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Abstract Misconduct in education is a serious problem internationally. Corruption
and other forms of misconduct may be modeled in large educational organizations
with strong vertical and horizontal ties with the help of cellular automata. This paper
offers a theoretical framework and a methodology based on cellular automata to study
corruption in large educational organizations, including school districts and state and
private university and college systems. Cellular automaton allows making forecasts,
assessments, and predictions about the scope and scale of corruption within organi-
zations. Starting with different cases or combinations of behavior on the workplace
and working environment as initial conditions, the process of cellular automation
simulates behavior of educators and results in images that depict likely future de-
velopments in educators’ misconduct within educational organizations. The results
of simulations reflect patterns of academic, financial, and administrative misconduct
that may be found in academia.

Keywords Cellular automata · Corruption · Education · Methodology ·
Misconduct · Modeling · Organizations · Peer pressure · Simulation

1 Introduction

Misconduct in education is a serious problem internationally. As the education sector
grows, so does the scale of misconduct. The large bureaucratic apparatus, overreg-
ulation, outdated and unclear rules, legal nihilism, labyrinth of laws and poor au-
dit create opportunities for abuse. The blending of public sector, private firms, and
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personal interests of educators leads to collusion and evolvement of different forms
of misconduct, especially widespread in large university systems. Educators’ mis-
conduct is not limited to embezzlement of the state funds by educational bureau-
crats or collecting bribes from students by faculty members. Misconduct in edu-
cation goes far beyond that and may be found in secondary and higher education
sectors, in public and private sectors, in centralized and decentralized educational
systems. It manifests itself in forms of bribery, embezzlement, extortion, fraud, nepo-
tism, cronyism, favoritism, kickbacks, transgressing rules and regulations, bypass of
criteria in selection and promotion, ghost teachers, cheating, plagiarism, research
misconduct, data falsification, discrimination, and abuse of public property (Osip-
ian 2007, 2008a, 2008b, 2008c, 2009a, 2009b, 2009c, 2009d, 2009e, 2009f, 2010a,
2010b, 2010c, 2010d, 2012a, 2012b, 2012c, 2012d, 2012e). In most of the instances
corruption in education has a systemic character and hence can be modeled. Cellu-
lar automaton offers a promising methodology to study misconduct in education. It
allows making forecasts, assessments, and predictions about the scope and scale of
corruption within organizations. Cellular automata, used in sciences, may be applied
to investigate corruption in large hierarchical structures of educational organizations.

2 The problem of misconduct in education

Corruption in higher education can be defined as a system of informal relations es-
tablished to regulate unsanctioned access to material and nonmaterial assets through
abuse of the office of public or corporate trust (Osipian 2007, p. 315). The most
common forms of education corruption that may be found in different educational
systems are laid down in Osipian (2007). Hallak and Poisson (2007) offer an account
of education corruption throughout the world. Functions of the higher education in-
stitutions become corrupted and this corruption erodes values shared by educational
organizations and the societies overall. This corruption of functions occurs among
educators within rigid organizational structures, characterized by institutional rigid-
ity. For instance, Washburn (2005) investigated the doubtful and illegal practices that
occur in the relations of universities and industries and call them corporate corruption
of higher education. External impact on universities done by the state may be equally
important. The subject matter of education corruption as a part of misconduct in the
education sector is being addressed in the scholarly work over the last five years, but
the methodology of research remains very vague. Some research utilizes quantitative
methodologies and survey data. Round and Rodgers (2009) study the problems of
corruption in post-Soviet Ukraine’s higher education sector by interviewing students
in selected colleges. The research of education corruption remains on the level of con-
ceptualization, theorization, and few methodological works. More attention is given
to the nexus of political changes and educational reforms while the organizational as-
pects of education corruption are not well-researched. Major grounds for misconduct
and corruption include the size of the system, amount of funds employed, intensity of
monetary transactions, and complexity of the system. Large higher education institu-
tions and state college and university systems employ thousands of faculty members
and researchers and have budgets in billions of dollars. The literature on misconduct
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in education points to at least three important characteristics that are of interest for
this study: the large size of educational systems and organizations where miscon-
duct occurs, the systemic character of misconduct, and the role of peer pressure and
oversight in preventing or perpetuating misconduct.

3 Literature review

Different theoretical frameworks are applied to study different forms of misconduct in
large organizations. Mishra (2006) considers corruption, hierarchies and bureaucratic
structures in organizations. Lui (1985, 1986) considers dynamic models of corruption
and inclusion of deterrence as a factor for reducing corruption or confining it within
the certain limits. Tirole (1986, 1992, 1996) brings wealth of knowledge on corrup-
tion in organizations, including hierarchies and bureaucracies, the role of collusion in
organizations, collective reputations, and persistence of corruption in organizations.
Carillo (2000, p. 3) points to possible collusion between supervisors and agents: “cor-
ruption can propagate within the hierarchy. We capture this recursive property of cor-
ruption by assuming that agents can share the bribe with their superiors in exchange
for not being denounced.” Kessler (2000) researches monitoring and collusion in hi-
erarchies. The issue of collusion is addressed in Choi and Thum (1998), Gong (2002),
Khalil and Lawarree (1993, 1995, 1996), Kofman and Lawarree (1993), Laffont and
Martimort (1997), Lambert-Mogiliansky (1995), Olsen and Torsvik (1998), Strausz
(1996), and Tirole (1986). These works examine collusion-proof contracts in differ-
ent settings of the principal-agent frame.

