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The system dynamics approach is a holistic way of solving problems in real-time scenarios. This is a powerful methodology
and computer simulation modeling technique for framing, analyzing, and discussing complex issues and problems. System
dynamics modeling is often the background of a systemic thinking approach and has become a management and organiza-
tional development paradigm. This paper proposes a system dynamics approach for studying the importance of infrastructure
facilities on the quality of primary education system in a developing nation. The model is built using the Cross Impact Analysis
(CIA) method of relating entities and attributes relevant to the primary education system in any given community. The CIA
model enables us to predict the effects of infrastructural facilities on the community’s access of primary education. This may
support policy makers to take more effective actions in campaigns that attempt to improve literacy.
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1 Introduction

The first stage of compulsory education is primary or elemen-
tary education. In most countries, it is compulsory for children
to receive primary education, though in many jurisdictions
it is permissible for parents to provide it. The transition to
secondary school or high school is somewhat arbitrary, but it
generally occurs at about eleven or twelve years of age. Some
educational systems have separate middle schools with the
transition to the final stage of education taking place at around
the age of fourteen.

The major goals of primary education are achieving basic
literacy and numeracy amongst all pupils, as well as estab-
lishing foundations in science, geography, history and other
social sciences. The relative priority of various areas, and the
methods used to teach them, are areas of considerable political
debate. Some of the expected benefits from primary education

are the reduction of infant mortality rate, population growth
rate, crude birth and death rate, and so on.

Because of the importance of primary education, there
are several models proposed to study the factors influencing
the primary school enrollment and progression. These are
logistic regression models (Admassu 2008), poisson regres-
sion models (Admassu 2008), system models (Altamirano and
van Daalen 2004, Karadeli et al. 2001, Pedamallu 2001, Terlou
et al. 1991), behavioral models (Benson 1995, Hanushek et
al. 2008) constructed for the context of different countries.
Several factors which influence the school enrollment and
drop outs are identified in various studies. Some of the vital
factors at the macro level are social, economic and logistics
factors (Benson 1995), and at the micro level there are paren-
tal education, household wealth/income, distance to school,
financial assistance to students and quality of school (Admassu
2008, Benson 1995, Rena 2007). An early system dynamics
model to investigate the low efficiency of primary education
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in Latin America is introduced by Terlou et al. (1991). This
model investigates the progression through primary school
and includes causal chains leading to progression, dropout and
repetition of students. Karadeli et al. (2001) develop a model
to analyze the future quality of the Turkish educational system
based on the budget of the Ministry of National Education. In
this model, quality of education and progression of students
is influenced by the student to teacher ratio and student to
class ratio. Altmirano and van Daalen (2004) propose a sys-
tem dynamics model to analyze the educational system of
Nicaragua and helps in identifying and analyzing the conse-
quences of policies that are aimed at improving the coverage
of the different educational programs, reducing illiteracy and
increasing the average number of schooling years of the popu-
lation. This study shows that implementing literacy programs
and introducing a program in which families in extreme pov-
erty receive a subsidy has an effect on school coverage as well
as on the number of illiterate people. More recently, Hanushek
et al. (2008) shows that school quality and grade completion
by students are directly linked. The World Bank has published
several reports on achieving universal primary education
(Bruns et al. 2003, Serge 2009). In particular, Serge (2009)
focuses on the infrastructure challenge in Sub-Saharan Africa
and the constraints to scale up at an affordable cost.

The model proposed in this study aims at identifying the
importance of infrastructural facilities on school enrollment
and progression beside factors such as quality of teaching
and income level. This point is also investigated by Akar
(2008) who reports about the infrastructural problems at
Turkish schools and their negative impact on students. Here,
we present the details about the model constructed for this
purpose, the selection of attributes and entities and the simula-
tion results that identify the variables that impact the quality
of primary education. The simulation is conducted by using
the Gujarat primary education data in India (Pedamallu 2001).

