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Abstract 

The purpose of this paper is to analyze the dynamic trajectory of teaching performance in cross-disciplinary settings. We take into 
account the effects of information technology as well as interactions among different disciplines/subjects so as to theorize about 
possible ways to improve teaching performance. It turns out that, depending on the extent of the effectiveness of information 
technology and the degree of complementarities among the subjects taught, teaching performance could have different trajectories 
over time. Contingent upon the amount of resources devoted to teaching, university administrators could choose a path among 
different trajectories, a path that is most compatible with their institutional objectives. 
© 2016 The Authors. Published by Elsevier Ltd. 
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1. Introduction 

Education is one of the central processes that have shaped the direction of inquiry into the complex social 
systems/institutions in the last quarter of a century. Among the social systems and structures in question, universities 
have been a primary focus of attention in the scholarly study of educational phenomena and practices. In this paper, 
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we will analyze one subset of these phenomena involving teaching quality and performance in cross-disciplinary 
settings.  

 There are a number of works in the literature exploring or analyzing different dimensions of educational (as well 
as economic and social) institutions and processes. Among these works are Abdullah, Jaafar and Taib (2013), Barlas 
& Diker (2000), Barlas, Diker, Polat (1997), Fedderke and Luiz (2008), Grayson (2004), Jaffe (1989), Kara (2011, 
2013a, 2013b, 2014), Singell and Tang (2013), Spencer (2001), and Walton, Tornatzky & Eveland (1986).  

 Topics covered in the literature, which are strikingly rich in content, include, but are not limited to, system-theoretic 
analysis of the higher educational processes (Barlas & Diker, 2000; Barlas, Diker, Polat,1997; Kara, 2011, 2013a, 
2013b, 2014), the role of human capital in the development of institutions (Fedderke & Luiz, 2008), the effect of 
human capital on job outcomes (Grayson, 2004), the ranking of human capital indicators (Abdullah, Jaafar & Taib, 
2013), the relation between human capital and leadership in universities (Singell & Tang, 2013), the relevance of 
university-based scientific research to private high-technology firms (Spencer, 2001), real effects of academic research 
(Jaffe, 1989) and research management at the university departments (Walton, Tornatzky & Eveland,1986).  

 Despite the rich coverage of the issues in the literature, there are many issues that need further explorations. Among 
these is the issue of the dynamics of teaching quality and performance within the university systems. We need models 
that explore how dynamics of such phenomena plays out over time.  

 In this paper, we will develop a simple system dynamics-based model that describes the possible trajectories of 
teaching quality and performance over time. The second section will develop the model. The third section presents the 
simulations.  

2. The Model† 

Consider a representative higher educational institution, such as a university, that engages in educational 
activities/services in n fields. Educational services/activities prepare undergraduate students for their careers after 
graduation. For the purpose of simplicity, we will consider two fields/subjects, denoted by 1 and 2. The quantity 
demanded for the educational service in a field 1 at time t (D1t) depends on the level of teaching quality for the service 
1 at time t (x1t), the level of the teaching quality for the service 2 at time t (x2t), the relative price of the service 1 at 
time t (P1t), incomes of the customers of the service 1 at time t (M1t), the level of the use of information technology in 
the instruction of the service 1 at time t (T1t), 

 i.e., D1t = fD1 (x1t, x2t , P1t, M1t, T1t),  

which is a quality-dependent demand function for the teaching service 1. Pit (0,∞), Mit (0,∞). By construction, x1t, 
x2t ,T1t take on values between 0 and 7, i.e., x1t (0,7], x2t (0,7], and T1t (0,7]. DT

1t (0,∞). We will further assume 
that price (P1t) is linearly dependent on quality (x1t).  
 
Let S1t denote the quantity supplied for the educational service 1 at time t, which is a function of the level of teaching 
quality for the service 1 at time t (x1t), the relative price of the service 1 at time t (P1t), and the level of the use of 
information technology in the instruction of the service 1 at time t (T1t), 

i.e., S1t = fS1 ( x1t , P1t, T1t). 

S1t (0,∞).  

 

 
†  The model developed here benefits from Kara (2014) which presents a linear model. The model in this paper does, however, include 
multiplicative and other terms and is structured for a different purpose.  
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We will assume that the quality-dependent demand and supply functions are of the following forms:  

D1t = 0 + 1 x1t + 2 x2t + 3 P1t + 4 M1t + 5 T1t + 6 x2t . T1t + u1t  

and  

S1t = 0 + 1 x1t + 2 P1t + 3 T1t + 4 T1t
2 + v1t,  

where u1t and v1t are independent normally distributed white noise stochastic terms uncorrelated over time. They 
have zero means and constant variances σu1

2 and σv1
2 respectively.  

 To model the trajectory of teaching quality for service 1 over time, the movement over time of teaching quality for 
1 will be assumed to be proportional to the excess demand for quality,  

i.e., x1t+1 – x1t = k (D1t – S1t),  

where k is the coefficient of adjustment. 

 This is nothing but a dynamic adjustment equation for teaching quality for service 1. Substituting the expressions 
for D1t and S1t specified above, setting the values of P1t, M1t and T1t to their average values P1t

avr, M1t
avr and T1t

 avr, 
and rearranging the terms in the equation, we get, 

 x1t+1 + (-1-k( 1 - 1)) x1t = k( 0 - 0 + 2. x2t + ( 3 - 2) P1t
avr + 4 M1t

avr + ( 5 - 3) T1t
 avr  

 + 6 x2t. T1t
 avr - 4 (T1t

avr )2+ u1t – v1t), 

which is one of the stochastic difference equations that we will employ in the simulations in Section III. 

