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Licensed standard software can be replicated millions of times at near zero cost for

the supplier and poses immense challenges for purchasing and cost managers. A

model is introduced to evaluate the appropriateness of software prices and thus to

support the negotiation and decision process regarding suppliers. The model

determines the “value to customer” of a software product using conjoint analysis and

converts that value into a theoretical license price. In a case study coming from a

large Original Equipment Manufacturer (OEM) it is shown that the developed

conjoint model can successfully be used in practice and suggests realistic purchase

prices.

1 | INTRODUCTION

Digitalization is one of the main drivers of globalization and economic

growth. For few sectors this applies more than for the manufacturing

industry, characterized by a competitive market with an abundance of

specialized players and a deeply hierarchical value chain. Besides, the

recent advance of customer-centric market philosophies and resulting

increased customer expectations have imposed strong pressure on

companies to install and maintain high-quality product standards

(Hansen & Bush, 1999) and the automotive industry in particular

depends heavily on its promise of premium products. Another side

effect of this development is the necessity to offer a broad portfolio

of customizable products. Although this may serve as a selling propo-

sition, it also shortens product life cycles, requiring companies to

accelerate their processes. Due to the increasing digitalization of the

automobile, established Original Equipment Manufacturers (OEMs) in

the automotive industry and the associated supplier industry are cur-

rently facing serious and complex challenges (Llopis-Albert

et al., 2020). The digital transformation is changing the automotive

industry sustainably through intelligent information and communica-

tion technology as well as autonomous, interacting, and networked

systems with intelligent sensors (Bertozzi et al., 2000). As a result, the

automobile is radically changing from a conventional means of trans-

port to a fully networked software platform, enabling car

manufacturers to offer a comprehensive portfolio of individual, intelli-

gent, and innovative services. However, this development inevitably

leads to a fundamentally changing competitive environment with new

market players (Hylving, 2015). Software products are becoming a

central and differentiating factor and a basis for new, innovative busi-

ness models. The enormous importance of software thus leads to a

certain dependence of automobile manufacturers on software sup-

pliers and innovative software companies. This dependency becomes

a fundamental problem, especially in the evaluation of software prod-

ucts to be procured. The development costs for a software compo-

nent can only be observed or evaluated to a limited extent by the

automobile manufacturers as customers. The software companies

hold an information advantage due to a higher level of experience and

detailed knowledge of internal processes (Steinle et al., 2014). As a

result, a business relationship develops which is characterized by a

fundamental asymmetry of information and a high degree of distrust

between the actors involved. In addition, customers are no longer pre-

pared to pay significantly higher prices for technical innovations. They

are increasingly price-sensitive but expect comprehensive standard

equipment (Kübler et al., 2018). As a result of these trends, OEMs

today are confronted with ever higher spending on automotive soft-

ware. In order to identify cost potentials and not to jeopardize profit-

ability, it is now up to the automotive manufacturers' purchasing

department to take action. Over the last decades, however, this
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division has focused its processes on the procurement of electronics

hardware and material components (Cousins et al., 2006). In recent

years, modular strategies and clearly defined purchasing processes

have ensured high cost efficiency for simple purchased and standard

parts (Handfield et al., 2002). However, these processes are only of

limited use for the procurement of software due to their specific

product characteristics (Koppius, 1999). The situation is further com-

plicated by the fact that the pricing strategies of software providers

are constantly changing (Lehmann & Buxmann, 2009). The methods

previously used to analyze purchase prices in practice cannot be easily

applied to software licenses. Suitable approaches must make it possi-

ble to quantify software license models in monetary terms and to

evaluate the appropriateness of their offer prices. In this paper

approaches and methods are investigated that can be used to evalu-

ate software licenses with respect to their price adequacy. First, the

current state of research in literature on the valuation of software

license prices is presented in Section 2. In Section 3, a model based on

conjoint analysis is introduced that enables the monetary valuation of

software licenses out of a customer perspective. The method is

applied in a real-world case study at a large automotive manufacturer.

Section 4 discusses limitations and implications for purchasing and

supply management. Section 5 concludes the research project.

2 | LITERATURE REVIEW

2.1 | Review method

The research streams coming from Webster and Watson (2002) and

Brocke et al. (2009) offer two approaches to literature review.