2 The model

The model proposed here is developed by using the cross
impact analysis method (CIA). The CIA method is one of
the most popular systems thinking approach developed for
identifying the relationships among the variables defining the
systems (Gordon and Hayward 1968, Kane 2002, Weimer-
Jehle 2006). This method first was developed by Theodore
Gordon and Olaf Helmer in 1966 in an attempt to answer a
question whether perceptions of how future events may inter-
act with each other can be used in forecasting. As it is well
known, most events and trends are interdependent in some
ways. The CIA method provides an analytical approach to
the probabilities of an element in a forecast set, and it helps
to assess probabilities in view of judgments about potential
interactions between those elements. (We refer to Lane (1999)
and Mohapatra et al. (1994) for more detailed information on
system dynamics modeling.) CIA has been used to model and
simulate several real-time problems (for example: Pedamallu
et al. 2009, Hayashi et al. 2006). Here, we briefly describe
the steps of the CIA method through a block diagram given
in Figure 1.

2.1 Definition of the system

Systems defined based on entities, which interact with each

other and produce some outputs that are either designed or

natural. A system receives inputs and converts them through a

process and produces outputs. All the outputs of a system need

not be desirable. In the present context, the system represents

the primary education system.

a. Environment
Every system functions in an Environment, which pro-
vides inputs to the system and receives outputs from the
system. In our context, the Environment is the society.

b.  Structure
All systems have a Structure. The ‘body’ of a system’s
structure is represented by the entities of the system and
their interrelationships or linkages or connections. The
entities in our system are defined as follows.

student,

teacher,

parents,

educational officials,

infrastructure and

. local community.

c. Linkages
The linkages among entities may be physical (e.g., facili-
tates), electro-magnetic (e.g., electrical, electronic and
communications systems, and so on), and information-
based (e.g., influence, and so on). It is important to try and
understand, what linkages exist in the system’s structure,
which entities are linked with each other, and the implica-
tions of these linkages on the behavior of the entities in
particular. The entity relationship diagram of the system
is illustrated in Figure 2. Exchange of matter, information
and/or spirit between two entities causes a change in the
state of both entities. This is reflected as system behavior.

e

2.2 System entities and relationships
equations

The dynamic change of the system state is referred to as system
behavior. The state of a system is an instantaneous snapshot of
levels (or, amounts) of the relevant attributes (or, characteris-
tics) possessed by the entities that constitute the system. In all
systems, every entity possesses many attributes, but only a few
attributes are ‘relevant’ with respect to the problem at hand.
Some attributes are of immediate or short-term relevance
while others may be of relevance in the long run. The choice
of relevant attributes has to be made carefully, keeping in mind
both the short-term and long-term consequences of solutions
(decisions). All attributes can be associated with given levels
that may indicate quantitative or qualitative possession. The
set of attributes identified for the model are given below.

Entity 1: Student:

1.1 Level of Enrollment (loe).

1.2 Level of boys dropouts in a school (Ibd).
1.3 Level of girls dropouts in a school (Igd).
1.4 Level of repeaters in a school (Ir).
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Figure 1: Block diagram for the steps of the CIA method.

92

Entity 2: Teacher:

2.1 Level of perceived quality of teaching by the Students
(Its).

2.2 Level of perceived quality of teaching by the Parents
(ltp).

Entity 3: Parents:

3.1 Educational level of parents (elp).

3.2 Income level of parents (ilp).

3.3 Level of expectations from school by the parents
(leps).

Entity 4: Educational officials:

4.1 Level of perceived quality of teaching by the District
educational officer (DEO) (Itd).

Entity 5: Infrastructure:

5.1 Level of Space and ventilation available in a Classroom
(Lsv).

5.2 Level of cleanliness and other facilities such as board,
mats, table/chair, educational aids (maps, toys, charts,
etc.) (lc).

5.3 Level of sanitation facilities for general purpose (for
both boys and girls) (Is_g).

5.4 Level of separate sanitation facilities for girls (Is_s).

5.5 Level of drinking water facility available (Idw).

5.6 Level of availability of Playground area and other
equipment for children used in playing (Ipa).

5.7 Level of bad organisation in the classrooms (lbo):
Number of cases in which more than one class is con-
ducted in a single instructional classroom.

Number of cases in which more than 40 people are
accommodating in a single instructional classroom.
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Entity 6: Local community:

6.1 Level of participation of local community (llc).

6.2 Level of awareness of local community about educa-
tional benefits (lale).

When entities interact through their attributes, the levels
of the attributes might change, i.e., the system behaves in
certain directions. Some changes in attribute levels may be
desirable while others may not be so. Each attribute influences
several others, thus creating a web of complex interactions
which eventually determine system behavior. In other terms,
attributes are variables that vary from time to time. They can
vary in the system in an unsupervised way. However, vari-
ables can be controlled directly or indirectly, and partially by
introducing new intervention policies. The interrelationships
among variables should be analyzed carefully before introduc-
ing new policies.