Principal-agent theory, first developed in economics to study relations between
the owners of the enterprises and their managers, is used to investigate corruption.
The principal-agent problem in the fields of public policy, electoral process, and eco-
nomics is described by Banfield (1975), Becker and Stigler (1974), Darden (2008),
Klitgaard (1986), Kunicova and Rose-Ackerman (2005), Martimort (1993), Rose-
Ackerman (1974, 1978, 1999), and Solnick (1998). Principals and agents are both
self-interested actors, so their preferences often diverge. This agency problem not
only urges a principal to monitor the agent, but also to try different mechanisms of
controlling the agent’s behavior. Referring to Klitgaard (1988, p. 23), Gong (2002,
p. 88) states that corruption “occurs when an agent betrays the principal’s interests in
pursuit of his/her own or when the client corrupts the agent if he or she (client) per-
ceives that the likely net benefits from doing so outweigh the likely net costs.” Shleifer
and Vishny (1993) consider vertical structures and conclude that decentralization of
corruption leads to an increase in the total volume of graft collected by corrupt bu-
reaucrats. Corruption in hierarchies is researched by Bac (1996, 1998a, 1998b, 2001),
Olsen and Torsvik (1998), Osipian (2009e), and Varian (1990) in connection with the
principal-agent theory. Olsen and Torsvik (1998) consider collusion in organizations
within the principal-agent frame. Guriev (2004) investigates three-tier hierarchies
with principal, bureaucrat, and agents. Carillo (2000) develops a four-tier hierarchi-
cal model that includes corrupt behavior. Waite and Allen (2003) follow the possible
top-down and bottom-up channels of conveying benefits of corruption and resources
in educational systems.
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Cost-benefit analysis is used in designing cost-effective models and mechanisms
of supervision. Bac (1998a, 1998b) investigates the problem of organizing three
agents in a hierarchical monitoring structure and designing a corresponding incen-
tive system to minimize the cost of implementing a target level of corruption. Bac
(1996, 1998a, 1998b) combines hierarchies, cost-benefit analysis, and collusion in
potentially corrupt structures and demonstrates that the possibility of collusion may
prevent the implementation of anything less than full corruption. He asserts, “In rela-
tively flat hierarchies, economies of scale in monitoring reduce implementation costs
but may increase the risk of collusion.” (Bac 1998a, 1998b, p. 110) Different types
of hierarchies include the hierarchy where one supervisor monitors two subordinates
within the supervision chain, which is shown to display in its upper part a higher risk
of collusion than in its lower part. Different hierarchical structures are then contrasted
with each other in order to follow the performance of each in terms of better super-
vision and control. Lately, methodologies normally used in sciences find their way
in research of corruption, including primarily its economic aspects (Shao et al. 2007;
Blanchard et al. 2005).

Lastly, one cannot leave without an acknowledgement the symposium on orga-
nizational corruption that incorporates works by Ashforth et al. (2008), Pinto et al.
(2008), Lange (2008), Pfarrer et al. (2008), and Misangyi et al. (2008). The authors
conceptualize different aspects of corruption in large organizational structures, such
as corporations, in both micro- and macro-perspectives, searching to answer the quest
for better corporate governance and more reliable and enforceable ethical standards.
Osborn (1997) considers corruption as counter-culture, including population’s at-
titudes to bribery. Organizational culture may turn to be more important than the
set of formal rules and regulations imposed by the administration on the employees
and by the regulatory authorities, such as the state, on the organizations. Indeed, as
Ashforth et al. (2008) suggest, “a formal ethics infrastructure does not guarantee a
corruption-free organization. What is required is a culture that embeds support for
ethical conduct throughout its formal and informal systems.” (p. 674) Helbing et al.
(2011) consider self-organization and emergence in social systems by modeling the
coevolution of social environments and cooperative behavior. Research of corruption
with the use of cellular automata is virtually nonexistent. Wirl (1998) presents basic
socio-economic typologies of bureaucratic corruption and their implications as stud-
ied through the application of cellular automata. Computational organization theory
is presented in works of Carley and Prietula (1994), and Carley and Gasser (1999),
among others.

There are certain specifics that make the education sector distinct from other indus-
tries, bureaucracies, and organizations in general. These specifics or distinct features
and characteristics come out from the very nature of educational product—the out-
come of education is not very clear and hard to measure. It is equally hard to measure
the quality of education and decisions, routinely made in educational organizations.
In educational organizations, educators, be it professors or administrators, set their
own educational standards. These standards may vary from organization to organi-
zation and do not necessarily follow a single approved pattern. This characteristic
makes them quite distinct from state bureaucracies, where standards and protocols to
action are set out clearly and followed strictly. There are also disciplinary measures
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for non-compliance and violations, whatever minor they may be. Despite the high
level of collegiality, educational organizations may be characterized by hierarchical
structures, and corrupt relations in these organizations may become hierarchical as
well. Osipian (2009e) analyses corruption hierarchies in higher education, presenting
vertical hierarchy an institutionalized informal corrupt organization: “Vertical hier-
archy anticipates both formal and informal subordination. Faculty and staff comply
with formal and informal or illegal orders of top university administrators. Major
characteristics of vertical hierarchy are an absolute degree of centralization and a con-
centration of formal and informal authority.” (p. 326) Why is this important? First,
in educational organizations, peer evaluation is of paramount importance. Thus, peer
pressure present in professional organizations and bureaucracies often becomes the
major force in educational settings. This essential feature is especially important in
higher education institutions, where publications, hiring, retention, promotion, fund-
ing and other benefits are based primarily on the peer review process. Procedural
defenses for vulnerable faculty members based on purely administrative rules and
regulations do not work nearly as well as they would in typical bureaucracies. Sec-
ond, higher-ups in an educational hierarchy can pressurize junior faculty based on
artificially invented or indeed false standards, since standards are not clear. In such
instances, senior faculty and administrators may serve a bad example or indeed en-
courage misconduct by junior faculty members. Peer to peer sharing of practices may
turn into coercion.

4 Theoretical framework

As denoted by Wirl (1998, p. 203) based on works of Wolfram (1984, 1986, 1994),
a cellular automaton is an iterating map F that updates at each period t the value or
action of a site i, denoted a(t), depending on the neighbors actions in period (t − 1)

from a fixed radius r into the set of possible states, which is discrete and of dimension
k, {0,1,2, . . . , k − 1}:

ai(t) = F
(
ai−r (t − 1), ai−r+1(t − 1), . . . , ai+r (t − 1)

)
.

In deterministic cellular automata, the new state of a cell is determined on the basis of
its actual state and states present in the neighboring cells. In the simplest case, a one-
dimensional cellular automaton anticipates two possible states and a neighborhood
of three cells. With two possible states and the neighborhood of three there are eight
possible combinations of initial conditions and outcomes for the cell in focus. In a
two-dimensional cellular automaton, cells can be positioned in hexagonal or square
configurations.