Whereas the first gives recommendations on how to conduct a struc-

tured literature search process, the second discusses guidelines for

structuring and classifying the results. The literature review in this

section is based on both approaches mentioned above. A modified

process model describes the different phases of the literature search

procedure (see Figure 1(a)). In phase (I) the research focus is

determined. The objectives of the literature search are defined and

keywords for the database search are determined. Phase (II) of the

search describes the operational search process for relevant publica-

tions in various databases. In phase (III) the identified literature is cate-

gorically structured in a concept matrix. Finally, in phase (IV) the

literature is evaluated with respect to the current state of research.

The literature review aims to identify methods, techniques, and

approaches that are applied for the evaluation of software license

prices. In order to proceed as efficiently as possible, a search string is

defined, which contains relevant words as well as their synonyms.

Because the search is conducted in German and English language

bibliographies, keywords in both languages are used. For example an

English search term is (software OR digital good*) AND licen* AND

(pric* OR cost* OR fee* OR charg* OR rate* OR royalt*).

The procedure of the literature review is based on the methodol-

ogy of Brocke et al. (2009) and is shown in Figure 1(b). In the first step

suitable scientific databases from the fields of economics and com-

puter science are identified. A comprehensive search is performed

using the databases AIS Electronic Library (AISel), EconBiz, EBSCO

Business Source Complete, Emerald Insight, Informs, ScienceDirect,

Scopus, SpringerLink, Web of Science and WISO. After collecting

potentially interesting publications from all databases (step 2), dupli-

cates are identified and eliminated (step 3). In the next step titles and

abstracts of the literature found are analyzed to exclude non-relevant

publications. For the remaining publications a full text analysis is per-

formed. In order to enhance the completeness of the considered liter-

ature, additional relevant literature is identified by backward and

forward searches. Furthermore, the search engine Google Scholar is

used to find more potentially relevant literature. In total, the contents

of 49 scientific articles, books, and conference papers are analyzed in

detail.

By a concept matrix it can be shown which concepts are pursued

in which papers. This enables an effective categorization of the arti-

cles as well as an identification of similar concepts within the respec-

tive research area. A complete overview of all publications and

concepts can be found in the Appendix.

F IGURE 1 Literature review procedure (a) and process steps (b)

BODENDORF ET AL. 1687



2.2 | Review results

In the following the most significant concepts are briefly presented

based on the most important publications.

Tam et al. (2020) find out that customer involvement is one of

the main factors contributing to the success of ongoing agile software

development projects. Tsunoda et al. (2012) deal with the question of

how a quoted price can be validated from the customer's perspective.

However, only a few influencing factors on the price are examined

and no model is provided to validate this. Furthermore, the context of

the paper refers to individual software and not to software licenses.

Keshta (2017) and Bilgaiyan et al. (2017) give an overview of

important software cost estimation methods. Pospieszny et al. (2018)

and Dragicevic et al. (2017) expand traditional parametric approaches

by effective and practical machine learning approaches to estimate

effort and duration of software development projects. Nestler (2013)

provides concepts for the valuation of intangible assets based on the

principles of the Institute of Public Auditors in Germany (IDW). She

proposes to determine the license fee by means of a profit split. How-

ever, the determined license value can only be seen as a guideline, as it

is not grounded on a sound methodology. Nestler is also working on

the financially oriented evaluation of (individual) software. She empha-

sizes that there is no recognized standard for the valuation of software.

Baumeister and Ilg (2004) deal with cost forecasts for software

development projects that are carried out according to the “Unified
Process”. Among other things, they use phase-related, similarity-

determining cost-driver rates. For similarity analysis, the authors con-

sider product, computer, personnel, and project influencing variables.

The authors argue that the selection of influencing variables for a sim-

ilarity analysis should always be handled situation-specifically. A

similarity-based cost estimation for software is an interesting

approach to determine the license price. However, Baumeister and

Ilg (2004) do not provide a concrete model for this and the influencing

variables they mention are not known in license purchasing.

Sequeira and Lopes (2015) estimate the costs of a project on the

basis of a work breakdown structure. In the first step, this structure is

converted into a “responsibility assignment matrix”. Subsequently, the
time required for the respective work packages is estimated and

charged at the corresponding hourly wage rates. Dewi and Sub-

riadi (2017) further develop the established Function Point method

(Symons, 1988) by a modification of complexity factors in order to

estimate the software development effort. Closely related to the

Function Point method, the algorithmic cost model Constructive Cost

Model (COCOMO) is also used in software development for cost or

effort estimation. Miller et al. (2018) demonstrate the applicability of

the COCOMO in practice.

