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I. Introduction 

The aim of our model is to simulate the behavior of students who have to choose their future degree. 

These students will choose according to different variables: 

• the distance 

• the preference 

• the employment rate  

 

I.I Create the population 

Firstly each campus has 0 enrolled students and there is a fixed number of available degree: 

Medicine, Humanistic, Economics, Engineering. 

We create three different files which represent three different populations: 

• Homogeneous. In this case the number of enrolled students at the first year is the same for 

each curriculum. 

• Heterogeneous. In this case the number of enrolled students at the first year is different for 

each curriculum. 

• New curriculum. In this case there is a new degree. 

 

Moreover we assume that each year a small percentage of students leave earlier its studies. As a 

result there are more students in first year than in the second, there are more students in second year 

than in the third and so on.... 

 

Over the years those ones who were in the 1
st
  year will be in the 2

nd
  and those who were in the 5

th
 

year will be divided in two categories according to what happens to them: if they find a job they 

become employed, if not they become unemployed. Even though the graduates are counted, they 

disappear from our world (both the employed and the unemployed). 

Then, the ratio between the available job places and the graduated students represents the 

employment rate. 

 

 

 

 

 

 

 



I.II New population 

At this moment we create the new students. Students who have to enroll decide on the basis on the 

three following variables: 

• Preference (1 if they prefer Medicine, 2 if they prefer Economics, 3 if they prefer 

Humanities, 4 if they prefer Engineering) 

• Distance (1 if they are closer to Medicine, 2 if they are closer to Economics, 3 if they are 

closer to Humanities, 4 if they are closer to Engineering ) 

• Employment rate (they look at the higher employment rate amongst the 4 curriculum) 

 

Moreover we suppose that students are divided into 3 categories on the basis of their richness: 

“Rich”, “Medium”, “Poor”. 

The income effect works as a correction mechanism: the richer the students the higher the 

probability that they will choose on the basis on the employment rate and preference. The intuition 

is that – on one hand – richer families push more likely their children towards faculties with higher 

income perspectives, on the other hand richer students choose more likely faculties according to 

their own preference. 

 

I. Explanation of the code 

The code is composed of six procedures: 

1. SetUp 

2. Go 

a. Growth 

b. Graduate 

c. DefEmpRate 

d. NewStudents 

 

Where SetUp and Go are the main procedures and Growth, Graduate, DefEmpRate and 

NewStudents are the procedures which are recalled in the Go procedure. 

 

II.1 Set up 

In the first procedure we give shape to our world where we will play the simulation: we have  

placed the campus proportionally to the coordinates x. 

As it is shown in the code only the x-coordinate (15, 5, -5, -15) changes while the y coordinate 

remains fixed (-25) 

 
ask patch 15 -25  [set plabel "Medicine"   set pcolor orange  set plabel-color black] 
ask patch 5 -25   [set plabel "Economics"  set pcolor violet  set plabel-color black] 
ask patch -5 -25  [set plabel "Humanities" set pcolor blue    set plabel-color black] 
ask patch -15 -25 [set plabel "Engineering"set pcolor yellow  set plabel-color black] 



and the years of frequency are positioned proportionally to the coordinates y. We see  from the code 

that while the x-coordinate is fixed (-20) the y-coordinate varies with respect to the course of the 

year (-23 -15 -7 1 9) 

 
ask patch -20 -23 [set plabel "1" set plabel-color black] 
ask patch -20 -15 [set plabel "2" set plabel-color black] 
ask patch -20 -7  [set plabel "3" set plabel-color black] 
ask patch -20 1   [set plabel "4" set plabel-color black] 
ask patch -20 9   [set plabel "5" set plabel-color black] 

 
In the set-up the user is allowed to choose a population among those present in the folder that opens 

once clicked on the button "set-up". The user can then choose between the following population: 

• SimpleCase: in this file the population is divided homogeneously amongst Economics, 

Humanities, Engineering and Medicine 

• Heterogeneity: in this file the population is diveded heterogeneously amongst Economics, 

Humanities, Engineering and Medicine 

• NewCurriculum: in this file there is a new curriculum that shows students only at the first 

year. 

The user can select the file by using the following command: file-open user-file 

We had to impose the procedure for reading the file Here the results we have obtained. 

 

file-open user-file 
while [not file-at-end?] 
 
