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Abstract:

Strategic investment decisions are characterized by high innovation potential and
long term effects on the competitiveness of enterprises. Due to uncertainty and
risk in this complex decision-making situation, the need for well-structured support
activities arises. A method that considers cost and the long-term added value is
the cost-benefit effectiveness estimation. One of those methods is the “profitability
estimation focused on benefits - PEFB”-method (trans. Savelsberg 2008) developed
at the institute of management cybernetics at RWTH Aachen University in 2000,
by WEYDANDT in the course of his PhD. This method copes with the challenge
of strategic investment decision by integrating long term non-monetary aspects
as well as by mapping the chronological sequence of an investment within the
organisation’s target system. For that reason, this method is characterised as a
holistic approach for the evaluation of costs and benefits of an investment. In
applying this participation-oriented method in business environment, the overall
interdisciplinary investment teams were formed by more than 500 participants.
Due to feedback of these participants within accomplished assessments, a survey
with 110 participants was conducted focussing on the statements of verbal prob-
ability. The results of the survey identified a structural deficit in the conception
of the methodology regarding the estimation of probabilities due to personal
affection. This paper describes the well-structured PEFB-method to reduce risk
and uncertainty in decision making progress. Moreover, the results of the survey

concerning the bias due to personal affection within the evaluation process are
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addressed. Finally, to achieve more accurate PEFB-method results, recommenda-

tions for an adaption of the PEFB are given.

Keywords: Multi-Criteria Decision, Cost-Benefit Analysis, Risk and Uncertainty
Analysis, Profitability Estimation Focused on Benefits, PEFB-method.

1. Introduction

Literature just like practice shows that capital budgeting has not always
distinguished strategic types of investment (Graham & Harvey, 2001).
Latest advances in research give evidence that there is substantial need
for distinction in strategic investment decisions (Alkaraann & Northcott,
2000). Strategic investment decisions (SID) are defined as

“(...) substantial investments that involve high levels of risk, produce
hard-to-quantify (or intangible) outcomes and have a significant long-
term impact on corporate performance.” (Alkaraan & Northcott, 2006)

In addition, Carr & Tomkins point out that there is also an effect on
the whole organisation regarding the competitiveness (Carr et al., 2010).
Typical examples for SID are companies’ mergers and acquisitions, e.g. a
new assembly line, advanced technology of manufacturing or the launch
of new software (Van Cauwenbergh et al., 1996; Slagmulder et al., 1995;
Accola 1994). Controlling the complexity and uncertainty surrounding
strategic investment decisions presents particular challenges to the man-
agement (Alkaraan & Northcott, 2006; Dempsey, 2003; Slagmulder, 1997).
For this reason, an efficient information search and evaluation is necessary
(Preif3ler, 1991). Especially for the evaluation of accounting SID, there is
a need to pay more attention to scenario-based techniques (Cornelius et
al., 2005; Alessandri et al., 2004; Miller & Waller, 2003). Thus, SID have a
greater need to pay attention to probability of occurrence (Martzoukos &
Trigeorgis, 2002). Field studies give evidence that traditional profitability
analysis to assess SID is supplanted by substantial sophisticated techniques
in terms of linking qualitative and financial aspects (Alkaraan & Northcott,
2006; Adler, 2000; Slagmulder et al., 1995). While the quantification and
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assignment of cost is examined extensively, there are less methods for
the quantification and assignment of long term benefits (Schonheit, 1996;
Zangemeister, 1994). New sophisticated techniques face this challenge for
the quantification of benefits and the estimation of their impacts within

an efficient information system.

2. Methodology Review

Indeed, most research has aimed at facing the question as to which
analyses are being used to assess SID (Sandahl & Sjorgren, 2003). One
method commonly used for SID is the Discounted Cash Flow (DCF)-
Analysis (Pike, 1996) (1). The DCEF, also known as present value (PV)
uses risk-adjusted discount rates (r) to monetise the time frame of SID
(Allemann, 2002; Adler, 2000; Slagmulder et al., 1995). The cash flows (c)
are separated by their period of time (t) (for a detailed overview refer to
Brealey et al., 2011). To evaluate an investment, the initial negative cash
flow (Cy) is added and leads to the Net Present Value (NPV) (2).

