the concepts on companies 

with real costs, activities, and products. No difficulty is foreseen; activity-based cost 

management systems and design-concurrent calculation cost analysis models based on 

similarity analysis have been implemented successfully in the past. 

In the model the characteristics of the design alternative have to be fed into the cost 

model before the design-concurrent calculation method performs a cost estimation. The 

user also has to feed the cost model with current costs and activity information, and 

current product resource consumption. Furthermore, the analyses require data on 

planned investments, their cost structure, and their effect on the products resource 

consumption. 

Plan of presentation 

Chapter Description 

One: is an introduction to the conceptual framework of the research. It outlines 

the similarity analysis, provides some activity-based product cost 

calculation basics, and specifies objectives as well as scope and limitations 

of the thesis. 
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Two: 

Three: 

Four: 

Five: 

Chapter 17: 

gives a review of the relevant literature. It is divided in the four areas of 

design-concurrent calculation, the product life cycle costs, the activity- 

based approach, and the relevant costs which are all four merged in this 

research. 

develops the cost model in its theoretical concepts. First, the general 

concept of the cost model is presented and from there its detailed concepts 

are developed. It is examined how costs are traced to activities to obtain 

accurate activity costs for the past and the future time periods, and it is 

described what and how information of current products is stored to make it 

useful for design-concurrent calculation. After having developed the 

concepts of the cost model databases the design-concurrent calculation 

method is explained and it is specified how it takes advantage of the stored 

data. 

presents a case study of the cost model. A spreadsheet program and a SAS 

program were used to implement the cost model. For the case study this 

model is supplied with fictitious company data. The case study illustrates 

the structure of the databases as well as the operation of the design- 

concurrent calculation method. 

presents a summary, examines the relevance of this research, and 

identifies some areas for future research. 
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Chapter 2 

LITERATURE REVIEW 

In this chapter the relevant literature is presented which forms the basis of this 

research. The first section describes where the design-concurrent calculation fits into 

the design process, and the current cost modeling approaches are described. In the 

remaining parts of the chapter, the relevant literature is presented upon which the 

features of the cost model are based. In particular, this will be the product life cycle 

aspect of costs, further details on the activity-based cost management approach, and the 

rise of an enhanced activity-based method to determine the relevant costs. 

Design-concurrent calculation within the design process 

This part of the chapter presents the literature concerning the design process, cost- 

efficient designing, design to target costs, and existing design-concurrent calculation 

models. 

Patterson [PAT91] states that the design process which includes design-concurrent 

calculation does not belong to the advanced engineering-analysis processes. He proposes 

certain characteristics to describe the engineering process maturity level (see Table 

2-1). According to Patterson the product development process can only be scaled on a 

level 2, whereas the manufacturing process has already reached the maturity level 4 in 

most companies. Level 2 means that the process is repeatable, but also intuitive and 

very dependent on individuals. This leads to high risk; only a higher process maturity 

level can ensure productivity and quality. 
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Table 2-1: Process Maturity Model [PAT91, simplified] 

Level Characteristic Result 

5 Improvements fed back into Productivity 

OPTIMIZING process & Quality 

4 (quantitative) 

MANAGED Measured process 

3 (qualitative) 

DEFINED Process independent of individuals 

2 (intuitive) 

REPEATABLE Process dependent on individuals 

1 (ad hoc/chaotic) Risk 

INITIAL 

Consequently, the design process is currently characterized by intuition, making it 

difficult to describe. The German Institute of Engineers (VDI) and the institute setting 

the German industrial standards (DIN) have presented some guidelines to define better 

the design process and to move to a higher level. These guidelines including [VDI2222], 

[VDI2225], [VDI2235], [DIN32992] summarize large portions of research and 

literature. 

The three stage model of the design process 

The design methodology provides a three stage model for the design process, which has 

been accepted by the German Institute of Engineers [VDI 2222]. The design task is to 

convert functional requirements to part forms. This conversion is performed in several 
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design stages. The design stages are called conceptual design, embodiment design, detail 

design. During each particular design stage, input information will become more 

detailed, using the problem solving method explained later in this section. The output of 

one stage will then be the input of the following stage (see Figure 2-1). During these 

three design stages the detail level increases as it was shown in chapter 1, Figure 1-7. 

The following description of the design stages is based on Gréner [GRO91]. 

    Structural Design — —pe 

~<_____. Shaping Design — p> 

- | 1 

Conceptual Embodiment Detail 
Design Design Design 

  

  

Level of 

Detail 

                   
Figure 2-1: The three design stages [BRA88, simplified] 

The conceptual design stage converts the functional requirements into several 

functional tasks. Also, the physical and technical effects that could perform those 

functions are determined. In this stage the designer stays on an abstract level. No actual 

conversion into forms takes place. The conversion of physical effects into forms is 

performed during the embodiment design stage. The different concepts are captured 

in sketches and required dimensions are determined. During the last stage, the detailed 

design, the designer makes detailed drawings of the parts. The final form and 

dimensions as well as manufacturing information are laid down. 
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Oftentimes there are only two design stages defined. Brachtendorf [BRA88] calls the 

transaction from function to form the “structural design,” and the detailing of the form 

"shaping design." 

According to Ehrlenspiel [EHR89] during each design stage, i.e., at each detail level, the 

designer uses the traditional problem solving method for proceeding (see Figure 2-2). 

This problem solving method will be applied more than once at each level. Especially 

later in the design process it will to be performed for every part (drawing) to find the 

optimal solutions. 

  

Target 9 analyze task, 
costing ‘ formulate requirements 

Design-to-cost find possible solution 

methodologies alternatives 

analyze attributes of each 
solution and compare them 
to the requirements 

      

        

Design-concurrent 

calculation                         

select best solution 

Figure 2-2: Design problem solving method [EHR89, modified] 

First, the designer defines the requirements that have to be met during this cycle, 

including the target costs of the particular problem. Secondly, (s)he has to find possible 
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solution alternatives, this is also called the "synthesis of design alternatives” [EHR89], 

[SU91b]. In this phase the designer uses several design-to-cost methodologies and 

guidelines. The design alternatives will either be current products (or their 

components) or new designs. Thirdly, the designer analyzes the attributes of each 

solution and compares them to the requirements. In this phase the designer calculates 

the costs of the alternatives and compares them to the target costs. This calculation is 

called design-concurrent calculation. Concurrent means that a calculation is performed 

during the design process while the process plan or bill of activities has not yet been 

determined [EHR85]. A cost-efficient design can be accomplished by using a design-to- 

cost methodology iteratively in combination with design-concurrent calculation 

[ULR9O]. 

Phase 1; Target costing 

in the first phase the functional requirements as well as the target costs are determined. 

The formulation of the functional requirements often follows an approach called “quality 

function deployment (QFD)," which is a participative approach that translates costumer 

wants and needs into specific product characteristics [SU91b]. Participative means that 

design and marketing departments closely work together. 

Michaels [MIC89] defines a target cost goal as "a specific number ... based on a specific 

production quantity and rate, established early during system development as a 

management objective and design parameter..." For every product a target cost can be 

found when it is compared to the desired market value. VDI 2225 recommends to set the 

target cost of production at around 70% of the achievable market price. 

Chapter 2: Literature Review 26



Designing with a target cost is used more and more [SU91b], especially in Japan 

[SEI91]. A product that seems to be designed perfectly, meeting all the functional 

requirements and being designed the most cost-efficient way for a particular company, 

will still not succeed in the market when the production cost are too high and, thus, it 

cannot meet the market's price expectations [GRO91]. For this reason the design- 

concurrent calculation has gained its recent popularity. Design-to-cost methodologies 

only are not sufficient in today's competitive environment. 

Sullivan [SU91b] points out that by using design-concurrent calculation the designer 

can determine continuously during the design process how likely it is to reach the cost 

goal. The costs can be reduced when designers and engineers consider some trade-offs 

through design-to-cost methodologies or, again, agree with marketing on changes in the 

functional requirements. It might even be necessary to drop the project after it has 

completed the design stage. 

PI > Find lution alternatives by design-to-cost methodologi 

VDI 2235 outlines which design-to-cost methodology should be used in each particular 

design stage (see Table 2-2). The design-to-cost methodologies will not be part of the 

cost model and are subsequently only summarized to give a complete picture. It is up to 

the designer to find cost-efficient design alternatives. The cost model will then be used 

in the next step to estimate the costs of each alternative presented. The model can 

support cost-efficient designing by changing certain parameters of the design and then 

re-calculating the modified alternative again. 
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Table 2-2: Recommended design-to-cost methodologies at different design stages [VDI 

2235, simplified] 

Design stage Design-to-cost methodology 

Conceptual design ABC analysis 

relative (function) costs 

global design rules 

relative costs 

good/bad examples 

participative methods 

Embodiment design 

Detailed design - 

ABC-Analysis 

For target cost designing, a maximum error tolerance for the total costs is specified and 

each part subsequently receives an individual error tolerance. Due to error 

summations, errors will partly balance one another, so that individual errors are not as 

tight as the global tolerances [SCH91], [EHR85] (see Figure 2-3). A-parts will have 

Product 

Target Costs: $1000 
Maximum Error 

Tolerance (MET): +5% 

_  E _— __ 

  

    
  

  

                  
  

Target: $450 Target: $250 Target: $150 Target: $100 Target: $50 

MET: + 7% MET: + 9% MET: + 13% MET: + 15% MET: + 50% 

Part A1 Part A2 Part B1 Part B2 C-parts 

Figure 2-3: ABC-analysis of target costs [SCH91] 
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the smallest tolerance and consequently VDI 2225 recommends to design them first at 

every stage. In case the tolerances cannot be met corrective actions can then be taken 

early in the design process. 

Relative cost catalogs 

Since the late 1960's research interest in Europe has shifted towards relative cost 

catalogs as a design-to-cost method. Relative cost catalogs are external guidelines that 

provide the costs for an object in proportion to a reference product. However, they do 

not offer a specific cost amount as this will vary among companies. Relative cost 

catalogs exist for different product functions [VDI 2222], possibilities to join parts 

[DIN 32992], various surface qualities and other characteristics. Ehrlenspiel has done 

research with Fischer (gears) and Hafner (welded and casted parts) to come up with 

different external catalogs on relative cost for products and components [EHR85]. "The 

main advantage of relative costs is that they can provide a fast and easy way to find the 

cheapest alternative in a collection of possible solutions” [WIR90]. The main 

disadvantage is that those factors are external guidelines and that actual cost can be very 

company dependent" [WIR90]. Relative cost catalogs are not only classified as a design- 

to-cost but also as a design-concurrent calculation method [EHR85], [VDI 2225]. 

Global design rules 

Many global design rules can be found in the literature [EHR85]. One example is to 

"reduce the number of parts required where possible by designing one part so that it 

performs several functions” or “design to use general purpose tooling rather than a 

special one" [WIR90]. 
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Good/Bad guides 

Good/Bad guides or rules are frequently presented by graphical examples of good and bad 

construction methods. Many examples can be found in [EHR85], [BRA88] and [VDI 

2225]. They represent a large part of the experience gained in previous designs and 

manufacturing, assembly processes and are often not limited to external guides 

[EHR89]. 

Participative approaches 

The two main participative approaches are called "design for assembly (DFA)" and 

"design for manufacturability (DFM)" [SU91b]. DFA represents an approach to design- 

to-costs by reducing the number of parts in a product and by improving the way those 

parts are to be assembled. DFM seeks to improve the manufacturing characteristics of a 

product [BOO88]. Participative approaches mean that there is an active link between 

design and manufacturing/ assembly departments. 

Support systems 

Design support systems are not mentioned in Table 2-2 by VDI 2235, however, they 

belong to the design-to-cost methodologies. The concept proposed by Brachtendorf 

[BRA88] received significant attention as an information system approach for DFM. 

Bassler [BAS87] developed an information system concept for DFA, which has been a 

benchmark in this area. Scheer, a major researcher in the CIM environment, presents a 

concept of an expert system for universal design support [SCE90]. The objective is that 

the system support leads to a design that considers the requirements and the abilities of 

the major business functions which follow this design process. 
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PI 3: Analyzing the different alternati ing design- t calculat 

Methods that estimate the production costs during the design stages are called in the 

technical literature design-concurrent calculation methods. There is one participative 

method called "value engineering (VE)" and there are several cost modeling methods. 

Value engineering (VE) is a participative approach that involves several departments by 

including members from marketing, design, process planning, and calculation among 

others. It focuses on relating cost values to design functionality. The cost estimation of 

this organizational or management methodology is based on expert knowledge [FRA9O]. 

While the participative approach does not play a role in this research, the cost modeling 

methods do. The following three cost modeling methods are distinguished: the analogy 

method, the search method, and the similarity analysis. The analogy method determines 

the required activities as well as their costs from the known design characteristics. The 

other two methods, the search method and the similarity analysis, use the known 

characteristics to select current similar products for which the costs are known and 

then analyze their cost structures. 

Analogy method 

In the analogy method all the required activities of the product life cycle are simulated 

and the costs of each activity are allocated to the product. This method generates a bill of 

activities from the known characteristics of the design alternative (see Figure 2-4). 

