CHAPTER V

METHODOLOGY

From the literature review in Chapter II, which introduced the methodology on
assessing the risk attitude, one of those methods is developed in this study to assess
the risk preference of the E&P firm.

There are two mainly methodologies used to estimate the risk preference.
First, asking or presenting the decision maker directly with hypothetical questions and
sécond, analyzing from a set of real decisions by analyzing the financial indicators of
the firm. The methodology applied in this study is to model the hypothetical
investment decisions in the form of questionnaire and then present directly to the
decision- maker in the firm. This chapter illustrates the methodology adopted in the
research. In this chapter, the assumption, the creation of the questionnaire and the

computations are demonstrated in detail.

5.1 The details of the questionnaire

The questionnaire comprises two parts. The first part is the data of the
samples. This part needs the samples to specify their job position, the value of the
prospect, the probability in both successful and failed outcomes. The second part, the
main body of the questionnaire, consists of independently twelve risky investment
prospects which are different in probabilities and payoffs with six discrete working
interests. The outcome of each prospect leads to success and failure as a final
outcome. The value of the outcome is represented in NPV million dollars in order to
provide the same comparison unit among the prospects by setting the payoff of the
successful outcome as NPV gained and the payoff of failure as the NPV cost of the
prospect. Each prospect has six discrete % working interest ranging from 0% to 100%

which are 0%, 15%, 25%, 50%, 75% and 100%.

5.2 Sampling

The samples are a group of people in the middle management in E&P firm in

Thailand. They are categorized into two groups as the followings:
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5.2.1 Group A is a group of people in the management level. The personnel in
this group experienced in decision making and have the authority to make a decision
according to their responsibility in the firm. This group consists of 10 managers with
specific budget amount in different department.

5.2.2 Group B is a group of people in the technical level. The personnel in this
group never experienced in decision making in their normal responsibility and do not
have the authority to make a decision in the firm. This group is sampled in order to
examine their risk preference behavior since this group is likely to be promoted to the
management positions in future. This group consists of 5 analysts, 4 coordinator

projects, and 4 engineers.

5.3 Instructions to the samples in test

The samples are presented with twelve risky investment prospects. And then
the samples are asked to complete the questionnaire as a corporate decision maker by
selecting the preferred working interest participation in each prospect within the given
budget. Before completing the questionnaire, the samples are described about the
concept of the risk aversion and the objectives of the questionnaire in detail.
However, since most people would never sense the distinction between the course of
action that a probability of 0.90 of success and another that had of 0.95. Therefore the

samples also have to be made clear in this point.

5.4 Assumption

There are extensive studies which have provided strong evidence that the
majority of decision makers are risk averse to some degree, so the concave downward
preference curves are the most commonly observed in practice (Macmillan, 2000).
This concave preference curve can be represented with various mathematical forms as
described before in chapter IIl. Our development is based on the exponential utility
function because of its mathematical tractability, the convenient interpretations of
degree of risk aversion in the form of risk tolerance parameter, and its common use in
practice. Therefore the samples are assumed to have risk aversion preference which

can be represented by the exponential utility function.
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5.5 Creation of the questionnaire

The methodology of firm’s risk tolerance assessment here is adopted from
Walls (2005). Walls determined the RT of the group of mangers in E&P firm by using
the survey. In this study, the form of the questionnaire is similar to the survey of
Walls but the creating method and the computation of RT are totally different. Walls
created the questionnaire by imitating the types of risky investment opportunities. The
questionnaire of Walls is designed to replicate the types of decisions that the
respondent would face. However, how he designed the questionnaire does not know
exactly.

In this study, the questionnaire is constructed based on the assumption of
exponential utility function. And since the exactly typical projects that the samples
face in their normal decision making do not know, so the risky investment projects
presented in the questionnaire are modeled based on the assumption of exponential
function. The risky project presents to the samples is in a simpler form than the
project that the samples deal with in their normal decision making in order to reduce
the complications in the thinking of doing the questionnaire.