In a Von Neuman neighborhood, cells are influenced by their neighbors from four
sides, while in a Moore neighborhood diagonal links are also involved. Hence, a
Von Neuman neighborhood consists of five cells, including the cell in focus, and a
Moore neighborhood consists of nine cells. Stochastic or three-dimensional cellular
automata are more complex forms than one- and two-dimensional models. In stochas-
tic models, the transition rule allows for stochastic or probabilistic distribution. In
such case the model can indicate the next state of the cell in focus based on the prob-
ability of its changing its initial state or preserving it. Stochastic cellular automaton
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reflects on spatial inter-specific competition of neighboring cells for the determina-
tion of the focus’ cell next stage. Ideally, any large bureaucracy or professional or-
ganization, including those with complex hierarchical structures, can be decomposed
to a simple linear one-period system. The resulting abstraction can be processed with
cellular automata based on the set rules of functions. In some instances initial ran-
domly distributed cells of types a and b can evolve into a homogenous state at a
certain stage. In other cases, evolution will lead to a set of infinite separated simple
stable or periodic structures depicting different combinations of cells a and b.

As applied to employees’ behavior in complex organizations, the initial chaotic
patterns of behavior can transform into periodic patterns, homogenous state, or
chaotic unorganized patterns indistinguishable from the initial patterns. Periodic pat-
terns reflect repetitive behavior of employees. Evolution leads to emergence of com-
plex localized structures. In this case, some very complex spatial patterns may arise
and reproduce over long periods of time. Such patterns may also exhibit intriguing
spatial propagation despite a perfect conservation of their shape. Thus, surprisingly
complex behaviors can arise from the action of randomly distributed cells with dis-
tinct patterns of behavior and result in locally concentrated processes that are not
strategically directed but rather sporadic.

5 Methodology

In the simplest case, a cellular automaton consists of a line of cells or, as in our case,
educators, with each cell carrying a value of zero or one. The site values evolve syn-
chronously in discrete time steps according to the values of their nearest neighbors to
indicate the effect of peer pressure and moral constraints. The analysis involves initial
determination of educators who do and do not commit misconduct. The next step is
to determine the period, or the single step, along the timeline. For instance, for educa-
tional financiers the period might be one financial year, while for teachers it might be
one week or one academic year. The third step involves programming, or setting the
rules according to which cellular automation is to progress. The rules include deter-
minants of peer pressure and anticipated economic benefits from corruption. Further
developments of the given methodology are in the two-dimensional cellular automata
that can produce patterns with complicated boundaries (Packard and Wolfram 1985).
Cellular automata are based on iterated functions. The process of iteration, i.e. a repet-
itive process, allows for an infinite number of equal steps. A limitation of the basic
assumptions of the presented analysis is that automata, unlike humans, do not re-
spond to incentives but rather act robotically. They are programmed based on the set
of functions and do not act strategically.

6 Model

This paper offers the following theoretical model for application of cellular automata
to misconduct in education sector and more specifically to corrupt educators. It con-
siders educators as rational actors that calculate their expected cost and benefit of
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being involved in misconduct and make decisions about whether to participate in
corrupt activities based on net benefits. It is assumed that net benefit from accepting
a bribe or committing other possible forms of misconduct is a function of the benefits
of corruption, including the size of a bribe, the risk of being exposed and prosecuted,
and the social pressure from colleagues as well as personal ethics, Q = f (E,C,S).
The environment in which corruption is to take place as well as the educator’s per-
sonal views on corruption will be denoted as social pressure. The task is to opera-
tionalize social pressure and include it in the consideration of corrupt behavior and
decision-making regarding the support of the system. We will incorporate social pres-
sure into the initial model of corruption and compliance with the formal and informal
rules that exist in the system and simulate the educator’s behavior with the help of
numerical examples. Social pressure includes peer pressure on the educator and his
moral considerations. It is assumed that in corrupt organizations peer pressure works
toward encouraging corruption. Higher peer pressure results in a higher probability
for the educator to accept bribes and to comply with the current system. His/her moral
considerations, however, can work in the opposite direction. Contrary to peer pres-
sure, the educator’s morality negatively impacts his willingness to accept bribes. Net
social pressure is calculated by subtracting the numerical value of moral considera-
tions from the numerical value of peer pressure. The model of decision-making based
on the net benefits the educator i would expect from corruption is presented in the
equation below:

Qi,t−1 = Ei,t−1 + (pi,t−1 − mi,t−1) − (dt−1 × rt−1), (1)

where i denotes the educator, E is the economic benefit from being involved in cor-
ruption, d is the degree of punishment defined by law for a corrupt educator, r is the
probability of being exposed, C is the total cost of being corrupt, p is the peer pres-
sure, m is the moral considerations, S is the net social pressure, Q is the net benefit
from corruption. All variables are taken in the period t − 1. If Q < 0, then the edu-
cator will decide not to support the current system. If Q > 0, then the educator will
decide to support the current system.

Opportunity costs O of working in the education sector for period t − 1 can be
equal to the educator’s present legal salary L, benefits of corruption, social pressure,
and risks, associated with bribery and other forms of corruption. In this case the
educator is neutral to the existing system. He/she neither supports the system, nor is
he/she willing to change it because his/her position in terms of income and personal
wealth will likely stay unchanged. The equality can be presented as follows:

Oi,t−1 = Li,t−1 + Ei,t−1 + (pi,t−1 − mi,t−1) − (dt−1 × rt−1). (2)

If O > Q + L, then the educator will decide not to support the current system.
If O < Q + L, then the educator will decide to support the existing system. Peer
pressure is understood as a pressure of corrupt colleagues on the educator toward
corruption. Such a pressure may come from other educators within the department
and the administration. Accordingly, the value of p is anticipated to always be pos-
itive. Educator makes first a decision on whether to work in the sector and, in the
affirmative, whether he should take a bribe or not. The state pressure on corrupt ed-
ucators is exogenous and hence is not included in the initial model. All hierarchical
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organizations use some form of internal supervision to detect corrupt behavior and
wrongdoing. The educator’s moral standards are assumed to be against corruption,
and hence m is negative. A numerical example of defining the educator’s decision of
whether to support the system in exchange for the opportunities to collect bribes or
commit misconduct without being punished is presented in Table 1.