[create-Students 1 
  [ set heading 0 
    set fac file-read 
    if fac = 4 [ set color orange ] 
    if fac = 3 [ set color violet ] 
    if fac = 2 [ set color blue ] 
    if fac = 1 [ set color yellow ] 
   
    set intell random-float 1           
    set year file-read 
    setxy -12 + (10 * (fac - 1)) - random-float(6) -23 +(8 * (year - 1)) + random-float(4)   
  ] 
] 
file-close 

 

When we open the file, Netlogo starts reading until the end of  the file ( while[not file-at-end?]) 

creating students with the characteristics included in the file. 

 

How does the reading work? 

For every "file-read" NetLogo reads the next sequence of characters. So the first “file-read” reads 

the first sequence of characters (or numbers) and the second reads the next sequence of characters 

(or numbers). In our case, the data entered in the files are simple numbers. The first column refers 

to the degree where 1 corresponds to Engineering, 2 to Humanities , 3 to Economics and 4 to 

Medicine. The second column corresponds to the year of frequency.   

 



II.2 Go 

It is the procedure that encloses the heart of the program since it reclaims all the following 

procedures: 

I. Growth, 

II. graduate, 

III. defEmpRate, 

IV. newStudents 

 

II.2.1. Growth 

This procedure let the population to get older. At each tick some other students progress to the next 

year, other drop out of college career. 

 
to growth 
    ask Students 
     [set year year + 1                              
      fd 8 
      if year < 6 [ 
        if fac = 1 and DifficultyEng > intell [set dead1 dead1 + 1 die] 
        if fac = 2 and DifficultyHum > intell [set dead2 dead2 + 1 die] 
        if fac = 3 and DifficultyEco > intell [set dead3 dead3 + 1 die]   
        if fac = 4 and DifficultyMed > intell [set dead4 dead4 + 1 die]   
      ] 
        ] 

 

The aging process consists in increasing - at every tick – by a unit  the variable "year" which is a 

property of the students. 

We next introduce the dropout rate: for every curriculum we compare the parameters that measure 

the "difficulty" of each curriculum with the property "intell" measuring "intelligence" of each 

student. Obviously, considering for example the curriculum of Engineering, each student who meets 

the following relationship 

DifficultyEng > intell 

 

abandons his university before he graduates. 

→ the variable dead (where 1, 2, 3, 4 indicate the numbers assigned to the different curricula) 

counts all students who have dropped their studies 

 

 

 

 

 

 

 



II.2.2. Graduate 

The next procedure counts the number of students who are completing their studies and that get the 

degree. 

So let's create a new variable "grad[fac]" that collects all the graduates for curricula. 

 
to graduate 
 
Set gradEng count Students with [fac = 1 and year = 6] 
Set gradHum count Students with [fac = 2 and year = 6] 
Set gradEco count Students with [fac = 3 and 6 year =] 
Set gradMed count Students with [fac = 4 and 6 year =] 
end 

 

II.2.3. DefEmpRate 

DefEmpRate is the procedure that calculates the rate of employment by curriculum 

  
to defEmpRate    
   if gradEng > 0 [set EmpRateEng 0.5 * EmpRateEng + 0.5 * EmployedEng / gradEng ] if EmpRateEng > 
1 [set EmprateEng  1]    
    if gradHum > 0 [set EmpRateHum  0.5 * EmprateHum + 0.5 * EmployedHum / gradHum  ] if 
EmpRateHum > 1 [set EmprateHum  1] 
    if gradEco > 0 [set EmpRateEco  0.5 * EmpRateEco + 0.5 * EmployedEco / gradEco  ] if 
EmpRateEco > 1 [set EmprateEco  1] 
    if gradMed > 0 [set EmpRateMed  0.5 * EmpRateMed + 0.5 * EmployedMed / gradMed  ] if 
EmpRateMed > 1 [set EmprateMed  1] 
     
    
    set EmpRate [] 
     set EmpRate lput EmpRateEng EmpRate 
     set EmpRate lput EmpRateHum EmpRate 
     Set EmpRate lput EmpRateEco EmpRate 
     set EmpRate lput EmpRateMed Emprate 
     
    ask Students with [year > 5] 
    [die] 
     
end 

 

The employment rate "EmpRate [fac]" is calculated – at each tick – the average between the 

employment rate of the previous year and the current year so as to contain within a certain limit the 

volatility of the rate. 

 

II.2.4. NewStudents 

The heart of our simulation is the last procedure, when the students choose the degree. 