Singh et al. (2018) estimate the effort and costs of software

development from the manufacturer's perspective based on a para-

metric algorithm using historical information from past projects. The

information comprises the lines of code, the methodology used, and

the actual effort required. Following the ideas of Pospieszny

et al. (2018), Venkataiah et al. (2019) propose a non-parametric

approach using an Artificial Neural Network in order to improve the

accuracy of process cost estimation which is improving the quality of

the software product. However, a straight application of the method-

ologies in the context of software license prices is not viable due to

the lack of input data.

Lehmann and Buxmann (2009) examine the pricing strategies of

software vendors and identify various parameters that usually make

up the combination of software vendors' pricing models. They con-

clude that demand-based or value-based pricing should be preferred

to cost-based pricing. Harmon et al. (2009) take up the idea of value-

based pricing and develop a framework for a corresponding model.

Rohitratana and Altmann (2012) present an agent-based simulation

system that allows modeling the interactions between software buyers

and vendors in a software market under different pricing schemes.

Zhang (2020) takes a game theoretical perspective focusing on the

analysis of pricing strategies from a customer's perspective. He finds

out that it is not always optimal for the software firm to discriminate

between its old users and the new customers. Jia et al. (2018) expand

the horizon of observation and examine and analyze the profitability

of a selling and a leasing model by considering both software upgrades

and different price discrimination strategies. The above mentioned

publications deal with the pricing of software and allow deep insights

into software developers' pricing strategies, but do not give any indica-

tion how a price should be evaluated from the buyer's point of view.

2.3 | Lessons learned

None of the approaches mentioned in Section 2.1 deals with the price

evaluation of software licenses in procurement. Only Tsunoda

et al. (2012) discuss price plausibility checks for individual software

from the buyer's perspective (Tsunoda et al., 2012). Therefore, the lit-

erature review does not provide a satisfactory solution to the problem

addressed by the topic of this paper. It turns out that software

licenses are usually priced on a value basis (Töytäri et al., 2015).

Therefore, a plausibility check of the license price based on the value

of the software for the customer seems to be the right approach.

However, an appropriate model that determines the purchase price of

software on a value basis cannot be found in the literature. Section 3

introduces such a model, that uses the methodology of conjoint analy-

sis, and illustrates the model application by a case study coming from

automotive manufacturing.

3 | CONJOINT ANALYSIS MODEL

3.1 | Theoretical background

The conjoint analysis (CA), known from marketing, is applicable in

pricing decisions for new products, taking into account the difficulty

of product cost structure determination. For this purpose, one idea is

to consider the individual software functions, attach partial utility

values, and derive total utility values of system variants from these

values (Carroll & Green, 1995). A different way is to compare the
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utility values of several software systems or products in order to

derive the relative willingness to pay for the software product from

the known willingness to pay of the other products. In the following,

the procedure for such a conjoint analysis is outlined and then carried

out in detail in Section 3.2.

In principle, conjoint analysis can be divided into traditional and

modern methods. Traditional methods aim at creating a preference

ranking over all objects, for example, different software products or

different sub-functions of a software system, by querying preference

judgments directly. This is done either by a ranking (order of prece-

dence) or a rating (point values) (Kalish & Nelson, 1991).

Hybrid methods combine the conjoint approach with a scoring

model (Green & Krieger, 1996). Thus, the adaptive conjoint analysis

(ACA) consists of two parts. In the compositional part, all properties

and their characteristics are evaluated by the participants. This serves

to determine the individual importance of the characteristics and to

estimate the benefit contributions. In the subsequent decomposition

part, pair comparisons of the so-called stimuli are carried out, thereby

adjusting the benefit estimates from the first part and finally, selection

probabilities are determined (Green et al., 1991). The ACA has the

advantage that the survey design also allows the evaluation of prod-

ucts with a larger number of characteristics (up to 30) and

corresponding respective characteristics (up to 9), compared to tradi-

tional CA. With the selection-based conjoint analysis (SBCA), no scor-

ing is done, but a set of alternatives is presented, and a concrete

selection decision is then requested. With choice-based conjoint anal-

ysis (CBCA), the respondents select one stimulus or no stimulus at all

from a set of stimuli. The preferences are then derived directly from

the selection decisions made (Elrod et al., 1992). This is closer to real-

ity than traditional conjoint analysis (TCA). However, the selection

decisions made in CBCA contain only binary 0/1 information; that is,

the data is scaled nominally. This more realistic query of preferences

therefore leads to a loss of information compared to the TCA. It is also

difficult to establish a utility function with partial utility values, which

is usually done by a regression approach. This means that other

methods are needed to estimate the preference function. Although

the data obtained in TCA can be analyzed relatively easily by regres-

sion analysis, CBCA requires more complex procedures such as the

maximum likelihood method or other iterative optimization. Even

though the CBCA, in contrast to the TCA, can calculate additional

selection probabilities, which can be used, for example, for prognosis

scenarios (Natter & Feurstein, 2002), the TCA is preferred to the

CBCA due to the less complex concept and the simultaneous evalua-

tion of software benefits. In this paper, the applicability of this TCA

approach is investigated in a case study-based research. The research

results are discussed in the light of realistic cost estimation of soft-

ware licenses.

