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An Experiment of Round-Robin Tournament by
Excel’s Macro

— Using 160 Students’ Data from Cournot Duopoly Game —

Abstract

I collected in-class experimental data of 160 subjects who played Cournot
duopoly gaine on May 10, 2001. In this paper, { use these data to run a
round-robin tournament of Cournot duopoly game. What type of strat-
egy or strategies can win in the round-robin tournament in the sense of
getting maximum payoffs? To the best of my knowledge, no this type of
experiment has been run for over 100 subjects. I can easily run the virtual
round-robin tournament of 160 subjects using MS Excel’s Macro. I find
that the best strategy is the repetition of the Couwrnot-Nash equilibrinm
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1 Introduction

For several years I bave been teaching undergraduate classes of industrial orga-
nization, I felt that students were difficult to learn the interdependence between
oligopoly firms within limited class time.

I find in the Jouwrnal thab utilizing in-class experiments such as Cournot
duopoly game can stimulate interest among many students. Such experiments
were conducted by Hemenway, Moore and Whitney{5}, Holt[6], Holt and Capral7)
and others.}

Recently, in this Journal, Bodo[l] used the computer software, MATHE-
MATICA, to program and run the round-robin tournament for the Iterative
Prisoner’s Dilemma game using 19 strategies (including 18 students’ strategies
and one random strategy). He confirms that the Tii-for-Tat strategy is the
best payolf maximizing in the Iterated Prisoner’s Dilemma gaime in his in-class
experiment.

I used in-class experiment of Cournot duopoly game so that students could
or mighi have feelings of interdependence of duopoly. 1 conducted an in-class
experiment of Cournot duopoly on May 10, 2001.2

I collected data of 160 subjects who played Cournot duopoly game. There

" Games Economists Play: Non-Computerized Classroom-Games for College Economics™
by Greg Delemeester and Jurgen Brauer [URL: http://www/marietta/edu/ delemeeg/games}
shows 113 classroom experiments. However, the case involving more than 160 subjects is not

reported jn it. See, also, Rubinstein{9].

2The experiment was done in my undergraduate class of Industrial Organization at Qtarn

University of Commerce.



were some students who could not understand the instructions no matter how
clearly the instructions were written on or how carefully I explained the in-
structuions to them. After pairwise tournamens, I had one idea: what type of
strategy or strategies are the payoff maximizing if I could conduct a round-robin
tournament using students’ strategies? If I conduct the round-robin tournament,
1 thionk these disturbances will be disappeared on average. So I tried the ronad-
robin tournament using 160 students’ strategies. Their strategies have much
variety of strategies.

Remembering that the Tit-for-Tat strategy is the best one in the Iterated
Prisoner’s Dilemma gaime, I guess that repetitions of Cournot outcome (Cournot
equilibrium quantity) would be the best or effective strategy for the round-robin
tournament of Cournot duopoly game because there are so many types of strate-
gies, indeed, 160 strategies in my experiment. To coufirm my estimalion, I used
the computer software, Excel’s Macro, to programm and run the tournament.?

In this paper, 1 use these data to run Cournot duopoly game of all possi-
ble pairs inchiding herself or himself on the computer. This is a round-robin
tournament. What type of strategy or strategies can win in the round-robin
touman}ent in the sense of getting maximum payofls?

To the best of my knowledge, no this type of experiment has been run for
over 100 subjects. I can easily tun the virtual round-robin experiment of 160
stibjects using MS Excel’'s Macro. T find that the best strategy is the repetition

of the Cournot-Nash outcome {Cournot-Nash equilibrium quantity) of one shot

31t makes the simulation of the round-robin tournament relatively simple and very fast.



Cournot duopoly game.

The remainder of the paper is organized as follows. In Section 2 I present a
Courpot duopoly model and its property. Section 3 presents the procedure in
the in-class experiment. Section 4 presents a summary of results in the in-class
experiment. In Section 5 1 show the Excel’s procedure to exert a round robin
tournament vsing the in-class experimental data. In section 6 the resulis of
round-robin experiment are summarized. Section 7 presents some remarks on
my results and other remaining problems. All related materials are gathered in

Appendices.

2 Cournot Model and Notation

1 consider two firmus that produce homogeneous good, or perfect substitules.
The quantity produced by firm 1 is denoted by ¢ and Q9 is the quantity
produced by firm 2.

Let cost functions of both firms be Ci(Q1) = @1 and C5(@2) = @2, respec-
tively. The market demand function is given by Q@ = 37—p, where @) denotes the
market demand for the good and p its price. Thus the market-clearing price,p,
is given by

p=37—(Q1+ Q) (1)

This relation shows the inverse demand function, namely, demand curve.