By this code we create the NewStudents:   

 
to newStudents 
   
  create-Students 120 
   [ set year 1 
     set heading 0 
     set intell random-float 1 
     set pref 1 + random 4 
     set dist 1 + random 4 
     set income 1 + random 3 

 

In this first part we associate some values to the characteristics of students, then we have added 

three properties: pref, dist and income: 

• “pref” takes randomly values from 1 to 4 and indicates the favorite faculty of the student, 

• “dist” takes the same values as “pref” and specifies the nearest faculty to the student (e.g. if 



the variable “dist” is 1, the student will choose to Engineering). 

• “income” takes a random value in a range between 1 and 3 (1 if the family is “poor”, 2 if the 

family is “medium” and 3 if the family is “rich”). This variable works as a corrector of the 

probabilities (we will explain this later). 

 

Through three sliders on the interface, the three variables are associated to some probabilities which 

represent the probability that a student makes a choice with a criterion rather than with another one 

(tpref, tdist and temprate). As a consequence the sum of the 3 probabilities is 1 (100%). 

 

We created temporaries variables (tpref, tdist e temprate)  associated to these probabilities: “tpref”, 

“tdist”  and “temprate” are temporary because they can change if the sliders are shifted and they are 

useful to let the income corrector effect to work 

 

The switcher “incomeCorrectionMechanism” on the interface allows the user to turn on or to turn 

off  the the income corrector effect 

The income acts as corrector because: 

 

• if the student is poor the probability that he will choose by means of “dist” will increase 

(tdist*2) 

• if the student is medium rich, the probability that the student will choose through “temprate”, 

will increase (temprate*2) 

• if the student is rich, both “temprate” and “tpref” will increase (temprate*2, tpref*2). 

 

We define also a local variable “choice” (that we will see in the next piece of code). 

It represents the final choice of the student (it has a range between 1 and 4 according to the 4 

faculties) 

 
let tpref prefprob         
     let tdist distprob 
     let temprate  emprateprob 
     let choice 1 + random 4 
    if incomeCorrectionMechanism = true [  
     if income = 1 [ set tdist tdist * 2]      ;influenza dell'income 
     if income = 2 [ set temprate temprate * 2 ] 
     if income = 3 [ set temprate temprate * 2 
                     set tpref tpref * 2 ]] 

 

Now we come to the final choice: we compare all the temporary variables and the student will opt 

for those ones with highest value. 

Thereby, if “tdist” has the highest value, then the “choice” variable will assume values from 1 to 4 

according to the value of “dist”, “tpref” behaves in the same way, while the justification for 

“temprate” is much more complex. 



 

 

If “temprate” has the highest value, we keep into consideration the employment rate of each faculty. 

For searching of the highest employment rate, we have to use an algorithm for the finding of the 

largest value in a list. 

 

How does it work? 

 

 

 I take the element i (actualFac) 

 The element is greater than the greater up to this moment? 

• Yes: then save this as a major element and stored in what location (s) corresponds 

• No: do nothing 

 ← increases and continue with the next item 

 
 
  if tdist > temprate and tdist > tpref [ set choice dist ] 
     if tpref > temprate and tpref > tdist [ set choice pref ] 
     if temprate  > tpref and temprate > tdist [ 
                                         let maxEmpRate 0                
                                         let facOfMax 1                 
                                         let actualFac 1                
                                         foreach emprate [               
                                               if ? > maxEmpRate [       
                                               set facOfMax actualFac 
                                               set maxEmpRate ?          
                                           ] 
                                           set actualFac actualFac + 1 
                                         ] 
                                         set choice FacOfMax 
                                          
                                       ] 

 

To conclude: after finding the choice of each student, we set the variable “fac” equals to the variable 

“choice” and we allocate the NewStudents for each faculty according to the previous choice. 

 
 set fac choice 
     setxy -12 + (10 * (fac - 1)) - random-float(6) -23 +(8 * (year - 1)) + random-float(4) 

 



 

III. Some Experiments 

 

In the interface we have 3 sliders that indicate the probability that a 

student chooses his faculties with respect to income, distance and 

employment rate. The user can change this probability. In our model, 

the probability is 0.6 per preference, 0.1 and 0.3 for distance 

employment rate. The sum is obviously = 1. Thus we assume that the preference has more 

importance in the selection criterion. 

 

The other sliders shows the rate of students who drop out each year  

and thus it can be interpreted as the difficulty level of each degree. 

These sliders can be modified by the user as well as the previous ones. 

We assumed that engineering and medicine are more difficult than 

economics and humanity. These parameters are very interesting as they 

significantly changes the employment rate which will be discussed later. In fact, as these parameters 

are higher the more the students drop out  and – as a consequence – the employment rate rises. 