Ulrich and Fine [ULR90] proposed a cost model to estimate the cost of printed wiring 

boards using the analogy method. "First the designer specifies the attributes 

(characteristics) of the board. Next our system must determine the process plan by 
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specifying the process steps necessary to realize the specified board attributes. Third, 

the yields at each of the process steps are computed based on the board attributes and 

relationships derived from models from physical process and historical data (activity 

usage function). Based on the resulting yields and other information, like set-up times, 

the manufacturing resource requirements and batch sizes are determined. Once resource 

requirements, process steps, and process yields have been estimated, the costs at each 

process step can be computed. Finally these costs are displayed to the user. The user can 

interactively make modifications to the board design to reduce production costs.” The 

proposed "model will use the activity-based accounting scheme in which overhead costs 

are computed at each process step" [ULR90]. 

  

Piant cost parameters, Pk, (cost of activity, usage function) \, 

      

      

                  

Design characteristics \; 1 

y P 4 y Po oy Ph 

activity 1 activity 2 weees activity n 

y cost for y cost for y cost for 
activity 1 activity 2 activity n 

Figure 2-4: Product cost calculation of a design alternative using the analogy method 

[ULR90, modified] 

The analogy method which does consider activities is valid only later in the design 

process when more details of the design are known. The analogy method tends to be more 

of an activity planning tool with cost calculation capabilities rather than a design- 

concurrent calculation method. 
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Search method 

In the search method the costs of the product which is most similar to the design 

alternative are assumed to be the cost of that design alternative. One of the main studies 

about the validity of this method was performed by Hillebrand [HIL86]. In order to 

determine the similar products to the design alternative, a more-dimensional cost 

influencing factor table, also called characteristics table, is developed. All current 

products are placed in the table along with the design alternative. Similarity is reflected 

by the distance in the table [HIL86]. 

One example of how product characteristics can be determined is Pickel's [PIC89] 

analysis of the factors influencing total costs of cast paddle wheels. Only for the process 

casting, he found 45 cost determining factors, which were geometrically dependent and 

material specific characteristics. By using statistical analysis he was able to reduce 

those 45 factors to seven main characteristics, each having a strong correlation with 

costs. There has been extensive research trying to determine the main characteristics 

for different products, components and parts [PAH82], [WIT84], [EHR85], [HIL86]. It 

has been shown that product families can be defined such that products of the same 

family have the same main characteristics, while the characteristics differ for products 

from different product families. To determine the main characteristics is very difficult 

and is usually done through extensive regression analyses from all cost driving 

characteristics [PIC89]. 

Product families on lower levels of detail have cost driving characteristics that are more 

concept related, such as horsepower for machine related part families, while part 

families on higher levels of detail have more form specific characteristics such as 
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surface quality and tolerances. Every component or part will belong to only one 

particular product family (see Figure 2-5). 

End-Product 
Product Family 12 

Component 1 Component 2 Component n 
Product Family 53 Product Family 17 

| “= 
Part-group 1 Part-group 2 Part-group n 

Product Family 23 Product Family 23 

Part 1 Part 2 Part n 
Product Family 15 Product Family 81 

Figure 2-5: Each product element belongs to one product family 

The concept of building product families was initiated by Opitz [OPI63] in his 

benchmark survey which was eventually standardized in DIN 4000. He grouped the 

product families on very different criteria; ‘including process and material 

characteristics rather than cost driving characteristics. 

The search method was not the methodology of choice although it uses cost information 

for a reference product. The problem with this method, however, is that it cannot give 

any cost estimation for improved different designs for which no similar products exist. 

Similarity analysis 

Similarity analysis uses several similar products as reference products and analyzes 

their characteristics with the help of statistical methods. It requires statistical methods 

of analysis such as regression, to consider several products and several characteristics. 

The analysis generates a function of these characteristics and the cost of the design can be 
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estimated from this function. In general, when the cost influence of some main 

characteristics is understood, then a calculation of a design alternative is possible based 

upon those characteristics (see Figure 2-6). 

costs and 

characteristics of 

reference products 

X, Y, Z... 

$ 
characteristics predicted costs of 
of design $=f (X,Y, Z..) $ design alternative 
alternative X, Y, Z... 

Product Cost 
Driver Function 

| statistical analysis 

  

      

Figure 2-6: Cost estimation of a design alternative using similarity analysis 

Sometimes in what can be considered a simplified version of similarity analysis the 

calculations are based upon only one characteristic and the cost of one known reference 

product. The assumption is always that one influencing factor rises in the same 

proportion to the production costs. DIN 32990 states that these methods are most of the 

time used for design changes of similar geometric products, like for variants that differ 

in size. Two well known approaches are weight-based methods and size-based methods 

[GRO91]. The following equations are taken from DIN 32990: 

B= Yr/Xr (1) 
Yg=BXq (2) 

Yr = Costs of reference product 

Xr = Amount of characteristic of the reference product 

Yd = Estimated costs of the design alternative 

Xd= Amount of characteristic of the design alternative 

B = Coefficient 
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This method suffers in that the cost influence can oftentimes not be described by only one 

characteristic. For example, when the material costs are used as as the basis, the 

quantity effect is not considered. The problem is similar to the one faced by the 

traditional volume-based calculation methods described in chapter 1. 

The regression analysis can be performed on several characteristics of similar products 

with the product characteristics being the independent variables and the total costs being 

the dependent variable [EHR85]: 

Y = Bo + By X1 + Bo Xo +....4 BN XN (3) 

Y =Costs 

Xj = Amount of characteristic i i = 1,2,...,N 

Bj = Coefficient i (values determined by ordinary least squares regression) 

Because independent variables in the regression are oftentimes correlated, a negative 

coefficient can be determined by fitting a least squares straight line. Thus, the designer 

cannot conclude from these coefficients which of the characteristics have the greatest 

impact on total costs. The designer can only include all the characteristics of a design 

alternative into the equation to receive a cost estimation. 

Schaal [SCH91] built the KIS cost information system using similarity analysis. It is a 

CAD-based system that can calculate design features. In a first step feature-based 

information is extracted from the solid-model CAD-system and transferred into the cost 

analysis model. Then, a search module retrieves similar, known features from current 

products and finally the model performs the similarity analysis. The resultant cost 

information is limited to the manufacturing costs which are the costs of all the processes 

listed in the traditional process plan. 
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Pickel [PIC90] developed the GUSSKAL cost information system for cast steel parts 

which is also based on the similarity analysis. The design characteristics description is 

supporied by an expert system that can derive missing characteristics by knowing 

others. Calculation results include the material costs, the die construction, the casting 

operation, as well as metal removal operations on the casting. The reference products 

are calculated using the traditional volume-based overhead allocation method. The 

program is used successfully in industry to calculate bids. The weight-based estimation 

technique showed a mean error of 27% whereas the GUSSKAL only has a mean error of 

4% when comparing the estimate to the calculation done after the order had been 

completed. 

The similarity method provides the best approach to estimate accurately especially new 

designs as the cost influence of characteristics is analyzed. Therefore, the similarity 

analysis provides the basis for the cost model developed in this thesis. A CAD-based 

interface was not added to this structure because it uses features which would have 

limited the model for later design stages. Features are limiting for the reason that they 

describe even a higher detail level than that of the parts. 

Life cycle costs 

It is important to specify what costs have to be calculated in the design-concurrent 

calculation phase. The literature differentiates two different types of costs relating to 

the products’ life cycle: Total product costs and production costs. On the other hand any 

product can be considered as being a project or an investment. For projects the 

literature proposes two different ways for their cost calculation, the static and the 
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dynamic approach. It will be shown how and why the cost model approach differs from 

existing cost analysis models in its way of considering a product's life cycle. 

Total product costs vs, production costs 

When following the idea of total product costs, life cycle costs are understood as the total 

of all costs that will be incurred by the product's end-user. They can be divided into 

once-only costs and continuous costs [VDI2235]. Once-only costs not only occur in the 

purchase of the product, but they also include costs for training and instruction as well 

as costs for product destruction and disposal. On the other hand, continuous costs include 

those for energy consumption, wages for the operator and costs for repair and 

maintenance. The designer has considerable influence on all kinds of costs [EHR85]. It 

should be his goal to minimize these total costs, because the consumer will evaluate all 

costs in his investment decision. This idea of product life cycle costs, however, does not 

receive any further attention in existing models based on similarity analysis, and it will 

also not be considered in this research. 

The focus of this thesis is on those costs only that are incurred by the producer. In this 

second approach towards life cycle costs, only production costs are considered. They 

include all the costs a product is responsible for during its production. Production costs 

are the costs from all those activities that are included in the bill of activities and all the 

costs of the materials that are included in the bill of materials. The sum of these costs 

plus the company’s profit form the market price which then constitutes the biggest 

portion of the customers’ once-only costs described above. These production costs are 

called the target costs in VDI 2235 and VDI 2225 and are estimated by other existing 

design-concurrent cost analysis models as well as by the cost model of this research. 
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Stati ‘ynamic calculati hod 

The following comparison between the static and dynamic calculation method is based on 

Bullinger [BUL90] (see also Table 2-3). The literature in engineering economy uses a 

similar distinction and arguments [DEG88], [THU89]. 

Table 2-3: Characteristics of the static and dynamic calculation method [BUL90O, 

simplified] 

Static method Dynamic method 

Costs taken into account over one Costs taken into account over all 

service period only service periods 

Limited to average values of costs Fluctuations of costs can be 

considered 

Interest on costs ignored Interest on costs of subsequent 

service periods considered 

Small data base Large data base 

For the sake of simplicity, the static method of economy calculation is based on 

assumptions which are themselves not borne out in practice: 

- Costs are equal in all periods during the service life 

- Interest on costs are not taken into account 

The static calculation method is very simple and as a consequence cannot produce very 

precise results. It is frequently used in practice, especially where 

- an economy calculation is to be performed simply and rapidly 

- a decision is to be taken of minor importance 
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The relatively small calculation expenditure involved and the low quantity of data 

required, usually for one period only, can be named as advantages over the dynamic 

method. These very advantages also result in the problems of the static method, as the 

latter mainly provides only rough reference points regarding the basic question of 

economy calculation. 

Contrary to the static method, it is the characteristic for the dynamic method not to work 

with average values but to consider the differences in the accrual costs. Also, it uses 

compond interest. The higher expenditures incurred by the use of the dynamic method 

make it expedient to use in the case of particular important investment decisions. 

Existing design-concurrent calculation cost models use the static approach the basis for 

their cost estimation, i.e., the reference products are calculated using the static method. 

Thereby, they only consider one time period, usually the one containing current costs. 

Minimizing the current production costs is not necessarily the same as finding the most 

cost efficient design because 

- activities themselves change over time and their costs also change. 

- the production quantity of the design will be different in different time periods 

of the product's life cycle. 

- pre-production and production time periods have very different cost 

structures. 

A more comprehensive approach is to consider the production costs throughout the 

product's entire life cycle. The product life cycle is the time period during which the 

product is part of the company's production program. Berliner and Brimson [BER88], 

and Noble and Tanchoco [NOB90] among others as well as the CAM-I consortium 
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[PRY88] recommend to base all design-related decisions on this product life cycle 

approach. As a result it is necessary to estimate the production costs for each time 

period of a product's life cycle separately [NOB90] (see Figure 2-7). This is the 

approach the cost model in this thesis is taking. 

Pre- production Production | 

[ 
Costs | 

| 

  
  jp ty bt tle 
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Figure 2-7: Product life cycle costs [NOB90, modified] 

Activity-based Cost Management 

In this section the approach taken in the literature towards activity-based cost 

management is reviewed. This review shows that the activity-based approach is not a 

new one but rather a revision of the traditional engineering practice, which has become 

more and more necessary due to the changing paradigm in the manufacturing 

environment. Then, the activity-based approach is detailed and different approaches 

towards activity costing are shown. Finally, computer-based applications and current 

company implementations are reviewed. 
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The re- ion of t vvity-based method 

In the beginning of the 20! century, the company's operations and their decision making 

was primarily influenced by engineering viewpoints. The problem area of concern 

within a company was the optimal control of the operating manufacturing activities. The 

cost management system followed the same objective [EBE90]. This phase was 

influenced primarily by the Scientific Management movement of the engineers 

F.W.Taylor and F.Gilbreth. 

However, in the late 1920's, along with the introduction of capital markets and external 

auditors, there was a need to introduce financial accounting techniques to present 

information about the company's financial situation [BOR90]. All data had financial 

character and used the volume-based method described in chapter 1. “The auditors’ 

method of valuating inventory ... provided a lower cost alternative to costing products ... 

than techniques proposed by the scientific management approaches. The requirements of 

such statements gave financial accounting a higher preference" [JO87a]. 

In 1936 Dean [DEA36] indicated the notion of cost variability different from product 

volume, which is similar to the activity-based approach: “Since total cost is a function 

of many variables, cost may be regarded as marginal with each of these variables. 