5.5.1 Setting up the data of the questionnaire

First of all, the budget is set as an average of all samples at 30 million
dollars since the sum of loss of all risky projects are created to double approximately
of this quantity. Next, the scale of the prospects is set in the range 12.5 — 100 million
dollars to cover the range of typical risky projects that the samples would face in their
normal decision making. And the probability of success is set in between 0.00 — 0.50
because the risky projects fall in exploration and development phase that the
probability of success of the project usually does not exceed 0.50 and the probability
of failure is /-probability of success. Each risky prospect consists of two outcomes
which are success and failure. Figure 5.1 shows the characteristic of the hypothetical

investment project presented to the sample.
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Figure 5.1: The typical risky prospect presents to the sample.
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The successful outcome leading to gain certain amount of money whiles

the failure leading to lose that cost of the prospect.

5.5.2 Creating questionnaire step by step.

Since the questionnaire is constructed based on the assumption of
exponential utility function, so all risky projects presented in the questionnaire are
modeled to achieve the concave curve of exponential function. Firstly, we need to set
the base prospects to draw the outline of the exponential concave curve, and then the
other prospects are modeled to coincide within this preliminary concave curve by
setting the probability and payoffs of each prospect within the range that already set
before. The successful payoffs are fixed as 12.5, 15, 20, 22, 35, 40, 45, 55, 70, 80,
90,100 million dollars within the range that we set before (12.5 — 100 million dollars).

The first three base prospects are set as a base prospect to obtain the
preliminary concave curve by selecting the successful payoff as 12.5, 55, and 100
million dollars as the smallest, medium and largest value of success. And then the
probability of success and cost of failure of each successful payoff are varied to give
the utility values which when plotting the utility curve result in a concave curve of

exponential utility function. The first three base prospects are shown in Table 5.1.

Table §.1: The data of the three base prospects.

Base Prospect NPV of Success Cost of Failure Probability of Success
A 12.5 -2.5 0.50
B 55 -20 0.50
C 100 -5 0.20

After that, the utility curve of those three base prospects are plotted by calculating the
utility values of those base prospects. Since the exponential utility curve is the plot
between x; versus u (x;) so the value of u (x;) needs to be computed (from equation
5.2). In order to calculate u (x;), the RT value is needed. That RT is computed from

equation 5.1.

n
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U(x) = RT(1-exp™"/) (5.2)

Base prospect A is taken as an example to demonstrate the calculations of RT and CE.
At certain working interest, the payoffs and the probabilities of the prospect 4 are
plugged in equation 5.1 to compute RT value which gives the highest CE value. The
RT is varied until obtaining the RT that yields the highest CE value since the risk
aversion decision maker making a decision by maximizing CE value. By this method,
the RT and CE are obtained (at certain working interest). Table 5.2 illustrates the RT
and CE calculations of prospect 4. We can see that at each selected % working
interest, we obtain the CE and RT value which corresponds to the selected working
interest. For example, if the respondent decides to invest in prospect A with 75% WI,
he values this risky prospect equal to 1.6981 million dollars in his mind and his RT of
this prospect at selected 75 %WI equal to 7 million dollars. Therefore we will obtain
the RT and CE for each selected %WI of all chosen twelve risky prospects.

Table 5.2: The CE and RT calculations of base prospect A.
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Then that RT which yields the greatest CE combined with payoffs of the prospect A at
selected working interest, let’s say at 75%, are plugged in equation 5.2 to compute a
utility value.

Therefore, by the method demonstrated above, we obtain the values of CE,RT
and u (x;) at each selected working interest of all prospects. The utility values of all
three base prospects are shown in Table 5.3.



Table 5.3: The utility values of the base prospects.
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Base Prospect Payoff Probability RT at 75% WI U (x;)
12.5 0.50 5.1658
A 7
-2.5 0.50 -2.1501
55 0.50 29.1059
B 55.51
-20 0.50 -17.2227
100 0.20 38.3562
« 49
-5 0.80 -3.8972

After obtaining the utility value of all three base prospects, the preliminary

exponential utility curve of those base prospects is plotted. Figure 5.2 shows the

preliminary utility curve of those base prospects.
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Figure 5.2: The preliminary exponential utility curve of three base prospects.

After the base prospects are set, we achieve the outline of the exponential

utility curve. The rest of the prospects are modeled to contain within this outline curve

by varying the value of failure or in some cases the probability of success of the

prospects at each fixed successful outcome which we already set at the beginning

until the concave utility curve of all modeled prospects are achieved.

Table 5.4 illustrates the summary of all twelve created prospects of the

questionnaire.
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Table 5.4: The complete twelve risky projects of the questionnaire.