3.2 | Case Study

The case study comes from a large Bavarian automotive manufac-

turer. A conjoint analysis to determine a software price is shown for a

real-world voice control system with the fictitious name “Speech” that
is used in the vehicle. Speech processing is generally divided into an

onboard and offboard component. In contrast to the onboard compo-

nent, the offboard component uploads the speech input to a remote

server. This increases the range of possible commands and functions.

In the use case investigated separate prices are determined, among

others, for the onboard and the offboard software component of

Speech. The procedure for the conjoint analysis follows the standard

structure, for example, given in Gustafsson et al. (2007). All statistical

analyses are performed using IBM SPSS Statistics 23.0 software

(Arbuckle, 2011).

3.2.1 | Definition of properties

In order to determine partial utility values for specific properties, the

characteristics to be queried must first be defined. In the use case, the

partial utility values are calculated for specific software functions and

the total utility value is calculated by summing them up. A fictitious

digital services package is formed to query preferential opinions. Such

service packages are offered in similar forms by various car manufac-

turers. In the following, the characteristics of the package versions

are: price (100€, 140€, 180€), voice control (not available, only

onboard, onboard & offboard), parking information (not available,

available) and remote services (not available, available).

3.2.2 | Experimental design

When selecting the survey design (also called experimental design),

decisions have to be made regarding the number of stimuli to be evalu-

ated. In the full-profile method, a stimulus consists of a specific value

combination of all characteristics of the product to be evaluated. In

contrast, the two-factor method (also known as trade-off analysis) only

takes pairs of characteristics into account. For each possible pair a

trade-off matrix is created, which contains all conceivable combinations

of the values of both characteristics. Each cell represents one stimulus.

The two-factor method has the advantage that it is easier for the test

person to rate because only two characteristics have to be looked at

simultaneously. The full-profile method, on the other hand, is classified

as much more realistic, so that it is used more often in practice

(Pullman et al., 1999). For this reason, the full-profile method is selected

for this use case. This results in 3 × 3 × 2 × 2 = 36 different stimuli. An

example for a stimulus is (price = 100€ | voice control = only onboard |

parking information = available | remote services = available).

3.2.3 | Presentation and evaluation of stimuli

The test persons place the stimuli in an order of preference according

to their ideas of benefit. This can be done in different ways. In gen-

eral, a distinction is made between metric and non-metric approaches.

In a ranking, the stimuli to be evaluated are put into a preference
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order based on the perceived benefit. Each stimulus is assigned an

ordinally scaled ranking value. Therefore, the ranking represents a

non-metric approach.

In our use case of evaluating a digital services package from a

buyer's perspective, it makes sense to ask for a purchase probability.

The preference labeling sets the extremes to “not at all” to “totally
sure”. Intermediate levels are explicitly predefined, as this allows the

respondents to evaluate more “intuitively”. The survey for preference

evaluation is carried out using the online software Qualtrics

(Qualtrics, 2018). The survey is distributed via an Internet link to

241 employees of an automobile manufacturer and external managers

with a business or technical background.

3.2.4 | Determination and aggregation of partial
utility values

Based on the collected preference judgments, the partial utility values

of all property characteristics are now determined with the help of a

conjoint analysis. For each of the feature values, a partial utility value

βjm is estimated first (Scholl et al., 2005). The total utility value yk of a

stimulus k results from the aggregation of the partial utility values.