Increasing the number of new styles, for example, has a marginal cost analogous to that 

resulting from increasing number of units of output." 

"In the 1950's ... businesses began to use financial accounting information to direct 

management decisions ... : to control workers and subunits ... planning the extent and 

financing of the enterprise ... Historians now believe, that financial ... accounting 

information intruded upon and distorted the financial and other information companies 
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had used for decades to manage not only operating activities ... but also strategic product 

choices..." [JOH91]. 

Many believe that using financial accounting information to plan and control business 

activities contributed to declining competitiveness and profitability in many American 

manufacturing companies starting in the 1970's. Due to the changing manufacturing 

environment “a much higher percentage of employees were used to support the 

production process.., but the cost system continued to stress direct labor efficiencies, 

and measure product costs based on their direct labor content” [KA91b]. Sullivan 

[SU91a] characterizes the changing manufacturing environment by outlining its changes 

(see Table 2-4). 

Table 2-4: The advanced manufacturing environment [SU91a, simplified] 

Yesterday 

High volume, long production runs, 

long product life cycles 

Small number of product variations in 

a domestic market 

Large direct labor component; high 

cost of processing information 

Small indirect/overhead costs in 

relation to direct labor 
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New Paradigm 

Low volume, short production runs, 

short product life cycles 

Large number of product variations in a 

domestic market 

Relatively high technology costs; 

relatively low information processing 

costs 

Large indirect/overhead costs in 

relation to direct labor 
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Pryor [PRY88] explains what is meant by only managing the company based on volume- 

based financial systems. "Cost management is not focused to where the cost are" (see 

  

   

    

          

  

   

  

Figure 2-8). 

Touch Labor 
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10%} Material 
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75% 

where the cost are where cost management 
is focused 

Figure 2-8: Cost management has not addressed the new manufacturing environment 

[PRY88] 

Actually, it is the field of engineering economy that “deals with the concepts and 

techniques of analysis useful in evaluating the worth of systems, products, and services 

in relation to their costs" [THU89]. It is the engineering economy profession that used 

the financial cost data for their evaluations and thereby failed to take action against this 

increasing distortion of cost information. Horowitz [HOZ76] is the first to criticize 

this, also pointing out that "Engineering economy has, to all intents and purposes, been 

at a virtual standstill for the past quarter of a century.” 

Sullivan [SU91a] emphasizes that the early call from Horowitz has finally found 

response and that a paradigm shift has lately taken place in engineering economy by the 

introduction of, for example, the activity-based approach. Now, there is an "increasing 

emphasis on producing accurate and timely information, for decision making, that is 
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devorced from a firm's financial accounting (external reporting) requirements” 

[SU91a]. This change in paradigm away from traditional cost management took place in 

the middie of the 1980's, initiated mainly by accountants. There were many 

publications that showed the limitations of management accounting practices for most 

kinds of engineering decisions [CO88a], [CO88b], [KAP84], [JO87b]. They all 

emphasize that accounting systems and their data are designed for financial reporting and 

not for the engineering decision making what they are used for. 

Details of the activity-based | 

The CAM-I CMS consortium [PRY88], Miller and Vollmann [MIL85] and Dilts and 

Russel [DIL85] among others initiated the philosophy for a better reporting and 

managing of costs using an activity-based approach. The “relevance lost" [KAP84] had 

been changed to "relevance found” (according to Len Moore, the program manager of 

CAM-I CMS) [FRO91]. “If as we believe, transactions are responsible for most 

overhead costs in the hidden factory, then the key to managing the overhead is to control 

the transactions that drive them" [MIL85]. This approach goes back to pre-war 

engineering practices which primarily looked at the required activities. For Brimson 

[BRI91] only those processes qualify as activities where the preposition “to” can be 

added to emphasize that something is processed there, e.g., to operate drilling, to move 

material, to place a purchase order etc. The activity-based approach was publicized 

mainly by Cooper [CO88b], Johnson [JOH88], Kaplan [KAP88], [KA89c], [KAQ0al, 

Turney [TUR89], [TUR91], and Brimson and Berliner [BRI86], [BER88]. The basics 

of this philosophy were explained in chapter 1. Additional details are reviewed next. 
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Consolidation of activities 

Horvath [HOR90] and Brimson [BRI91] consolidate activities to “main activities" 

[HOR90] or “major cost drivers" [BRI91]. A main activity accumulates activities of 

different business functions. This way the cost impact of a certain cost driving activity, 

e.g. “to introduce a new product” can better be examined [HOR90]. In Horvath's example 

the main activity "to introduce a new product” includes to develop a process plan, to 

program the NC-machine, to develop a plan for quality control, to maintain the process 

plan, and to adjust the production program. Therefore, the activity “to introduce a new 

product” requires activities from several business functions (see Figure 2-9). 
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Figure 2-9: The consolidation of activities to main activities [HOR90] 

      

                                    
      

The consolidation of activities to main activities or main cost drivers will not play a role 

in the cost model and is only mentioned to provide a more complete picture of the 

activity-based approach. For the reference products all required single activities can be 

observed during production and are stored in the bill of activities. In this case a 

consolidation of activities is not required for calculating the costs of those products. 
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Activity cost driver costing 

In the activity-based approach for every activity a cost driver is determined which best 

reflects the cost influencing factor of the respective activity. In order to determine the 

cost for each cost driver, the CMS-PC system divides the traced costs by the amount of 

cost drivers performed within a certain time period [WIE90]. Kaplan comments on this 

procedure as follows: "Many companies make the mistake of taking their total spending 

on resources and dividing it by actual output" [KA89a]. Riebel [RIE85] is explaining 

that by so doing idle capacity costs are distributed over their usage (see Figure 2-10). 

Kaplan [KA91a] points out that activities with a lot of spare capacity will then be more 

Costs Activity A 

  
Cost of 

unused 

| 

I 
capacity 

|     | 
| performed quantity 

| __ Of the cost driv 

Used Bottleneck . 
Capacity capacity Max. Capacity 

Figure 2-10: Different costs for an activity cost driver; also the costs for unused 

capacity made visible. 

expensive that others. "At first we thought that the cost of excess capacity was a side 

issue to ABC but one now realizes that excess capacity costing is not a side issue - it's a 

central issue" [KA91a]. 
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In order to solve this problem and to make activity costing accurate, Horvath [HOR90] 

recommends taking the capacity of the company's bottleneck activity as the reference for 

all other activities. Glaser [GLA91] criticizes this procedure for being not practical. 

Kaplan considers the maximum capacity of every activity as reference [KA91a], for two 

reasons: Firstly, he advocates a long run perspective for cost management according to 

the principle "spending will follow usage,” thus, in the long run there will be no idle 

capacity. Secondly, this approach will make the cost of the current idle capacity visible 

[KA91a]. The correct activity costing, i.e., finding the accurate cost per activity cost 

driver, will play an important role in the cost model. 

Computer systems 

One area that has not received much attention is the interface between activity-based 

cost management and computer systems. It was mentioned above that the CAM-I CMS 

consortium has presented a system [WIE90] which will be used as a reference in this 

research. In addition, the consulting company Peat Marwick developed together with 

Cooper and Kaplan the system "REVEAL" which is similar to CMS-PC according to a study 

by Frohlich [FRO91]. The main difference is that it also determines main cost-drivers 

(main activities), as Brimson and Horvath had proposed for the activity-based 

approach. 
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Custom-made applications 

Tektronics designed an activity-based approach to achieve cost-efficient product designs. 

Tektronics introduced a continuous improvement program consisting of just-in-time 

(JIT) production and total quality control (TQC). By reducing the content of labor, the 

old labor-based cost accounting system lost even more of its accuracy. Tektronics 

introduced an activity-based approach selecting the "number of part numbers” as the 

cost driver for allocating overhead costs to products. By using part numbers as a cost 

driver, designers realized that low-volume parts and a large number of parts in a 

product drive the costs. This approach is also called material burdening. “We design 

products differently under material burdening from the way we did with the old system 

where all overhead was charged to labor. With material burdening, we now recognize 

the acquisition costs plus the carrying costs of components. This knowledge.... guides the 

(design) process to the minimum true cost of doing business, not just the lowest parts 

costs.” 

John Deere's activity-based cost management system is designed for better product 

calculation. John Deere's traditional cost system used the three cost allocation bases of 

labor, material cost, and machine hours. They were losing business for high-volume 

orders and gained business in low-volume orders. Having recognized this problem they 

moved into an activity-based approach by retaining labor hours, machine hours, and 

material dollars as unit level driving allocation bases, adding three batch level drivers 

(setup hours, production orders, and material movements) and by also adding a product 

sustaining cost driver (keeping a part in the system). The new system gave managers a 

better insight into the nature of their expenses when deciding on whether or not to accept 
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new orders. Furthermore, it also influenced the design decisions with respect to the 

number of different parts. 

Cost Management providing decision costs 

Volume-based relevant costing approach 

The “direct costing,” as a first relevant costing approach, can be traced back to Harris in 

1936 [SIN85]. Kaplan explains the direct costing approach as follows: "One cost pool - 

the fixed expenses - includes those expenses that do not change with respect to short run 

changes in production levels; the other pool includes those expenses expected to vary 

with short-run changes in production volumes. In the so-called direct costing approach, 

the fixed expenses ... are left unassigned. They are ... not considered relevant for product 

decisions ... It is the foundation of what is taught about flexible budgeting ... and 

decisions on accepting incremental orders or make-versus-buy [KA89b]." 

Mannel [MAN82] among others [AHL88], believes that fixed costs are actually defined 

mistakenly. Capacity costs are often called fixed costs and operating costs are called 

variable costs, although they are very different types of costs. The capacity costs are 

time-related, whereas the operating costs are output-related. This means that only in 

the short-term capacity costs can be considered "fixed," as done in the direct costing 

approach. However, for the long-term capacity costs must be considered as variable 

costs [FRO91]}. Riebel [RIE85] calls this the “principle of relativity.” 

Under these circumstances it must be determined which costs are actually relevant for a 

certain decision, i.e., which costs can be traced to a particular decision [KIL84]. In 
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1923 Clark called this method “different costs for different purposes,” whereas Riebel 

[RIE85] calls it the “principle of identity.” 

Currently, in the U.S. the activity-based approach is not decision-oriented. All costs 

are traced to activities so that it is not visible to a manager what portion of the total 

costs reflects fixed and what portion reflects variable cost. This procedure was chosen 

because of the bad experience with the direct costing approach [FRO91]. The companies 

"do not worry about fixed costs because they do not change with the decision ... In fact, if 

you look over the last two or three decades, the costs that have increased the most within 

organizations have been those that management accountants have called fixed. It strikes 

us as peculiar that the costs that have varied (increased) the most are the costs that have 

been classified as fixed" [KA89b]. However, in 1991 Kaplan [KA91a] admits that the 

activity-based approach needs to re-focus. The first step is to make idle capacity 

visible (see the fourth section of this chapter). 

Reichmann [REI90] realizes that in the existing activity-based approach too much 

information is still hidden and in 1990 introduces a cost management system called "a 

fixed-cost-management oriented plan-cost system." This approach has lead to 

considerable attention in the field of cost management in Germany [FRO91]. It is an 

activity-based approach which also records planned cost data and differentiates capacity 

costs and operating costs. The capacity costs include information about the time period 

for which they are "fixed," and also information about idle capacity that is available. 

This “fixed-cost-management oriented plan-cost approach" can be considered a starting 

point from which the cost model with its three distinct features evolved that form the 

research contribution of this thesis. 
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Chapter 3 

CONCEPTUAL DEVELOPMENT OF THE COST MODEL 

The literature review in chapter 2 has confirmed that the costs of a design alternative 

can be predicted accurately when basing the prediction on the cost of existing products 

with similar characteristics, i.e., products from the same product family. This 

conclusion provides the starting point of this research. The cost model presented in this 

thesis estimates the cost of design alternatives based on similarity analysis. In order to 

determine the cost influence of the relevant characteristics or, in other words, to 

pinpoint the relevant product cost drivers, similar existing products must be analyzed 

carefully. The cost model provides the means for an accurate cost estimation of the 

reference products. 

General concept of the cost model 

Many activity-based cost management systems are used as a second cost management 

system in addition to the accounting system which is designed to satisfy tax regulations. 

This is how Kaplan [KAP88] initially introduced activity-based cost management, as a 

parallel system, but he also realized that these systems are getting so complicated that 

not many U.S. companies are willing to introduce them additionally. Now, as a result, 

Kaplan promotes a one-system approach to support management decisions as well as to 

fulfill tax requirements [KA90a]. The cost model presented in this thesis is such a one- 

system approach. The system is available for periodic financial accounting 
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requirements as well as for case specific decisions, one of them being the design- 

concurrent calculation. 

