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Abstract

Case-Based Decision Theory (CBDT) is a method that achieves the tasks of
making decisions by imitating the thinking mode of human beings and
achieving relatively satisfying decisions with extremely limited information. It
is one of the most representative methods of behavioral decision theory. In
order to sort out CBDT systematically, this thesis presents the CBDT model
and its evolution systematically, and perfectly reveals the current application
fields of CBDT. This thesis also proposes the application prospect of CBDT in
the field of venture capital on the basis of summarizing the current evaluation
methods of venture capital projects.
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1. Introduction

In the past 70 years, behavioral decision theory has experienced three stages of
development: Expected Utility Theory, Non-Expected Utility Theory and Sub-
jective Expected Utility Theory with Ambiguity [1]. It has formed a set of rela-
tively perfect decision theory system. Its main approach is to make more satis-
factory decisions under uncertain circumstances. Case-based Decision Theory
(CBDT) is also a manifestation of behavioral Decision Theory. It uses the Ex-
pected Utility Theory (EUT) and the principle of Case-Based Reasoning (CBR)
for reference, introduces the similarity function of CBR and the utility level of
EUT. In the process of decision-making, CBDT better imitates the way of hu-
man thinking, that is, decision-makers make decisions based on past experiences
or similar situations on the cases they are facing at present. It doesn’t require
hypothetical reasoning, but requires the decision maker to be aware of the cases
he has encountered and the utility value of the results. Moreover, it is able to

make relatively satisfactory decisions with extremely limited information, which
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is the biggest characteristic that distinguishes from any other methods.

Although there are many literatures applying CBDT at present, there are very
few literatures systematically sorting out CBDT, which is not conducive to the
spread, development and innovation of this theory. Therefore, this thesis
presents the CBDT model and its evolution systematically, and perfectly reveals
the current application fields of CBDT. This thesis also proposes the application
prospect of CBDT in the field of venture capital on the basis of summarizing the

current evaluation methods of venture capital projects.

2. CBDT Model and Its Evolution

CBDT first appeared in Discussion Paper of Gilboa and Schmeidler in 1992, they
believe that a case-based approach can be adopted to make decisions under un-
certain scenarios, and propose an initial CBDT model [2]. CBDT divides cases
into three aspects: Problem, Act and Result. And it also introduces three impor-
tant concepts: Similarity, Utility Level and Aspiration Level. Respectively, they
are used to measure the similarity between the current and the past two cases,
the utility level of the past cases using the scheme and the overall expectation
level after the adoption of the scheme. The Aspiration Level is the sum of the
product of similarity degree and utility level, which is the decision basis of
CBDT [3]. The final choice of CBDT decision makers is to adopt the scheme that
maximizes the expectation level. Meanwhile, there are properties (hypothesis) of
comparability, monotonicity, continuity, independence and invariability of si-
milarity degree in CBDT model [1]-[7].

If the past solution has an impact on the evaluation of the current decision
cases, it is necessary to introduce the “Problem-Act Pairs”, with the requirement
of comparing the current Problem with the solution as a whole with the past case
when calculating the degree of similarity. If the decision maker has already
guessed each result in the case, the similarity of the results needs to be taken into
account. In some cases, the implementation scheme accomplishes not only the
immediate results, but also the possible completion of the next scheme. At this
point, CBDT is extended to accomplish the Case-Based Planning. In order to
preferably measure the similarity among cases and make more accurate deci-
sions, the basic CBDT model also derived two transformations: Averaged Simi-
larity and Act Similarity [3] [4]. The Utility can be measured in two ways: the
outcome tradeoff approach and the case repetition approach [5].

Gilboa and Schmeidler (1996) thought that there were two attributes of Aspi-
ration Level adjustment rules: Realistic and Ambitious. The attributes of Realis-
tic have the following characteristics: The Aspiration Level will be adjusted ac-
cording to the actual performance; The adjustment conforms to the principle of
“adaptability”; Adjusting the level of expectation is “optimal” in a sense. Ambi-
tious has two meanings: Static Ambition and Dynamic Ambition. Static Ambi-
tion sets the initial level of expectations relatively high depending on the context;

Dynamic Ambition means that decision makers never lose hope and the cycle of
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expectation level updates never stops. Gilboa and Schmeidler believe that the
Aspiration Level should be realistic and dynamic ambitious, because realistic will
make the Aspiration Level converge to the local optimal, and dynamic ambition
plays the role of “noise”, which will make decision makers choose actions that
seem inferior, but converge to the global optimal in the long run [4].

