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ABSTRACT

The contemporary researches of grading in school have focused on the issue of the
grading standard in making the grading standard, pursuing the evaluation efficiency of
the grading standard, and comparing advantages and advantages with all kinds of
grading standards.

This study reports on a simulation designed by using System Dynamics to see the
factors influencing teachers’ grading-behind-the grading standard from the social
point of view. The simulation succeeds.in finding the grading structure of the grading
pattern of behavior by using the system dynamics approach.

Our research and experiment data source come from the data of evaluation of each
class in the University C located at North Taiwan.

Our model suggests that it is possible to find out the structure of the past grading
pattern of behavior. It is good for understanding the thought of teachers’ grading and
providing the grading policymaker a direction to improve the evaluation efficiency of

grading.

Keywords: Social Factors; Social point of view; System Dynamics; Grading structure
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1 Introduction

It focused on how to develop a precise, reliable, fair grading system for
representing the study achievements of students in the past researches of teachers’
grading. However, most professionals in Education think the contemporary grading
standards we use are still not appropriate. (Guskey, T. R., 2001). An analysis on the
social mechanisms affecting the grading of university students was conducted using
system dynamic simulation model to demonstrate the possible uses, constraints and

limitations, and applications of simulation-based research approaches.

The grading guidance can show the concrete level which school leaders want to
pay attention to (Chicago Board of Education,~2000,) An effective grading evaluation
has a good feedback to a student'and provides with- its identification. However, the
phenomenon has been observed-that the scores got by students are higher and higher,
recently. If the definition of the range 1o the perfect score isn’t change and under the
circumstance of the grade given by teachers move upper and upper, this is going to
bring about the problem that the gap is getting smaller and smaller between the
perfect score and grading. At the same time, it means the score differential of every
individual among them is getting little and little. Human can not see something
meaningful or different from extremely small number. What the worst is even we
verify it by statistics, there is no significant difference, probably. This causes that the

grading lose its identification.

Based on the data of evaluation of each class in the C University from 1985 to

2002, we built a dynamic system model to explain the changes and trends of grading



in higher education. The model includes the effects of various factors on university
teachers’ grading tendency, including the substitution of a class, the popularity of a
teacher, the introducing of the teaching evaluation system, and the changes of students
enrolled in a course. The model could be used to depict the complicated social

environments of grading processes of teachers.

Because of the specific observation to the trend of the grading we want to take and
the particular time-accumulated relationships of the influences, the definition of
system dynamics and our grading dynamics model matches very much. The system
dynamics methods have been used for over thirty years (Forrester, J.W., 1961) and are
now well established. Besides, system dynamics requires that we move away from
looking at isolated events and their'causes (usually. assumed to be some other events),
and start to look at the organization.as a system made up of interacting parts. It is the

best method for us to build our model.with.system dynamics.

The next section outlines some researches made about grading and a brief
definition of system dynamics. The third section of the study describes the definition
with the assumptions and structure in our model completely. The fourth section of the
study describes the detailed data we have and our experiments. The fifth section of the
study describes the results of our experiments, analyses to the results, and verification
of our model. The final section uses the social factors influenced structure to suggest

some conclusions about the educational guiding principle to the policymakers.



2 Related Work

2.1 Related works to grading

Teachers need a clear, understood grading system to present students’ study

achievements when reporting the students’ scores (Guskey, T. R., 2001).

Many teachers make grading by some combinations of rules, and use only a
number or a level to present students” achievements. In fact, the grading contains lots
of meanings (Brookhart, S. M., 1993), including the hidden social influences behind
the rules like the comparison among teachers, the population of a course, the welcome
degree of a course, the evaluation to,the'teacher and the course, the seniority of a
teacher, the pressure comes from regulations of the school , and so on. However, there

have been few articles discuss how these social influences affect teachers grading.

Recently, researches focus on some points about the grading most in grading
standard aspects: for instance, how to make efficient grading standards (Hong-Mei,
Cheng , 2002), define the motivation of grading(Enger, S. K. and Yager, R. E., 2001),
find a boarder policy context which margins teacher assessment (Hall, K. and Harding,
A., 2002), a system of the teacher evaluation(Milanowski, T. and Heneman, H. G.,
2001), how local school leaders make sense to evaluate teachers and

teaching(Halverson, R., Kelley, C. and Kimball, S., 2004).