7 Model simulation

Table 1 provides a numerical example for the extended model presented above (2)
for the period t − 1. The assumption is made that social pressure depends on two
educators who are the nearest colleagues of the educator whose decision is at stake.
The educator’s colleagues are denoted in the table as i − 1 and i + 1. Let us assume
that the social pressure function takes the values 0 for deviating from the colleagues’
behavior, 1 for conforming to one of the two colleagues, and 2 for a uniform corrupt
behavior of all three educators. The values are obtained as results from the combi-
nation of peer pressure and moral considerations. Peer pressure is equal to 2 if both
of the educator’s colleagues are corrupt, 1 if only one of colleagues is corrupt, and
0 if both of colleagues do not accept bribes. Moral considerations are assigned val-
ues of 0 or 1, depending on whether the educator already accepts bribes. The degree
of punishment for corrupt behavior is uniform for all of the possible combinations
of corrupt and uncorrupt educators and has a value of 4. The probability of being
exposed depends on the corruptness of the colleagues-educators. If the educator is
corrupt, the probability of being exposed is equal to 0 only if both of his colleagues
are corrupt. However, if the educator will accept a bribe while having both of his col-
leagues not involved in corrupt activities, the probability of being exposed is equal to
1. Having only one of two colleagues corrupt makes the probability of being exposed
equal to 0.5. Accordingly, the value of the total cost of being corrupt varies from 0
to 2. The value of present or legal salary of the educator i is constant for all three
periods, t − 1, t , and t + 1, uniform, and equal to 2. The fair market salary or the
opportunity costs of the educator i is also constant for all the three periods, t − 1, t ,
and t + 1, uniform, and equal to 3. The value of the economic benefits from corrup-
tion is equal to 2. It is uniform for all the possible combinations. It is assumed that
bribes are collected over a certain period of time. This period of time is similar to the
one over which the corrupt educator bears the risk of being exposed and prosecuted.
As can be seen from the numerical example, the degree of punishment is twice as
high as the expected benefits from corruption. This encourages corrupt educators to
seek safe harbors, such as highly corrupt environments. A good example of a safe
harbor would be a department where most or all of the educators are corrupt. Let us
now assume that the authorities have lowered the degree of punishment that a corrupt
educator may face if accused of corruption and prosecuted. We lower the existing
level of punishment of 4 down to 2. A numerical example of defining the educator’s
decision of whether to support the existing system in exchange for the opportunities
to collect benefits of corruption without being punished is presented in Table 2.

As can be seen from Table 2, the number of cases when the educator will choose
to comply with the system increased 100 percentage points, from 2 to 4. Hence, a
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voluntary reduction of the degree of punishment from 4 in period t − 1 down to 2 in
period t leads to a significant increase in the number of cases in which the educator
will support the system.

Despite the significant increase in the number of cases when the educator will sup-
port the existing system in period t , it constitutes only half of all possible cases. This
is not sufficient for the system that wants to sustain itself. The system cannot afford an
increase in the salaries it pays to college professors due to budget constraints. Nor can
it facilitate an increase in the total sum of benefits educators generate from corruption.
The size of bribes and the total scale and scope of bribery and other forms of corrup-
tion in education, as well as in other sectors of the economy, are mostly determined
by the market forces, including consumer demand and clientele base, not by the state.
Further proliferation of the corruption and compliance policy is needed. Therefore, as
follows from (1) and (2), the authorities are interested in the reduction of the total cost
of being involved in corruption for each educator. This can be done easily since the
punishment mechanism is administered by the state. While the state cannot regulate
the risk of exposure r , it can regulate the degree of punishment d . The degree of pun-
ishment consists of the probability of being prosecuted and sentenced and the level
of punishment chosen by the state in regard to the corrupt educator. While formally
the degree of punishment may be high, the actual degree of punishment d may be
relatively low, based on the low rate of prosecution. Furthermore, prosecution itself
is a threat only for those who choose not to comply with the authorities’ demands.

Let us assume that the authorities have lowered the degree of punishment that a
corrupt educator may face if accused of corruption and prosecuted. We reduce the
existing level of punishment of 2 in period t down to 1 in period t + 1. A numeri-
cal example of defining the educator’s decision of whether to support the system in
exchange for the opportunities to collect bribes without being punished is presented
in Table 3. The number of cases when the educator will chose to comply with the
system’s demands increased 50 percentage points, from 4 to 6. Hence, a further vol-
untary reduction of the degree of punishment from 2 in period t down to 1 lead to
a significant increase in the number of cases in which the educator will opt for sup-
porting the system. Probability of being exposed may be a function of peer pressure.
Accordingly, an increase in peer pressure may lead to a decrease in the probability of
being exposed and, hence, to a further decrease in the total cost of being involved in
corrupt activities. This will lead to an even higher probability of the educator being
in support of the existing system.

8 Results

The results of cellular automation simulation, including those obtained after analyz-
ing the large educational organizations, are best seen as graphic depictions. They
might be simple yet reliable assessments of the future developments that reflect the
scale and the scope of educational misconduct. Wirl says that “Although cellular au-
tomata are very simple, deterministic machines and thus crude approximations of
real, economic situations, they are capable of describing self organization and com-
plex patterns (of corruption).” (Wirl 1998, p. 199) The images, both black and white
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and in color, depending upon the initial characteristics of the cells and the authors’
determination, allow for visual examination of future patterns of misconduct. The
structures with the clear aisles or sporadic distribution of corrupt educators point to-
ward particular educators who are likely to commit misconduct in the future. Most
interestingly, the predictions point to those members of large organizations who are
most likely to be involved in misconduct after a certain period of time and yet who at
the present may even be unaware of this.

We present three simulations based on distinct functions of deterministic patterns
of behavior. The images appear structuralistic in nature, with dispersed triangles of
different sizes, often localized in groups, with diffused and randomly distributed sin-
gle cells. In all of the images generated below, black color identifies a corrupt ed-
ucator, while white color identifies a non-corrupt educator. Two neighbors, one on
the left and one on the right, influence their neighbor in the middle. We focus on the
educator in the middle. For each function, we use 1000 educators in a one-year, i.e.
365-day period, where each cell represents a given educator in a given day.

We present three functions. Each of the functions reflects a certain balance of
powers and combination of factors, including central authorities, educators, pay rates,
risk of exposure, degree of punishment, and peer pressure. Based on the significance
of these initial factors in each of the three cases, we formulate certain dependencies
expressed as functions 1, 2, and 3.