5



Then I can calculate profits (my and m2) accrued by both firms as follows:
m(Q1, Q2) = {36 — (Q1 + Q2)}h (2)
mo(Q1, @2) = {36 — (Q1 + Q2)} Q2 (3)
The payoff matrices in the appendix A are produced by this rule.*
The reaction functions for the both firms are
Q1 =71(Q2) = (36 — Q2)/2 (4)

Q2 =72(Q1) = (36 — Q1)/2 (5)

Then, the Cournot-Nash equilibrium quantity is the pairs of (@1, @2), namely,
Q) =12 (6)

Qa =12 (7)

I also get the Cournot-Nash equilibrium profit pairs® of (m1(12,12), m5(12, 12)):

m (12,12) = 144 (8)

m(12,12) = 144 (9)

One can easily see that the collusive outcome makes good performance of profit
pairs (162, 162) but this case is prohibited by present game rule.® The collusive
outcorne provides more profit pairs than the Cournot-Nash equilibrium pairs

of profit (144, 144). However, one can also find that you can do more good

40nly part of these figures is listed in the quantities from 7 to 19.
58ee any standard Industrial Organization texf, game theory text or Uzawal1l}.

SSome pairs seein to be making collusive behavior. However, ihese are irrelevant to my

experiment of round-robin tournament.
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performance {182) producing 13 or 14 than making commitment to produce 9
if your partner or opponent commits to produce 9. This game is a type of the

Prisoner’s Dilemuna.”

3 On procedures in class room experiment

First 1 distribute two copies of payoff tables and the form listed in Appendix
A. Next, | explain the purpose and content of the experiment and let students
read them. I persuade students to keep the following rule, in particular:

Don’t talk or negotiate with each other.

1 will give you the extra credit points according to your performance.®

Students are paired with her or his neighbors in the seat and one student
plays as the role of firm 1 and the other student plays as the role of firm 2. For
checking the pairs, student writes lower 3 digit number of partner or opponent
student’s 1D in addition of her or his own ID number. Students do not know

the nuxmber of games they play in advance.”

In the first period, student writes a number in her or his sheet and let the

nurnber to know her or his opponent by my signal. She or he writes oppovent’s

7See Poundstone(8] for Prisoner's Dilemma and Holt and Capral7] for treatment with it in

experimental econormics.
8The real reward is to add the credit points of 1% of accumulated payoffs in the 6 periods.
IMany students expected game would be stopped after 6 periods because there are only

six cells in the sheet (see Appendix A).

-1



number in the appropriate place. Payoffs are checked and wrote in the payoffs

cell.!® The first period ends.

The second period starts and proceeds in the same way. I conducted six pe-
riods without letting themn know the last period. Then, I collected the (possible)

paired sheets.

4 Summary of two-players’ Cournot Game

Lidentified the eighty three pairs’ sheets for 166 students by checking the lower 3
digits coding. I exclude two pairs’ sheets for 4 students in the following analysis
because there are many inconsistencies with numbers in the paired sheets. And
I exclude one more pair’s data for 2 gtudents because they used different payoff

table to make her or his decision.l!

Finally I collected data of eighty pairs for 160 students and basic results sre

as follows. 12

Table 1: Two players’ performance in paired case

Average period’s payoils 132.4

Standard deviation of payoffs | 38.6

101 fact, there are more than ten cases in which they did mistakes of counting payoffs.

These cases are corrvected by MS Excel.
1 0pe subject wrote it at the margin of the sheet.

12 Average is 7.94 and its standard deviation is 1.10 for extra points.
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Table 2: Average and standard deviation in quantity(Q) and payoffs(w)

period 1 | period 2 | Period 3 | period 4 | periad 5 | period 6

Quantity | Average 12.9 13 13.7 14.1 4.1 14.4

S.D.* 2.7 2.6 2.7 3.1 3 3.1

Profit Average 139.1 139.7 137.3 125.5 126.9 121.3

SD.* 33.8 32.8 30.8 37.6 43.4 46.8

* S5.D. means Standard Deviation.

From Table 2, I make Tables 3 and 4 for easy comparison between collusion
outcome and the Cournot equilibrium. As expected, students chose best re-
sponse quantity(14) to the collusive outcome (9) with high probability instead
of choosing the collusive outcome (9) or Cournot equilibrium (12) as the period
proceeds to expected end period (See the Table 3 or Figure 1). Table 4 and
Figure 2 show the comparison between profits of collusive outcome, Cournot
equilibrium and classroorn experimental outcome. You can find that there re-
mains near the Cournot equilibrium until period 3, but that they diverge from

collusive outcome and Cournot equilibrium after period 4.7

131% can be seen from these dafa that subjects chose the best respouse in quantity because
she might think this was the only last period of game. The quantity chosen is more than

collusive outcome {9) and Cournot equilibrium (12).



Table 3: Quantities(@)} in collusive outcome, Cournot equilibrium and experi-

ment
cases | period 1 | period 2 | period 3 | period 4 | period 5 | period 6
Collusive outcome 9 9 9 9 9 9
Cournot equilibrium 12 12 12 12 12 12
Experiment Average 12.9 13.0 13.7 14.1 14.1 14.4
S. Do 2.7 2.6 2.7 3.1 3 3.1

* 5.ID. means Standard Deviation.