Therefore, the preference model comprises two steps. First, a utility

function must be specified, which defines the relationship between

property values and utility evaluations (partial utilities). In the second

step, an aggregation function of the partial utility values is required

(Greco et al., 2004). In order to be able to explain the relationship

between features and (partial) benefits, three basic utility functions

are conceivable (ideal point model, vector model, partial value model)

(Darmon & Rouziès, 1994). The ideal point model assumes a benefit-

maximum (optimal) property value. If this value is exceeded or under-

shot, the benefit is reduced. The vector model assumes a linear

relationship (positive or negative) between the values of a property

characteristic and the benefit of the product. This model is often used

for price characteristics. There is usually a negative relationship. The

partial value model is a discrete model and determines a specific par-

tial utility for each characteristic value of a property. It is mainly used

for qualitative characteristics such as color, shape or material. It is

applied in this use case as there are qualitative values, for example,

available/not available. For the calculation of the total utility values in

the evaluation model, an additive linkage of the partial utility values is

preferred (see Formula 1).

yk = μ+
XJ

j=1

XMj

m=1

βjm �xjmk ð1Þ

yk estimated total utility value for stimulus k.

βjm partial utility value for characteristic m of property j

xjmk
1; if stimulus k is accompanied by the property j in the expression m

0 otherwise

�

μ constant

J number of properties

Mj number of expressions of property j

The resulting benefit model is thus compensatory. This means

that a low benefit of a specific property can be compensated by a

higher partial benefit of another property. In multiplicative models, on

the other hand, this is not possible, because here a partial utility value

of 0 also leads to a total utility value of 0. The benefit of a product

can be interpreted here as the net benefit that a customer receives

when purchasing the respective package version at the price men-

tioned in the stimulus. It can be expressed as the difference between

package benefit (gross benefit) minus the money to be paid for the

respective package (monetary loss).

The data obtained from the survey is examined by means of a

metric analysis of variance. For this, a constant term μ is introduced

into Formula 1. This constant represents the average evaluation and

can be interpreted as a kind of basic utility. The various property

values influence this value positively or negatively. The conjoint analy-

sis algorithm determines the partial utility values βjm for the model

(see Formula 1) in such a way that the calculated total utility values yk

correspond as closely as possible to the empirical rating values pk

coming from the survey and the rated stimuli. For this purpose, the

least-squares estimation is used, which minimizes the sum of the qua-

dratic deviations between empirical and estimated deviations (see

Formulas 2 and 3 and Table 1).

Find βjmwith min
βjm

XK
k =1

pk−ykð Þ2 ð2Þ

βjm see Formula 1

K¼N �
YJ
j=1

Mj ð3Þ

K number of stimuli ratings N number of probands

The standard error values shown in Table 1 provide an initial

indication of the results' quality. The lower the standard error, the

more likely it is that the empirical scale evaluations can be represen-

ted by the ratings determined by the conjoint analysis. With a range

of variation between 0.116 and 0.605, the preference model there-

fore delivers good results.

Now the total utility values of each stimulus are calculated (see

Formula 4). This is shown exemplarily for Stimulus 1 (price = 180€ |

voice control = not available | parking information = available | remote

services = available) according to Formula 1.

y1 = 4:877+ −2:294ð Þ+ −1:127ð Þ+ 0:584+ 0:581=2:621 ð4Þ

The calculated total utility value of 2.621 is very close to the

average rating (=2.440) of all 241 probands for this stimulus. So, the

results of the utility function seem to be realistic.

For the monetary conversion of the preference ratings, a negative

linear relationship between price and resulting benefit is assumed

(vector model). In contrast, a partial value model is used for the analy-

sis of the features voice control, remote services, and parking informa-

tion. As expected, the calculated partial utility values confirm the
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assumed negative linear relationship between price and resulting ben-

efit. This can be expressed by a price coefficient b. It describes the

utility adjustment in the event of a price change of one Euro and rep-

resents the slope of the utility function.

The monetary utility Δpj,m of the value m of a property j is calcu-

lated by Formula 5.

Δpj,m =
βj,m−βj, not available

bj j ð5Þ

Δpj,m monetary value for characteristic m of property j

βjm partial utility value for characteristic m of property j

b price coefficient

Formula 5 is used to determine the monetary values of the

onboard and offboard components as an example (see Formula 6).

Δpvoice processing, Onboard&Offboard =
1:165− −1:127ð Þ

−0:013j j =
2:292
−0:013j j =176:31

ð6Þ

This results in a value for full voice control of € 176.31. Of this, €
83.77 is accounted for by onboard and € 92.54 by offboard voice

processing. The calculated amounts represent the monetary value of

the respective component from the customer's point of view.

3.2.5 | Assessment of model quality

Table 1 lists the standard errors of the calculated partial utility values.

This provides a first indication of the quality of the results. The lower

the standard error, the more easily the empirical scale evaluations can

be represented by the determined ratings. With a fluctuation range

between 0.116 and 0.605, the preference model delivers good results.