Function 1. (Rule 18). Let us assume that: (1) three corrupt educators grouped
together cause the authorities to initiate an investigation; accordingly, the risk of pun-
ishment for being involved in misconduct increases, and as a result the educator re-
fuses to participate in corruption. Hence, having two corrupt neighbors in period t −1
causes the educator to become non-corrupt in period t ; (2) having one non-corrupt
neighbor causes the corrupt educator to become non-corrupt in period t , if he was
corrupt in period t − 1; (3) having two corrupt educators-neighbors causes the educa-
tor to remain non-corrupt in period t , because he/she reasonably expects that his/her
neighbors will remain corrupt in period t and that three corrupt educators will cause
the authorities to initiate an investigation. The risk will go up and the educator will
have to refuse corruption; (4) having two non-corrupt neighbors causes the corrupt
educator to become non-corrupt, since peer pressure in this case pushes him/her to-
ward non-corruption. In addition, the risk of being exposed by non-corrupt peers is
higher; (5) finally, having two non-corrupt neighbors in period t − 1 causes the non-
corrupt educator to remain non-corrupt in period t . The results of cellular automaton
for the function 1 are presented in Figs. 1, 2, 3, 4.

Function 2. (Rule 126). Let us assume that: (1) three corrupt educators grouped
together cause the authorities to initiate an investigation; accordingly, the risk of pun-
ishment for being involved in misconduct increases, and as a result the educator re-
fuses to participate in corruption. Hence, having two corrupt neighbors in period t −1
causes the educator to become non-corrupt in period t ; (2) having one corrupt neigh-
bor allows the corrupt educator to remain corrupt in period t , if he was corrupt in pe-
riod t −1; (3) having one corrupt neighbor in period t −1 encourages the non-corrupt
educator to become corrupt in period t ; (4) having two corrupt educators-neighbors
in period t − 1 allows non-corrupt educator to become corrupt in period t ; (5) having
two non-corrupt neighbors allows the corrupt educator to remain corrupt, since peer
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Fig. 1 Function 1. Cellular automaton for 1000 educators in a 365-day period, with corrupt educators
being distributed randomly in day one

Fig. 2 Function 1. Randomly
selected magnified textural
structure

Fig. 3 Function 1. Cellular automaton for 1000 educators in a 365-day period, with one corrupt educator
initially in day one

pressure in this case is weaker and does not push him/her toward non-corruption. In
addition, the risk of being exposed by non-corrupt peers is lower; (6) finally, having
two non-corrupt neighbors in period t − 1 causes the non-corrupt educator to remain
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Fig. 4 Function 1. Randomly
selected magnified textural
structure

Fig. 5 Function 2. Cellular automaton for 1000 educators in a 365-day period, with corrupt educators
being distributed randomly in day one

non-corrupt in period t . The results of cellular automaton for the function 2 are pre-
sented in Figs. 5, 6, 7, 8.

Function 3. (Rule 86). Let us assume that: (1) three corrupt educators grouped
together cause the authorities to initiate an investigation; accordingly, the risk of pun-
ishment for being involved in misconduct increases, and as a result the educator re-
fuses to participate in corruption. Hence, having two corrupt neighbors in period t −1
causes the educator to become non-corrupt in period t ; (2) having one corrupt neigh-
bor causes the corrupt educator to remain corrupt in period t ; (3) having one corrupt
neighbor causes the non-corrupt educator to become corrupt in period t ; (4) having
two corrupt educators-neighbors in period t − 1 causes the educator to remain non-
corrupt in period t , because he/she reasonably expects that his/her neighbors will
remain corrupt in period t and that three corrupt educators will cause the authorities
to initiate an investigation; (5) having two non-corrupt neighbors allows the corrupt
educator to remain corrupt, since peer pressure in this case is weak and does not push
him/her to become non-corrupt; (6) finally, having two non-corrupt neighbors in pe-
riod t − 1 causes the non-corrupt educator to remain non-corrupt in period t . The
results of cellular automaton for the function 3 are presented in Figs. 9, 10, 11, 12.
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Fig. 6 Function 2. Randomly
selected magnified textural
structure

Fig. 7 Function 2. Cellular automaton for 1000 educators in a 365-day period, with one corrupt educator
initially in day one

Fig. 8 Function 2. Randomly
selected magnified textural
structure

Functions 1, 2, and 3, depicted on the images, do not necessarily correspond with
the numerical examples we offered earlier. But in the essence, lesser peer pressure
to be non-corrupt and the risks associated with participation in corrupt activities be-
come definitive in educators’ behavior in both numerical simulations and graphic
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Fig. 9 Function 3. Cellular automaton for 1000 educators in a 365-day period, with corrupt educators
being distributed randomly in day one

Fig. 10 Function 3. Randomly
selected magnified textural
structure

representations. According to Function 1, the educator is unlikely to be encouraged
to participate in misconduct in most of the instances. As a result, the structure of the
cellular automaton for 1000 educators in a 365-day period, with corrupt educators
being distributed randomly in day one and with one corrupt educator initially in day
one, depicted in Figs. 1 and 3, respectively, is of a lesser density than that of Func-
tion 2. Cellular automaton based on Function 2 appears to have somewhat similar
structure, but is clearly denser. This means that higher peer pressure to become cor-
rupt and lesser risk of prosecution make the number of instances of having corrupt
educators is much higher.

Finally, as depicted in Fig. 9, cellular automaton based on Function 3 is less
chaotic and has a more structured appearance, than do cellular automata based on
Functions 1 and 2. Figure 11 presents a quite astonishing pattern of distribution of
educators’ misconduct that starts from a single corrupt educator in day 1 and by the
end of the year there are already a few hundred corrupt educators with a perspective
of further proliferation until the margins are reached. The triangle that reflects the
area of misconduct spread in the educational organization has a much higher density
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Fig. 11 Function 3. Cellular automaton for 1000 educators in a 365-day period, with one corrupt educator
initially in day one

Fig. 12 Function 3. Randomly
selected magnified textural
structure

than the pyramidal structures in Figs. 3 and 7. Equally interesting is that there is a
clearly visible asymmetry in the way the cellular automaton progression is structured.
The right side of the triangle and its center is structured along horizontal and verti-
cal lines, while the left side of the triangle is grouped more along the diagonal lines
directed from the center parallel to the left lateral position.