)

Figure 1: Quantity(Q) in collusive outcome, Cournot equilibrium and experi-

mental data
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Table 4: Payofis of collusion outcome, Cournot equilibrium and experimental

data,
cases period 1 | period 2 | period 3 | period 4 | period 5 | period 6
Collusive profit 162 162 162 162 162 162
Cournot profit 144 144 144 144 144 144
Experiment | Average 139.1 139.7 137.3 125.5 126.9 121.3
S.D.= 33.8 32.8 30.8 37.6 43.4 46.8

% S.D. means Standard Deviation.

Figure 2: Profits of collusive outcome, Cournot equilibrium and experimental

data
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5 Excel’s Macro for Exerting a Round-robin Ex-

periment on the Computer

You can input numbers of quantities chosen by students as in Table 5. For the

first student, you set student’s ID' in cell A15, and set quantity data in from

cells B15 to G15. The same processes proceed uutil last student. Namely, you

set last student’s ID in cell Al174, and set quantity data in from cells B174 to

G174,
Table 5: Input windows for quantities chosen by subjects
A B C D E F G H
12
13 Period 1 Period 2 | Period 3 | Period 4 | Period 5 | Period 6 Result
14 | Student 1.D. Q2 Q2 Q2 Q2 Q2 Q2 Average(a)
15 10 11 9 13 7 14
18 10 13 12 15 14 10
17 14 18 1 10 12 13
18 12 13 14 9 8 11
19 10 12 13 13 12 14
- 10 10 7 9 11 13
- 12 16 15 14 11 13
172 14 13 13 15 14 13
173 9 10 18 18 7 16
174 8 11 12 10 9 7

In the next step, you set items in as Table 6 for explanation.

In cell J14, you set "=AVERAGE(L15:Q174)" for getting her average profits

1 Of course, it should be secret. Here it is blank in Table 5.




against all students including herself. In cell J15, set "=AVERAGE(L15:Q15)”
for getting her average profits against one student.

Then copy cell J15 to cells from J16 to J174.

You set "=(36-(L14 + B15)) » L14” in cell L15 for getting first period profit
against one student.

Copy cell L15 to cells from M15 to Q15.

Copy cells from L15 to QL5 to cells L16 to QL7419

Next step is in order: Copy cells of A15:G15 to cells of K14:Q14, respectively.
Table 7 shows the copying process of cells of A15:B15 to cells of K14:L14.1¢ It
shows profits against 160 subjects in the cells of L15:L174. Her Average profits

are shown in the cell of J14.17

15 Because cells from L14 to Q14 in Table 6 contain null data at present, all cells except
average show zero. Average is not defined at present, so Excel shows #DIV/0! which means
"divide by zero error occurs.” But do not worry about it. If you set all data of your students’

choices, you get good results.
1814 is too fast to see the performance of Excel’s Macro.

1TNote that averages are computed for all periods. In this step, there are all zeros in profits

from period 2 to 6.
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Table 6: Windows for calculating payofls

J K L M N O P Q
12 period 1 period 2 | period 3 | period 4 | period 5 | period §
13 | Avernge{) | student [D Q1 Q1 Q1 Q1 Q1 Q1
14 | # DIV/o!
15 # DIV/o! 0 G o] 0 0 a
16 # DIV/0! 0 4 0 0 [ Q
17 | # DIV/0O! g 0 8} 0 0 0
18 | # Div/o! 0 0 0 0 0 0
19 | # DIV/¢! o] 0 0 0 0 4]
- # DIV/0! 0 0 0 G 4 o]
- # DIV/0! 0 o] 0 [y 0 9
172 | # DIvV/o! 0 8} 0 0 G [}
173 | # DIV/0! 0 0 0 0 [} 0
174 | # DIV/0! 0 Q 0 0 8} 0

Table 7: Some data for the first student who gets from the round-robin tourna~

ment

A B < D B F < H 1 h j4 L 144 N (] P Q
12 Round 134.0 Pd. Pd.2 Pd.3 Pd.a Pd.56 Pd.g
p ¥ Pd.l Pd.2 Pd.3 Pd.4 Pd.5 Pd.6 Hobin Av. 1D Q1 Qi Q1 Q1 Q1 Q1
14 1D Q2 Q2 Q2 Qz Q2 Q2 Av. 134.0 10 11 9 13 7 14
15 i 11 ] 13 7 14 134.0 145.3 160 154 162 130 164 112
16 N 13 12 5 14 10 134.1 160 132 135 104 5 168
17 i4 15 11 iG 12 ) H1 131.3 120 1190 144 164 119 126
18 i2 13 14 @ 8 11 145.3 144 132 117 182 147 154
19 1t 12 13 13 12 14 137 160 143 126 130 119 11z
20 10 wn 7 9 13 14 156.6 1640 166 184 182 126 126
21 12 i6G ih 14 11 13 119.3 140 949 108 117 126 126
22 H1 9 14 ] 10 9 164.0 160 176 150 183 133 182