2.2 System Dynamics

Besides, System dynamics has long been used (Mahadevan, B., 2000) and there



have been lots of different issues discussed in system dynamics approach. Some
issues about the mobile telecommunication (Tung B. & Claudia L., 1996.),
management (Erik & Ann & Kim, 1997), business models (Mahadevan, B., 2000),
bionomics, and financial models. With all the above-mentioned examples, it is a great

help for us to build our model by the system dynamics approach.

We briefly discuss the main ideas and concepts of the system dynamics approach.
The central concept to system dynamics is understanding how all the objects in a
system interact with one another (MIT System Dynamics in Education Project, SDEP).
What system dynamics attempts to do is understand the basic structure of a system,
and thus understand the behavior it can produce. A system can be anything from a
steam engine, to a bank account,.to a basketball.team. The objects and people in a
system interact through "feedback'’.loops, where a.change in one variable affects other
variables over time, which in turn affects-the-original variable, and so on. There are
three main elements in system dynamigs: events, causal links, and signs (Craig, W. K.,
1998). In general, we use the arrow to represent the relation among the events. An
arrow linking two related events we call it a causal link (see Figure 1), when an event
of a system indirectly influences itself in the way discussed for Inventory in the
preceding paragraph, the portion of the system involved is called a feedback loop or a
causal loop. Feedback is defined as the transmission and return of information

(Richardson, G. P. and Pugh 111, A.L., 1981).



A B
Force [ > Acceleration

Fig. 1 The causal link

There are two kinds of sign: positive and negative. If either A adds to B or a

change in A produces a change in B in the same direction, the causal link is positive.

Oppositely, If either A subtracts from to B or a change in A produces a change in B in

the opposite direction, the causal link is negative (see Figure 2).

A 4= B
Force [ > Acceleration
Ap=+ - AB=—
Force I > Acceleration

Fig. 2 The sign of a causal link

3 The Model

Our model focuses on finding the social factors in teachers’ grading and how

social factors influence teachers’ grading. The model is discussed below. This is

followed by a brief description of the full model.



3.1 The four assumptions in our model

According to original items we have and another calculated statistics of the data
(see the Appendix A), we assumed four assumptions (see Table 1) of the social
factors that affect grading which we concerned about to define our model. The
grading of our definition means the scores that a teacher gives in one semester.
Because all those data have different values with different range, we normalized the
four assumptions and all inputs of the four assumptions to make sure their consistency.

Then we can draw a frame to see the inputs of the assumptions (see Figure 3)

Assumption Description of Assumption

Substitution The type of a course. There are three types: a required course, an
elective course, and a literacy class.

Popularity The difference of the same course between the current and the last
semester.

Evaluation The assessment which-Students make in the current semester to a
course.

Scale The size of a course. Three are three kinds of size: big, medium,
and small.

Table 1 Definition of four assumptions

Our model built on the relationship among the assumptions and the grading.
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3.2 The social influenced structure

Based on the definition we made, we can show a matrix of the relationship among
the assumptions and the grading (see Table 2). The size of the matrix is 5*5 and
therefore comes 25 relationships including the two-way influence between every two
elements (e.g. relation between No 3 and No 11 is a relationship with symmetry).
After finishing the definition of the matrix, we use both statistics and genetic

algorithms (Darrell Whitley, 1993) to find what kind of those influences belongs to.



Grading Substitution Popularity Evaluation Scale

Grading (1) (6) (11) (16) (21)
Substitution (2) (7 (12) @an (22)
Popularity (3) (8) (13) (18) (23)
Evaluation 4) 9) (14) (19) (24)
Scale (5) (10) (15) (20) (25)

Table 2 Relationships among the assumptions and the grading
The relationship among the assumptions and the grading

We defined five kinds of relationships. They are presented in the symbol of

‘+7, -7, *X’, or numbers. The symbol ‘+” means a factor affects another factor with a

positive influence. The symbol ‘- means a factor affects another factor with a

negative influence. We use the symbol ‘X’ by meaning that we are sure the

relationship can’t be influenced, by another..The, relationship shown in a number

represents especially the order ofithe influence among the four assumptions, except

the number ‘0°. We use it to ‘stand-forra7influence which causes no influence to

another factor we find in our experiment:

Then we can construct the framework of the system structure with all the factors

and the influences among them (see e.g. Figure 4).




m

Popularity

&) (14)
(12) ) (11)
(18)
(6) @)
Substitution Grading Evaluation s
(1 5]
5)
{10 6 > zm
(22) (24)

Class Scale

@

Fig. 4 The framework of the system structure

The framework of the:System structure with all the factors
and the influences among.them.