T

Ce

PV = DCF = Zm (€))
t=1
Lo
_ _ 0
NPV = Cy+ PV = C,+ Z—(1+r)r @)

Accurate forecast of long-term measures cannot be made by compre-
hensively monetising (Ansoff, 1988). For instance, risk rises by involving
new technology (Demchek, 1992), dynamic feedback loops in the SID
(Paitch & Sterman, 1993) and a long forecast horizon (Webb, 1994).
Above all, DCF has been examined by using excessively high discount
rates compared to the market standard to assess SID (Adler, 2000). Due
to missing flexibility in monetising option values, DCF is most appropri-
ate in assessing non-strategic investment, where intangible elements and
risks are low (Pike, 1996). Finally, DCF is supposed to overemphasise on
the short term, exclude the non-financial benefits and neglect the assess-

ment of cross-functional and cross-departmental benefits (Adler, 2000).
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According to SID, neglecting long term effects may lead to wrong decisions
(Nitzsch, 20006). The issue is the lack in considering qualitative aspects.

An established method developed for decision support in the field of
economics, finance and psychology considering also qualitative aspects
is the utility analysis (UA) (Cascio, 2000). In terms of system technology,
UA is characterised by “organizing a multidimensional target system with
a set of complex alternatives in order to set preferences according to the
decision maker” (Zangemeister, 1976 - translation from German). This ap-
proach ensures that decision making process is performed systematically
and comprehensible by a person or team (Kaplan & Rubak, 1994). The
value in use of an option (Uj) for all potential circumstances (s) is defined
by a weighting (w,) of the partial utility values (u;,) (3), provided that
the sum of the weights (w,) equals to 1 (4). However, the so-called value
synthesis of the part worth and the overall benefit requires a consistent
cardinal scale and implies independent benefits from the target system
(Zangemeister, 2000). Although it is important to estimate benefits, UA
uses non-monetary dimensions and may lead to standard errors due to

uncertainty (Alexander & Cronshaw, 1984; Alexander et al., 1986).

Ui = Z UizW, (3)

z=1

Yw=1

z=1

Since UA has become an established method (Holling, 1998), the
challenge is to combine the precise measures of TPA and the advantages
of UA (Reichwald et al., 1996). In particular, the investment decisions
are related to monetary assessable measures, but SID need to consider
non-monetary aspects as well. Hence, the need is to use classification
of direct, indirect and uncertain impact classes in a team assessment
(Pittermann, 1998). With respect to UA, an integration of a target system
with low complexity and mapping scenarios through the use of probabil-
ities increases transparency of the SID (Zangemeister, 2000). By the same
token, the support in different kinds of applications with little temporal

and personal expense is required (Weydandt, 2000).
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However, a method assimilating the precise measures DCF and the
assets of the Utility Analysis is required. In addition, a holistic perception
of the SID in order to quantify non-monetary aspects is needed. With
regard to the UA, the implementation of weightings in order to priori-
tise the sequence of investment is required. In compliance with these
requirements, the method has to use the accuracy of DCF as well as the
monetary evaluation dimension. Finally, the method has to be non-complex

and easy to perform, leading to less expenditure of time and less effort.

3. Profitability estimation focused on benefits (PEFB)-method

The PEFB-method (Savelsberg, 2008) is a holistic, participation-ori-
ented approach for the evaluation of costs and benefits of an investment
(Unger, 1998). This approach combines precise measures of financial
accounting with the usage of an interdisciplinary investment team to
reduce bias in decision making process for non-monetary aspects. By
assessing non-monetary aspects in an interdisciplinary investment team
with different kinds of hierarchical levels, the transparency through SID
is increased. Furthermore, the method requires less expense regarding
financial and temporal effort and is also transferable to other application
cases.