1

0




Table 8: Some data for the first student who gets from the round-robin tourna-

ment
A i3 a D B P (¢ H k) K L N N 0 P Q
Round 134.0 Pd.1 Pd.2 Pd.3 Pd.4 Pd.h Pd.G
Pd.1 Pd.2 Pd.3 | Pd4 Pd.5 | Pa.G Robin Av mw Q1 [31 QL [} Q1 Q.
167 15 10 7 18 11 16 121.7 116 165 180 65 126 84
168 15 i6 10 19 17 14 10L7 116} uy 153 n2 84 112
164 13 14 12 14 p 3 13 1235 130 121 135 7 112 126
170 11 12 15 13 wn 14 130.8 130 148 kiil-d 156 133 112
171 7 11 18 14 ] 16 127.7 1960 154 81 117 140 84
172 14 i3 13 15 14 13 118.8 120 132 126 104 105 126
173 2] B 15 18 7 16 124.3 170 165 108 L1113 lli‘d 84
174 8 11 12 18 9 7 1G4.7 180 154 135 1649 1413 210

Table & also shows the partial data for

round-robin tournament.

Cells J14 and H15 show the average profits of 134.0 for the first subject.

the first student who gets from the

For the next subject, I can proceed in the same way: Copy cells of A16:G16

to cells K14:Q14. Then I get the average profits {cell J14) and copy it to cell

H16. The same steps go through until last subject (in this case, line 174). I

collect the result and copy it another cells (for example, cell A177). Then T get

one

result by sorting with profits.

Deleting student ID and sorting with average profits, I obtain the strategies.

In the Appendix C, strategies for 160 students are tabulated.

15




I make these processes using Excel’s Macro which is written in the Appendix

6 Summary of Round Robin Experiment

From appendix C, I reproduce (in part) strategies sorted by average profits in
the top twenties in Table 9.

It is very suggestive that best strategy is a repetition of quantity (12) in
Cournot equilibrium. You may check that better strategies are not deviate

from the Cournot-Nash equilibrium largely (see Appendix C).

I moke regression of average profits with quantity deviation from Cournot
equilibrium. because this deviation would be a proxy for divergence from the
Cournot-Nash equilibrium. The following results are obtained with 1% signifi-

cant.!®

profits = 141.6756 — 1.05164 dev (10)

(1542.275)(—115.684)

where, the sumber in parenthesis shows the student’s ¢.

181 use the "regressicn” of Excel’s tool for analysis.

16



Table 9: strategies sorted by average profits in the top twenties(in part)

Round-robin

Deviation from

tournament period 1 period 2 period 3 period 4 period § period 6 Cournot equilibrium
Standard
Average profit Rank | Quantity Quantity Quuntity Quantity | Quantity | Quuntity variation | deviation
141.5 1 12 12 12 12 12 12 0.00 0.00
141.4 2 13 12 12 12 11 11 0.50 0.71
141.3 3 1 i2 12 12 12 12 0.17 0.41
141.1 4 12 12 12 12 11 13 0.33 0.58
140.4 5 12 13 14 11 13 12 1.17 1.08
140.2 6 11 12 12 12 11 14 1.00 1.00
140.1 7 14 13 10 12 11 11 1.83 1.35
139.9 3 12 10 12 13 13 i3 L7 1.08
139.8 9 13 12 10 14 11 12 1.67 1.29
139.8 10 i2 13 11 12 10 14 1.67 1.29
139.7 11 11 11 10 13 11 13 1.50 1.22
139.4 12 13 14 12 14 13 13 1.83 1.35
139.4 13 13 i2 14 13 14 13 1.83 1.35
139.4 14 10 12 13 13 12 14 1.67 1.29
139.3 15 13 13 11 14 12 14 1.83 1.35
139.3 16 10 12 11 g 12 11 2.50 1.58
139.2 17 15 12 10 13 11 12 2.50 1.58
139.1 i8 12 13 11 15 1 i3 2.17 1.47
139.0 19 11 12 15 10 12 13 2.50 1.58
139.0 20 12 i1 10 14 10 13 2.33 1.53

where, quantity in the Cournot-Nash equilibrivm is 12(==36/3).

17




Table 10: Result of experimental performance

Maximum of average profits 141.5
Minimum of average profits 113.4
Average profits of all subjects 132.8

Standard Deviation of all subjects | 5.88

Table 11: Regression for profits with quantity deviation from the Cournot equi-

Tibxium.