3.3 The equation of our model

To describe that how social factors influence the grading, our model can be
represented as:

Grading(t+1)=F[Sub(t), E(t), P(t), Sc(t)]

Sub(t) = a* Substitution(t)

E(t) = b= Evaluation(t)

P(t) = c=*Popularity (t)

Sc(t) = d = Scale(t)

Where

Grading (t+1) is the number of Grading at any time t+1 and equal to the number

of the function F,



Sub (t) is the number of Substitution at any time t and equal to the number
multiplying a coefficient a,

E (t) is the number of Evaluation at any time t and equal to the number
multiplying a coefficient b,

P (t) is the number of Popularity at any time t and equal to the number multiplying
a coefficient c,

Sc (t) is the number of Scale at any time t and equal to the number multiplying a
coefficient d,

We assume that the initial time ist= 0.

3.4 Framework of the system

We built up a system for our-experiment.-The-Frame of the system is shown by

Figure system framework (see Figure 5).

DB

Assumptions
for D

Assumptions

System
Structure

DB
for
Patterns

Fig 5 The system framework

The system includes a database, a system kernel, and the output of result. The

database provides the input values of system parameters. The system kernel contains

10



the elements (In our model, the elements mean the social factors and the grading)
which is used to form the system structure and the pattern of behavior to the specific
system structure. The practical pattern of behavior is supported by the same database
as the one providing the input values of system parameters. We use Genetic
Algorithms to tune the direction and the sign of elements affected mutually, making
the pattern of behavior produced by the system structure tuned with Genetic
Algorithms to fit the practical pattern of behavior or at least to fit the trend of the
practical pattern of behavior. We’ll get an output of our system after Genetic
Algorithms done. The results we get comprise the causal link and the sign of the
causal link and they are the system structure to the pattern of behavior found by our
model. We use the system dynamics approach to build up our grading model. The
system dynamics approach uses lots of symbolsbut not a differential equivalence to
represent changes in the system-status. There will be some stocks and flow diagrams
in the approach. We use the basic First-Model-in.our study to find the basic grading
structure. After that, we can contintie discussing it with higher level models. Besides,
we use statistics to provide the analysis and verification of our assumption. We
choose the genetic algorithm to adjust values of parameters because the genetic

algorithm is more flexible when we want to modify amount of parameters.

4 The Experiments

4.1 The data

The data of our research comes from the C University in the north Taiwan. In
order to guarantee the correctness and completeness in our data, we filter out some of

them which are ambiguous, and extracted a continued eight semester data to be our

11



database. The amounts of data that we picked up are 5806. And we have 25 properties
(see Appendix A) for the data, containing 12 properties of them in the original data
and the others from gathering statistics in the original data. We used these properties
to be the foundation to support our four assumptions. In addition, we separate the data
by the property of the academy, because the values in this property can not be
quantified in numbers and compared with each other. There are five academies in the
data we got, and they are: College of Electrical Engineering & Computer Science
(ES), College of Engineering (E), College of Science (S), College of Management
(M), and College of Humanities and Social Sciences (HS). They all have different

patterns of behavior under different definition of Grading.

4.2 Description for our experiments

A teacher will give every student a score at the end of the semester. However,
only to look at so many scores in a course we can’t see some information in them or
something meaningful in those scores. Hence, statistic is a good tool to find some
basic phenomena in data and we use statistic to classify a variety of grading. We will
discuss what and how social factors influence the grading and the feedback of the
grading to social factors by finding their structures in two significant statistics in our
experiment in this chapter (we do some more experiments please to see the appendix).

The two statistics are: the average and the highest score.

The average (the arithmetic mean): The arithmetic mean is the most frequently
used by far. The arithmetic mean is provided with three essential meanings: firstly,

the arithmetic mean can simplify all values of a group becoming one single value, the

12



function of the simplification, precisely speaking. We simplify lots of scores in one
course, so that we can see changes of a course in the continuous eight semesters.
Secondly, the arithmetic mean can stand for a mean standard of a group, namely, the
function of representation. The five academies had their some kind of style of
themselves. At last, after simplifying the arithmetic mean, here comes a value which
represents the function of representation to be a great help to compare with two
groups or over two groups. The average is the most basic statistic. Some other
advanced statistics are calculated with this statistic, so it is important for us to find its
structure to social factors influences first. We can observe the dissimilar appearance
among the five academics and explain them by their architecture we found in our

experiment.

