
��������������� ����������"������$!�!&��"�"�!"��!�����
 �������"$'���!�� ������� "!� .-10�

 

�

9������!"&��(��(&���&��()�(&�,�� �"�$&��(��(�*��!(+(�*/-./+(�	��������������������
���
�������������������������
����
�������

��������
����
���������������	��������������
���
���������
������������%��&�	�'���!"� ��	�����������#� !�"$(�

STRATEGIES AND DIFFICULTIES THAT UNIVERSITY STUDENTS DEVELOP 
THROUGH THE MODELING OF RANDOM PHENOMENA BY SIMULATION  

Santiago Inzunsa 
Universidad AXtynoma de Sinaloa 

sin]Xn]a#Xas.Xasnet.m[ 

Mario Romero 
Universidad AXtynoma de Sinaloa 

mario.romero#info.Xas.edX.m[ 

This paper reports the results of a research about the strategies and difficulties developed by university 
students in the process of modeling and simulating of random phenomena in an environment of a 
spreadsheet. The results indicate that students had difficulties to identify key components of the problems, 
which are crucial to formulate a simulation model. We have identified three different schemes to generate 
the results of the key components, which only one of them is correct; this scheme is based in the generation 
of random numbers. In consequence during this investigation it was observed that the process of the 
instrumentation of the spreadsheet to simulate random phenomena it is complex.  

.eyZords� Spreadsheet� Modeling� Probability 

Purposes of the Study 

7he compXter simXlation has been sXggested for many researchers and organi]ations as a pedagogical 
tool for the probability and statistics teaching, bXt above all, the statistics softZare, spreadsheets and 
compXter technology have been penetrating even more inside laboratories and schools �%iehler, 1991� 
1C7M, 2000�. ,n this Zay, the modeling of random phenomena by simXlation has been constitXted as an 
important part of research in statistics edXcation dXring the last years. As a conseTXence of this, some 
stXdies Zere XndertaNen in order to NnoZ their effectiveness in probability and statistics teaching and 
learning �Ma[ara 	 %iehler, 2006� /ee 	 MoMica, 2008� ChapXt, Girard 	 +enry, 2011�. 

7he compXter simXlation integrates different aspects that are important in mathematics teaching, and 
particXlarly, in probability teaching� 

1. It requires an activity of mathematical modeling in which students develop some skills, such as 
making assumptions to simplify the problem, identify and symbolize variables and parameters, as 
well as formulate the model by taking into account the assumptions and conditions, to finally, 
solve them and interpret the results. 

2. When it is possible an analytic solution of the problem, the experimental results that are generated 
by the simulation can be contrasted with theoretical results. In some cases, in which the analytic 
solution is not possible or complex, the simulation is an important and fundamental tool. 

3. It allows to work with abstract issues in concrete words, and above all, when the simulation is 
performed in computer environments that are equipped with representations (graphics, symbols, 
numbers) bound together, which make possible a visualization and feedback of the different parts 
of the model. 

Among the advantages of Xsing simXlation as a method to solve problems of probability and statistics, 
%iehler �1991� mentions� 

1. The possibility of formulating models in concrete terms instead of expressing the ideas by means 
of symbolic models (representational aspect). 

2. Students can process the data generated more easily than data generated using analytical and 
combinatory methods (computational aspect). 

3. It is possible to begin with the design of the experimental environment instead of starting with the 
calculations (concept-model aspect). 

7here are different proposals to formXlate a simXlation model in a compXter environment. Some 
e[amples are GnanadesiNan, Scheaffer, and SZift �1987� that propose a complete and detailed a process� 



��������������� ����������"������$!�!&��"�"�!"��!�����
 �������"$'���!�� ������� "!� .-10�

 

�

9������!"&��(��(&���&��()�(&�,�� �"�$&��(��(�*��!(+(�*/-./+(�	��������������������
���
�������������������������
����
�������

��������
����
���������������	��������������
���
���������
������������%��&�	�'���!"� ��	�����������#� !�"$(�

1. State the problem clearly. 
2. Define the key components. 
3. State the underlying assumptions. 
4. Select a model to generate the outcomes for a key component. 
5. Define and conduct a trial. 
6. Record of observation of interest. 
7. Repeat steps 5 and 6 a large number of times. 
8. Summarize the information and draw conclusions. 