’ The cost model is operating according to a two step principle. In the first step costs and 

other relevant data are collected and recorded in a neutral way. "Neutral storage” means 

that no information is lost through any kind of proportionalization of data, which would 

make different data analyses impossible, or biased to say the least. ' In the second step 

this datapool is then available for periodic financial accounting requirements as well as 

for case specific decisions. 
cae con tet 

The cost model uses two main databases: the activity costing database and the product 

information database. The activity costing database ensures accurate activity cost 

information by storing the company's activities, the activity cost drivers, the observed 

and planned cost driver quantities, and the traced costs. The product information 

database records information about the current products. This includes for every 

product the product structure, the production plan, the main cost driving 

characteristics, the bill of activities, and the cost of materials. No activity cost 

information is stored in this database. Both databases store historic data from the past 

as well as planned data for several future time periods. In both databases a separate file 

is kept for every time period (see Figure 3-1). 

So-called “methods” perform calculations for the various evaluation cases. A method is a 

program that specifies the search conditions for a particular problem and performs the 

arithmetic on the retrieved data. This thesis focuses on the method of the design- 

concurrent calculation. 
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Figure 3-1: General concept of the cost model 
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The contribution of the cost model lies in the way the reference products are calculated 

for the similarity analysis. In particular, the design-concurrent calculation method 

calculates the reference products as if they were the design alternative, i.e., it calculates 

them based on the decision costs of the design alternative. This leads to improved cost 

information for decision making regarding product design. The concept of the design- 

concurrent calculation method is briefly explained next, and will be discussed in detail 

in the last section of this chapter (see also Figure 3-2). 

The designer has to specify first the characteristics of the design alternative. Based on 

this information the design-concurrent calculation method searches for those products 

that have the same type of characteristics, because only products belonging to the same 

product family qualify as reference products for the similarity analysis. 

The design alternative is to be evaluated for possible implementation in the future. 

Current costs as well as activities and materials from the current bill of activities of the 

reference products should not be taken directly as a reference. Over time the activities 

change due to process investments. Similarly, the costs of activities and the costs of 

materials are changing. Thus, in the cost model of this thesis the reference products are 

separately calculated for every time period in which the design would be produced. The 

reference products are calculated using the bill of activities that will be estimated for a 

specific time period, i.e., the bill of activities is likely to be different in every time 

period due to changing activities. 

Furthermore, only the relevant costs of a design alternative are considered for the 

calculation of the reference products. Not all activities that appear in the bill of 

activities of the reference products, and not all activity costs listed in the activity 
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costing database are relevant for the design alternative. However, the general concept 

sets this method apart from a direct costing approach in which fixed cost are always left 

unassigned. 

The present value method is applied to discount cost information of each time period to 

the present. The present value method has proven itself for evaluating the costs of a 

project and for making competing alternatives comparable [DEG88]}. 

Based on cost calculations for reference products, similarity analysis can be applied. A 

regression analysis is performed on the main cost driving characteristics, whereby 

product characteristics are the independent variables and the present value constitutes 

the dependent variable. In this way a cost driver function can be determined through 

correlation analysis to estimate the costs of the design alternative. 

The activity costing database 

This section explains how costs are traced to activities to secure accurate activity cost 

information. It has been mentioned above that the storage of cost and other data is 

influenced by the requirements of the design-concurrent calculation method but that, at 

the same time, it has to be as neutral as possible to enable several other evaluation cases 

such as product abandonment, cost control, or financial reporting. 

Hi hical_struct 

A hierarchical, multiple-layer functional organization is used by the cost model (see 

Figure 3-3). This structure is used to allow a neutral recording of data. Costs can 
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always be traced to the hierarchical level at which they are caused. Some costs can be 

traced directly to the lowest level such as machine depreciation, workers’ salaries, or 

energy, while other costs can only be traced to higher hierarchical levels and might 

include management cost among others. This cost tracing will be further detailed later 

in this section. 
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Marketing 
Process engineering 
Shipping / Storage / Inventory 
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Figure 3-3: Example of a decomposed hierarchy of the production and assembly 

business function 

Due to process investments, different activities will be performed in future time 

periods. The design will also utilize these future activities during its life cycle. Process 

investments usually add, modify, replace, or eliminate activities. Consequently, in the 

activity costing database the functional hierarchy may differ from one time period file to 

the next. For example, if an investment decision was made to introduce an NC-machine 

into the production process, then the activities to set-up drilling, to operate drilling, to 

handle material, to set-up finishing, and to finish surfaces would all be replaced by the 

pre-production activity to program NC-machine and the production support activities to 
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set-up NC-machine, and to operate NC-machine (see Figure 3-4). The cost model 

obtains the information of which activities are replaced by which from investment 

planning. 

activities period n activities period n+1 

221 to set-up drilling 263 to program NC-machine 

222 to operate drilling —_—— 

231 to handle material 

251 to set-up finishing 262 to operate NC-machine 
252 to finish surfaces 

261 to set-up NC-machine 

Figure 3-4: Example of an activity replacement 

Cost driver inf i 

For every “function” on every level of the hierarchy, a cost driver is defined to which 

the costs are as proportional as possible. The costs of some departments might be driven 

by the number of parts, e.g. in the “drilling-center,” whereas some activities within 

this department might be driven by time, e.g. the activity “to operate drilling." A main 

characteristic of the activity-based approach is that a cost driver is determined for 

every activity. However, this concept of defining a cost driver for every function on 

every detail level is not common practice, although it is supported by Schmid [SCM89], 

Fréhlich [FRO9O], and indirectly by Kaplan [KA89a]. 

Every function on every hierarchical level will be included in the product's bill of 

activities in the product information database, e.g., there will appear “drilling-center" 

on the departmental level as well as "to operate drilling" on the activity level. 

Therefore, in this research every function on every hierarchical level will be called 
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“activity,” whereas others have sometimes defined activities for the lowest hierarchical 

level only. Activity-based approaches using this latter definition of activities for the 

lowest level only, like the CMS-PC approach [WIE90], have to proportionalize those 

costs which were initially traced to higher hierarchical levels down to the lowest 

hierarchical level (see Figure 3-5). This procedure of cost proportionalization violates 

the neutral data storage principle. This violation has exposed such activity-based 

approaches to heavy criticism especially from Glazer [GLA91]. This problem is 

somewhat similar to that of the overhead allocation method in traditional volume-based 

approaches, which also results in distorted and misleading information. 

    

Business 

functions               

  

  

Costs 
          

  

    
  

  

                    

Figure 3-5: Proportionalization of costs from higher to the lowest hierarchical level 

which is avoided in this research 

OF ipl ay itted lity of i 

For past periods it is possible to observe how many units of its cost driver an activity 

actually incurred. This information cannot be obtained as easily for future time periods. 

In this case the cost model determines, for every activity, how many units of its cost 

driver are already planned by the existing production program. This information can be 
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retrieved from the production plan in connection with the resource consumption of the 

products - both are recorded in the product information database. 

Special attention must be paid to the capacity committed at every activity. This 

committed capacity includes that required to execute the existing production schedule, as 

well as unused capacity. Fluctuating capacity consumption frequently leaves a 

considerable capacity unused (see Figure 3-6). The reason for capacity being unused at 

times is that capacity is not completely variable with the output. Once planned, capacity 

can only be reduced after certain periods of waiting time. Consequently, the associated 

capacity costs have to be considered fixed during these waiting time periods. Kaplan 

[KA91a] calls this the “long-term variability of fixed costs." Because these time 

periods vary among activities, the capacity costs are time-related. 

Activity n 

Capacity cee 

driver output) [ [2 a 
      

  

     

   

  

oF] EBB unused capacity    
Required capacity 

— . . : . by production plan 

— Planned/committed 

S capacity 

  

    
    
   

  

Past 1 2 3 4 5 6 7 

Time Periods 

Figure 3-6: Capacity of an activity committed by the existing production program 
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Information about unused capacity is important for the design-concurrent calculation, 

because the respective costs have already been committed. Such committed costs must 

not be decision-relevant and, thus, must not be considered in the costing of the design. 

Cost data recording 

It was introduced above that costs are traced to the hierarchical level where they are 

caused. For past periods mainly accounting data are traced to the respective hierarchical 

level. However, not all the accounting data, in particular not the neutral expenses, 

should be used for cost evaluations while, on the other hand, some additional costs have to 

be considered for cost calculations that do not represent accounting expenses (see Figure 

3-7). 

  

  
  

  
      

| ~<«—— _ Expenses —_—P-_—_—is| 

Neutral expenses Object Expenses 

- not company related 
- extraordinary 

Additional costs 

- Opportunity costs 
Costs 

Expense, no costs Expense equals costs Costs , no expense 

Figure 3-7: The distinction between expenses and costs 

Expenses are called neutral when they are either not business-related such as donations, 

or when they are extraordinary, e.g. currency losses. Neutral expenses are not relevant 

for cost calculations and, thus, have to be excluded from consideration for cost evaluation 

cases such as design-concurrent calculation. Those expenses are marked in the database 

Chapter 3: Conceptual Development ... 62



so that they are only considered for tax purposes. On the other hand, other costs are 

considered in addition to expenses. Opportunity costs such as rent for using company- 

owned property or interest on personally provided capital are typical additional costs. 

They have in common that no expenses are actually incurred. They are also marked in 

the database so that they can be excluded from financial reports. 

All costs that are traced to an activity can be categorized as either operating costs or 

capacity costs. Operating costs vary directly with the units of the cost driver performed 

by the activity, e.g. cost of energy. The slope of the operating cost function of an activity 

with respect to the cost driver as its independent variable is obtained by dividing the 

operating costs by the cost driver output (see Figure 3-8). 

  

Operating cost function Capacity cost function 

of an activity of an activity 

Cc Cc — 

” 

. - 
cost driver L - | cost driver 

quantity - | quantity 
an a     
  

N N Max. Capacity 

Figure 3-8: The operating cost and capacity cost functions of an activity 

Capacity costs, e.g. depreciation, are incurred even if there is no production or when no 

cost driver is performed. Every activity's cost driver has a certain maximum capacity 

it can provide. If this capacity is to be increased it will impact on all capacity costs 

related to this activity, (e.g. a new machine also requires new workers for its operation 

to increase output capacity). The slope of the capacity cost function beyond the 
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maximum capacity can be determined by dividing the existing capacity costs by the 

maximum capacity (see Figure 3-8). 

For future time periods no accounting data is available yet. In order to record planned 

cost data, the cost model as a first step makes a cost prediction based on the existing 

production plan as well as on past costs. Then, in a second step the model is used to 

correct those predictions for expected cost variations. 

The model predicts the planned costs by multiplying the costs per unit cost driver from 

the most recent period by the planned activity output for each future time period. This 

constitutes the first prediction of planned operating costs and capacity costs of an 

activity. However, these costs are aggregates because they are the sum of several costs 

such as depreciation, salaries etc. Therefore, the cost model separates these aggregates 

into their individual components by applying the same cost proportion (cost structure) 

as had been observed in the most recent period. This prediction by the cost model 

initially assumes that the costs as well as the activity cost structure will remain 

unchanged in the future. If the user has better information about future cost 

developments or changes in the cost structure, (s)he has to adjust those predictions 

accordingly. Then, the cost model recalculates the costs per unit cost driver, and adjusts 

the operating and capacity cost functions to account for the user's insights. 

In case process investments result in new, replacement activities their costs would have 

been determined during the analysis of the replacement option. In the example on page 

58, in which a drilling and a finishing machine were to be replaced by an NC-machine, 

investment planning would have calculated the resulting difference in total expected 

costs before making the replacement decision. All costs of all activities involved had to 
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be considered including depreciation costs, and also salaries. The cost data from the 

replacement decision process can be directly recorded in the activity costing database. 

The product information database 

While the previous section has dealt with the recording of activity cost information, the 

focus now will be on the form in which product information is recorded. The objective, 

again, is to ensure neutral data storage as well as sufficient support for the design- 

concurrent calculation method. 

Hi hical struc! 

Almost all products have components and parts as subunits, which themselves can also be 

considered products. The one difficulty in this context is that activities, such as 

assembly activities or material handling, are usually necessary to produce a component 

from several parts. Therefore, it is not possible to simply add up the required 

resources of the subunits in order to obtain the product requirements (see Figure 3-9). 

End-Product 
low oe 

Activities © Component1 | Component 2 Component n 

level Is 
Activities Part 1 Part 2 Part n 

high ae 
Activitles Materials 

Figure 3-9: Activities and other products are required resources on every detail level 
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The cost model stores the products in a hierarchical structure. This means only those 

activities and materials that are required for a particular detail level are actually stored 

there. This requires information on which products are used as parts or components, as 

well as on their required quantities. Thus, the required activities and materials are 

always recorded at the highest possible detail level. 

Production plan 

Observed production quantity of past periods and planned production quantity of future 

periods are recorded in the respective file for each time unit in the database. Production 

quantity as well as batch-size information are included for the following two reasons. 

First, the required or used capacity at each activity can be derived from this production 

plan in connection with the bill of activities of all products. This information thereby 

feeds the activity costing database. Secondly, many design alternatives are re-using 

current parts and components. In this case the costs to increase the production quantity 

represent the decision-relevant costs. Even if a product will be abandoned in the future, 

its product information should still be recorded for future time periods, as it can act as a 

reference product for the similarity analysis. 