Prospect | Value of Success | Value of Failure Probability Probability

(MMS) (MMS) of Success of Failure
1 12.5 -2.5 0.50 0.50
2 15 -2.5 0.20 0.80
3 20 -1.5 0.40 0.60
4 22 -71.5 0.25 0.75
5 35 -15 0.50 0.50
6 40 -11.5 0.35 0.65
7 45 -5 0.20 0.80
8 55 =20 0.50 0.50
9 70 -5 0.15 0.85
10 80 -71.5 0.20 0.80
11 90 -8 0.25 0.75
12 100 -5 0.20 0.80

At this point the complete questionnaire is already designed which when we
plot the utility curve of all created prospects at each working interest, we will obtain
the utility curves as shown in Figure 5.3 (the summary of RT, CE and u (x;) values of

all twelve created prospects are summarized in APPENDIX B).
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Figure £.3: The exponential utility curves of the created questionnaire.
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It is noted that the utility curve shown in Figure 5.3 is the plot of 75 %WI. The utility
curve of other working interests can be plot in the same way as described above.
Those utility curves at different working interests when plotted, have the same shape
as the utility curve of 75 %WI except that the slope is changed. That is how the
questionnaire is designed in this study. The questionnaires of both groups (Group A
and B) are in the same format but the scale and the probabilities of the projects are

different.

5.6 Calculations of risk tolerance (RT) and consistency measure (CM)
5.6.1 Calculation of Risk Tolerance (RT)

After obtaining the replied questionnaire from the respondents, the RT
and CM values of each sample are computed. The calculation of RT here is totally
different from Walls (2005). According to Walls, the RT is computed by calculating
the central tendency of all RT values obtained from each selected %WI of the
prospects to represent the RT value of the respondent. But in this study the RT is
determined by plotting the preference curve of each respondent, and then the RT is
determined from that curve fitting to the exponential utility model. By this method we
obtained the preference curve to represent the risk attitude of each respondent with the
RT value which represent the degree of risk aversion of the respondent and also the
degree of curvature of the exponential utility curve. An example of calculating RT is
demonstrated with replied questionnaire from sample B3. Figure 5.4 is the replied
questionnaire while Table 5.5 is the results from the replied questionnaire of sample

B3.
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Value of Choice
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Figure 5.4: The replied questionnaire of sample B3.

Table 5.5: Results of replied questionnaire of sample B3.

Prospect — 83. Analyst — -
X W RT Uil CE Eu
1 70 0.15 25% 210 11.87M | 06977 0.6863
-5 0.85 -1.2880
2 22 0.25 . 0.0000
7.5 0.75
3 35 0.50 L 0.0000
-15 0.50
4 15 0.20 0. 0.0000
-5 0.80
5 45 0.20 25% 155 7.999 0.5687 0.558
-5 0.80 -1.302
Py 55 0.50 75% 55.5 29.106 6.284 5.942
-20 0.50 -17.223
7 100 0.20 50% 325 25.5219 | 21757 30254
-5 0.80 -2.5987
8 20 040 L 0.0000
-7.5 0.60
9 20 0.25 50 70 26.0351 | J5011 106
-8 0.75 -4.2242
10 125 0.50 25% 4.8 22968 04554 04345
-5 0.50 -1.4279
1 40 0.35 L 0.0000
-11.5 0.65
12 80 0.20 25% 220 13,1364 1.0880 1.0615
-7.5 0.80 -1.9572
RT 786
g & T ] = j g

The CE column is the CE values of each selected %WI of each prospect
calculating from equation 5.1.
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*  The U (xi) column is the utility values of each selected %WI of each
prospect computed from equation 5.2.

. The EU is the expected utility values of each selected %WI of each

prospect which are computed from equation: EU = Z p,u(x,)

With selected % working interest, the implied RT and CE at that selected WI
of the project are assessed. It is noted that in the case of chosen 100 %WI, this causes
an unbounded solution. We cannot specify the exact value of RT in this case since the
respondent is 100% sure in that project with fearless to the money he would lose if
that project fails. In this case the solution is bounded by increasing the amount of loss
in the prospects that the respondent selected 100 %WI until he changed his choice to a
bounded solution. In this case, sample B3 seleeted 100 %WI in prospect 10, so the
failed payoff of this prospect increased to -5 million dollars and then sample B3
changed his mind to participate only 25 %WI in this prospect. Therefore, the RT, CE
and u (x;) are calculated based on this changed payoff of the prospect.