We will propose the following demand-and-supply set up for service 2. The quantity demanded for the 
educational service in a field 2 at time t (D2t) depends on the level of teaching quality for service 2 at time t (x1t), the 
relative price of the service 2 at time t (P2t), incomes of the customers of service 1 at time t (M2t), the level of the use 
of information technology in the instruction of service 1 at time t (T2t), 

 i.e., D2t = fD2 ( x2t , P2t, M2t, T2t),  

which is a quality-dependent demand function for the teaching service 2. P2t (0,∞), M2t (0,∞). By construction, 
x2t , T2t take on values between 0 and 7, i.e., x2t (0,7], and T2t (0,7]. D2t (0,∞). We will further assume that 
price (P2t) is linearly dependent on quality (x2t).  

Let S2t denote the quantity supplied for the educational service 2 at time t, which is a function of the level of 
teaching quality for the service 2 at time t (x2t), the relative price of the service 2 at time t (P2t), and the level of the 
use of information technology in the instruction of the service 2 at time t (T2t), 

i.e., S2t = fS2 ( x2t , P2t, T2t). 

S2t (0,∞).  



885 Ahmet Kara  /  Procedia - Social and Behavioral Sciences   237  ( 2017 )  882 – 886 

We will assume that the quality-dependent demand and supply functions for 2 are of the following forms:  

D2t = θ0+ θ1. x2t + θ2. P2t + θ3 M2t + θ4 T2t + u2t  

and  

S2t = 0 + 1.x2t + 2 P2t + 3 T2t + 4 T2t
2 + v2t,  

where u2t and v2t are independent normally distributed white noise stochastic terms uncorrelated over time. They 
have zero means and constant variances σu2

2 and σv2
2 respectively.  

 To model the trajectory of teaching quality for service 2 over time, we will assume that the movement over time of 
teaching quality is proportional to the associated excess demand,  

i.e., x2t+1 – x2t = k* (D2t – S2t),  

where k* is the coefficient of adjustment. 

 This is of course a dynamic adjustment equation for teaching quality for service 2. Substituting the expressions for 
D2t and S2t specified above, setting the values of P2t, M2t and T2t to their average values P2t

avr, M2t
avr and T2t

 avr, and 
rearranging the terms in the equation, we get, 

 x2t+1 + (-1-k*(θ1 - 1)) x2t = k*(θ0- 0 + (θ1 - 1)P1t
avr + θ3.M2t

avr + *(θ4 - 3)T2t
 avr  

 - 4 .(T2t
avr )2+ u2t – v2t), 

which is the stochastic difference equation describing the movement of teaching quality for service 2 over time.  

 The two stochastic difference equations we have derived above will serve as a basis for the simulations that we will 
undertake in the following section. 

3. Sımulatıons‡ 

We will make use of system dynamics method to carry out simulations for teaching quality. The method takes 
stocks, flows and auxiliary variables as the building blocks and requires that multiple causal connections among the 
variables be specified mostly in the form of feedback relations or structures. In our model we take the designated 
teaching qualities as the stocks, the change of which are described as the flow variables. Other variables are of the 
auxiliary type playing key roles in specifying the feedback relations within the system.  

Educational services/activities evolve over time through demand and supply and the adjustment dynamic specified 
in the model. In addition to teaching quality, we will posit a new concept, namely teaching performance, which we 
will define in a peculiar manner to represent a form of “quality-adjusted quantity”. Teaching performance for i at time 
t: yit =xit.Sit, i=1,2. For simulation purposes, let: 0 = 1, 1 = 0.8, 2 =0.7, 3 =- 0.6, 4 = 0.5, 5 = 0.4, 6 =0.5, 0 = 
1, 1 = 0.8, 2 =0.7, 3 = 0.6, 4 = 0.01, k = 0.02, P1t

avr = 2, M1t
avr = 2 and T1t

avr = 4. The initial x1t = 2, the initial x2t = 
2. θ 0 = 1, θ1 = 0.8, θ2 =-0.7, θ3 = 0.6, θ4 = 1, 1 = 0, 1 = 0.8, 2 =0.7, 3 = 0.3, 4 = 0.05, k* = 0.01, P2t

avr = 2, M2t
avr = 

2 and T2t
avr = 4. uit and vzjt are normally distributed stochastic terms with zero means and unit standard deviations.  

 

 
‡  Programs ranging from MATLAB to VENSIM could be used for simulation purposes. We have used VENSIM. 
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By virtue of the presence of both deterministic and stochastic factors in the dynamics of the variables, the 
trajectories of teaching quality, teaching performance and the cross-effects display stochastic fluctuations around 
deterministic trends.  

Two points on the trajectories may need to be noted. First increases in the use of technology lead to upward shifts 
in the trajectories of teaching quality and performance, signifying the positive impact of information technology on 
the teaching quality and performance. Second, changes in the teaching quality for subject 2 are positively associated 
with the changes in the teaching quality for subject 1, demonstrating, within the causal structure of the model, the 
positive cross-influence of x2t on x1t. Depending on the degree of complementarities between subjects, the cross-
influence curve as well as the usual trajectories could vary. 

University administrators could make use of these trajectories in their university-wide dynamic optimization 
problems so as to determine the optimal values of possible teaching-related policy parameters.  
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