2n the other side, Albright �2010� proposes a three step process� 

1. Construct a model that uses random numbers. 
2. Evaluate the model many times using different random numbers each time. 
3. Analyze the results statistically. 

7he implementation of the simXlation in probability and statistics teaching coXld be given in different 
Zays. 1C7M �2000� recommends that the probability¶s problems coXld be first investigated throXgh 
simXlations in order to get an estimated resXlt, and after that, to Xse a theoretical model in order to find the 
e[act resXlt.  

2ne of the most important aspects in the implementation of simXlation as a pedagogical tool is the 
compXter tool Xtili]ed, becaXse its design determinate some potentialities and constraints to the 
mathematical activity that stXdents develop throXgh the interaction Zith it. A special Nind of tool in Zhich 
it¶s easy to simXlate different random phenomena is the spreadsheet. +oZever, its Xse in mathematics 
edXcation remains still relegated, despite its potential to handled TXantitative information �+aspeNian, 
2005�. 

AlthoXgh, the advantages that simXlation offers, it is necessary to do a deep analysis aboXt its didactic 
potentially. 2Xr interest in this ZorN has been the research of the potential that a spreadsheet can have in 
order to modeling random phenomena in a basic probability Xniversity coXrse, and the difficXlties that the 
stXdents present in the different stages of the process of modeling. ParticXlarly, Ze asN the folloZing 
TXestions� �a� Zhat are the potentialities and constraints that the spreadsheets have to the simXlation of 
random phenomena" �b� Zhat are the strategies that stXdents can develop" and �c� Zhat are the difficXlties 
that stXdents can find in the process of modeling" 

Theoretical Framework 

,n the development of this ZorN, Ze have adopted an instrXmental approach of the mathematical 
cognition �ArtigXe, 2002�. 7he most basic notions of this approach consist in the meanings of instrument 
and artifact. 7he artifact is a material or abstract obMect that is available for certain activities. ([amples of 
this are the langXage, the calcXlator and the spreadsheet. 2n the other hand, the instrXment is a personal 
constrXct that can be developed by handling an artifact in a progressive Zay. 

An artifact becomes a instrXment Zhen the sXbMect achieves to appropriate of the artifact and 
establishes meaningfXl relationships for doing a specific Nind of ZorN �a mathematical one, in this case�, 
this means that the sXbMect can Xse and control this artifact to achieve their goals, and to integrate it to their 
activities �9erillyn 	 5abardel, 2005�. 7he process of the transformation of the artifact into an instrXment 
is called instrumental genesis. 

7he process of instrXmental genesis evolves in tZo interrelated directions. 7he first one is directed to 
the artifact, loading it progressively Zith potentialities, and eventXally transforming it for specific Xses� 
this is called the instrumentalization of the artifact. Secondly, instrXmental genesis is directed toZards the 
sXbMect, leading to the development or appropriation of schemes of instrXmented action, Zhich 
progressively taNe shape as techniTXes that permit an effective response to given tasNs. 7he latter direction 
is properly called instrumentation. ,n order to Xnderstand and promote instrXmental genesis for learners, it 
is necessary to identify the constraints indXced by the instrXment �ArtigXe, 2002�. 7he restrictions are the 
resXlt of the tool¶s design. ,n this Zay, the Xse of a tool is not a Xnidirectional process, bXt a dialectic 
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process betZeen the sXbMect that acts over the instrXment, and the instrXment, Zhich acts over the thinNing 
of the sXbMect.  

,n the process of instrXmental genesis, the Xser develops mental schemes for specific tasNs. ,n these 
schemes, the technical NnoZledge or in other Zords, the sNills to Xse the artifact and the NnoZledge of the 
specific domain of the mathematical content, are intertZined or complimented �DriMvers 	 7roXche, 2008�. 
An instrXment is a mi[ed entity constitXted by one piece of artifact and other part Zith the personal 
schemes that the Xsers develop throXgh doing specific tasNs. ,n the case of a mathematical tasN, a mental 
scheme involves the global strategy of solXtion, as Zell as the technical resoXrces that the artifact offers, 
and the mathematical concepts in Zhich Xnderpin the strategy.  