Zeng et al. (2007) thought that each different Action had different impacts on
decision-making and should be given different Weights. Based on this, they
proposed the concept of Case Similarity with Alterable Weights and tested the
technical status of cars in accidents [8].

Despite its realistic adequacy, CBDT has not been empirically tested frequent-
ly, especially in the case of repeated decisions [9]. Therefore, CBDT needs to be
constantly improved and normalized, both theoretically and practically. Ossad-
nik et al (2012) conducted an experiment with colored spheres to empirically
analyze the CBDT theory, and the results showed that the decision-making of
CBDT was highly effective, which also verified the adequacy of CBDT in reality
in the case of repeated decision-making with unknown structure [9] [10].
Grosskopf et al. (2015) accomplished the experiment of monopolistic deci-
sion-making with extremely limited information in the CBR (Case-Based Rea-
soning) and CBDT situations respectively, and the results support the prediction
of CBDT, especially in the case that timely feedback cannot be achieved [11].
Pape and Kurtz (2013) tested the efficacy of CBDT by using a set of benchmark
questions from psychological experiments of human classified learning (Shepard
et al, 1961) [12]. The results showed that CBDT could accurately predict these
problems and empirically tested the effectiveness of CBDT [13]. Guilfoos and
Pape (2016) applied CBDT to the repeated prisoner’s dilemma problem to pre-
dict people’s cooperative behavior, which empirically tested CBDT [14]. Bleich-
rodt et al (2017) verified the observability and falsifiability of CBDT through
two real estate investment cases [15]. Kinjo et al (2014, 2017) believed that un-
der certain assumptions, CBDM (case-based Decision Model) could be con-
verted into IPM (Idea Point Model), which was verified by data from Japanese
TV series, and the results were quite consistent [16] [17]. Zhou et al (2003)
proposed a double-layer CBDT fuzzy decision making method based on proba-
bility theory and case-based reasoning, and used the case of movie watching de-
cision to verify it [18]. Han ef al (2016) proposed a mixed multi-attribute case
decision method based on Regret Theory, and verified the rationality of the me-
thod by using the PX project case [19]. Krause (2009) proposed an improved
model of CBDT, that is, people can make decisions based on their past expe-
riences and those of their neighbors, and its effectiveness was tested by Monte
Carlo Model [20].

3. The Application Area of CBDT

CBDT is currently used in a wide range of fields, such as social learning, cus-

tomer theory, product theory, new product development, emergency manage-
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ment, financial market and so on.

Blonski (1999) introduced CBDT into the field of Social Learning. In his
model, similarity represents social structure, and he tested the effect of social
structure in the process of selecting the best. The results showed that different
similarity functions represent different stable states which can positively or ne-
gatively affect the process of Social Learning [21].

Gilboa and Schmeidler (1993, 1997), Gilboa and Pazgal (2001) introduced
CDBT into Customer Theory. Gilboa and Schmeidler (1993) proposed the
Case-Based Consumer Theory. They found that when the aspiration level is rela-
tively low, customers tend to choose the corner solution (non-optimal solution)
because they take satisfactory decisions. When the expectation level is high, cus-
tomers will keep switching between products, and their relative frequency will
converge to an internal point [22]. Gilboa and Schmeidler (1997) showed that if
the degree of similarity between products is positive, it means that these two
products are complementary to each other; on the contrary, if the degree of si-
milarity is negative, it means that these two products are substitutes for each
other [23]. Gilboa and Pazgal (2001) used a random utility function, and their
study found that high expectation level would lead to brand switching behavior
[24].

Eichberger, Guerdjikova (2011), Malik et al (2010) brought CBDT into the
field of climate change. Eichberger and Guerdjikova (2011) constructed a tech-
nical adaptation model for climate change [25]. In Malik et a/ (2010)’s study,
CBDT is used to make policy decisions in the context of climate change, and
even how individuals use past experience to make decisions in the context of
climate change, such as farmers planting trees, etc. [26].

Jahnke et al (2005) applied CBDT to Production Theory. In their paper, the
company needs to make decisions on product price and production capacity in
the case of distorted demand function or lack of cognition of demand function.
Jahnke ef al. constructed an adaptive decision-making process based on CBDT
and finally verified that the decision maker would eventually find the optimal
solution [27].

Some scholars have also applied CBDT to the field of new product develop-
ment and product conceptual design. Li (2015) et al. introduced CBDT into the
optimization of risk response schemes for new product projects, and verified it
with an example of a steel company developing high-grade marine steel plate
[28]. Hu (2013) combined CBDT with TRIZ theory. CBDT can be used as the
case base according to the contradiction matrix in TRIZ, so as to make better
decisions [29]. Wang et al (2009, 2010) introduced CBDT into the field of
product conceptual design and made an empirical analysis of cases of motor-
cycle engine design [30] [31] [32].