Further measures for assessing the quality of the model are Pearson's

correlation coefficient (Pearson-R) and Kendall's Tau (Croux &

Dehon, 2010). Pearson-R reflects the correlation between the calcu-

lated total utility values and the actual (empirical) ratings. Kendall's

Tau ranks the stimuli based on the actual and calculated utility values

and calculates the correlation between the resulting ranks. The closer

the correlation coefficients are to the maximum value 1, the better

the empirical data can be represented by the results of the conjoint

analysis. The values of the correlation coefficients indicate a good rep-

resentativeness. Furthermore, Kendall's Tau is also calculated for the

holdout maps. This coefficient is a measure of the validity of the

results and is very high at 1.0. Because the model quality is assessed

as sufficiently high, the model values can be used as input for the the-

oretical calculation of a license price.

3.2.6 | Conversion of the utility value into a license
price

As depicted in Section 3.2.4, the monetary value of the voice control

from the customer's perspective is € 176.31 (onboard and offboard

component together). This value corresponds to the gross benefit of

voice control and is now converted into an “optimal” price. To per-

form a mathematical price optimization, it is necessary to set up the

profit function. For this purpose, the price sales function must be

known. This is derived from the product benefit in the following. The

highest possible sales of the voice control qmax is limited by the num-

ber of vehicles sold. It is assumed that for a product with a positive

gross benefit, the maximum sales volume qmax is achieved at a price

p = 0. If the price p is being increased successively, the customer

TABLE 1 Partial utility values and
parameters calculated using the conjoint
analysis

Partial utility Standard error

Voice control Not available −1.127 0.155

Onboard −0.038 0.155

Onboard + offboard 1.165 0.155

Remote services Not available −0.581 0.116

Available 0.581 0.116

Parking information Available 0.584 0.116

Not available −0.584 0.116

Price 100 € −1.1274 0.336

140 € −1.784 0.471

180 € −2.294 0.605

(Constant) 4.877 0.486

Coefficient correlation (observation–estimation) Value

Price coefficient (b) −0.13

Pearson correlation 0.989

Kendall correlation 1.0
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benefit is reduced. At the maximum price pmax (=€176.31) the net

benefit (=gross benefit − price to be paid) finally takes a value of

0. Formula 7 shows the utility function of the full-featured speech

control.

N pð Þ=Benefit+ b �p=2:292–0:013p ð7Þ

N(p) monetary utility as a function of price

Benefit total utility value of the characteristic

b price coefficient

P price in monetary units

The price sales function q(p) is now set up as a function of the

price or the resulting benefit (see Formula 8). It is assumed that the

relationship is linear. The quotient NðpÞ
Benefit

� �
is normalized to the value

1, so that q(p) cannot exceed qmax.

q pð Þ= qmax �
N pð Þ
Benefit

ð8Þ

It can be seen that an increasing price leads to a decreasing

benefit and thus to lower sales. The profit function G(p) can now be

determined using the sales function (see Formula 9).

G pð Þ=U−K = p �q pð Þ−K q pð Þ½ �= p �q pð Þ−Kf

= p � qmax �
Benefit+ b �p

Benefit

� �
−Kf =

qmax

Benefit
� p �Benefit+ b �p2� �

−1

ð9Þ

U revenue

K total costs

p price

q(p) price sales function

Kf fixed costs of development (first copy costs)

The costs for the duplication of a software license are striving

towards 0 and are thus independent of the sales volume. Therefore,

only the fixed costs of development Kf are included in the equation.

The profit-optimal price p* is determined by derivation and zeroing of

Formula 9 (see Formula 10).

G0 pð Þ= qmax

Benefit
� Benefit+2 �b �pð Þ=0 ð10Þ

This results in Formula 11 calculating the optimal price p*.

p� =
−Benefit

2b
=

−2:292
2 � −0:013ð Þ =88:15 ð11Þ

The optimal price for the voice control system Speech from the

customer's point of view is therefore € 88.15.

By setting the retail price for Speech at € 88.15, the OEM could

maximize the unit profit and sales volume.

However, the value determined does not yet represent a pur-

chase price from the OEM's point of view. A profit split, should there-

fore be carried out between OEM and supplier. The purchase price is

defined as a percentage share of the profit generated by the voice

control software, with the OEM selling the software to the car buyers.