Based upon the utility analysis by Nagel (Nagel, 1988) and the profit-
ability analysis of IT-investment by Ott (1992), Weydandt (2000) expands
this approach for technical investment. Not only measurable monetary
factors are considered, such as costs and revenues, but also a quantifica-
tion of non-monetary aspects is included, such as time, quality, flexibility
or the enterprise environment (Strina et al., 2003). With regard to the
problem-solving process (Sell & Schimweg, 2002), Figure 1 shows an
overview of the PEFB-method (Jursch et al., 2010; Strina et al., 2003).

The PEFB-methods consists of seven steps, which are in detail:

1. constitution of the interdisciplinary investment team,

2. current situation analysis,

3. target situation analysis,
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compilation of measures,

4.
5. investment evaluation,

6. planning of actions and

7. reflection.

Step 1 is concerned with building a representative interdisciplinary
investment team consisting of involved executives and employees. Hence,
not only the affected departments are represented, but also the various
levels of hierarchy. This team will be responsible to conduct the whole
evaluation, implementation and reflection process. By building up an
interdisciplinary investment team and with the support of a facilitator,
a holistic view on the SID is ensured. Within the current state analysis
(step 2), skills and competencies inside the enterprise are identified.
Furthermore, by means of the target state analysis (step 3), the strategi-
cally, tactical and operational objectives of the project are identified and

noted in a specification sheet. Step 4 executes a compilation of concrete

measures to achieve the target state.

Constitution of the interdisciplinary investment team
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Figure 1: The PEFB-method (Source: Uribe, K. Henning, G. Strina:
Measurement of Participation-oriented Evaluation: NOWS. In: Knowledge
is Orange - Industry-Focused Applications of Knowledge
Management across Germany. 2004)
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In step 5, the investment calculation and evaluation is carried out
through four sub tasks (Strina et al., 2003). As shown in Figure 1, it
encompasses the classification of costs and benefits, the evaluation and
quantification of measures, visualisation of cost and benefits as well as the
investment decision. The method uses two different portfolios to classify
the measures. One portfolio for the benefit classification (see Figure 2)
and another for the cost classification (see Figure 3). Costs and benefits
of the investment are defined and assigned in terms of their impact on

the project as “direct”, “indirect” or “difficult to ascertain”.

Probability of occurrence
High Medium Low
> Direct 1 3 6
% E Indirect 2 5 8
g5 Difficult t
SR o [, 5
ascertain

Figure 2: Benefit portfoli

Probability of occurrence

High Medium Low
Direct 9 7 4
‘g Indirect 8 5 2
s -
Q g D1fﬁcult. to 6 3 1
ascertain

Figure 3: Cost portfolio

Direct costs or benefits are those which are related to the investment
so that the impact can be measured directly, e.g. acquisition costs or in-
crease of productivity. Accordingly, indirect costs or benefits are a derivate
from direct effects, for instance maintenance cost or increased quality.
Finally, “difficult to ascertain” costs or benefits contain effects which
can only be presumed, like demotivation of employees or improving the
image of the company. Moreover, the measures are classified regarding
their probabilities of occurrence into the classes high, medium and low.
Each cell of the matrix contains a so called risk level, reaching from 1 to

9. Meanwhile direct benefits with high probability are assigned with the
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risk level 1 (refer to Figure 2), the risk levels in the cost portfolio (see
Figure 3) are arranged contrarily. Hence, direct costs with high proba-
bilities are assigned to the risk level 9.

In the framework of the visualisation, the risk levels define a ranking
scale of measures (Nagel, 1988). After the classification and quantification
of the aspects, the filled cells of the matrix are aligned in two numerical
series. The overall benefits (B,) for a risk level (j) are computed from
the summation of the single benefits (bj) (5). The calculation of the
overall costs (Cy,) for a risk level (j) of the individual costs (cj) is done

accordingly (6).