And in the case of 0 %WI, this causes a value of CE equal zero. This can be
illustrated by considering the following calculation of selected 0 %WI in prospect 2.

—RTIn] Zp, e W’/“)

=1

CE

—RT1n [(Olzse—zzyn%ﬂn“) & (07567 5% 0%/ RT )]
~RT1n[0.25¢%) + (0.75¢%)]
—RT1n[(0.25x1) + (0.75 x 1)]

— RT In(1)

=0

Evidently, selected 0% causes CE equal zero. However, in this case we cannot
determine the RT since the sample does not participate in this project.

Next, a preference curve of the sample is modeled by fitting the results from
the replied questionnaire to the exponential utility function by means of nonlinear
regression technique. The risk preference curve of B3 is drawn by plotting the values
of xi versus u (x;) and CE versus EU in the same graph as the risk aversion utility
curve shown in Figure 3.4 in chapter III. There are many available programs in the

market used to perform the data fitting. In this study, we utilize the SOLVER function
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of Excel program as a tool to do the nonlinear regression fitting exponential model.
The SOLVER function can fit data with nonlinear functions by employing an iterative
least squares fitting routine to produce the optimal goodness of fit between data and
function. The SOLVER (Brown, 2001) fits the data with the exponential utility
function model which has the mathematical form defined before (equation 5.2) by
determining the value of RT fits with the data. Figure 5.5 is the curve fitting of sample
B3 with SOLVER function (actually, the nonlinear regression of SOLVER technique
is verified with the DATAFIT program to assure the results from SOLVER method.
The results from both methods are really close together).
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Figure 5.5: The fitted curve of the exponential utility model of the sample B3.

Therefore, the preference curve' of the sample is drawn by curve fitting model
with exponential utility function. Then the result of RT, which is assessed by curve
fitting method, is 38 million dollars. However, by using Walls’ method, the value of
RT is computed by calculating the central tendency of all RT values obtained from
selected WI of each selected prospect. The RT calculated from Walls’ method is 22
million dollars. The values of RT determined from these two methods are relatively
quite different. However, Walls’ method is kind of an average way which is based on

'The preference curves of all respondents are shown in APPENDIX C.
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linear algorithm but in this study the RT is determined based on the exponential utility

model which is a concave curve.

5.6.2 Calculation of Consistency Measure (CM)

The CM is calculated to determine how a person can preserve in his
financial risk taking. The CM is similar to a statistical term known as a coefficient
variation. It is a measure of a dispersion of data points around the mean calculated
from standard deviation divided by mean. Since in this study the RT is assessed from
the curve fitting method, therefore we utilized that RT value to compute CM rather
than using mean RT. The CM can be used to compare the degrees of variation of RT
values to compare the relative consistency in risk-taking by the respondents in this

study. The CM in this study is calculated as follows:

cM - SD of RT (from curve :ﬁtrmg) (5.3)
RT ( from curve fitring)

From sample B3, the standard deviation of RT is 18.61 and the RT from
nonlinear regression is 38 million dollars, therefore the CM is approximate 0.50. The
calculation of CM in this study is quite similar to Walls’s, except that the RT is
acquired from the curve fitting and then utilized in equation 5.3 to compute CM value

rather than using the mean RT in the Walls’s method.

In summary, the questionnaire is created to determine RT of the samples in
E&P firm as well as their CM. The questionnaire is constructed based on the
assumption of exponential utility function. The samples divided into two groups
which are the group of managers and the group of analysts, coordinators and engineer.
In term of decision making, group B has never experienced nor has authority in
making a decision. This is some limitations of sampling. However, we can think of
this group in term of future potentiality of being a manager in advance. The
questionnaire consists of twelve risky prospects with six discrete %working interests.
Of each selected % working interest participation in each prospect, the RT and CE of
each selected working interest in the selected prospects are obtained. And then the
RT of each sample is assessed by fitting the preference curve to the exponential utility

function. The results are modeled to the exponential utility curve by utilizing
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SOLVER function to do the nonlinear regression model. Finally, the CM is computed
from the standard deviation of RT divided by the RT determined from curve fitting.
Therefore, the next chapter concentrates on the results of study which are the risk

tolerance and consistency measure of the groups of samples in E&P firm.
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