Regression statistics

Multiple correlation R | 0.994149

R? 0.988332
Adjusted R? 0.988258
Standard error 0.637413
Samples 160

18



7 Concluding remarks

I use the in-class experimental data of Cournot duopoly game and run the vir-
tual round—robin tournament for 160 students’ data using MS Excel’'s Macro.
You can expect that these experiments are less time consuming and good per-
formance.

It is estimated that subjects who chose quantity of Cournot outcome could
not be defeated largely and ranked top twenties in the large population.

It is desirable that I, experimenter, should let them to choose carefully quan-
tities 1o the Cournot duopoly game because these data may be used in a round-
robin tournament in the future.”® What and how to play subjects do if they

know the final period of game in advance?

191y fact, 1 conducted under these conditions in my undergradunte class of Industrial Or-
ganization in 2002 academic year in which the rewards are given 30 % in the pairwise result

and 70 % in the round-robin tournament. These resulis will be reporied in another paper.
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"Appendices

A Payoff matrices and a student reporting sheet

When firm 1 produces 7
quantity, firm 1 gets 70 units of profit and firm 2 gets 190 units of profit. In
the same way, when firm 1 produces 19 units of quantity and firm 2 produces
8 units of quantity, firm 1 gets 171 units of profit and firm 2 gets 72 units of

units of quantity and firm

produces 19 units of

profit.
Table 12: Profit Table for firm 1
Firm 1’s quantity
7 8 9 10 11 12 13 14 15 16 17 18 19
19 70 72 72 70 G6 GO 52 42 30 16 QO -18 -38
18 Kidd S0 81 80 ks 72 Go b6 45H 32 17 0 -19
17 84 88 90 4} 88 84 78 70 60 48 34 18 [4]
16 91 96 99 1 100 G4 a6 91 84 75 64 5l 36 19
Firm2's 15 98 | 104 | 108 | 110 | 110 | 108 | 104 g8 90 0 68 64 38
14 1 106 1 112 1 117 | 120 § 121 120 1 117 | 1i2 1 1056 96 85H 72 57
quantity 13 112 120 1 1206 130 ] 132 | 132 130 | 126 120 112 102 90 76
12 1 119 | 128 | 135 | 140 | 143 | 144 | 143 | 140 | 13D | 128 | 119 | 108 95
11 {126 § 136 | 144 | 160 | 164 | 156 | 166 | 164 | 150 | 144 | 136 [ 126 | 114
10 1 133 ) 144 153 1 160 | 165 | 168 | 169 | 1683 | 165 | 160 | 153 | 144 | 133
g1 140 [ 152 | 162 | 170 | 176 | 180 | 182 | 182 | 180 | 176 | 170 | 162 | 152
81147 1160 | 171 | 180 | 187 | 192 | 195 | 196 | 195 | 192 1 187 | 180 | 171
T 1154 ] 168 | 180 | 190 | 198 | 204 | 208 | 210 | 210 | 208 | 204 | 198 | 190
Table 13: Profit Table for firm 2
Firm 1’s quantity
i 8 9 10 11 12 13 14 15 16 17 18 19
19 1 190 | 171 | 162 | 133 | 114 95 76 57 38 19 0| -19 | -38
18 | 198 | 180 | 162 | 144 | 126 | 108 a0 72 54 36 18 G| -18
17 | 204 § 187 | 170 | 1563 | 136 | 119 | 102 85 68 51 34 17 [§
16 | 208 1 192 | 176 | 160 | 144 | 128 | 112 96 30 G4 | 48 32 16
Firm2's 15 1 210 ] 195 1 180 1 165 | 150 7 135§ 120 4 105 90 7n [{{4] 45 30
14 1210 1 106 | 182 } 168 | 154 | 140 | 126 | 112 98 84 70 56 42
quantity { 13 1 208 | 195 | 182 | 169 | 166 | 143 | 130 | 117 | 104 91 78 [} 02
12 | 204 | 192 | 180 | 168 | 166 | 144 | 132 | 120 | 108 96 | 84 72 60
11 198 1 187 | 176 | 160 | 164 | 143 | 132 | 121 | 110 99 88 77 66
10 [ 190 1 180 | 170 | 160 | 180 | 140 | 130 | 120 | 110 | 100 a0 80 70
9 ] 180 | 171 | 162 | 153 | 144 | 135 | 126 | 117 | 108 99 90 81 72
81168 | 160 | 162 | 144 | 136 | 128 | 120 | 112 | 104 96 | 88 30 T2
7 ) 154 | 147 | 140 } 133 | 126 | 119 | 112 } 106 98 91 34 77 70
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Caution:
Please make pairs.

This is a student report sheet

Please determine who plays as Firm 1 and who plays as Firm 2. For example,

vou play as Firm 2 while your partner or opponent plays as Firm 1.

Do not consult with each other while making decision.
Extra points are added to your grade evaluation according to your

performance.