The highest score: The highest.score in a-course; Looking into the highest score
and average, we can see if they have similar-trends. If the answer is yes, we are
interested in if their structures of social.influences are similar, too. On the contrary,
we are desired to know the reasons from the social influences.

And then we used our model to run the two grading experiments.

5 The Results

We will display the results of the two grading which we mentioned above in our
experiment and analyze their social factors influenced structures. By the equation of
Grading(t+1)=F [a * Substitution(t), b * Evaluation(t), c * Popularity(t),d = Scale(t)]

We can duplicate the grading trend and find the structure of it.

5.1 About the grading pattern of behavior

13



Figure 6 and 8 shows the result of the average of College of Humanities and
Social Sciences, and figure 7 and 9 shows the result of the highest score of College of
Humanities and Social Sciences in our experiment of simulation. Our results fit well
with the trend of the grading curve of College of Humanities and Social Sciences (the
other Colleges are as well, too. See Appendix A.) It has been proved that if the model

can reproduce the data, the model is reliable and effective (Jacobsen, C. & Bronson,

R., 1995)
Average
85.0
825
g0.0
K]
75.0
725
o 700
T evs
@ 85.0
G2.5
60.0
578
550
525
50.0
Hemester] Semesterd Semesterd Semesterd Semesterh Aemesterd Semestet?  Semesters
Semester
[ Original Data |

Fig. 6 The result of the average of College of Humanities

The average of College of Humanities and Social Sciences
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Fig. 8 The result of the average Social Sciences

The highest score of College of Humanities and Social Sciences
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Fig. 9 The result of the highest sc Solleg ‘of Humanities and Social Sciences

The simulation result of the hight " i ge of Humanities and Social Sciences

In our simulation, the order of Sub(t), E(t), P(t), and Sc(t) of the average in the
five academies are:

HS: Sc(t) > P(t) > Sub(t)= E(t)

M:  Sc(t) > P(t) > Sub(t)= E(t)

S: P(t) > Sc(t) > Sub(t) > E(t)

E:  P(t)> Sub(t)= E(t) > Sc(t)

ES: P(t)> Sub(t)= E(t) > Sc(t)

We can use a bar chart to see the order of social factors influences more clearly in

Figure 10.
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The billboard of four social factors in the five academies

O Bubstitation
B Popularity
O Evaluation
3 O Class Beale

Order

HB E ER M ]
Academy

Fig. 10 The bar chart of the order of social factors influences

The order of social factors influences of the average in the five academies

According to the matrix of the relationship among the assumptions and the

grading (See Table 3), we can draw the causal-loop diagram of system dynamics (See

Table 11).

Grading Substitution Popularity Evaluation Scale
Grading X 3 2 3 1
Substitution X X X X X
Popularity + 0 + 0 0
Evaluation + 0 0 X 0
Scale 0 + + 0 +

Table 3 Relationships among the assumptions and the grading

The matrix of the relationship of the average among the assumptions and the

grading in College of Humanities and Social Sciences.

17
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Popularity
Substitution + Gradmg Evaluation
+
Class Scale
+

Fig. 11 The causal loop diagram of system dynamics

The causal loop diagram of system dynamics of the average in College of Humanities
and'Social Sciences

The order of Sub(t), E(t), P(t), and Sc(t) of the highest score in the five academies
are:
HS: Sc(t) > P(t) > Sub(t)= E(t)
M:  P(t) > Sc(t) > Sub(t)= E(t)
S: P(t) > Sc(t) > Sub(t) > P(t)
E:  P(t) > Sub(t) = E(t) > Sc(t)
ES: P(t) > Sub(t) = E(t) > Sc(t)
We can use a bar chart to see the order of social factors influences more clearly in

Figure 8.