The following conjectures are valid in the systems
approach (the following subsection is borrowed from Kane
(2002) paper).

a. Modeling and forecasting the behavior of complex sys-
tems are necessary if we are to exert some degree of
control over them.

b. Properties of variables and interactions in large scale sys-

tem variables are bounded such that:
System variables are bounded. It is now widely recog-
nized that any variable of human significance cannot

increase indefinitely. There must be distinct limits. In an
appropriate set of units these can always be set to a value
between one and zero:

A variable increases or decreases according to whether
the net impact of the other variables is positive or nega-
tive.

A variables’ response to a given impact decreases to zero
as that variable approaches its upper or lower bound. It is
generally found that bounded growth and decay processes
exhibit this sigmoidal character.

iv. All other things being kept fixed (constant), a variable
(attribute) will produce a greater impact on the system as
it grows larger (ceteris paribus).

Complex interactions are described by a looped network
of binary interactions (this is the basis of the cross impact
analysis).

With these conditions in mind consider the following
mathematical structure. Since state variables are bounded
above and below, they can be rescaled to the range zero to one.
This for each variable we have

ii.

iii.

V.

0<xf-(t)<l,f0ralli=1,2, ..,Nandallt=0 (1)
Where xi (t) is the level of variable i in period t.
To preserve boundedness, x,(f +Ar) is calculated by the
transformation
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where a;; are matrix elements giving the impact of vari-
able x; on x; and At is the time period of one iteration of the
system’s simulation.

Equation (3) guarantees that F;(f) >0 foralli=1,2, ...,
N and all t > 0. Thus the transformation (2) maps the open
interval (0, 1) onto itself, preserving boundedness of the state
variables (condition 1 above). Equation (3) can be made some-
what clearer if we write it in the following form:

1 +At |sumof negativeimpacts on x;
P = | g mp il )

1 +Az|sumof positiveimpactson x; |

When the negative impacts are greater than the positive
ones, P; >1 and x decreases, while if the negative impacts
are less than the positive ones, P; < land x decreases. Finally
when the negative and positive impacts are equal, P; = 1 and
X remains constant.

3 Simulating the system using cross
impact analysis

There are four steps to follow while implementing the cross
impact analysis in our case. First, we conduct the simulation
by considering the primary education system without human
intervention. Then, we run the same analysis after implement-
ing some selected policy variables such as infrastructure
improvement and observe the change in system dynamics.

We now describe how we construct the model in the fol-
lowing four steps.

Step 1. Set the initial values for attributes. The initial val-
ues are obtained from published sources and surveys conduct-
ed. Here, we use the survey data reported in Pedamallu (2001).
Table 1 illustrates the initial values for various attributes iden-
tified in this study.

Step 2. Build a cross impact matrix with the identified
relevant attributes. Summing the effects of column attributes
on rows shows the effect of each attribute in the matrix. The
parameters a;; can be determined by creating a pairwise corre-
lation matrix after collecting the data, and these can be adjust-
ed by subjective assessment. In Table 2, qualitative impacts are
quantified subjectively. The impact of infrastructural facilities
on primary school enrollments and progression become visible
by running the simulation model. A cross-impact matrix for
the attributes listed above is illustrated in Table 3.

Step 3. Simulate the system for a number of 50 itera-
tions (m iterations) and tabulate the behavior of each and
every attribute in each every iteration. Plot the results on a
worksheet.

Table 1: Initial values for attributes

Attribute Initial
value
Level of Enrollment (loe) 0.71
Level of Space and ventilation available in a Classroom (Isv) 0.5

toys, charts, etc.) (Ic)

Level of cleanliness and other facilities such as board, mats, table/chair, educational aids (maps, | 0.5

Educational level of parents (elp) 0.35
Income level of parents (ilp) 0.35
Level of expectations from school by the parents (leps) 0.6

Level of perceived quality of teaching by the Students (Its) 0.45
Level of perceived quality of teaching by the Parents (I7p) 0.35
Level of perceived quality of teaching by the District educational officer (DEO) (/td) 0.35
Level of sanitation facilities for general purpose (for both boys and girls) (Is_g) 0.39
Level of separate sanitation facilities for girls (Is_s) 0.28