Product ct teristi 

In general, when the cost influence of some main characteristics can be understood, a 

calculation of a design alternative is possible based upon those characteristics. This 

requires that the main characteristics of every product are recorded as part of the 

product information database. There has been extensive research determining the main 

characteristics for different products in different companies. These main cost driving 

characteristics of a product are very dependent on the cost structure of the company. 

Chapter 3: Conceptual Development ... 66



Product families on lower levels of detail usually have cost driving characteristics that 

are more concept-related, while product families at higher levels of detail have more 

form-specific characteristics. Every component or part will belong to only one 

particular product family. As an example, the characteristics for a gear could be as 

shown in Table 3-1. 

Table 3-1 Example for possible main product characteristics of the product family 

"gears" 

Characteristic Value 

diameter 5 inch 

length 7 inch 

material steel (norm #451) 

# of parts 8 

parts complexity medium 

concept (# of wheels) 3 

surface quality medium 

Activil i 

Activities can be divided into pre-production activities and production support 

activities. Pre-production activities are all activities that are required to put the 

product in a production status, including research, process planning, and supplier 

search. On the other hand, production support activities are those that are necessary to 

actually produce the product and to sustain the product in a producible status. Lathing, 

engineering change orders, and shipping are examples of production support activities. 

The pre-production activities only occur in early time periods of the product life cycle, 

while the production-support activities only occur in later time periods. Because the 
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design-concurrent calculation method will make separate calculations for those time 

periods, it needs to be able to distinguish between pre-production and production- 

support activities. 

For the design-concurrent calculation it is important to know the required activities of 

the reference products at different production quantities. Horvath and Renner have 

shown that, due to economies of scale, the amount of activities required for a single 

product is very dependent on the quantity which is produced. To account for economies of 

scale, activity-based cost systems use more types of cost drivers than conventional 

systems. Conventional cost systems use cost drivers (or allocation bases, as they are 

called there) that are proportional to the number of units that are produced (direct 

labor hours, machine hours, material dollars). In contrast, activity-based cost systems 

also use cost drivers for batch activities and product sustaining activities in addition to 

unit level activities (see Figure 3-10). 

    
   

  

   

  

    

      

    

Unit level activity Batch activity Product sustaining 
activity 

required required required 
cost driver cost driver A cost driver 

N quantity quantity N "7 quantity 

Q Q Q 
. PP —_ __- 

Production Production Production 
Quantity Quantity Quantity 

Figure 3-10: Activity consumption functions for unit level, batch, and product 

sustaining activities 
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Batch cost driver activities are required for every new batch that is manufactured, e.g. 

‘one set-up activity or a purchase order is necessary for every new batch produced. For 

batch activities the costs are independent of the product quantity produced on the 

machine, or amount of material ordered per purchase. However, as a large production 

quantity usually results in a separation of batches, the batch cost drivers are stepwise 

dependent on the production quantity. The cost driver of product sustaining activities is 

independent of how many items are produced in a particular period. These activities 

enable a company to produce a specific product. A product sustaining activity is, for 

example, data recording which keeps the bill of activities and the bill of material 

updated. 

The shapes of the activity consumption functions vary with the kind of product being 

produced. For a unit level activity, the consumption functions vary in slope but in the 

case of a batch activity, different stepwise consumption functions can be observed. The 

steps are dependent on the batch size. They are also different across products because 

different quantities of the activity's cost driver are required. Finally, the constant 

horizontal function of a product sustaining activity also differs across products. It can 

be concluded that because the same activities encounter different consumption functions 

for different products, the individual consumption function for every product is 

recorded in the database. Thus, for every production quantity the required activity 

consumption can be derived. 

Investment planning determines which old activities are replaced by new ones; and the 

same replacement must, in parallel, be done on the bill of activities of all products 

stored in the database. It is the responsibility of investment and process planning to 

determine the consumption functions for the different existing products when evaluating 
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the new activities. Again, this had been a part of the investment decision process, 

because the consumption functions were needed in order to actually determine the 

expected savings. 

Material costs 

The amount of material required usually changes proportionally with the production 

quantity. Therefore, to find the total quantity of necessary material one simply has to 

multiply the material quantity that is required for one product by the number of 

products under consideration. 

Material costs are also easy to deal with because they can be traced directly to products. 

The troublesome allocation of costs first to activities, and then via the bill of activities 

to the products, is not necessary. Sometimes the material consumption also has to be 

adjusted when introducing new activities, for example, when they reduce scrap. 

The design-concurrent calculation method 

This section discusses how the design-concurrent calculation method of the cost model 

processes the information recorded in the databases. The calculation of reference 

products on the basis of relevant costs is outlined in detail, as it has to be repeated for 

every time period. Moreover, this section presents the estimation of material costs and 

relevant activity consumption as well as the associated relevant costs for this 

consumption. Then, the present value method is utilized to discount the costs from 

future time periods into the present. Finally, the cost model applies the concept of 

similarity analysis to obtain accurate cost estimation for the design alternative based on 
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present values. Figure 3-2 presents a conceptual view of these steps of the design- 

concurrent calculation method. 

Decision-rel sf nt iod 

The cost model always calculates the costs of all products that are similar to the design 

alternative. These products are called reference products because the design-concurrent 

calculation uses their product information as a reference point in its design-calculation. 

Reference products belong to the same product family as the design alternative, i.e., they 

have the same main characteristics and are located on the same hierarchical product 

level as the design alternative. 

lf the design alternative is to re-use a current product, all information about the 

required activities and materials is readily available. In this case, a similarity analysis 

is not necessary and only the respective current product needs to be considered as a 

reference product. 

Material costs 

The material costs can directly be calculated. The design quantity for each time period is 

simply multiplied by the material cost information recorded in the product information 

database. 

Relevant activity cost driver quantity 

For every decision-relevant activity a cost driver has to be determined that would be 

required for the production of the design quantity. According to the principle of relevant 

costs, only those cost drivers are to be considered that would be added due to the 

introduction of the design alternative. The required cost driver quantities will then be 
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“priced” with the costs of the activities as they are recorded in the activity costing 

database. 

It is typical for design alternatives to use a large number of existing products as parts 

or components. However, it is not known yet at most stages of the design process which 

parts or components are re-used because they constitute a higher design detail level and, 

thus, will only be specified later in the design process (see Figure 3-11). 

  

early low Decision Level 
(Component) 

Design A _Detall Part-group 1 Design Alternative Part-group n 
process ~ _tevel (Part group) 

late high V new/old ? new/old ? new/old ? 

Figure 3-11: Re-used and new parts are only determined at higher detail levels 

reflecting Jater stages in the design process 

The relevant activity cost driver quantity is lower for re-used parts than for newly 

designed parts. In order to correctly determine the relevant costs of the design 

alternative, the design-concurrent calculation method has to classify the alternative into 

a “design class." In the following, the design class is defined as the expected value- 

percentage of current parts to be re-used. 

The design-concurrent calculation method utilizes the design classification of the design 

alternative as follows: For every activity it determines the relevant cost driver 

quantity twice. First, this quantity is determined as if the design alternative were a 
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completely new product (NN); then, the cost model also determines the cost driver 

quantity as if the design alternative were a re-used part (NR). The relevant cost driver 

consumption is then estimated by assuming a linear combination of those two extreme 

cases: 

N = (1-C) *NN+C*NA (4) 

N = relevant cost driver quantity of an activity 

C = fraction of the expected re-use of parts (based on part values) 

NR = relevant cost driver quantity when re-using the reference product 

NN = relevant cost driver quantity when the design is new 

This linear combination is chosen because the activity-based approach itself assumes 

linear activity consumption functions as well as linear cost functions. Therefore, the 

assumed linearity in the above formula is not contradictory with the activity-based 

costing approach. The determination of the cost driver consumption for the two extreme 

cases, NN and Np, is discussed next. 

Relevant cost driver quantity for a new design (NN): 

The product information database employs a functional structure. For any production 

quantity, the relevant quantity of activity cost drivers can be retrieved. Again, the 

envisioned production quantity of the design alternative at each particular time period is 

used to calculate the reference product and, thereby, the cost driver consumption for 

this quantity is determined. Figure 3-12a graphically depicts the respective functions 

for unit level, batch, and product sustaining activities. 
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Figure 3-12: Activity consumption depends on whether a product is developed anew or 

whether it can be re-used 
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Relevant cost driver quantity for the re-use of the reference product (NR): 

All activities used during the pre-production time periods are irrelevant for the 

calculation. Note that oftentimes the introduction of new activities (investments) 

results in new pre-production activities. This was also the case in the example 

presented above in which the introduction of a new NC-machine required new NC- 

programming. For all current products the costs of those new pre-production activities 

are part of the investment costs. 

The determination of the relevant cost driver quantity for production time periods has to 

take an incremental approach, as shown in Figure 3-12b for the three types of 

activities. First, the required cost driver quantity has to be determined for the sum of 

planned production of the reference product and design quantity. In the second step, 

therequired cost driver quantity is determined when following the existing production 

plan only. The difference of these two values is the relevant quantity of the cost driver 

for the NR case. 

Relevant activity costs 

At this point the decision-relevant cost driver quantities for each activity have to be 

“priced” with the activity costs that have been recorded in the database. Because 

operating costs vary proportionally with the actual cost driver quantity, the costs for 

every cost driver are decision-relevant. Thus, operating costs always have to be 

considered entirely in the evaluation of design alternatives. As this case is 

Straightforward, it will not be further considered. On the other hand, capacity costs are 

independent of the output quantity and require closer consideration. 

Chapter 3: Conceptual Development ... 75



Capacity requirements of the period under consideration 

Costs for capacity which would have remained unused under the existing production plan 

are not relevant for the decision on a new design alternative. Only capacity that must be 

added is relevant. The cost driver quantity for this additional capacity is multiplied by 

the capacity costs per unit cost driver. This concept of marginally relevant costs is 

shown in Figure 3-13a. 

Capacity costs committed in a preceding time period 

Capacities committed by the introduction of the design alternative remain fixed for 

certain "waiting times.” Consequently, capacity costs carried over from previous time 

periods are also decision-relevant for the time period under consideration when the 

capacity remains unused (see Figure 3-13b). 

Capacity costs committed by the design are relevant for at least one time period. The one 

time period case occurs when the additional capacity had been planned for the following 

time period anyway. Then the costs are just incurred one time period earlier as a result 

of the design decision. Due to the fact that capacity costs from preceding time periods can 

be relevant, the design-concurrent calculation method not only has to estimate the costs 

for the time periods of the design life cycle, but also for several time periods thereafter. 

Present value analysis 

So far the decision-relevant costs to calculate the design alternative for a particular 

time period has been determined. Now, the costs of different time periods are made 

equivalent using the concept of the present value (PV) analysis. Because it is difficult to 
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Capacity costs function within an activity 
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Figure 3-13: Relevant capacity costs for the design alternative 
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find the most appropriate discount factor for present value analysis, frequent 

controversies arise. Kaplan [KAP86], for example, argues on this problem as follows. 

"In general, a company has the option of repurchasing its common shares or retiring its 

debt. Therefore, decision makers can estimate the costs of capital for a project by taking 

a weighted average of the costs of equity and debt at the mix of capital financing. 

Extensive studies of the returns to investors in equity and fixed income markets during 

the past 60 years show that the average total return from holding a diversified portfolio 

of common stocks was 11.7%; ... the real return (after inflation) was about 8.5% per 

year. During the same time period, fixed-income securities averaged nominal before tax 

returns of less than 5% per year; the real return (after inflation) reduced this 

percentage to 1.5% per year." Considering both real costs of capital rates Kaplan 

[KAP86] suggests to use a discount factor of less than 8% per year for the present value 

analysis of a project. 

Similarit tysi 

With the help of similarity analysis, the cost model derives a functional relationship 

between the characteristics of the reference products and their costs. The costs of the 

design alternative can be estimated from this function. 

Determining the product cost function 

The characteristics and the previously obtained present value of the reference products 

are analyzed using ordinary least squares regression techniques. A linear function is 

generated that "best" fits the available data. This function helps in understanding the 

cost influence of the characteristics. 
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All the reference products have the same characteristics which was one criterion for 

their selection. Some characteristics are quantitative, e.g. size, or number of parts, 

while others are qualitative in nature, e.g. low surface quality, or medium complexity. 

To be able to include qualitative characteristics in the regression analysis, they are 

transformed into quantitative units. Care has to be taken in this transformation because 

it influences the position of the reference products as well as that of the design 

alternative within the more-dimensional characteristics table. 

The regression analysis is performed with the product characteristics of the reference 

products being the independent variables, and their calculated costs (in present value 

form) being the dependent variable. The independent variables are the characteristic 

values as they appear in the characteristics table. 

Cost estimation of the design alternative 

After their transformation, the characteristics of the design alternative are inserted 

into the empirical cost driver function to receive an accurate present value cost 

estimation of the design alternative. This information is used to improve the decision 

process in selecting a best design alternative. 
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Chapter 4 

CASE STUDY 

A computer prototype version of the cost model, conceptually developed in the previous 

chapter, was coded and verified. This chapter illustrates a case study with fictitious 

company and product data to demonstrate the usefulness of the model. The databases as 

well as the reference product calculation are based on a spreadsheet program. Finally, 

the calculation results are analyzed using a SAS regression program [SAS85], thereby 

completing the design-concurrent calculation procedure (see Appendix B). 