18



The billboard of the hizghest sore in five academdes

Crder

O Substitotion
B Populaxity
O Evaluation
O Class 3cale

HE E EX M
Avademies

Fig. 12 The bar chart of the order of social factors influences

The order of social factors influences of the‘highest score in the five academies

Still, based on the matrix of the ‘relationship‘among the assumptions and the grading

(See Table 4), we can draw the Causal loop.diagram of system dynamics (See Figure

13).
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Grading Substitution Popularity Evaluation Scale
Grading X 3 2 3 1
Substitution X X X X X
Popularity + + + 0 +
Evaluation + 0 0 X +
Scale 0 0 0 0 0

Table 4 Relationships among the assumptions and the grading
The matrix of the relationship of the highest score among the assumptions and the
grading in College of Humanities and Social Sciences

Substitution Hﬂrading

Evaluation
+ +

+
Class Scale

Fig. 13 The causal loop diagram of system dynamics

The causal loop diagram of system dynamics of the highest score in College of
Humanities and Social Sciences

For the reliability and the verification to the effectiveness of the correlation, we
examine our experiment results by using some tests in ANOVA. By doing the

examination, it can be proved that the correlations we found reached the significant
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level or not (See Figure 14).
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{358 - VA ROD00Z
95 % {5 iR 5
[ VARDOOOL 3 VAROOODD | FF9%8R I-D fpay B TR R
Sohelle & 100 .00 -2.8000 21302 436 -5.3407 2.7407
1.00 -7.0000# 2.1392 004 -13.4407 -2.3503
] 1o 25000 21302 436 ~2.7407 8.3407
1.00 -5.1000 2.1392 076 -10.5407 4407
100 1o 70000+ 21392 ond 2.350% 13.4407
il 5.1000 2.1392 076 - 4407 10,6407

¥ 1E 05 kI LRI E RIRREE -

Fig. 14 The correlations:examined by ANOVA

The significant test of the influence: *Class Scale’versus ‘Class Scale’ by using
statistics in our experiment. It is shownby ANOVA that the result is significant with

[ ]

5.3 Analysis of the results

As shown in figure 3 and figure 4, the grading trend of the average and highest
score looks alike. It is said that they have a positive correlation. We can see the same
positive correlation in our experiments by analyzing their structures containing the
results of the proportion of social factor influences and the causal loop diagram of

system dynamics.

From figure 7 and figure 8, the result of our experiments displayed that the

average and highest score have identical proportion of social factor influences. The
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causal loop diagrams of system dynamics of them are not completely the same
because they are still different statistics of grading, but they have some common
social factor influences with the relationship of the positive correlation. Moreover, it
is shown that the two social factors: Evaluation and Scale influence less in both of the
grading of the average and highest score. This explained the negative correlation
between the grading and the evaluation we verified by the statistics previously (See
Figure 15). Another negative correlation we verified by the statistics (See Figure 16)
between the grading and the class scale is also proved in our experiment. Although it
is shown obviously only in College of Electrical Engineering & Computer Science
and College of Engineering, the samples of the two Colleges occupy the 2/3 of total
samples. We proved the negative correlation between the grading and the class scale

by the 2/3 of total samples.
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Correlations

Fy WASER | R | #rATETER

I Pearson Correlation 1.000 oo+ - G54 * - 112%
Sig. (2-tailed) ) 0o 0ao 000
M4 14443 5495 144435 14543

BAFH  Pearson Correlation g5+ 1.000 -.685* -.153*
Sig. (2-tailed) .0aa . 0ao 0o
| 5495 5495 5495 5495

TEE Pearson Correlation -.664* - EE5* 1.000 197#
Sig. (2-tailed) aao Nulnln} . Nu/uin]
M 14543 5495 14545 14643
FrEMEFE  Pearson Correlation  -.112* - 153* .197* 1.000
Sig. (2-tailed) .0aa 000 0ao .
i u_14648 5495 ;4648 14543

¥ Correlation is significant at the 0,01 level (2-tailed).

Fig. 15 Some evaluations we previously verified by the statistics

Negative correlation between the grading and the evaluation we test by ANOVA
previously. ANOVA shows that the negative correlation between the grading (different
definitions of grading in our model; See Appendix)-and the evaluation is significant we

highlight with-a red.frame.