9 Inferences, organizational implications, and policy recommendations

Social pressure and peer pressure in particular appear to be definitive when it comes
to corruption in large educational organizations, and is of paramount importance in
higher education institutions. Lesser peer pressure to be non-corrupt and the risks
associated with participation in corruption become definitive in educators’ corrupt
behavior. To reverse the trend on corruption, higher ethical and moral standards may
be needed. The state may be interested in maintaining a certain level of corruption in
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educational organizations in order to advance the agenda of a political regime. Cor-
rupted organizations and educators are easy to manipulate. In such instances, more
internal control may be suggested instead of less effective external governmental con-
trol. This suggestion is in line with aspirations for higher degrees of the university
autonomy, which may be found throughout the world.

Social and work climate in educational organizations is especially important, be-
cause all organizational decisions, including academic appointments and promotions,
are based on the peer review process, including both internal and external peer review.
Peer pressure may weed out corruption by forcing the “bad apple” educators to act
ethically or eliminating them by pushing them outside the organization or it may well
chase good educators away while letting corrupt educators to “infect” their colleagues
with the virus of corruption, causing corruption to proliferate. Some organizational
environments have a very welcoming climate for corrupt activities. As depicted in
Fig. 11 of Function 3, just one corrupt educator can turn a large educational organi-
zation in a hotbed of corruption in less than two years.

Each educational organization has the duty to cultivate intellectual integrity as a
combination of academic integrity and research and scholarly integrity. This duty
rests primarily with the organization rather than the state. Each higher educational
organization, taken as a kind of semi-autonomous educational enclave within the
national educational system, is used as a unit of analysis. Naturally, it has its own
subunits and subdivisions, such as departments. Daily actions of educators shape a
collective reputation of each department and sum up to the reputation of the entire
organization. As simulations show, an increased internal control alone is not going
to solve the problem of corruption. In addition, internal control is costly, although
it may be less costly than externally imposed governmental control. There is a need
for more incentives for a good behavior, including incentives of not only individual
character, but of collective character as well.

In order to better link the recommendations with the simulation results, derived
from the models, we will try to address the question about the immunity of orga-
nizations of higher learning in regard to corrupt educators spreading the virus of
corruption. Simply put, which types of organizations are vulnerable to intrusion of
one corrupt individual, and which kind of organizations resist better to corruption?
In better protected organizations, the risk of exposure actually materializes in proper
reaction of the organizational authorities and external supervisors, such as state agen-
cies. According to first and second functions, the risk of exposure increases with the
grouping of corrupt educators. As under the military rule in some dictatorial regimes,
the “do not gather three or more” rule applies to corrupt educators, in which way
their “freedom of assembly” becomes violated. Such is the negative effect of peer
pressure. Under the bad apple approach, a corrupt educator, even if implanted ran-
domly into an organization, will eventually be identified, exposed, and punished or
dismissed. However, according to the third function, if a corrupt educator gets seeded
in a welcoming environment, susceptible to corruption, corrupt practices may well
proliferate among previously uncorrupt educators, instead of this bad apple educator
being weeded out from the institution of higher learning. So the answer to the ques-
tion is that the organization’s immunity or the ability to resist corruption depends not
as much on the structural specifics but organizational culture supported by oversight
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and internal stimuli. Indeed, not educational organization may be immune to corrupt
educators, but some manage to not let corruption proliferate at a high rate.

If just one corrupt educator can turn a large educational organization into a hotbed
of corruption, how can the organization match this risk and meet it with proper anti-
corruption tactics? Which types of organizations can safeguard from corrupt educa-
tors coming in and infiltrating higher education institutions? Mere vigilance and risk
aversion strategies in employing and promoting academics may not help much, for
it is the environment that often plays a significant or even decisive role in corrupt-
ing academics. The human factor, so persistently emphasized in the former socialist
states, points to the robotic versus human actors’ controversy. However, this contro-
versy does not fundamentally undermine the validity of the inferences one makes
for the model, because the model simulations rely on incentives, and human actors,
especially those teaching and administering institutions of higher learning, are quite
rational ones. The information produced by the simulation is actionable, but the infer-
ences drawn from it may of course be challenged. Such constraint with respect to this
perspective seems to be natural, and nevertheless a cellular automation based simu-
lations could prove useful in modeling educators’ illicit behavior in a wide variety
of different higher educational environments. Different functions of interactions and
mutual interdependencies among educators introduced in this work depict variations
in simple organizational structures. Peer pressure in research oriented universities
may be more significant and at the same time less structured and administratively
controlled, than it is in liberal art colleges or so-called teaching schools. For different
educational systems and/or types of educational organizations different functions ap-
ply. Accordingly, policy recommendations on how to curb corruption may differ. In
the former socialist systems, where faculty members are routinely underpaid, higher
legal income may be a partial solution to the problem of endemic corruption. For
the US, better internal control may work better in combination with the less corrupt
governmental oversight.

The overreliance on the governmental control and/or salary increases may prove
a wrong way to tackle corruption in large educational organizations. The state may
intentionally lower the risk of punishment or such risk may be very low due to the
high degree of corruptness of a given educator’s peers. In both cases, corruption will
simply proliferate to even higher levels. In the case of higher salaries, this target is
simply hard to achieve due to the continuing commercialization of the education sec-
tors throughout the world. Salaries of educators are less and less dependent on the
state and more and more dependent on the market forces. In a competitive environ-
ment of the market, educators representing their organizations contribute to and rely
on reputation of their educational institution. This reputation may be good or bad, and
is a result of balancing positive and negative signals about this organization present
on the market over a long time span. Thus, collective reputations backed by the peer
pressure to act ethically are the key in the fight against corruption in educational
organizations.

Cellular automaton may prove to be a more effective and cost-efficient methodol-
ogy than estimation of systems of partial differential equations. Some of the aspects
of organizational corrupt structures may be studied along the lines of computational
organization theory which uses computational and mathematical methods to study or-
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ganizations, formulates models, and develops tools and procedures to validate orga-
nizational models. Eventually, this methodology will be used to improve educational
organizations through an increase in their organizational effectiveness and efficiency
and a reduction and future prevention of misconduct.