The activity costing database 

Hierarchical structure 

To simplify the illustration in this case study, consideration is limited to only 7 

activities. In the past period file of the activity costing database, which contains the 

most recent cost data, the following activities are recorded: lathing (21), to set-up 

lathing (211), to operate lathing (212), assembly (24), to record data (251), to place 

an purchase order (321), and to plan (511) (see Table 4-1). The company has three 

hierarchical levels in this case study. The activities "assembly" and “lathing" are on the 

second hierarchical level whereas the others are on the third. The “planning” activity is 

a pre-production activity, while all others are production-support activities. 
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Table 4-1: The past period file of the activity costing database 

  

Past Period Activities 

Hierarchy 

ID # 21 211 212 24 251 321 511 

Activity Lathing Set-lath. Oper.lath. Assembly Rec.data Purch.ord. Planning 

Act. Type Prod.sup. Prod.sup. Prod.sup. Prod.sup. Prod.sup. Prod.sup. Pre-prod. 
  

Cost Driver 

  

  

  

Cost driver # ord. Time [h] Time [h] Time [h] # rec. # ord. Time [h] 

C.D. Type Batch Batch Unit |. Unit |. Prod.sust. Batch 

Observed ... 

Actual output 109 106 1170 798 240 621 300 

Max. capacity 120 110 1250 950 240 700 300 

Spare capacity 11 4 80 152 0 79 0 

Waiting time 3 1 2 2 1 2 2 

Rem. wait. time 2 0 1 1 0 1 1 

Cost data 

Operating costs; 

Energy 2K 10 K 60 K 20 K 20 K 5K 15 K 

Maintenance 15 K 5 K 10 K 

** Sum 17K 10 K 65 K 30 K 20 K 5K 15K 

Unit Cost Drivey 156 94 56 38 83 8 50 

Capacity costs: 

Rent 15 K 30 K 9K 

*Rent (add'l) 20 K 8 K 8 K 

Salaries 25 K 10 K 60 K 50 K 70 K 40 K 120 K 

Deprec. 15 K 20 K 15 K 8K 20 K 

** Sum 40 K 10 K 80 K 85 K 93 K 86 K 149 K 

Unit Cost Drive, 333 91 64 89 388 123 497 
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In period 4 the lathing machine will be replaced by an NC-machine. This means that on 

the second hierarchical level the “lathing activity (21)" is replaced by the "NC-center 

activity (26)" in the period 4 file of the database (see Table 4-2). On the third 

hierarchical level, “to set-up lathing (211)" and "to operate lathing (212)" are 

replaced by "to set-up NC (261)" and by "to operate NC (262)," as shown in the two 

tables. 

Cost dri inf i 

The activities "lathing,” "NC-center," and "to place a purchase order” have the number 

of orders as their cost driver, the activity “to record data" is driven by the number of 

records processed, and the costs of the other activities are driven by time. 

"To operate lathing,” “assembly,” and “to operate NC" are unit-level activities, “to 

record data” is a product-sustaining activity, while all remaining production support 

activities are batch activities. 

1 ‘Lol U itled ftv of cost dri 

For every activity in the past period file, a cost driver output is assumed in the case 

study which would have been observed in reality. This cost driver output is called 

“observed, actual output" in Table 4-1. The past period file also contains the observed 

maximum output capacity as well as the spare capacity, which is residual of the former 

two. A capacity is fixed for a certain number of waiting time periods, once it has been 

committed. This information is recorded under “waiting time” in the table. In general, 

Capacity costs are oftentimes committed before the previous period, and they remain 

fixed for several time periods to follow. The recorded number for “remaining waiting 
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Table 4-2: The period 4 file of the activity costing database 

  

Period 4 Activities 

Hierarchy 

ID # 24 251 26 261 262 321 511 

Activity Assembly Rec.data NC-center Set-NC Oper.NC Purch.ord. Planning 

Act. Type Prod.sup. Prod.sup. Prod.sup. Prod.sup. Prod.sup. Prod.sup. Pre-prod. 
  

Cost Driver 

  

  

  

Cost driver Time [h] # rec. # ord. Time [h] Time [h] # ord. Time [h] 

C.D. Type Unit |. Prod.sust. Batch Batch Unit |. Batch 

Planned ... 

Required output 894 240 198 20 440 1078 300 

Max. capacity 960 240 198 20 440 1078 300 

Spare capacity 66 0 0 0 0 0 0 

Waiting time 2 1 2 1 3 2 2 

Rem. wait. time 1 1 2 1 3 2 2 

Cost data 

Operating costs; 

Energy 23 K 20 K 20 K 2K 15 K 9K 15 K 

Maintenance 11K 4K 1K 

** Sum 34 K 20 K 24 K 3K 15 K 9K 15 K 

Unit Cost Driver 38 83 121 151 34 8 50 

Capacity costs: 

Rent 15 K 9K 46 K 9K 

*Rent (add'l) 20 K 8 K 5 K 12 K 

Salaries 80 K 100 K 43 K 7K 30 K 62 K 160 K 

Deprec. 15 K 40 K 50 K 12 K 20 K 

** Sum 116 K 123 K 92 K 7K 85 K 133 K 189 K 

Unit Cost Driven 89 388 465 350 193 123 497 
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time” reflects the number of remaining time periods for which the respective capacity 

has been committed, e.g., a 2 in the past period file means that the capacity has already 

been committed by decisions in the past for the future time periods 1 and 2. 

The required output of each activity for all future time periods is shown in Table 4-3. 

The required output is obtained from the existing production plan in connection with the 

bill of activities of all products. It is obvious from this table that the activities related 

to lathing after period 3 are replaced by those needed for the operation of the NC- 

machine. 

Table 4-3: The required activity cost driver quantities for the next seven time periods 

  

  

Activities 

21 211 212 24 251 26 261 262 321 £4511 

Past | 109 106 1170 798 240 621 300 

1 87 86 1185 824 240 511 300 

2 100 93 1360 952 240 534 300 

3 99 96 1400 960 240 539 300 

4 894 240 198 20 440 1078 300 

5 1056 240 217 20 535 1115 300 

6 945 240 187 18 455 979 300 

7 827 240 161 15 390 845 300 

Unused capacity is in common because capacity is fixed for certain time periods, while 

its consumption usually fluctuates. Figure 4-1 illustrates the required capacity and the 

unused capacity of the “assembly activity (24)" as they were generated by the cost 

model for the next seven future time periods. For example, in period 5 a capacity of 

1,056 cost driver units is required by the production plan for this activity (see also 
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Table 4-3). The capacity has a waiting time of 2 time periods. Thus, the planned 

capacity for period 5 will automatically also be committed for the periods 6 and 7. 

However, for this activity the existing production plan only requires 945 and 827 units 

respectively of the cost driver in those two periods , i.e., unused capacity is the 

  

  
  

    
        

    

      
              

                                
  

  

                                
    

  

  
  

        

  

    

              

  

  

    

consequence. 

1200 + Capacity Assembly activity 
1100 —- (max. cost 

driver output) vrreternrere joo t||!té‘OSOSOSOSC;*~*~*~*;*”*”*;*;*;*;*déizE 

ve Fria 

900 Beas 5 are 
Bese yey BESS ee eee 

800 en alain et Sh enetete ae] Btatete ets i 

c: rd BBS] Unused capacity 5 
700 Required capacity 
600 wo ee ey et:   

  

  

Past 1 2 3 4 5 6 7 
Time Periods 

Figure 4-1: Required and unused capacity of the assembly activity for the existing 

production plan 

Cost data recording 

To simplify the illustrations, only 6 cost types are considered in the case study. They 

are the costs for energy, maintenance, rent, rent as an additional cost (see chapter 3 for 

details), salaries, and depreciation (see Tables 4-1 and 4-2). Energy and maintenance 

are operating costs whereas the other 4 types are capacity costs. The costs are traced to 

the lowest hierarchical activity level possible. 

In the past period file the cost model estimates the costs per unit cost driver separately 

for operating and capacity costs. Costs per unit are obtained by dividing the total 
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operating costs by the observed output and the capacity costs by the maximum capacity. 

For example, the operating costs for a single cost driver of the activity “assembly (24)" 

are $38 ($30,000 / 798), whereas the costs for the capacity unit cost driver are $89 

($85,000 / 950). 

For future time period files, the cost model predicts the costs of those seven cost types 

based on the existing production plan in connection with cost data from the most recent 

period file. For the operating cost prediction, the costs per unit cost driver of the past 

period are multiplied by the required output. The total is divided in a next step into its 

components, namely cost types. This division of the total operating cost into its 

components is based on the cost structure of the most recent period. For example, the 

operating costs per unit cost driver at the assembly activity are $38 for the most recent 

past period. For period 4 the required output of this activity is 894. Thus, $33,972 

(=$38 * 894) operating costs are predicted by the cost model for this activity in period 

4. In the past period, energy costs reflected 67% (=$20,000 / $30,000) of the total 

operating costs. The predicted $33,972 for total operating costs now have to be 

multiplied by 67% to obtain predicted energy costs of approximately $22,761. 

Thereby, the case study assumes that the cost structure of all activities remains constant 

over time. The cost prediction for the individual capacity costs is performed 

analogously, but based on maximum planned / committed rather than required output as 

the initial reference. The costs of the new, replacing activities shown in Table 4-2 

could be obtained from investment planning. 
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The product information database 

Hi hical struct 

The product information database records of the reference products for the past time 

period file are shown in Table 4-4; the respective file for period 4 is shown in Table 

4-5. In this case study a design alternative from the product family “gears” is assumed. 

Consequently, the reference products for the similarity analysis are taken from the 

same product family. It is assumed that 10 products qualify as reference products; they 

will subsequently be referred to as products 1 - 10. It is further assumed that the 10 

reference products all have a common product structure so that they do not require other 

products as subunits. 

Production plan 

The past and planned production quantities, as they are assumed in the case study, are 

shown in Table 4-6. Note that the rows for the past period and for period 4 match the 

respective ones of Tables 4-4 and 4-5. The optimal batch size differs between the 

products, and is shown in Table 4-4. The introduction of the NC-machine in period 4 is 

assumed to reduce all batch sizes by half as indicated in Table 4-5. 

Product characteristi 

The reference products in the case study have three main cost driving characteristics. 

They are the number of parts, the value of purchased parts, and the product complexity. 

Only the number of parts is a quantitative characteristic, while the other two are 

qualitative. 
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Table 4-4: The past period file of the product information database 

  

  

  

  

    

Past Period Products 

Hierarchy 

ID # 1 2 3 4 5 6 7 8 9 10 

Production Plan 

Quantity 250 250 450 100 150 300 100 320 200 100 

Batch size 70 50 65 70 60 55 60 50 55 70 

Characteristics 

Number of parts 15 21 22 17 21 11 10 14 20 16 

Purchased parts value {| med high low low low med high high low’ med 

Product complexity med high med low high med high low’ low high 

Act. consumption 

[Cost Driver qty ...] 

Unit level [... per unit]: 

212 Oper.lath. [hours] 0.50 0.40 0.75 0.60 0.90 0.50 0.40 0.10 0.60 0.65 

24 Assembly [hours] 0.30 0.60 0.50 0.20 0.60 0.10 0.20 0.20 0.40 0.40 

Batch [... per batch]: 

21 ~~ Lathing [# ord} 2 1 3 3 3 2 1 1 3 2 

211 Set-lath. [hours] 2.0 3.0 2.0 1.0 3.0 2.0 3.0 1.0 1.0 3.0 

321 Purch.ord. [# ord] 12 17 7 7 7 12 17 17 7 12 

Prod. sust. [... for all]: 

251 Rec. data [# rec.] 20 30 30 20 30 10 10 20 30 20 

Pre-prod. [... for all]: 

511 Planning [hours] 80 95 80 65 95 80 95 65 65 95 

Material costs 

[$ per unit] 

MW1 wheel 17 23 11 11 11 17 23 23 11 17 

MS2 steel 15 21 9 9 9 15 21 21 9 15 
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Table 4-5: The period 4 file of the product information database 

  

Period 4 Products 

Hierarchy 

ID # 1 2 3 4 5 6 7 8 9 10 
  

Production PI. 

Quantity 250 280 600 120 150 250 140 200 150 200 

Batch size 35 25 23 35 30 28 30 25 28 35 
  

Characteristics 

Number of parts 15 21 22 17.21 11 10 14 20 16 

Purchased parts value | med high low low’ low high high low med 

Product complexity med high med _ low high high flow low high Ra
 

  

Act. consumption 

{Cost Driver qty ...] 