Correlations

Fi ARy | EEEAR

Rard o Pearson Correlation 1.000 ,Q05* -.045*
Sig. (2-tailed) . .000 000
M 14643 2495 14648
BT Pearson Correlation L095* 1.000 -.020
Sig. (2-tailed) 000 . 137
M 5495 2495 2495
e ) 8 Pearson Correlationl™ -.045% -.020 1.000
Sig. (2-tailed) 000 137 :
M 14643 2495 14548

** Correlation is significant at the 0.01 level {2-tailed).

Fig. 16 Another negative correlation we verified by the statistics

Negative correlation between the grading and the class scale we test by ANOVA
previously. ANOVA shows that the negative correlation between the grading (different
definitions of grading in our model, See Appendix) and the class scale is significant we

highlight with a red frame.
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6 Conclusions

The primary aim of our model is to find what and how social factors influence the
teachers’ grading by using the system dynamics methodology. We inducted the
common social factors from a variety of records about the teachers’ grading in real
data, run simulations to find the structure based on the social factors, verified the
effectiveness of our model, and analyzed the power of influences those social factors
cause. We successfully reproduced the grading dynamics under the four social factors:

Substitution, Popularity, Evaluation, and Scale.

To comprehend the influences that affect teachers’ grading is significant to the
people in the school who make grading rules and it can be used as reference materials
of the educational guiding principle. f the policymakers want to make some changes
to improve the grading status, it-is betterfor them to know the grading structure in the
past in order to do something efficiently. If we shift from this event orientation to
focusing on the internal system structure, we can improve our possibility of
improving grading performance. This is because system structure is often the
underlying source of the difficulty. Unless policymakers correct system structure
deficiencies, it is likely that the problem will resurface, or be replaced by an even
more difficult problem. There are lots of kinds of influences to take effect upon
teachers’ grading. This study provides a social aspect to know the social influences

behind the general regulations we can see.

However, finding the reasons which influence the grading behavior, it is not that
easily to change the grading behavior. How to control and change these factors for

months and years to the influences of teachers’ grading is an essential issue. Besides,

24



there are still some social factors affecting the grading we did not mention and
discuss.. Answers to these research questions would help fine-tune the design

principles outlined in this study.
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ANOVA Table

30

Sum of
Squares df Mean Square F Sig.
=&+ Between Groups 10473.97 10473.972 250.033
Within Groups 433941.4 10359 41.890
Total 444415.4 10360
Measures of Association
Eta Eta Squared
= .154 .024




FEFEE T 50 BH R P AT 2 ABE 0 F 3300 3 ke § 3 Sk en

Fem- B

Report
Ty
SF o HaE Mean N Std. Deviation
79 ENE 75.1873 332 5.2391
=X 79.1620 129 5.7081
Total 76.2995 461 5.6576
80 i 74.8073 749 4.7820
=X 78.1351 257 6.0015
Total 75.6575 1006 5.3200
81 i 74.7864 737 4.6574
=X 77.4481 293 5.7256
Total 75.5436 1030 5.1245
82 i 74.6978 625 5.1644
=X 76.0769 326 5.7726
Total 75.1706 951 5.4173
83 i 74.6609 596 5.2591
=X 76.5648 311 5.9294
Total 75.3137 907 5.5688
84 i 75.3096 541 5.4050
Eix | 76.9332 396 5.9615
Total 75.9958 937 5.7005
85 i 73.9010 607 5.9068
=X 75.3146 311 7.8644
Total 74.3799 918 6.6644
86 i 73.9770 525 6.2149
=X 75.5039 382 8.5856
Total 74.6201 907 7.3421
87 i 73.2171 540 6.6186
=X 75.8376 381 8.7352
Total 74.3011 921 7.6713
88 g 72,9325 592 6.9238
=X 75.7627 367 8.3640
Total 74.0156 959 7.6286
89 i 73.5352 562 7.0704
=X 75.6850 347 8.3265
Total 74.3559 909 7.6418
90 i 73.8076 292 7.3943
=X 76.0142 163 9.3133
Total 74.5981 455 8.1926
Total X 74.2497 6698 5.8850
=X 76.3529 3663 7.4270
Total 74.9933 10361 6.5496
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ANOVA Table

Sum of
Squares df Mean Square F Sig.
T i4* %3 Between Groups  (Combined) 4877.073 11 443.370 10.439 .000
Within Groups 439538.3 10349 42.472
Total 444415.4 10360
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Correlations

T d iy | fEeEs | SR

e Pearson Correlation 1.000 | ' .995* -.658* L1111+
Sig. (2-tailed) . .000 .000 .000

N 11451 4187 11451 11451

fﬁﬁ[\ 15 Pearson Correlation .995* 1.000 -.673* -.150*
Sig. (2-tailed) .000 . .000 .000

N 4187 4187 4187 4187

¥ pearson Correlation -.658* -.673* 1.000 141*
Sig. (2-tailed) .000 .000 . .000

N 11451 4187 11451 11451

*Sfﬂf £~ Pearson Correlation -.111* -.150* 141* 1.000
Sig. (2-tailed) .000 .000 .000 .