However, the question of an appropriate profit share cannot be

answered with a single percentage for all products, suppliers, indus-

tries and market situations. In practice, the so-called “Knoppe for-

mula” or the “25 Per Cent Rule” are often used for the valuation of

licenses (Hoe & Diltz, 2012). These are based on the idea that the

future profits related to the license are to be divided according to the

risk profiles of the licensor and licensee. In practice, a share of 25% of

the attributable profit has become established as a benchmark. This is

to be paid by the licensee to the licensor. In the OEM-supplier sce-

nario of this paper, a risk profile analysis is not useful for determining

the profit split. Typically, risks such as market, sales, product liability

or warranty risks for the contractual partners have to be evaluated

objectively. This requires detailed information about the economic sit-

uation and the business strategies of both parties. For this reason, the

Knoppe formula cannot be applied one-to-one to software licenses in

the automotive sector. However, the value of 25% serves as a point

of reference and is defined as the maximum achievable percentage

profit share for the supplier. The minimum profit split is set to 0%. To

determine an appropriate share level between the two poles men-

tioned, a scoring model is used according to the recommendations of

Simon and Fassnacht (2016). For this purpose, eight factors are

selected and evaluated according to the recommendations of

Hartmann (2010) for the evaluation of technologies on a five-point

scale from 0 to 4 (see Table 2).

The criteria can be divided into three categories: market and

supplier-related, product-related and cooperation-related. The first

group of criteria includes the factors market structure, market share

and flagship product. Market structure usually has a significant influ-

ence on the level of profit margin. If a supplier has a monopoly, he

can demand significantly higher profit shares than in a market where

there is strong competition. For software products a natural monop-

oly can emerge in the software industry under certain conditions.

Therefore, the market structure plays an important role in determin-

ing the profit split. A likewise significant influencing variable is the

market share. Often there is only one dominant supplier on software

markets. As a rule, this supplier benefits from strongly pronounced

economies of scale and falling unit costs. This should have a positive

effect on the purchase price from the OEM's point of view. In the

literature, a supplier is considered dominant if it can claim 40% of

the sales volume in the market under consideration (Specht, 2013).

Also, software companies often have so-called “flagship products” in

their portfolio, which as “cash cows” contribute to the majority of

the company's profit. These are characterized by the fact that they

are responsible for a large part of the revenue and are positioned in

a strongly growing market. It should therefore be checked, for exam-

ple using the growth–share matrix (BCG) (Schawel & Billing, 2018),

whether the product is one of those. Flagship products are already

highly profitable, which translates into a lower profit share. The
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product-related criteria are substitutability, complexity, and technol-

ogy attractiveness. According to Simon and Fassnacht (2016), if

there are many comparable products or technologies (= high substi-

tutability), this reduces the bargaining power of the supplier and

therefore leads to a lower profit share in the proposed model. On

the other hand, if the complexity of the product is high, there is a

higher effort for programming and troubleshooting. This should lead

to a higher profit share from the supplier's perspective. The last

product-related factor is technology attractiveness. The factor has

proven to be a suitable means of evaluating technologies in the con-

text of innovation cost management. A distinction can be made

between pacemaker, key, and basic technologies. Although a pace-

maker technology is still at an early stage of development and has

very high competitive potential, a basic technology is already inte-

grated in most products. Because here the technology is in the

maturity phase, no further major investments are being made. A key

technology, on the other hand, is still in the growth phase and can

be placed between the other two technology types. Software prod-

ucts are particularly profitable in their maturity phase and have usu-

ally already covered the high investments required to create the first

copy. Therefore, as the technology becomes less attractive, a smaller

share of the profit should flow to the supplier. For a more detailed

categorization, see Hartmann (2010). The two remaining

cooperation-related influencing variables are the purchase volume

and the risk of a lock-in effect. Following Blair and Durrance (2014)

a larger purchase volume leads to lower unit prices and thus to a

lower profit per unit from the supplier's perspective. Therefore, in

the developed model, a higher purchase volume by the OEM is

accompanied by a lower profit share for the supplier. If there is a

risk of a lock-in effect due to the purchase of the software or if high

switching costs would arise in the event of a future change of the

supplier, this should lead to a lower profit share accordingly. Once

the criteria for the profit split have been identified, a weighting fac-

tor for the respective criterion is included in the calculation of the

profit split. A pairwise comparison is used to determine the weights,

which is not further detailed in this research. Generally, the proce-

dure compares the individual criteria in a square matrix and thus

breaks down a complex decision into several small partial decisions.

The eight criteria (see Table 2) are rated by five experts from the

cost engineering and two experts from the purchasing department

at the OEM. Based on this, the supplier's profit share is estimated,

and the resulting purchase price is calculated. Figure 2 illustrates the

procedure.