Level of availability of Playground area and other equipment for children used in playing (Ipa) | 0.3

Level of participation of local community (//c) 0.25
Level of awareness of local community about educational benefits (lale) 0.25
Level of repeaters in a school (Ir) 0.05
Level of boys dropouts in a school (Ibd) 0.2

Level of girls dropouts in a school (Igd) 0.29
Level of bad organisation in the classrooms (/bo) 0.69
Level of drinking water facility available (Idw) 0.34
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We apply Step 3 and illustrate, in Figure 3, the simula-
tion of the system for 50 iterations without any policy related
variables. It is observed that there is sharp increase in enroll-
ment rate at the beginning phase of the simulation (i.e., for
the first 12 iterations). However, there is a steady decrease in
the enrollment rate after a certain period of time. The trend is
observed in the number of dropouts and repeaters. In order to
observe the effect of infrastructure attributes, we include them
as policy variables in our next step. The policy variable that
is selected involves additional investment in the infrastructure
related attributes and elements which we call it as “policy
variable”.

Table 2: Impact rates of variables (attributes).

Representation of | Value Description
Impact

++++ 0.8 Very strong positive effect
+++ 0.6 Strong positive effect

++ 04 Moderate positive effect
+ 0.2 Mild positive effect

0 0 Neutral

_ -0.2 | Mild negative effect

__ -0.4 | Moderate negative effect
o -0.6 | Strong negative effect
e -0.8 | Very strong negative effect

Step 4. Identify a policy variable to achieve the desired
level or state and augment the cross impact matrix with this
policy variable with the qualitative assessment of pairwise
attribute interactions. Re-simulate the model.

In this re-simulation run, we select an improvement in
infrastructural facilities as the policy variable. In Table 4,

we include the relationship of the policy variable to other
attributes. We observe the system for 50 iterations, and check
if the desired state is achieved by introducing the policy vari-
able. We then compare the results obtained in the two simula-
tion runs. The detailed rates of change in all variables during
the two simulation runs taken before and after adding the
policy variable are indicated in the Appendix.

Figure 4 illustrates the results of the simulated system
after adding the identified policy variable in Step 4. Here, it is
observed that the policy variable is effective on improving the
enrollment and dropout and repeater rates.

Figure 5 illustrates the changes in important variables in
detail such as the enrollment rate, level of boy dropouts, level
of girl dropouts, level of repeaters, level of sanitation facilities
for general purpose, level of separate sanitation facilities for
girls, level of bad class organization, and level of space and
ventilation available in a classroom. The initial values for these
attributes are listed as 0.71, 0.2, 0.29 and 0.05 for enrollment
of students, level of boy dropouts, level of girl dropouts, level
of repeaters, respectively. After a simulation of 50 iterations
without any policy variables, we observe that there is a rise in
the enrollment level in the first 12 iterations and then, enroll-
ment starts to decline. A similar kind of trend is observed in
the level of boy dropouts in the first four iterations and in the
level of girl dropouts in the first five iterations. This early
amelioration in the dropout rates is short lived, and both boy
and girl dropouts increase steadily thereafter. We validate the
simulation results by comparing them with observed levels of
enrollment, dropouts and repeaters published by Directorate
of Primary Education, Gandhinagar (http://gujarat-educa-
tion.gov.in/primary/mahiti/ankadakiyan mahiti/index-eng.
htm).

After a policy variable related to infrastructure improve-
ments is introduced, a positive impact is observed on the
level of space and ventilation available in classrooms, level
of cleanliness and other facilities such as board, mats, table/
chair, educational aids (maps, toys, charts, etc.), level of sepa-
rate sanitation facilities for girls, level of general sanitation
facilities, level of available drinking water facilities, and class
organization. These impacts are discussed with education
officials, parents, students, and other local community people.
By introducing this policy variable, the enrollment rate has

Table 3: Cross impact matrix for primary education system.