N 11451 4187 11451 11451

**. Correlation is significant at the 0.01 level (2-tailed).
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Correlations

T R e

Ty Pearson Correlation 1.000 | .995* -.664* L112%
Sig. (2-tailed) . .000 .000 .000
N 14648 5495 14648 14648

ifl%ﬁ‘j 5 Pearson Correlation .995* 1.000 -.685* -.153*
Sig. (2-tailed) .000 . .000 .000
N 5495 5495 5495 5495

fEIvE Pearson Correlation -.664* -.685* 1.000 197
Sig. (2-tailed) .000 .000 . .000
N 14648 5495 14648 14648
:,:”Sfﬂﬁf?rf% Pearson Correlation -.112* -.153* .197* 1.000
Sig. (2-tailed) .000 .000 .000 .
N 14648 5495 14648 14648

**. Correlation is significant at the 0.01 level (2-tailed).
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s g

Ty Pearson Correlation 1.000 -.045*
Sig. (2-tailed) . .000

N 14648 14648

(EZX * B Pearson Correlation -.045* 1.000
Sig. (2-tailed) .000 .

N 14648 14648

**_ Correlation is significant at the 0.01 level
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A System Structure

Pattern of Behavior

Higher Leverage
for Lasting Change

Events

E| 16 Looking for high leverage

B16 #3455 & 0B F4
Figure 16 and this discussion of it are based on class notes by John Sterman of the
MIT Sloan School of Management.

A * term systemk £ v I APM I I AP R 2 - BB EER

40



i LA EAPERED & h— B ELEL ok SLp PR ’**}#b’“rgt_i R R W

B0L B s ke R

Bl-dpd 5 AR F BT A-HIELHEEY - BE R PPL e oD
FEOAEFFEAAL - BREFBEINT - BELOTRAARE G
TR E S > REFH BN o 7 FERETET FEEAE T > AP A3 o

m;i%;\.,rsm_rx tgmd—%,‘:{‘fﬂéﬁkfﬁ%ﬁﬁ‘dﬁz 1},%'9?] s # L%’ R F]

R

L BOIRE o Aok - BATA S § (BB EER - ERAD) 0 A
B A FELEBRR LR RS h S B (ERERA AL FEIR
ehd ¥ - BRF] - #%—Ti’i\xra,rgtfrlg PRERRR F G s 4 end
XA BRHHE (S R T T - BRE) APTFRE T - BEHT MG
BATOR AT D S F A | H R RN R A L S ATR TR ) oA 2 H R

BOARIZ S Rk BB B AL A RS IGET kB e 8- F

s

BT T B e et A ST A R R R 2 P B e e R

%

&5 AT e

drdk AR 4 BB DI N IR0k ST ST U e
Brrdonic a0 B A R RF R Y R AT SR o p AP D

R BE s B RALA T AR BRIF B g FH ST - B iR

41



W E BCR e iE
A AR

dOT R TORE B BT - R BB R g A RES R o
Rt TR A ER A - 0D FREFEAAE 0 AL AP
? OBk ik g
e (OD=FC a(F #42(t-1)), b4 F (t-1)), cCRI(t-1)), dG=H (t-1)) )
Ho
TR AR W] S R
SEREE R SR I
B FLI A ] G R

SRR R L G H

MR TR R e

SARE v
i u) NEE | FRMCEL
& 02 1 1
E g 2 0.5
A 3 0.3

A IR E s

1-26 0.1

27-52 0.2

42



53-18 0.3
79-104 0.4
105-130 0.5
131-156 0.6
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>30 ® <40 1.4
>40 & <50 1.5
>50 & <60 1.6
>60 & <70 1.7
ot
A BIETH AR E A
0~50 | A FL 0.3
51~100 | * Alrra 0.8
>100 < AT 1
Chromosome Array 61bit (0-60)
Bit Yo ARy TP B 3
0-6 BN e s 1-128
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28 ERLES - ek el 25 0
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38 S R T 1,0,1
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43 P T e 0
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51 5 7-8 48 GA - =< «hGA fitness F #i
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53 % 9-10 8 ¥ GA - = 9 GA fitness F K
54 (R A AR ) 0:false; * *t 0:ture
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