Please write down 3 digits number of studens’s ID. Your studens ID (
Name (

Player as Firm 1 (
Player as Firm 2 (

)
)

Table 14: A report sheet

Firm# )| Fom# ) { Frm# ) (Firm # ) (Firm # ) (Fiom # )
Your Partner’s Your Your Partner’s Partner’s
Quantity Quantity profit cumulative profit profit cumulative profit
period 1
period 2
period 3
period 4
period &
period 6

How do you determine your number of quantity? Please write down your
ideas in your (possibly, reverse side of) sheet when you make decision.




B Excel’s Macro

’saved as "macro-round_robin.txt" on December 8, 2001 by uzawa

Sub round_robin()

round_robin -2 Macro

revised as " round_robin -2" on August 11, 2001
saved as " round_robin " om August 10, 2001
coded on: 2001-8-10 by uzawa

> Keyboard Shortcut: Ctrl+a
’exert a round_robin experiment

For i = 1 To 180
Range(Cells (15 + i ~ 1, 1), Cells(1d + i - 1, 7)) .Select
Application.CutCopyMode = False
Selection.Copy
Range ("X14") .Select
ActiveSheet.Paste
Range ("J14") .Select
Application.CutCopyMode = False
Selection.Copy
Range(Cells(15 + i ~ 1, 8), Cells(is + i - 1, 8)).Select
Selecticn.PasteSpecial Paste:=xlValues, Operation:=xlNome, SkipBlanks:= _
False, Transpose:=False
Next 1
3
’copy the results and sort them by average profits
Range("A12:H14") .Select
Selection.Copy
Range ("A177") .Select
ActiveSheet .Paste
Range ("A15:H174") .Select
Application.CutCopyMode = False
Selection.Copy
Range ("A180") .Select
ActiveBheet.Paste
Application.CutCopyMode = False
Selection.Sort Keyl:=Range("H180"), Orderi:=x1Descending, OrderCustom:=1, _
MatchCase:=False, Orientation:=x1TopToBottom, _
SortMethod:=x1PinYin
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’delete student’s ID and show the strategies after sorting by average profit
Range ("B177:G339") .Select
Selection.Copy

Range ("L177") .Select
ActiveSheet.Paste
Range ("K179") .Select
Application.CutCopyMode = False
ActiveCell.FormulaRiCi = "order*
ActiveCell.Characters(1l, 2).PhoneticCharacters = "order"
Range ("K180") .Select
ActiveCell.FormulaR1Ci = "i"
Range ("K180") .Select
Selection.DataSeries Rowcol:=x1Columns, Type:=xlLinear, Date:=xlDay, _
Step:=1, Stop:=160, Trend:=False
Range ("H177:H339") .Select
Selection.Copy
Range ("J177") .Select
ActiveSheet .Paste
Range ("I177") .Select
Application.CutCopyMode = False
End Sub
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C Strategies in tabular form by sorting with average profits

Table 15: Strategies in tabular form by sorting with average profits

Round-robin

Deviation trom

tournament period 1 period 2 period 3 pericd 4 period B period 6 Cournct cquilibrium
Standard
Average profit Rank Quantity Quantity Quantity | Quantity Quantity Quantity variation deviation

141.5 1 12 12 12 12 12 12 (1.00 0.00
141.4 2 13 12 12 12 11 11 0.50 0.71
141.3 3 11 12 12 12 12 12 0.17 0.41
141.1 4 12 12 12 12 11 13 0.33 0.58
140.4 5 12 13 14 11 13 12 1.17 1.08
140.2 6 11 12 12 12 11 14 1.00 1.00
140.1 T 14 13 10 12 11 11 1.83 1.35
139.9 3 12 10 12 18 13 13 1.17 1.03
139.8 9 13 12 10 14 11 12 1.67 1.29
139.8 10 12 13 11 12 10 14 1.67 1.29
139.7 11 11 11 10 13 11 13 1.80 1.22
139.4 12 13 14 12 14 13 13 1.83 1.35
139.4 13 13 12 14 13 14 13 1.83 1.35
139.4 14 10 12 13 13 12 14 1.67 1.29
139.3 15 13 13 11 14 12 14 1.83 1.35
139.3 16 10 12 11 9 12 11 2.50 1.58
139.2 17 15 12 10 13 11 12 2.50 1.58
139.1 18 12 13 11 15 11 13 2.17 1.47
139.0 19 11 12 15 10 12 13 2.50 1.58
139.0 20 12 11 10 14 10 13 2.33 1.52
138.7 21 10 12 14 14 13 10 2.93 1.68
138.6 22 11 15 14 13 10 11 3.33 1.83
138.6 23 14 15 11 10 12 13 3.17 1,78
138.5 24 13 12 15 11 10 14 3.17 1.78
138.4 25 13 10 12 13 11 15 2.67 1.63
138.3 26 12 14 13 10 12 15 3.00 1.73
138.3 27 14 9 10 11 13 12 3.17 1.7