loe Isv ie elp ilp leps Its ltp lrd g Is_s Ipa e lale Ir Ibd lgd lbo lew

lee 0 A s S S - = = 0 hnad =+ ha 0 0 0 =
Isv — 0 0 0 0 0 0 0 ++ 0 0 0 + + 0 0 0 0
le - 0 0 0 0 0 0 0 =+ 0 0 0 + + 0 0 0 0
alp 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
iip 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
leps 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
lts 0 ++ ++ 0 0 0 0 0 + 0 0 + 0 0 0 0 0 0
lip 0 0 0 0 0 0 0 0 + 0 0 + 0 0 0 0 0 0
lad 0 0 0 0 0 0 + + 0 0 0 0 0 0 0 0 0 - 0
Is g 0 0 0 0 0 0 0 +H+ 0 0 0 0 + 0 0 0 0 0
s s 0 0 0 0 0 0 0 =+ 0 0 0 + + 0 0 0 0 0
Ipa 0 0 0 0 0 0 0 0 0 0 0 + + 0 0 0 0 0
lic 0 0 0 0 0 0 0 0 0 0 0 0 + + 0 0 0 0 0
lals 0 0 0 0 0 0 0 0 0 0 0 0 ] 0 0 0 0 0 0
iIr + 0 0 0 0 0 0 0 0 0 + 0 0 0 0 ++ 0
lbd 0 - - 0 0 0 - i+ 0 L] +H+ -
lgd 0 - 0 0 - 0 0 -

lbo - 0 0 0 - 0 0 ] 0 0 0 0 0
e 0 0 0 0 0 0 0 0 0 0 0 + + 0 0 0 0 0
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improved steadily from an initial value of 0.71 to unity in a
few iterations. Further, the level of repeaters increased to a
value of 0.12 from an initial value of 0.05 in first 14 iterations,
and then declined thereafter. This is logical in the sense that
an improvement in the infrastructure doesn’t have an instant
impact on the level repeaters, but it would have an instant
impact on the enrollment rate because students and parents are
more eager to have the children attend a nice looking healthy
school. The level of bad organization in the classroom is not
greatly affected by the improvement in infrastructure facili-
ties because there are several other attributes that influence
this variable such as the level of perceived quality of teaching
by the district educational officer and the number of teachers
available for teaching. Consequently, the level of bad class-
room organization is reduced from 0.69 to 0.57 in the second
simulation run. In previous studies found in the literature, it
is observed that the quality and the number of teachers have
significant impacts on the enrollment, dropouts and repeaters.
The design of our proposed model is sufficiently flexible to
accommodate those impacts in future studies.

To summarize, in this study, we find that infrastructural
facilities have significant impacts on the enrollment, dropout
and repeater rates. This study is not meant to exclude any
other important variables such as gender and parental status
that affect school attendance and dropouts. Other simulations
can be designed using the CIA to include parental and gender
related policy variables to analyze their effects on enrollment.

5 Conclusion

A cross-impact model is developed here to study the influence
of infrastructure facilities on primary education enrollment
and progression. The cross-impact matrix illustrates the influ-
ence of one variable over the others and it also has a provi-
sion to identify the impact variables (i.e., policy variables).
Here, we construct a model based on primary education data
obtained in a survey conducted in Gujarat, India. Simulation
results show that infrastructure improvement would indeed
increase the enrollment rate in primary education.

Acknowledgments

We wish to thank Mr. B. Viswanthan, Regional Manager at
Tata Economic Consultancy Services, Chennai, for his valu-
able mentoring, and for extensive discussions. Also, we wish
to thank Mrs. Anupama Pedamallu for her help in editing
and formatting the paper. The authors would like to thank the
anonymous referees for their valuable comments.

References

Admassu, K. (2008). Primary School Enrollment and Progression
in Ethiopia: Family and School Factors. American Sociological
Association Annual Meeting, July 315t, 2008, Boston, MA.

Altamirano, M.A. & van Daalen, C.E. (2004). A system dynamics
model of primary and secondary education in Nicaragua. 2ond
International conference of the system dynamics society, July
25-29, 2004, Oxford, England.

Akar, H. (2008). Poverty, and Schooling in Turkey: a Needs
Assessment Study, Presentation at Workshop on Complex
Societal Problems, Sustainable Living and Development, May
13-16, 2008, IAM, METU, Ankara.

Bruns, B., Mingat, A. & Ramahatra, R. (2003). Achieving universal
primary education by 2015, a chance for every child. The World
Bank, Washington Dc., USA.