Following Figure 2 and Formula 12 a profit split of 10.48% is cal-

culated. The purchase price per voice control is now obtained by mul-

tiplying the previously calculated optimal price (p* = 88.15 €, Formula

11) by the supplier share. As an overall result the “appropriate” pur-

chase price (EKp) is €9.24.

TABLE 2 Profit split criteria for software licenses

Max. 25% share for supplier Exemplary evaluation

Category Criteria
Weighting
(w) 0 1 2 3 4

Market & supplier

related

Market structure 18.62% There is a large number of

suppliers with comparable

products

X There is only one supplier

Market share 8.67% Supplier has a large market share

(> 40%)

X Supplier has only a very small

market share

Flagship product 8.67% Product is main sales driver and

market is growing strongly

X Product contributes very little

to supplier's sales, hardly any

market growth

Product related Substitutability 18.11% There are many comparable

products or technologies on

the market

X There are no comparable

products, not even in other

industries/sectors

Complexity 9.95% Very low complexity X Very high complexity of the

product

Technology

attractiveness

10.46% Basic technology X Pacemaker technology

Cooperation related Purchase volume 10.20% High purchase volume by OEM

(many vehicle variants, several

years)

X Low purchase volume (few

variants, short contract term)

Risk of a lock-in effect 15.31% Supplier selection leads to

significant lock-in effects and

high switching costs

X No risk of a lock-in effect

P
= 100%
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EKp =PSp �p� =0:1048 �88:15€=9:24€ 8p� P

PSp =
1

Rmax �
X
i� I

Wi �R;
i,p

� �
�PSmax =

1
4
�1:677 �0:25

=0:419 �0:25=0:1048 8p� P

ð12Þ

EKp purchase price for Product p

PSp profit split with supplier for Product p (here 0.1048)

p* optimal end customer selling price (here 88.15 €)
Rmax maximum achievable rating (here 4)

Wi weighting of criterion i in %.

R;
i,p average expert rating of criterion i for Product p

PSmax maximum achievable profit share of supplier (here 0.25)

It has been proved that the value-based model for making plausi-

ble purchase prices of software licenses does provide useful results.

4 | LIMITATIONS AND MANAGEMENT
IMPLICATIONS

The presented value-oriented evaluation model for licenses is limited

to software that can be directly experienced by the end consumer.

However, this can be difficult due to the special features of digital

goods. Due to the immaterial character of software, it is, in contrast

to physical products, only perceptible to a limited extent. The func-

tions of digital products can only be grasped and evaluated through

two senses (seeing, hearing). For this reason, digital products are also

called trust goods or experience goods (Buxmann et al., 2013). This

means that the value of software from the user's point of view is diffi-

cult to assess before using it. Purchase decisions for digital goods are

therefore always made partly under uncertainty (Atasoy &

Morewedge, 2018). This situation makes it difficult to compare soft-

ware products and complicates the determination of potential cus-

tomers' willingness to pay. There is also uncertainty about willingness

to pay for digital goods for which free alternatives are available. In the

case of software with a high degree of innovation, better results may

be achieved if respondents have the opportunity to try out the soft-

ware and learn about its functions.

5 | CONCLUSION

Automobile manufacturers are confronted with rising costs in soft-

ware purchasing due to an increasing digitalization in the vehicle.

However, there is no satisfactory concept for the evaluation of

licenses for automotive software in literature and practice. This is sur-

prising against the background of a dynamically increasing share of

software in the vehicle and its growing importance as a competitive

factor. In order to evaluate offers of software licenses with regard to

their price adequacy, new approaches and innovative methods are

required. However, it has to be noted that software licenses are very

difficult to penetrate in terms of cost analysis. Standard software is

characterized by high initial development costs (first copy costs) and

marginal duplication costs close to zero. In addition, suppliers of stan-

dardized digital goods usually do not determine their prices on a cost

F IGURE 2 Profit share and purchase price
estimation
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basis. Furthermore, the information available from the OEM's point of

view is sparse and there is a high heterogeneity of software types

used in vehicles. The value-based model presented in this paper is

based on the monetary determination of utility values from the user's

perspective. This is done with the help of a conjoint analysis. Subse-

quently, the determined value is converted into a profit-maximizing

license price. The validation of the model is illustrated by the example

of a speech control system. Based on the results obtained, it can be

assumed that the value-based model is suitable for plausibility checks

of purchase prices in practice.
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