138.3 28 13 3 12 13 15 14 2.67 1.63
138.2 29 13 12 10 9 ] 12 3.83 1.96
138.1 30 14 13 14 12 15 10 3.67 1.91
138.0 31 11 14 9 12 14 10 3.67 1.91
137.9 32 10 13 15 3] 12 11 40.00 2.00
137.8 33 14 13 13 15 14 13 3.33 1.83
137.8 34 13 11 14 3 10 1t 4.50 2.12
137.7 5 10 13 12 15 14 10 3.67 1.91
137.6 36 9 1.0 11 12 13 14 3.17 1.73
137.5 7 12 10 13 10 ] 13 4.33 2.08
137.5 38 12 10 10 11 10 8 4.%3 2.20
137.4 39 9 9 10 11 12 12 3.83 1.96
137.4 40 12 13 11 15 15 13 3.50 1.87
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Table 16: Strategies in tabular form by sorting with average profits {Contimied)

Round-robin Deviation from
tournament period 1 period 2 period 3 7} period 4 period 5 period 6 Cournot equilibrium
Standard
Average profit | Rank | Quantity Quantity Quantity | Quantity Quantity Quantity variation deviation
137.3 41 10 12 11 14 10 15 3.67 1.91
137.2 42 12 13 14 9 ] 11 5.17 2.27
137.2 43 10 10 10 10 9 13 4.23 2.08
137.1 44 13 15 14 15 13 10 4.67 2.16
137.1 45 13 13 14 12 13 16 3.83 1.96
136.8 45 12 10 16 14 13 10 4.83 2.20
136.7 47 13 12 14 11 16 14 4.33 2.08
136.6 48 9 9 10 10 12 13 4.50 2,12
136.6 49 15 10 14 11 15 13 4.67 2.16
136.4 50 12 16 18 14 11 13 5.17 2.27
136.4 51 12 15 10 9 15 11 5.33 2.31
136.3 52 12 15 11 14 14 15 4.50 2.12
136.3 53 11 13 10 12 14 16 4.33 2.038
136.2 54 13 12 12 12 13 17 4.50 2,12
136.0 55 9 12 10 11 16 12 5.00 2.24
135.9 56 10 9 12 8 10 10 6.17 2.48
135.8 57 9 11 10 13 14 15 4.67 2.16
135.7 58 8 9 11 12 11 9 6.00 2.45
135.7 59 14 16 13 15 12 14 5.67 2.38
135.6 60 10 ] 10 9 10 9 5.50 2.55
135.5 Gl 11 10 11 8 10 8 7.00 2.65
135.4 62 11 13 ] 12 14 7 6.67 2.58
135.4 63 12 14 15 16 14 10 6.17 2.48
135.4 64 Xi i5 13 14 12 11 6.67 2.58
135.3 65 8 11 12 1.3 14 15 5.17 2.27
135.3 66 14 11 13 ] 16 14 5.83 2.42
135.2 37 13 11 14 16 10 15 5.83 2.42
135.2 68 14 7 12 13 14 13 5.83 242
135.1 69 10 12 12 7 15 12 6.33 2,52
134.9 T0 14 10 16 8 11 13 7.00 2.65
134.9 71 10 8 13 11 15 9 5.67 2.58
134.7 72 11 10 13 12 7 15 6.67 2.58
134.6 7 11 9 7 12 10 13 6.67 2.58
134.5 74 11 10 12 7 13 3 7.83 2.80
134.3 75 14 14 1a 12 7 14 7.67 2.77
134.3 76 9 9 9 8 12 11 7.33 2,71
134.1 77 17 13 10 15 12 14 7.17 2.58
134.0 78 10 It ] 13 7 14 7.33 2.71
134.0 79 11 15 12 13 1T 14 6.67 2.58
134.0 20 9 13 15 11 14 7 .17 2.86
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Table 17: Strategies in tabular form by sorting with average profits (Continued)