10 Concluding remarks

This paper presents cellular automation, a relatively new methodology to study mis-
conduct in large educational organizations, and uses simulation to model the behavior
of educators, including factors that influence their decision making. This methodol-
ogy may be used beneficially for future research in organizations and corrupt hierar-
chies, including school districts and higher education institutions and make valid and
credible forecasts. Cellular automaton is not universal, as any other methodology.
Unlike humans, it acts robotically. Also, diversity of organizational structures and
informal networks in higher education institutions as well as a wide variety of forms
of academic misconduct around the world posits a challenge to this approach. Nev-
ertheless, cellular automaton based simulations can be used to model a wide variety
of different environments and patterns of development, from corrupt practices among
faculty in Tbilisi State University in the country of Georgia to education policy adop-
tion strategies of the state of Georgia in the US, and from distinct modes of research
misconduct in large research universities and think tanks to opportunistic behavior of
education bureaucrats and faculty members in large higher education systems.

References

Ashforth B, Gioia D, Robinson S, Treviño L (2008) Re-viewing organizational corruption. Acad Manag
Rev 33(3):670–684

Bac M (1996) Corruption, supervision, and the structure of hierarchies. J Law Econ Organ 12(2):277–298
Bac M (1998a) Corruption and supervision costs in hierarchies. J Comp Econ 22(2):99–118
Bac M (1998b) The scope, timing, and type of corruption. Int Rev Law Econ 18(1):101–120
Bac M (2001) Corruption, connections, and transparency: does a better screen imply a better scene? Public

Choice 107(1–2):87–96
Banfield E (1975) Corruption as a feature of governmental organization. J Law Econ 18(3):587–605
Becker G, Stigler G (1974) Law enforcement, malfeasance, and the compensation of enforcers. J Leg Stud

3(1):1–18
Blanchard Ph, Krueger A, Krueger T, Martin P (2005) The epidemics of corruption. Physics and Society,

May. Retrieved from. http://arxiv.org/abs/physics/0505031
Carillo J (2000) Corruption in hierarchies. Ann Econ Stat 59:37–61
Carley K, Gasser L (1999) Computational organization theory. In: Weiss G (ed) Distributed artificial intel-

ligence. MIT Press, Cambridge
Carley K, Prietula M (eds) (1994) Computational organization theory. Lawrence Erlbaum Associates,

Hillsdale
Choi J, Thum M (1998) The economics of repeated extortion. Columbia University Working Paper #9899-

03
Darden K (2008) The integrity of corrupt states: graft as an informal state institution. Polit Soc 36(1):35–

59
Gong T (2002) Dangerous collusion: corruption as a collective venture in contemporary China. Communist

Post-Communist Stud 35(1):85–103
Guriev S (2004) Red tape and corruption. J Dev Econ 73(2):489–504

http://arxiv.org/abs/physics/0505031


22 A.L. Osipian

Hallak J, Poisson M (2007) Corrupt schools, corrupt universities: what can be done? IIEP, Paris
Helbing D, Yu W, Rauhut H (2011) Self-organization and emergence in social systems: modeling the

coevolution of social environments and cooperative behavior. J Math Sociol 35(3):177–208
Kessler A (2000) On monitoring and collusion in hierarchies. J Econ Theory 91:280–291
Khalil F, Lawarree J (1993) Collusion in hierarchical agency. Econometrica 61:629–656
Khalil F, Lawarree J (1995) Collusive auditors. Am Econ Rev Pap Proc 85:442–447
Khalil F, Lawarree J (1996) On the optimality of allowing collusion. J Public Econ 61:383–408
Klitgaard R (1986) Elitism and meritocracy in developing countries: selection policies for higher educa-

tion. John Hopkins University Press, Baltimore
Klitgaard R (1988) Controlling corruption. University of California Press, Berkeley
Kofman F, Lawarree J (1993) Collusion in hierarchical agency. Econometrica 61(3):629–656
Kunicova J, Rose-Ackerman S (2005) Electoral rules and constitutional structures as constraints on cor-

ruption. Br J Polit Sci 35(4):573–606
Laffont J, Martimort D (1997) Collusion under asymmetric information. Econometrica 65:875–912
Lambert-Mogiliansky A (1995) Indirect monitoring and optimal collusion. Mimeo, Department of Eco-

nomics, Stockholm University
Lange D (2008) A multidimensional conceptualization of organizational corruption control. Acad Manag

Rev 33(3):710–729
Lui F (1985) An equilibrium queuing model of bribery. J Polit Econ 93(4):760–781
Lui F (1986) A dynamic model of corruption deterrence. J Public Econ 31(2):215–236
Martimort D (1993) Multiprincipal charter as a safeguard against opportunism in organizations. Mimeo,

INRA, Toulouse
Misangyi V, Weaver G, Elms H (2008) Ending corruption: the interplay among institutional logics, re-

sources, and institutional entrepreneurs. Acad Manag Rev 33(3):750–770
Mishra A (2006) Corruption, hierarchies and bureaucratic structure. In: Rose-Ackerman S (ed) Interna-

tional handbook on the economics of corruption. Edgar Elgar, London
Olsen T, Torsvik G (1998) Collusion and renegotiation in hierarchies: a case of beneficial corruption. Int

Econ Rev 39(2):413–439
Osborn D (1997) Corruption as counter-culture: attitudes to bribery in local and global society. In: Rider

B (ed) Corruption: the enemy within. Kluwer, Dordrecht
Osipian A (2007) Corruption in higher education: conceptual approaches and measurement techniques.

Res Comp Int Educ 2(4):313–332
Osipian A (2008a) Political graft and education corruption in Ukraine: compliance, collusion, and control.