Some scholars have also applied CBDT to the field of emergency. Cao et al
(2016) introduced CBDT into the emergency contingency plan, and gave an
example of typhoon landing considering the emergency effect and cost [33]. Li et
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al. (2014) applied CBDT to the selection of emergency plan for gas explosion in
coal mine [34].

Guerdjikova (2004, 2005) introduced CBDT into financial markets, and his
main concern was the choice of portfolio and asset price. For a case-based in-
vestor with endogenous memory whose expectation level is “realistic and ambi-
tious” (Gilboa & Schmeidler, 1996) [4], his similarity function is concave, which
can always adopt an optimal portfolio [35] [36] [37] [38].

Other applications focus on road transportation, accident identification and
other fields. Zeng et al. (2009, 2012) established an early warning system for road
transport enterprise operation by using CBDT, which can provide Suggestions to
enterprise decision makers [39] [40]. Zeng et al. (2008, 2009) used CBDT to es-
tablish an intelligent identification system for the technical status of vehicles in
accidents, which provided help for the technical identification of traffic accidents
[41] [42].

4. The Research Status and Prospect of Venture Capital
Project Evaluation Method

There are many researches on venture capital project evaluation in academic cir-
cles. There are also many studies on evaluation methods, such as Risk Matrix,
Fuzzy Comprehensive Evaluation Method, Analytic Hierarchy Process, Neural
Network, Principal Component Analysis, Matter-Source Model and so on. These
methods evaluate the venture capital projects from some quantitative or qualita-
tive perspectives to construct the evaluation system or decision-making analysis
method, so as to guide people to preferably evaluate the venture capital projects.
However, these methods still have various limitations and defects among ven-
ture capital projects with high uncertainty and little information. Dang et al.
(2006) studied the risk assessment of venture capital projects and believed that
the method of risk matrix could be adopted. Based on this, the risk matrix of
venture capital project assessment was constructed and the basic process of ap-
plying this method was designed [43]. However, the risk matrix needs to judge
the risk impact and the probability of risk occurrence, which has certain subjec-
tivity and inaccuracy. Teng et al (2017) studied the risk assessment of private
equity investment projects and believed that the risk assessment system could be
constructed by using the Analytic Hierarchy Process (AHP) and Fuzzy Com-
prehensive Evaluation Method [44]. Qi (2008) proposed an evaluation system by
AHP method, and applied the system to ITAT venture capital projects [45].
Rostamzadeh et al (2014) used the fuzzy comprehensive evaluation method that
can be used for multi-objective decision making to help angel investors make
investment decisions [46]. Nevertheless, Fuzzy Comprehensive Evaluation and
AHP method need to score each index; the score itself is subjectivity to some ex-
tent. Yu (2005) adopted BP neural network method and proposed a risk assess-
ment model based on BP neural network [47]. Sun (2009) established a risk in-

vestment evaluation system based on BP neural network [48]. However, BP
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neural network method also needs to input the risk assessment of the project in
advance to make better decisions. Pan et al (2004) applied the Principal Com-
ponent Analysis (PCA) method in the evaluation of venture capital projects [49].
However, PCA also needs to input the judgment of project risk before clustering.
Meng et al. (2013) established venture capital project risk assessment model
based on Matter-Element Model and conducted empirical analysis. The results
showed that matter-element model could be effectively applied in venture capital
field [50]. Nevertheless, the Matter-Element Model also needs to learn about the
evaluation project, the specific risk and the degree of risk to evaluate the venture
capital project. Wang et al. (2002) proposed Expected Commercial Value (ECV)
method and established a decision model with ECV method as the core for ven-
ture capital projects [51] [52]. However, ECV method may be biased due to the
subjectivity of index weight calculation and the inaccuracy of the calculation of
discount rate selection.

Therefore, it is necessary to find a way to make better decisions with little in-
formation. And CBDT meets this need. CBDT can make “bounded rationality”
satisfactory decisions even when the possibility or state is not significant. It does
not need specific information of all projects given at the beginning, but only re-
quires the decision maker to know some projects he has made in the past, so as
to judge new projects and make relatively satisfactory decisions. It better reflects
the thinking process of people when making decisions. Therefore, it can be ap-
plied more appropriately in the field of venture capital project evaluation. To
sum up, CBDT is more general in the decision-making process, especially in the
field of venture capital with high uncertainty and little information. Therefore,
the application of CBDT in the field of venture capital has good research signi-
ficance and application value, and this is also a good extension and improvement
of CBDT theory.
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