The cumulated values are added according to their risk level scale
(Jursch et al., 2010; Strina et al. 2003). The value of each risk level is re-
corded in a risk oriented chart (see Figure 4). In relation to the possible
intersection situations, four general cases can be distinguished. On the
one hand, when the cost function is beneath the benefit function in all
nine levels, the investment is economically evaluated as recommendable
without restrictions. On the other hand, if the cost function is always
above the benefit function, the investment is evaluated as definitely
uneconomical. Finally, in the case of an intersection of both curves, an

interpretation of the risk-level is required.

A
Monetary
value -_____.............--o
l“‘ -
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Figure 4: Risk levels visualisation based on costs-benefits evaluation
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Investment scenarios with an intersection of both graphs in the risk
level 1 are the most economically reasonable (better). In terms of the de-
scriptive interpretation, the overall costs are exceeded by direct and highly
probable benefits. According to the alignment, if the intersection point is
located to a greater extent to the left of risk level 5, the investment is more
recommendable. Contrarily, the worst economically reasonable investment
scenario is a location of the intersection point at the risk level 9 (worse).
Hence, direct and highly probable costs go beyond all possible benefits.
Thus, the investment is getting worse exceeding benefit risk level 5.

In step 6 (planning of action or implementation — depending on
the results of the assessment), the next actions towards the investment
decision are determined. In particular, the advice for the evaluation of
strategies is directly incorporated into the transfer process. Finally, the
interdisciplinary investment team appraises the experiences gathered dur-
ing the process step 7. Accordingly, in the reflection phase a review of
the whole investment evaluation process is carried out and appropriate

recommendations are made.

4. The experimental design

In general, there is a substantial need to assess also long-term effects for
the evaluation of SID, thus an estimation of the probabilities of occurrence
is used. This estimation is realised in PEFB-method by an interdiscipli-
nary investment team. The team consists of different hierarchical levels
with various attitudes towards the SID. Due to the various attitudes, an
effect on quality of the results is supposed. Thus, in order to investigate
the effect of verbal probabilities in the context of personal affection, a
survey was conducted. According to the used probability terms of low,
medium and high in the PEFB-method, the definition of the boundaries
regarding the used probability terms has to be analysed.

H1: The perception of risks in investments is influenced by personal
affection in group decisions which leads to a bias in probability evalua-

tion with regard to the low and medium boundary.
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H2: The perception of risks in investments is influenced by personal
affection in group decisions which leads to a bias in probability evalua-
tion with regard to the medium and high boundary.

The Participants were recruited randomly and the duration of the survey
was about 10 minutes. Furthermore, the participants’ social demographical
background, like age and profession were assessed. Within the 24 items
of the survey, 14 items were related to investigate the bias in probability
assessment due to personal affection. The risk attitude was assessed by a
point scale (I1=risk-averse, 5=risk seeking). Furthermore, personal affection
was assessed by four items on an open scale. The following questions
are examples of items to determine the personal affection.

Q1 (investment_small): Imagine you buy an electric pineapple peeler
for kitchen use. With the help of this device, you expect to peal fast and
easy. Moneywise, you take no financial risks. For you, what would be a
low, medium respectively high probability to satisfy your demands or to
be dissatisfied with your investment?

Q2 (investment_big): Imagine you buy a large tenement with the goal
of economic success in the long-run. The rents received ought to contrib-
ute essentially to your financial security in your retirement. Financially,
you take a risk by buying. For you, what would be a low, medium re-
spectively high probability to regard the investments not profitable (e.g.
by building an incineration plant in striking distance to rental property,

high vacancy, high repair costs etc.)?

5. Results

Table 1 shows detailed information regarding the number of partic-
ipants (N), mean value (M) and standard Deviation (SD) of the survey.
The majority of the participants are employees (40.9%) or students with
a master degree (31.8%) followed by executives (14.5%). The average age
of the participants was 32.55 years (SD = 11.62).

Most of the participants stated that they are risk-averse in general, al-

though their attitude towards risks of everyday life is associated with risk

258



seeking. An exception is formed by the attitude towards risks of natural
forces by high risk aversion. Average measures in sample for investment
without personal affection show boundary values for low to medium of
32.26% and 68.75% for medium high probabilities. This results decrease
for personal affection to the boundary value of low to medium to 26.49%

and for the boundary value of medium to high to 57.51%.