Benson, H. (1995). Household Demand for Primary Schooling
in Ethiopia: Preliminary Findings. Annual Meeting of the
American Educational Research Association, April 18-22, 1995,
San Francisco, CA.

Gordon, T.J. and Hayward, H. (1968) Initial experiments with the
cross-impact matrix method of forecasting. Futures, 1, 100-116.

Hanushek, E.A., Lavy, V. & Kohtaro, H. (2008). Do Students Care
about School Quality? Determinants of Dropout Behavior in
Developing Countries. Journal of Human Capital, 2(1), 69-105,
DOI: 10.1086/529446.

Hayashi, A., Tokimatsu, K., Yamamoto, H., & Mori, S. (2006).
Narrative scenario development based on cross-impact analysis
for the evaluation of global-warming mitigation options. Applied
Energy, 83:10, 1062-1075, DOI:10.1016/J.APENERGY.
2005.11.002.

Kane, J. (2002). A Primer for a New Cross-Impact Language - KSIM.
In: The Delphi Method: Techniques and Applications, Harold,
A.L., and Murray, T. (eds.), Addison-Wesley.

Table 4: Cross impact matrix for primary education system after adding policy variable.

loe v ic elp ilp leps its g ld Is g is_s ipa fle lale Ir 1bd lgd bo e policy
loe 0 =+ ++ Hr =+ ++ =+ =+ 0 =+ =+ =+ o o 0 H+ o
Jav - 0 0 0 0 0 0 0 +H+ 0 0 0 + + 0 0 0 0 -
e — 0 0 0 0 0 0 0 H+ 0 0 0 + + 0 0 0 0 HH
elp 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
iip 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
leps 0 0 0 0 0 0 0 0 0 0 0 0 0 o 0 0 0 0 0 0
lez 0 ++ =+ 0 o 0 0 0 + 0 0 + 0 o 0 o 0 0 o
e 0 0 0 0 0 0 0 0 + 0 0 + 0 0 0 0 0 - o 0
lad 0 0 0 0 0 0 + * 0 0 0 0 0 0 0 0 0 - 0 0
s g — 0 0 0 0 0 0 0 H+ 0 0 0 0 + 0 0 0 0 0 H+
Is — 0 0 0 0 0 0 0 hasd 0 0 0 + + 0 0 0 0 0 HH
ipa - 0 0 0 0 0 0 0 0 0 0 0 + + 0 0 1] 0 0 haas
e 0 0 0 0 0 0 0 0 0 0 0 0 + + 0 ] 1] 0 ] ]
lale 0 0 0 0 o ] 0 0 0 0 0 0 o o 0 o o 0 o 0
i + 0 0 0 0 0 0 0 0 ] + 0 0 0 o -+ 0 0
lbdd 0 0 0 0 H 0 0 H 0
lgd 0 0 0 HH 0 0 HH 0
B0 H 0 0 0 0 0 0 0 e 0 0 0 0 0 0 ] 0 0 0 —
I i 0 0 0 0 0 0 0 0 0 0 0 + + 0 0 0 0 0 ++

96



Organizacija, Volume 43

Research papers

Number 3, May-June 2010

12

-

06

Attribute value
—

04 -

0.2 1

—t—|oe
—i—lsv
-
——clp
—ilp
—8—|eps
—t—tg

—ltp

—t—Iis_g
=—|s_s
e |pa
———|ic
———ale
——Ir
ot |bd
= lgd
= |bo

Figure 3: Behavior of primary educational system before adding the policy variable.

12

Attribute value

04 -

02

Iy I\ o
WFE .;s"& ,;b'*‘p .;,'*9 -6‘6' @‘*‘ "}@ .g:& .{o‘*’ ,{_\"g’ .,9'# ,;'*9 .,;S*g' ,ja@ .,;\"‘dﬁ .,;i*p ..'5& .‘.’:@ g:‘& i‘" u‘”@
No.of iterations

—t—loe
== sy
—t—|c
——c|p
bl 117
-8—leps

Figure 4: Behavior of primary educational system after adding the policy variable.



Organizacija, Volume 43

Research papers

Number 3, May-June 2010

L LS LS LSS L LS LSS LSS S

Level of enrollment (/oe)

...........