Unit level [... per unit): 

24 Assembly [hours] 0.30 0.60 0.50 0.20 0.60 0.10 0.20 0.20 0.40 0.40 

262 Oper.NC [hours] 0.17 0.13 0.25 0.20 0.30 0.17 0.13 0.03 0.20 0.22 

Batch [... per batch]: 

26 NC-center [# ord] 2 1 3 3 3 2 1 1 3 2 

261 Set-NC fhours] 0.2 0.3 O02 0.4. 03 0.2 O.8 0.1 O11 0.3 

321 Purch.ord. [# ord] 12 17 7 7 7 12 17 17 7 12 

Prod. sust. [... for all]: 

251 Rec. data [# rec.] 20 30 30 20 £30 10 10 20 30 £20 

Pre-prod. [... for all]: 

511 Planning [hours] 80 95 80 65 95 80 95 65 65 95 
  

Material costs   [$ per unit] 

MW1 wheei 17 23 11 11 11 17 23 £23 11 17 

MS2 steel 15 21 9 9 9 15 21 21 9 15 
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Table 4-6: The production quantities of the products 

Products 

1 2 3 4 5 6 7 8 9 10 
  

Past | 250 250 450 100 150 300 100 320 200 100 

1 250 300 450 100 150 300 100 320 200 100 

  
2 200 320 700 80 120 300 80 300 300 90 

3 290 300 650 100 130 300 100 300 200 200 

4 250 280 600 120 150 250 140 200 150 200 

5 150 250 750 200 170 280 200 280 250 300 

6 200 300 700 100 80 250 100 250 300 180 

7 150 300 500 100 150 180 100 180 300 120 

Activit ti 

The reference products all require the 7 activities, as discussed above for their 

production. The activity consumption of the past period (see Table 4-4) remains 

unchanged for the periods 1, 2, and 3. However, due to the investment in period 4 the 

products will be produced on the NC-machine. The new activities and their estimated 

consumption are shown in Table 4-5. 

For every product the individual consumption function is recorded in the database. For 

the unit-level activities, the activity consumption is recorded as the cost driver 

quantity required per product unit. For example, the assembly activity (24) has "time" 

as its cost driver. For reference product 1, 0.3 hours are stored in the database for this 

activity and, thus, are required to produce one unit of the product (see Table 4-4 or 

4-5). The activity consumption of the batch activities is recorded as the required cost 

driver quantity per batch. Based on this information, in connection with the batch size, 
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the required activity consumption can be derived for every production quantity. For 

example, the activity "to place a purchase order (321)" has the “number of orders" as 

its cost driver. Product 1 requires 12 orders for the production of each batch. Finally, 

product-sustaining activities are independent from the production quantity. The 

recorded number reflects the required cost driver quantity for one time period for any 

production quantity, if production takes place. For example, product 1 requires 20 data 

recordings in one time period in the case of production. 

In the case study, the determination of the activity consumption for the reference 

products is driven by their characteristics. The assumed correlation between the 

product characteristics and the resulting resource consumption is shown in Table 4-7. 

(In reality only the resource consumption can be observed whereas the influence of the 

characteristics on the consumption is not known). For example, it is assumed that the 

“set-up lathing (211)" activity is positively correlated with product complexity. 

Product 1 has a recorded complexity of "medium," while product 2 has a complexity of 

"high" (see Table 4-4). The correlation matrix in Table 4-7 indicates that product 1 

requires Jess set-up lathing activity than product 2. 

Material costs 

The reference products. all require two materials, namely wheel (MW1) and steel 

(MS2), for their production. The recorded numbers in the database are the material 

costs in dollars per product unit. For example, a unit of product 1 needs $15 of steel. 

The determination of the material costs for the reference products of the case study is, 

again, driven by their characteristics. As it is shown in Table 4-7, the “purchased 

parts value" is assumed to be the only driving factor for material costs. 

Chapier 4: Case Study 91



Table 4-7: The assumed correlation matrix between product characteristics and 

activity consumption / material costs 

Number 

of parts 

Characteristics 

Purchased Product 

parts value complexity 
  

Act. consumption 

21 + Lathing 

211 Oper. lath. 

212 Set-lath. 

24 Assembly 

251 Record data 

26 NC-center 

261 set-NC 

262 Oper.NC 

321 Purch. ord. 

511 Planning 

Material costs 

MW1 wheel   MS2 steel 
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The design-concurrent calculation method 

In the following, it is explained how the reference products are calculated based on the 

decision-relevant costs of the design alterative. It is assumed that the design alternative 

has a total life of 5 time periods. The first time period is the pre-production stage of the 

design, while the actual production is performed in periods 2 - 5. The planned 

production quantity for the second period is 350 units, it is 500 for the third period, 

then 400 and 200 for the periods 4 and 5. Furthermore, a design class of C=75% is 

assumed. 

The design-concurrent calculation method separately determines the relevant costs for 

each time period. The reference product calculation method is demonstrated with 

product 1 for period 4. 

Decision-rel hi iod 

Material costs 

400 units of the design alternative are scheduled to be produced in period 4. Based on 

this known production quantity, the material costs of reference product 1 can directly be 

determined from the respective numbers stored in the product information database (see 

Table 4-5). Total material costs of $12,800 (=400 * ($17 + $15)) are obtained. 
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Relevant cost driver quantity 

The relevant activity consumption has to be determined for the two extreme cases NN and 

Nr. As detailed in chapter 3, NN assumes that all parts are designed anew, while NR 

assumes that the reference product is re-used as is. 

a) The relevant cost driver quantity of the unit-level activities is calculated by 

multiplying the design quantity by the required cost driver consumption per unit, as 

stored in the product information database (see Table 4-5). For example from Table 

4-8, the assembly activity requires 120 cost driver units (=400 * 0.3). In the NN 

case, the design quantity of 400 requires 12 production batches for reference product 

1's optimal batch size of 35. The activity “to place a purchase order" is required 12 

times per batch, as shown in Table 4-5. Thus, 144 units of the cost driver "number of 

orders" are necessary. Finally, for the product-sustaining activity “data recording 

(25)" the relevant cost driver quantity is independent from the production quantity; 

i.e., a constant 20 records are required. The "planning activity (511)" is a pre- 

production activity which makes it irrelevant for all production time periods, including 

period 4. 

b) The relevant activity consumption in the NR case is the additionally created activity 

consumption if the design alternative were added to the existing production program. 

The already planned production quantity for reference product 1 is 250 units. Thus, 

together with the design quantity of 400 units the total production quantity is 650 units. 

The relevant cost driver quantity for unit-level activities is the same as in the NN case, 

but its determination is different. For example, the assembly activity requires 195 

hours of the cost driver time to produce the total of 650 units. Seventy-five of those 
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Table 4-8: The determination of the decision-relevant cost driver quantity in period 4 

for reference product 1 

Period 4 

Relevant cost driver quantity 

Planned Quant. 

Batch size 

Design Quant. 

Pre-production 

Design Class 

Activities 

- Unit level: 

24 Assembly [hours] 

262 Oper.NC [hours] 

- Batch: 

26 NC-center [# ord] 

261 Set-NC [hours] 

321 Purch.ord. [# ord] 

- Prod. sustaining: 

251 Rec. data [# rec] 

- Pre-production: 

511 Planning [hours] 
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a) NN 

0 

35 

400 

0 

120 

67 

24 

144 

20 

Reference Product 1 

b) NR 

250 

35 

400 

0 

120 

67 

22 

132 

c) weighted 
average 

75% 

120 

67 

23 

135 

95



hours had already been planned by the existing production plan, i.e., only the 

incremental 120 hours are decision-relevant. At a batch size of 35 units, 19 batches 

are necessary to produce 650 units. For the planned production of 250 units, 8 batches 

were already required so that only the additional 11 batches are decision-relevant for 

batch activities. For example, the batch activity "to place a purchase order” requires in 

the NR case only 132 (=11 * 12) cost driver units, while 144 units were needed in the 

new design case (NN) described above. At the “record data” activity the decision to re- 

use the product does not commit any additional consumption because it would have been 

performed anyway. This is typical for product-sustaining activities in the NR case. 

c) As mentioned, a design class of C=75% is assumed for this case study. To calculate 

the decision-relevant costs of reference product 1 the weighted average of the 

aforementioned two extreme cases Nw (weight 25%) and Np (weight 75%) is taken. 

For example, the activity consumption of the activity “to place a purchase order” is 

estimated with 135 units of the cost driver (=144 * 0.25 + 132 * 0.75). 

Relevant costs of an activity 

For all activities the required quantities of their cost driver were determined in the 

previous step. Now, the total decision-relevant costs of those cost drivers are estimated 

(see Table 4-9). The following description focuses on the "assembly activity (24)." 

a) Reference product 1 requires 120 units of the cost driver "time" in period 4 for its 

assembly activity (see Table 4-8). The operating costs for 120 cost driver units are 

$4,512 as shown in Table 4-9. They are calculated by the cost model from the cost 
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driver's unit operating costs of $37.60 (a rounded value of $38 is shown Table 4-2) 

multiplied by the required quantity of 120. 

b) For the assembly activity 66 hours of spare capacity have been predicted by the cost 

model and recorded in the activity costing database (see Table 4-2). These 66 units of 

the cost driver are available to the design without generating decision-relevant costs. 

However, the activity’s total capacity needs to be increased by 54 (=120 - 66) cost 

driver units. The capacity costs for this increase are calculated to be $4,814 based on 

the estimated costs per unit cost driver of $89.15. 

c) In time period 3, the capacity had to be increased to 1,110 cost driver units due to 

the production of the design alternative. This capacity had already been committed as 

fixed costs for the period 4 considered here. However, the design alternative requires 

only 1,014 cost driver units in period 4, with 96 units expected to be idle. The 

associated costs for this spare capacity are estimated to be $8,607 (=96 * $89.15) and 

are decision-relevant in this time period 4. 

The planned and committed capacity based on the existing production plan (identical to 

that shown in Figure 4-1), the committed capacity by the design alternative from a 

preceding period, as well as the required additional capacity by the design alternative for 

the respective time period, are all illustrated in Figure 4-2. The area labeled “capacity 

planned/committed by the design" for period 4 reflects graphically what has been 

described in part b) of this paragraph. Accordingly, part c) is matched by the area 

marked "capacity committed by the design in a preceding period." 
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Figure 4-2: Planned / committed capacity by the existing production plan and by 

reference product 1 for the assembly activity 

Present value analysis 

The present value (PV) is calculated for all reference products based on their design- 

decision costs. An interest rate of 8% is assumed for discounting in this case study. 

Total relevant costs for each of the seven time periods along with the resulting PV are 

shown for reference product 1 in Table 4-10. Note, that activity costs are incurred in 

period 1 and in periods 6 and 7, although no production was in place. The costs in period 

1 result from the pre-production planning activity, whereas in periods 6 and 7 capacity 

costs from earlier time periods have to be considered. 
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Table 4-10: The design-decision costs for each period and the resulting present value of 

reference product 1 

Time periods 

  

  

Present 1 2 3 4 5 6 7 

Design Quant. 350 500 400 200 

Material costs 0.0K 11.2K 16.0K 128K 6.4K 

Activity costs 11.9 K 57.8K 82.7 K 90.5 K 586K 33.9 K 16.8 K 

*** Sum 11.9 K 69.0 K 98.7 K 103.3 K 65.0 K 33.9 K 16.8 K 

PV (at 8%) $299,074 

PV per unit $206 

Similarit lysi 

Determining the product cost driver function 

Based on the present values of the reference products, the costs for the design 

alternative are now estimated with the similarity analysis. In the case study two 

product cost driving characteristics are qualitative in nature. In order to include them 

in the regression analysis, they are first transformed to a 0 - 1 scale. A characteristic 

of low is transformed to zero, a medium to 0.5, and a high to one. The characteristics 

table and the calculated PV per unit for each of the 10 reference products is summarized 

in Table 4-11. 
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Table 4-11: Transformed characteristics and estimated present value per unit of the 

reference products 

Reference Products 

1 2 3 4 5 6 7 8 9 10 
  

X 1 15 21 22 17 21 11 10 14 20 16 

X2 0.5 1 0 0 0 0.5 1 1 0 0.5 

X3 0.5 1 0.5 0 1 0.5 1 0 0 1   Y '$206 $272 $272 $235 $302 $235 $240 $208 $257 $267 

The ordinary least squares regression analysis is performed with characteristics being 

the independent variables, and the present value of the costs being the dependent variable 

(see Appendix B for the SAS code used). The following product cost driver function is 

obtained as the best fit for the case study data. 

Y = 178.3 + 3.41 Xq - 23.63 Xo + 45.04 X3 

Y = Estimated present value costs 

Xj = Input of characteristic i i= 1,2,3 

The R2 of 0.82 for the above regression equation indicates that 82% of the cost 

variability is explained by the three cost drivers included in the regression model. 