Table 1: Descriptive data of the study variables

variable N M SD

Attitude towards risks 110 2.23 1.17
Attitude towards risks of everyday life 110 3.48 1.12
Attitude towards risks of natural forces 110 2.07 1.12
Investment boundary low to medium 110 32.26 13.85
(low personal affection)

Investment boundary medium to high 110 | 68.75 16.02
(low personal affection)

Investment boundary low to medium 110 26.49 15.48
(high personal affection)

Investment boundary medium to high 110 57.51 19.96

(high personal affection)

To test the hypothesis, an independent-sample /-test was conducted.
Table 2 shows the results of the analysis with regard to the boundaries

of mean value due to personal affection (PA) and the t-test (t).

Table 2: Results of independent-sample t-test for investment risk
at low to medium and medium to high level in dependence
on personal affection

variable N M (PA =low) M (PA = high) t
Investment risk low to medium level 110 32.257 26.494 2.911%*
Investment risk medium to high level 110 68.751 57.5055 4.609%*

Significant differences in perception of investments risk at low to me-
dium (¢ = 32.257, p <.001) as well as medium to high level (t = 26.494, p
<.001) were found. As proposed in hypothesis 1, people that are perso-
nally affected differ in their estimation of investment risks from low to
medium boundary in comparison to participants that are not personally

affected. In fact, people also differ in the estimation of investment risks
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from medium to high boundary in comparison to not personally affected
participants. To that effect, applying PEFB-method entails some risks
regarding the validity of the results. These risks have to be considered

and eliminated by conceptual adaption.

6. Conclusion

Current research addressing the assessment of SID consistently demon-
strates that there is a need for more comprehensible methods. The focus
of these methods should rely on theoretically and adaptive approaches.
Identifying and evaluating the long-term effects under uncertainty and
risk is the main research challenge. Without knowledge about the effects,
forecasting and evaluation of SID will be hazardous. One way to meet
this challenge is applying the PEFB-method.

The contribution of this paper is the examination of the PEFB-method
regarding the conceptual design and the challenges in applying for
SID. In particular, the findings of the survey give evidence to a bias
due to personal affection regarding the classification of occurrence
probabilities. Within the scope of the PEFB-method, wrong alignment
of probabilities under the assumption of fixed cost benefit components
lead to an average bias of 2.6 risk levels. That implies a movement
of the cost or benefit graph by the same amount of risk levels. This
results in movement of the intersection point and the results of the
method as well.

The findings of this study induce some critical reflections. These critical
reflections are related to a superordinate and a method-orientated frame of
reference. Within the scope of critical reflections to superordinate aspects,
the interdisciplinary investment team are just interacting components.
Owing to the psychological phenomena of “Groupthink” (Mullen et al.,
1994) the conformity of the group is weighted higher than the result of
the assessment. Besides these facts, there are also interrelations among
the interdisciplinary team, like the impact of hierarchies, know-how and

practical knowledge. In particular, personal commitment related to the
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company and the SID as well as professional experience may promote
bias in probability estimation by group decision.

Furthermore, within the method-oriented frame of reference unam-
biguous definitions of the SID result in inconsistent considerations.
Hence a fine grasp of every step of the PEFB-method just like a clear
instruction of the computational rule of the investment decision has to
be given. From that point of view, group discussion has to be managed
sensitively.

Further research should focus on setting up a new survey in order
to investigate the effects of facilitating the PEFB-method, the influence
of hierarchies and the impact of different know-how among the inter-
disciplinary investment team. To ensure the validity of the results of the
PEFB-method, an examination of the reliability is necessary. Currently,
validation workshops provide evidence that the proved bias due to per-
sonal affection is a systematic error. Therefore, future research should
focus on methods to eliminate this systematic bias through personal af-
fection. Possible methods might be algorithms to support group process
assessment and to ensure a common understanding of probability terms.
In particular, artificial intelligence (AI)-based methods like Markov chain,

Bayesian networks or a fuzzy-logic might be promising.
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