JLLL LS LIS LSS LA

£l Pl

Level of bad organizing of classroom (/bo)

Level of separate sanitation facilities for girls

(Is_s)

LSS ISLL LSS LSS LSS LS LSS

Level of girls dropouts

PLLLELLLL LI SIS IS8

LA

Level of separate sanitation facilities for
general purpose (Is 2)

LS LS LIS S SIS SIS IS

Classroom (/sv)

Figure 5:Important variable changes from before and after policy variable implementation. Color legend (in the
electronic version of the paper): Blue line: after introducing policy variable; Red line: before introducing

policy variable)
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Model izboljSanja vpisa v osnovnosolsko izobrazevanje v drzavi v razvoju po metodi sistemske dinamike

Modeli sistemske dinamike so celovita metoda reSevanja kompleksnih problemov s pomocjo scenarijev. Omogocajo, da skupaj
z metodo racunalniSke simulacije analiziramo kompleksne probleme. Modeliranje z metodo sistemske dinamike je pogosto
osnova za sistemsko razmi$ljanje in predstavlja managersko in organizacijsko razvojno paradigmo. V ¢lanku je opisan pristop
na osnovi sistemske dinamike pri raziskavi pomembnosti infrastrukturnih zmogljivosti na kakovost osnovnega izobrazevanja
v drzavi v razvoju. Model je izdelan s pomocjo navzkrizne analize vpliva (Cross Impact Analysis - CIA), metode, ki primerja
entitete in atribute znacilne za osnovno izobrazevanje v neki dani skupnosti. Model CIA omogoc€a, da predvidimo vpliv infra-
strukturnih zmogljivosti na dostopnost te skupnosti do osnovnega izobrazevanja. To lahko pomaga javnim odloCevalcem, da

bolj u€inkovito planirajo akcije, ki poskusajo izboljSati pismenost.

Kljuéne besede: drzave v razvoju, modeliranje sistemov, navzkrizna analiza vpliva, simulacija, sistemska dinamika, osnovno

izobrazevanje
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Appendix

1. Simulation results for attributes before adding the policy variable (attribute values are rounded
off to two digits)

Attributes _|Initial Values |1 iteration| 2 iteration | J iteration |4 iteration |5 iteration |6 iteration |7 iteration |8 iretaton |9 iteration 10 iteration |11 iteration| 12 iteration | 13 iteration | 14 iteration
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Itd .35 7 18 09 0.3 0 0 0 0 [ 0
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Is s 0.28 0.22 0.15 0.08 03 0.0 0 0 0 0 0 0 o] 0 a
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lig 0.25 .27 0.29 .31 3 03 0.38 04 043 0.46 0.51 0.53 0.56] 0.6 0.63
lale 0.25 .27 0.29 1 3 0.3 0.38 0.41 044 047 0.51 0.54 0.58 06 0.65
Ir 0.05 0.07 011 0.19) 0.33 0.51 0.68 0.81 0.89 094 0.96 0.98 0.99] 0.99 1
lbd 0.2 0.08 0.01 0 0 0.01 0.02 0.05 0.1 0.19 0.29 0.41 0.52] 0.62 0.7
Igd 0.29 0.1 0.03 0.01] 0.01] 0.01 0.03 0.07 0.14 0.23 0.35 0.46 O.EFI 0.66) 0.74
Ibo 0.69 077 0.85 0.91] 0.95 097 0.98 0.99 0.99 1 1 1| 1| 1 1
ew 034 023 0.13 0.08] 0.02 0 0 0 0 0 0 of [l 0 a

Attributes 15 iteration |16 immtinnl 1Titeration |18 immlienhs iteration | 20 iteration | 21 ilnmtion|22 iteration | 23 imrnlionlu iteration | 25 iteration | 26 ilnmtion|2'.' iteration | 28 iteration | 29 iteration
log 0.94 (] 0.9 0. 0.8 0.85 0.8 07 0.75] 0.7 0.64 0.5 05 0.4 0.3

lsv

e

elp 0.3 0.35 0.3 0.35) 0.35 0.3 0.35] 0.35 0.3 0.3 03 0.35) 035 0.3! 0.35
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2. Simulation results for attributes after adding the policy variable (attribute values are rounded
off to two digits)

Attributes 1iteration | 2iteration | Jiteration | 4 iteration | 5 iteration | 6 iteration | T iteration & iretaton 9 iteration | 10 iteration | 11 iteration | 12 iteration
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