Round-robin Deviation from
tournament period 1 period 2 period 3 period 4 peried 5 period § Cournot equilibrinm
Standard
Average profit | Rank | Quantity | Quantity | Quantity | Quantity Quantity | Quantity variation | deviation
134.0 81 10 10 7 9 11 13 7.33 2.71
133.6 82 15 14 12 17 2 10 §.50 2.92
133.3 33 T4 7 12 1.0 8 13 8.33 2.89
133.4 84 10 13 16 9 12 7 9.17 3.03
133.4 85 10 9 - 13 17 11 14 7.33 2.71
133.4 35 8 11 12 10 9 7 9.17 3.03
133.3 87 15 12 14 9 17 13 3.00 2.33
133.2 88 14 7 10 11 8 13 8.50 2.92
133.2 89 9 9 E] 9 E) [£) 9.00 3.00
133.1 90 15 10 9 11 17 12 8.00 2.82
133.1 91 12 14 15 9 15 7 9.33 3.06
132.8 92 7 13 9 10 12 15 3.00 2.33
132.8 93 12 1y 15 E) 14 15 8.17 2.36
132.4 94 12 14 16 9 17 11 9.17 3.03
132.4 95 2 9 9 11 14 15 8.00 2.83
132.4 96 11 16 13 15 9 15 8.67 2.94
132.2 97 8 14 10 7 13 14 9.00 3.00
132.1 93 10 9 15 16 3 10 9.67 3.11
1321 99 9 10 7 8 12 13 9.17 3.03
132.0 100 15 14 12 16 17 11 9.17 3.03
132.0 101 14 15 8 9 13 16 9.17 3.03
131.9 102 9 15 12 8 14 16 9.00 3.00
131.8 103 14 16 10 14 15 16 2.83 2.97
1318 1.04 7 14 13 15 14 15 3.67 2.94
131.7 106 14 11 14 13 9 18 9.17 3.03
131.7 106 13 11 8 9 10 17 9.33 3.06
131.5 107 8 10 13 12 9 17 g.17 3.03
131.5 108 8 10 13 15 9 16 9.17 3.03
131.4 109 18 13 14 12 10 7 11.67 3.42
131.3 110 13 7 11 15 10 16 $.33 3.06
131.1 11l 1l ) 7 15 14 8 10.67 3.27
130.9 112 7 10 13 11 15 16 9.33 3.06
130.9 113 11 13 12 11 14 19 9.33 3.06
130.7 114 13 10 8 14 18 7 11.00 3.32
130.7 115 10 14 7 11 11 17 10.00 3.16
130.6 116 14 8 10 13 18 11 10.33 3.21
130.4 117 7 ) 12 15 15 13 10.00 3.15
130.3 118 7 13 10 12 14 17 9.33 3.14
130.2 119 19 13 10 14 12 3 12.23 3.51
129.8 120 7 10 8 11 13 7 12.00 3.46
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Table 18: Strategies in tabular form by sorting with average profits (Continued)

Round-robin Deviation from
tournamoent period 1 period 2 period 3 period 4 period 5 period 6 Cournot cquilibrium
Standard
Avcrage profit | Rank | Quantity | Quantity | Quantity | Quantity Quantity | Quantity variation | deviation
129.8 121 7 11 16 8 15 13 11.33 3.37
129.6 122 8 17 16 11 10 8 13.00 3.61
129.2 123 15 5] 9 17 g 14 12.00 3.46
129.1 124 7 15 14 11 14 17 11.33 3.37
129.0 125 11 12 10 8 19 13 11.83 344
128.9 126 9 8 7 10 8 9 13.17 3.63
128.3 127 13 15 17 7 11 16 12.83 3.58
128.8 128 15 18 9 10 13 7 14.00 3.74
128.7 129 11 14 7 17 9 15 12,17 3.49
128.4 130 12 8 10 14 15 18 11.50 3.29
127.7 131 9 16 9 8 7 3 15.17 3.89
127.3 132 13 E) 17 18 14 11 13.83 3.72
127.2 133 13 {2 16 14 19 15 13.17 3.62
127.0 134 14 19 ) 12 16 13 14.33 3.79
126.9 135 14 9 13 16 11 19 13.33 3.65
126.7 136 15 12 8 19 15 10 14,50 3.81
1.26.4 137 14 7 ] 1.2 18 15 13.82 3.72
125.9 138 9 8 15 19 12 14 14.50 3.31
125.9 139 8 11 9 15 19 10 14.67 3.83
128.7 140 15 8 15 18 10 16 15.00 3.87
125.7 141 7 11 18 14 9 16 15.17 3.39
125.4 142 13 15 10 18 10 18 15.00 3.87
125.3 143 15 10 7 18 11 16 1517 3.89
124.4 144 11 1l 10 7 19 16 16.00 4.00
124.2 145 9 10 15 18 7 16 16.50 4.06
124.1 146 10 g 13 16 7 18 16.33 4.04
123.3 147 7 13 9 iR 17 9 17.50 4.18
122.8 148 19 7 10 14 16 3 19.00 4.36
122.7 149 10 15 7 16 11 19 17.33 4.16
122.7 150 15 16 10 19 17 14 17.83 4.22
122.4 151 9 8 8 8 11 19 17.332 4.22
122.4 152 19 8 14 17 16 13 18.50 4.30
121.8 163 12 ] 15 7 7 18 18.50 4.30
120.9 154 10 19 16 13 19 13 20.00 4.47
120.6 188 7 12 g 19 12 17 19.17 4.38
117.6 156 18 13 15 19 16 17 22.67 4.76
115.6 157 10 ki 17 19 16 17 24.00 4.90
115.6 158 13 e 14 19 18 15 24.67 4.97
113.5 159 7 11 7 14 19 19 25.50 5.05
113.4 160 14 15 19 12 19 19 26.67 5.16
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