 

The graphics that appear on the interface show the evolution of the Employment rate and of  the 

enrollment trend.  

The input interface shows the number of available jobs for each 

faculty. We assume that the initial employment rate are the 

following: 

• 72% Engineering;  

• 57% Economics;  

• 80% Medicine;  

• 43% Humanities 

 

In fact the number of initial graduated students are: 33 in engineering and in Medicine, 29 in 

Humanities and 36 in Economics 

 

 

 

 

 



III.1 1st experiment – Simple case 

In the first simulation we start from the simple case. In 

this case students enrolled in the first year is almost the 

same for each degree then our population is rather 

homogeneous. 

Let's discuss what happens to the Employment rate for 

each faculty given the values that we have assigned to 

the sliders and  the values that we have assigned as in-

put of the available workplace. 

In this case the employment rate is higher in medicine and engineering with respect to economics 

and humanities. This is due to an higher difficulty level and an higher initial employment rate (72% 

Engineering; 57% Economics; 80% Medicine; 43% Humanities).  

The difficulty level affects 

positively the employment rate 

since fewer students are able to 

finish their studies and then to 

graduate. It follows that the 

probability for them to get a job 

is higher. 

 

 The 2
nd

 graph represents the 

enrollments trend and as it is 

shown in the graph it is rather 

constant for the 4 degrees. 

 

 

 

The volatility of these trends is explained by the following reasons: 

• The random component of the choice: “pref” and “dist” are random variables then it can be 

the case that in a year there are more students which prefer Humanities rather than Medicine 

• The difficulty level of the degrees: as we can see from the graph the trends for Engineering 

and Medicine tend to go down. That’s why they are the most difficult in fact we have 

imposed from the sliders the following values: Medicine 0.19; Engineering 0.15; 

Humanities 0.8 and Economics 0.9 



III.2 2nd experiment – Heterogeneity 

In the second case the population is heterogeneous, so 

not evenly distributed among the 4 faculties. There are 

far more students in economy compared to medicine 

and engineering and even less in humanities. 

In this second experiment is worth to analyzing 

Economics and Humanities. 

 

The Economics' employment rate is lower than before: 

the job vacancies are still the same and consequently 

less graduated can find work. 

On the other hand, the Economics' enrollment trend goes up rapidly at the beginning, but it will fall 

down gradually and assuming a trend similar to the other degrees. 

The drop of the enrollments trend is owing to an employment rate lower than the other faculties. As 

a matter of fact, the employment rate is very low at the beginning but it will tend to stabilize on the 

same values of the previous case because it decreases the number of subscribers. The system will 

then adjust.  

In the case of humanities we observe an opposite trend: at the beginning the graph shows a very 

high employment rate due to a low number of subscribers (maybe better enrolled). Later the em-

ployment rate decreases. Basically there are more enrolled than before while the jobs are un-

changed, therefore the employment rate falls down. Once the number of enrolled is returned to 

"normal" levels, the employment rate will go back to lower values than in Medicine and Engineer-

ing. 

Below, we see four charts:  

• the first and the second one are the employment rate and the enrollments trend in the short 

run. 

• the third and fourth graph represent the adjustment in the long run 

 

 

 



 

 

III.3 3rd experiment – New Curriculum  

In the third case we assume a New Faculty, Medicine.  

So that, when we click on the “setup” button and we 

choose the “NewCurriculum” file, there are students 

for each years, except the Medicine degree that has 

students enrolled only at the first year. 

It follows that the employment rate of Medicine is 

equal to 0 at the first few years, but it skyrockets when 

the first enrolled will graduate after five years. Finally 

it stabilizes, reaching similar values of the previous 

cases. 

 

The enrollment trend of Medicine rises dramatically at the beginning, overtaking the enrollments 

trend of the other degrees. However successively it tends to lay off, reaching a similar level of the 

previous experiments. 

 

All in all we have seen that the system  has adjusted by itself. Basically this was the behavior we 

expected. Indeed if one faculty has a low number of enrolled students, than the employment rate in-



creases and therefore the enrollment trend as well. If the enrollment trend goes up, than the em-

ployment rate plunges and consequently the enrollment trend as well (and so on...). 

As a result we can see a cyclical behavior of the employment rate and the enrollment trend, such as 

it happens to the price of the wood and the number of sown plants. 

 

 

 

 

 

 

 

 

 