Demokratizatsiya 16(4):323–344
Osipian A (2008b) Corruption in higher education: does it differ across the nations and why? Res Comp

Int Educ 3(4):345–365
Osipian A (2008c) Corruption and coercion: university autonomy versus state control. Eur Educ, Issues

Stud, 40(3), 27–48
Osipian A (2009a) “Feed from the service”: corruption and coercion in the state—university relations in

Central Eurasia. Res Comp Int Educ 4(2):182–203
Osipian A (2009b) Vouchers, tests, loans, privatization: will they help tackle corruption in Russian higher

education? Prospects, Q Rev Comp Educ 39(1):47–67
Osipian A (2009c) Investigating corruption in American higher education: the methodology. FedUni J

High Educ 4(2):49–81
Osipian A (2009d) Corruption and reform in higher education in Ukraine. Can Int Educ J 38(2):104–122
Osipian A (2009e) Corruption hierarchies in higher education in the former Soviet bloc. Int J Educ Dev

29(3):321–330
Osipian A (2009f) The impact of human capital on economic growth: a case study in post-Soviet Ukraine,

1989–2009. Palgrave Macmillan, New York
Osipian A (2010a) Le bourgeois gentilhomme: political corruption of Russian doctorates. Demokratizat-

siya 18(3):260–280
Osipian A (2010b) Corruption in the politicized university: lessons for Ukraine’s 2010 presidential elec-

tions. Innovation, Eur J Soc Sci Res 23(2):101–114
Osipian A (2010c) Corrupt organizational hierarchies in the former Soviet bloc. Transit Stud Rev

17(4):822–836
Osipian A (2010d) Korruptsiya v poslediplomnom obrazovanii [Corruption in doctoral education]. Terra

Economicus 8(3):48–63
Osipian A (2012a) Who is guilty and what to do? Popular opinion and public discourse of corruption in

Russian higher education. Can Int Educ J 41(2), forthcoming



Corrupt organizations: modeling educators’ misconduct 23

Osipian A (2012b) Grey areas in the higher education sector: legality versus corruptibility. Brigham Young
Univ Educ Law J 1(1):140–190

Osipian A (2012c) Loyalty as rent: corruption and politicization of Russian universities. Int J Sociol Soc
Policy 32(3/4):153–167

Osipian A (2012d) Education corruption, reform, and growth: case of post-Soviet Russia. J Eurasian Stud
3(1):20–29

Osipian A (2012e) Economics of corruption in doctoral education: the dissertations market. Econ Educ
Rev 31(1):76–83

Packard H, Wolfram S (1985) Two-dimensional cellular automata. J Stat Phys 38(5–6):901–946
Pfarrer M, Decelles K, Smith K, Taylor M (2008) After the fall: reintegrating the corrupt organization.

Acad Manag Rev 33(3):730–749
Pinto J, Leana C, Pil F (2008) Corrupt organizations or organizations of corrupt individuals? Two types of

organization-level corruption. Acad Manag Rev 33(3):685–709
Rose-Ackerman S (1974) The economics of corruption. Pennsylvania University, Fels Discussion Paper

#53, Philadelphia, PA
Rose-Ackerman S (1978) Corruption: a study in political economy. Academic Press, New York
Rose-Ackerman S (1999) Corruption and government: causes, consequences, and reform. Cambridge Uni-

versity Press, New York
Round J, Rodgers P (2009) The problems of corruption in post-Soviet Ukraine’s higher education sector.

Int J Sociol 39(2):80–95
Shao J, Ivanov P, Podobnik B, Stanley E (2007) Quantitative relations between corruption and economic

factors. Eur Phys J B, Condens Matter Complex Syst 56(2):157–166
Shleifer A, Vishny R (1993) Corruption. Q J Econ 108(3):599–617
Solnick S (1998) Stealing the state: control and collapse in Soviet institutions. Harvard University Press,

Cambridge
Strausz R (1996) Collusion and renegotiation in a principal-supervisor-agent relationship. Mimeo, Free

University of Berlin
Tirole J (1986) Hierarchies and bureaucracies: on the role of collusion in organizations. J Law Econ Organ

2:181–214
Tirole J (1992) Collusion and the theory of organizations. In: Laffont J (ed) Advances in economic theory,

sixth world congress, vol II. Cambridge University Press, Cambridge, pp 151–206
Tirole J (1996) A theory of collective reputations with applications to the persistence of corruption and to

firm quality. Rev Econ Stud 63:1–22
Varian H (1990) Monitoring agents with other agents. J Inst Theor Econ 146:153–174
Waite D, Allen D (2003) Corruption and abuse of power in educational administration. Urban Rev

35(4):281–296
Washburn J (2005) University incorporated: the corporate corruption of American higher education. Basic

Books, New York
Wirl F (1998) Socio-economic typologies of bureaucratic corruption and their implications. J Evol Econ

8(2):199–220
Wolfram S (1984) Universality and complexity in cellular automata. Physica D, Nonlinear Phenom 10(1–

2):1–35
Wolfram S (1986) Random sequence generation by cellular automata. Adv Appl Math 7(2):123–169
Wolfram S (1994) Cellular automata and complexity: collected papers. Springer, New York

Ararat L. Osipian is a PhD candidate in the Department of Leadership, Policy, and Organizations at
Peabody College of Education at Vanderbilt. He holds a PhD in Political Economy from Kharkov National
University (Ukraine) and an MA in Economics from Vanderbilt University, where he came as a fellow of
The US Department of State. Dr. Osipian served as an Assistant Professor of Economics at Kharkov Uni-
versity of Construction and Architecture before he came to the US. His publications include four books,
Raiderstvo: Corrupt Raiding and Hostile Takeovers (Ukraine, 2011), The Impact of Human Capital on
Economic Growth: A Case Study in Post-Soviet Ukraine, 1989–2009 (New York: Palgrave Macmillan,
2009), Economic Growth: Education as a Factor of Production (Ukraine, 2007), and Economy of the Wel-
fare State (Ukraine, 2001). His articles appeared in Demokratizatsiya: The Journal of Post-Soviet Democ-
ratization, Research in Comparative and International Education, European Education: Issues and Stud-
ies, Canadian and International Education Journal, Economics of Education Review, Prospects: Quarterly
Review of Comparative Education, International Journal of Educational Development, Transition Studies



24 A.L. Osipian

Review, Global Crime, Soviet and Post-Soviet Review, Journal of Eurasian Studies, Brigham Young Univer-
sity Education and Law Journal, FedUni Journal of Higher Education, European Dialog, Business-Inform,
and Region. He is also a winner of several awards, including grants from Soros Foundation, Open Society
Institute, Edmund Muskie/FSA, Yale, Vanderbilt, and Central European University. His research interests
include corruption in higher education and inequalities in access to higher education in international per-
spective, corporate, property and land raiding, nexus of education and economic growth, modern welfare
states and political economy of transition.


	Corrupt organizations: modeling educators' misconduct with cellular automata
	Abstract
	Introduction
	The problem of misconduct in education
	Literature review
	Theoretical framework
	Methodology
	Model
	Model simulation
	Results
	Inferences, organizational implications, and policy recommendations
	Concluding remarks
	References