Cost estimation of the design alternative 

The assumed characteristics of the design alternative are shown in Table 4-12. To 

estimate the PV of the unit costs for the design alternative, its transformed 

characteristic values are inserted in the above product cost driver function. For the 

example, a net-present cost value of $249 can be expected for the design alternative. 
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Table 4-12: The characteristics of the design alternative 

Characteristic Value Transformed Value 

Number of parts 14 14 

Purchased parts-value low 0 

Product complexity med 0.5 
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Chapter 5 

CONCLUSIONS 

Summary 

The information needed to make selections among competing design alternatives is 

usually not readily available to the designer. To avoid the adverse consequences from 

making flawed design decisions, it is absolutely critical to provide the designer with 

correct and appropriately prepared information. The cost model presented in this thesis 

is one approach to provide more accurate cost information in the design stage. In this 

thesis not only was the cost model developed conceptually but, in addition, the model was 

then implemented for an illustrative case study. 

The cost model integrates the similarity analysis method and an activity-based cost 

management system. The literature has shown that similarity analysis is a successful 

approach for design-concurrent calculation. The activity-based approach presented in 

this research is significantly enhanced over similar approaches in its method to provide 

costs for decision making purposes. Moreover, it adopts the "principle of identity" 

which considers those costs that are relevant for a certain decision, while also using 

planned data in conjunction with the dynamic product calculation method to properly 

account for the life cycle costs of a product design. Overall, the cost model developed and 

presented in this thesis provides accurate cost information of product designs for 

decision making purposes. 

The extensive literature review presented in chapter 2 positioned this research within 

the current state of knowledge. Current research is still lacking concerning the 
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integration of cost-efficient designing and cost management practices. This work 

presents a first step towards addressing this need. 

The particular contribution of the cost model lies in the way the reference products are 

calculated for the similarity analysis. In particular, the reference products are 

calculated using design-decision costs, i.e., they are calculated as if they were the design 

alternative. A data recording structure was developed first to enable such calculations, 

and a design-concurrent calculation method was then presented that can take advantage of 

this special data recording structure. 

Relevance 

Current cost models for design-concurrent calculation that rely on the similarity 

analysis frequently cannot benefit from accurate reference product cost information. 

Their problem is the reliance on financial accounting data which uses volume-based 

overhead allocation for the reference product calculation. The engineering economy 

profession often criticized that far too many evaluation cases depend on these, for 

decisions inaccurate input data (see chapter 2). However, recently a paradigm shift is 

taking place within the engineering economy [SU91a], with the emphasis now moving 

towards providing more accurate and timely data for engineering decisions. This 

research supports this new paradigm. Many of the new ideas that have emerged in this 

area such as the activity-based approach, life cycle costing, cost drivers, and long-term 

variable costs among others have been incorporated in the cost model of this research. 

The reference product calculation for the design-decision costs is very dissimilar from 

financial accounting procedures. Its focus is on the activities that are required for the 
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production of the design alternative, because the performance of those activities is 

generating the costs in a company. And it is the designer who determines the use of the 

activities by the geometry and the materials of his/her design. 

Classical design guidelines such as “reduction of the number of parts,” "re-using parts,” 

or “designing according to available and planned processes” are made quantifiable in 

their cost influence by the cost model. This has not been accomplished by current models 

whose volume-based reference product calculation is hiding or distorting important 

information related to these guidelines by their overhead allocation. 

The design-concurrent calculation of the cost model is tailored towards the status of the 

company. In its calculations the model accounts for planned utilization levels of 

activities as well as for the existing production plan. The designer has to find the 

product form with lowest production costs over its life cycle. This optimal design is 

very dependent on the present and future status of the company with respect to the 

production of other products. In some instances it might be advantageous for a design to 

use a smaller number but more sophisticated parts, while in other cases the opposite 

design is preferred. This apparent interaction between different products and different 

activities within a company requires a cost model as involved and, at the same time, as 

flexible as the one presented in this thesis. 

The product design according to available and planned processes, and according to the 

company status has often been discussed in the "concurrent-engineering” approach. 

However, most concurrent-engineering research has focused on optimizing the technical 

and functional properties of a product design according to these aspects. The cost model, 

on the other hand, is one of the few concurrent-engineering models that support the 

optimization of a product design from an economical perspective. 
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Furthermore, the cost model provides a basis for other engineering evaluation cases like 

investment planning, product and process abandonment, and cost control among many 

others. The cost model's general architecture, using two databases that allow a neutral 

data recording scheme and that retrieve data dependent on the evaluation case, was chosen 

to permit such future expansions. 

On the other hand, it remains uncertain to what extend companies are willing to accept 

further expenditures for additional data recording which is required for obtaining the 

more accurate decision data. However, such improved decision data would certainly 

reduce the discussions about data validity, and thereby shift the focus more towards 

their actual evaluation and subsequent actions. 

Future research recommendation 

From a more theoretical perspective, research efforts should evaluate additional or 

other techniques to improve the similarity analysis method itself. The cost estimation of 

a design alternative will be the more accurate the better the cost influence of the product 

characteristics can be understood. In the cost model of this research, only simple linear 

regression was used for the similarity analysis. The regression literature, however, 

offers many other, including nonlinear models that should be considered to possibly 

further improve the design-concurrent calculation method. In the same context, it 

should be considered to only use "closest neighbors” of the design alternative, thereby 

eliminating very different products of the same product family from the analyses. Such 

very different products could be outliners in a regression context with potentially high 
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leverage on the regression line. One method for finding the "closest neighbors” in the 

multiple dimensional characteristics table is the Cluster Analysis [ECK80]}. 

As an alternative to regression models altogether, neural networks, a modern artificial 

intelligence technique, could be used for the similarity analysis. Neural network have 

shown superior performance over classical OLS regression especially in higher- 

dimensional input spaces [HEC90]. Backpropagation, as one of the most common 

network configurations, seems very applicable to similarity analysis. Backpropagation 

networks are characterized by “supervised learning" which in this context would be 

performed on data of the reference products. In the so-called “recall-phase" the 

network would make an accurate cost prediction based on the product characteristics of 

the design alternative it is presented with. 

One decisive advantage of artificial neural networks for similarity analysis is its 

robustness in the presence of multicollinearity. The cost driver which provide the 

inputs for the similarity analysis are oftentimes highly correlated with significant 

deleterious effects on the performance of classical regression methods. Another problem 

faced by the regression technique is that of “underfitting” or “overfitting” the model 

resulting in bias or variance respectively. This matter is of particular concern because 

the number of reference products are different for every design-concurrent calculation. 

On the other hand, underfitting or overfitting are of no concern when using a neural 

network. 

In general, no matter whether regression or neural networks are used for the similarity 

analysis more research is needed to determine how many characteristics and reference 

products are required for an accurate cost estimation. 
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Predictions for future time periods and the cost estimation for the design-concurrent 

calculation is such a prediction and always carries some uncertainty. Research could 

enhance the design-concurrent calculation method by including a risk analysis. Then, 

the cost model could provide cost sensitivity information to certain future events. 

Extensive research in the area of investment theory has dealt with the risk analysis of 

projects [DEG88]. 

Another area of interest for future work could be the reliable determination of main cost 

driving characteristics for the different product families. Their accurate determination 

is critical for any design-concurrent calculation method. 

in another step beyond this research, the cost model should be integrated into an 

inclusive concept of information processing. For example, in a CIM environment the 

model could be fed automatically with information about expenses as well as about 

planning and controlling data. Such a model should be designed according to the relational 

database structure which had been set as a CIM standard. Another advantage of using 

relational databases is the ease to add datafiles to the existing architecture to enhance the 

cost model's flexibility. See, for example, Sinzig [SIN85], Schmidt [SCM89] and Haun 

[HAU87] for current research using relational databases for cost management. 

- A more pragmatic area for future research encompasses practitioner issues. No actual 

2 company implementation was studied in this research. Consequently, the applicability of 

‘ the cost model still needs to be confirmed. It is therefore necessary that the concepts are 

‘tested on a wide variety of "real" companies with "real" data. This also includes the 

collection of data in an effort to determine realistic activity cost functions as well as 
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product consumption functions. Results of such research might question the "linearity" 

currently assumed in the activity-based approach (and in the cost model). 

A final area of future work is to continue with the basic theme of this thesis, namely 

providing accurate data for decision making purposes. Additional engineering evaluation 

methods could be examined to fit in the general database / method architecture of the cost 

model developed in this research. 
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Activity 

Activity Consumption 

Activity cost driver 

Additional costs 

Batch activity 

Capacity costs 

CMS-PC 

Company hierarchy 

Appendix A 

Appendix A: Glossary 

Virtually all business functions of a company exist to produce 

products. For every function on any company hierarchy level 

an activity cost driver is defined. Every function is included in 

the product's bill of activities (see activity consumption) and, 

therefore, a function is in this context called an activity. 

Quantity of an activity cost driver a product requires for its 

production. 

A factor that reflects the cost influencing factor of the respective 

activity, e.g. hours, units of products, number of setups etc. 

Costs considered although no expenses are incurred, e.g. 

opportunity costs such as rent for using privately owned 

property. 

An activity whose activity cost driver is dependent on the 

number of product batches produced, e.g. any set-up activity or 

the purchase order activity. 

Costs of an activity that are incurred even if no cost driver is 

performed, e.g., depreciation, salaries. They are time related 

costs, i.e., in the short-term they must be considered fixed and 

in the long term variable. The waiting time varies among 

activities. 

An activity-based cost management software developed by ICMS, 

Inc. of Arlington Texas (Tom Pryor, president) in 1989. 

A hierarchical functional organization allows cost tracing to the 

hierarchical level at which the costs are caused, i.e., some costs 

can be traced directly to the lowest level, e.g. depreciation, 

wages, energy, while other costs can only be traced to higher 

hierarchical levels, e.g. management costs, salaries. 
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Design class 

Design decision costs 

Direct costs 

Fixed costs 

Main product 

characteristics (also 

product cost driver) 

Method 

Neutral data storage 

Neutral expenses 

NN 

Non-relevant costs 

NR 

Appendix A 

Fraction of re-used products for a product design alternative 

based on part values. 

Costs that are relevant for the design alternative. 

A costing approach in which fixed cost are always left 

unassigned. 

Fixed and variable costs are time related costs. Fixed costs are 

those costs that cannot be changed during theirwaiting time. 

Those product characteristics that drive the costs of the product. 

The characteristics are different for different companies; they 

depend on the product family and, thus, on the product 

hierarchy level. 

A program which specifies the search conditions for a particular 

problem in databases and performs algebra on the retrieved data. 

A data storage method which does not lose information through 

any kind of data proportionalization, which makes data analyses 

impossible or biased at least. 

Expenses are called neutral when they are either not business 

related or when they are extraordinary, e.g. donations, or 

currency losses. Neutral expenses are not part of Cost 

Management considerations. 

The required quantity of an activity cost driver when a product 

is developed and produced anew. 

Costs that will appear in the future but were caused in the past 

are not relevant for a particular decision. 

The required quantity of an activity cost driver when a current 

product is re-used. 
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Operating costs 

Overhead costs 

Pre-production 

activity 

Product 

Product cost driver 

Product cost driver 

function 

Product family 

Product hierarchy 

Appendix A 

Costs of an activity that are variable with the performed 

quantity of the respective activity cost driver. 

Costs that are allocated to other costs by a proportionalization 

method. 

An activity that is required to put the product in a production 

status, e.g. research, process planning, or supplier search. 

The cost model stores the products in a hierarchical structure. 

Any item on any hierarchy level is considered a product, i.e., a 

product in this context can also be a part or a component of 

another product. 

See main product characteristics. 

A cost function determined by the regression analysis as part of 

the similarity analysis. The independent variables in this 

function are the characteristics and the dependent variable is the 

net present value. 

Products which have the same main product characteristics 

belong to the same product family, while the characteristics 

differ for products from different families. Products from the 

same product family also belong to the same product hierarchy 

level, i.e., they can be end-products, components, parts etc. 

Almost all products have components and parts as subunits which 

can themselves also be considered products. The cost model stores 

the products in a hierarchical structure. Only those activities 

and materials that are actually required for a particular detail 

level are stored there. The required activities and materials are 

always recorded on the lowest detail level possible. Information 

about the use of products as parts or components and about their 

required quantities complete a product description. 

121



Product sustaining 

activity 

Production support 

activity 

Proportionalization 

Reference product 

Relevant costs 

Unit level activity 

Variable costs 

Waiting period 

Appendix A 

An activity which enables a company to produce a specific 

product. The activity cost driver of a product sustaining 

activity is independent from the number of items produced in a 

particular period. 

An activity required to actually produce the product and to 

sustain the product in a producible status, e.g. lathing, 

engineering change orders, shipping, to record product data. 

The allocation of costs to other cost categories based on a 

percentage-value. 

A product that is similar to the design product. A reference 

product belongs to the same product family as the design 

alternative; thus, it has the same main product characteristics 

and is on the same product hierarchy level. 

Those costs which are additionally incurred by a company due to 

a particular decision. 

An activity whose activity cost driver is dependent on the 

number of product units produced. 

Costs that vary directly with the activity cost driver output. 

Number of time periods for which capacity costs have to be 

considered fixed (fixed costs ). 
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Appendix B: 

OPTIONS LS=72; 

TITLE ‘SIMILARITY ANALYSIS'; 

DATA DCC; 

INPUT DUMMY X11 X2 X3._ Y; 
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