Potentialities and Constraints of the Spreadsheet to Random Phenomena Simulation 

([cel spreadsheet possesses diverse potentialities and a frameZorN of representational aspects of 
calcXlation and commXnication. ,n the commXnication aspect, a spreadsheet reTXires that the stXdents 
ZorN Zith an interactive algebra�liNe langXage, Zhich focXses their attention on a rigoroXs synta[. 7his is 
Zhy it is said that spreadsheets help to translate a problem by means and algebraic code �+aspeNian, 
2005�. ,nto the representational aspect, the spreadsheet has mXltiple representations that alloZs several 
semiotic registers that can be presented in simXltaneoXs Zays on screen, sXch as the case of the formXlas 
register to e[press relations betZeen cells, nXmerical register to represent data or resXlts of calcXlations, 
graphics register that alloZs Xser several types of graphical representations dynamically linNed to the 
nXmerical data. And finally, for the aspect of calcXlation, ([cel has an e[tended range of formXlas that 
maNe possible formXlating models, generating data and maNing calcXlations. 2ther important element is 
the nXmerical feedbacN obtained Zhen ZorNing Zith a formXla, Zhich alloZs stXdents to e[periment, 
specXlate, and help them to find mistaNes. 2n the specific case of simXlation of random phenomena, ([cel 
spreadsheet has several commands to generate pseXdorandom nXmbers. Under the case of discrete random 
phenomena Zhich are simXlated throXgh models of Xrns �as it is in oXr case�, ([cel has tZo commands 
that generates nXmbers provided from a Xniform distribXtion� rand() and randbetween(bottom,top). 7he 
fXnction rand() retXrns a random nXmber betZeen 0 and 1, meanZhile the fXnction 
randbetween(bottom,top) retXrns an entire random nXmber betZeen the limits specified. 7he figXre 1 and 
2, shoZ those formXlas and the resXlted generates are shoZn� 

 

   

Figure 1: randbetween(1,10)   Figure 2: rand() 

 
7he pseXdorandom nXmbers generated by rand() or randbetween(inf,sup) have tZo properties that 

maNe them comparable to in fact random nXmbers� 

1. Any number between 0 and 1 has the same probability to be generated. 
2. The numbers generated are independent between each other. 

([cel spreadsheet, also as Ze NnoZ, ZorNs Zith arithmetic formXlas, conditionals and statistics that 
maNe possible the conditions of a problem and reali]e the analysis of the resXlts. 7he copy�paste option 
and F9 permits to evalXate the model as many times doable and therefore a TXicN feedbacN. 
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Methodology 

7his stXdy Zas done Zith 22 stXdents betZeen 19±20 years old of the XndergradXate program of 
,nformation Systems. 7he stXdents Zere enrolled in a basic coXrse of probability and statistics in the first 
semester of the school year 2011±2012. 7his coXrse emphasi]ed the simXlation as complement of the 
probability theoretical approach in some themes. StXdents Zeren¶t trained in a previoXs coXrse aboXt Xse of 
([cel to simXlation and the stXdy started Zith the their basic NnoZledge of ([cel spreadsheet. Simple 
e[amples of simXlation Zere raised in the class and some assignments to be complement it tooN place, 
therefore contrast resXlts of the simXlation Zith the theory achievement. 7he present ZorN shoZs the 
resXlts from the folloZing three activities�  

Activity 1: Simulate the rolling of two dices: 
a) Add of points resulting of faces up and determine the probability that the result is 7. 
b) Subtract points resulting of faces up and determine the probability that the difference of points is 

3. 
c) Multiplicate the points of the faces up and calculate the probability that the product of points is 

bigger than 10. 

7he pXrpose of this activity Zas to introdXce stXdents to simXlation environment in the ([cel�s 
spreadsheet, to observe Zith Zhat formXlas they Zill be ZorNing for and Zhat difficXlties they Zill be 
confronted Zith to finally formXlate the model. According Zith the instrXmental theory, this activity 
represents the starting point for the analysis of the instrXmentation developed by the stXdents in the 
spreadsheet. 

Activity 2: If a friend of yours thinks in a number between 1 and 100 ¿what is the probability of 
making it divisible by 6 or 10? 

7his activity reTXire the application of the rXle of the addition of the probabilities� this is it, � ��� �

� � � � � � ��� � ��, Zhere A is an event that represents divisible nXmbers by 6, % is an event that 
represents divisible nXmbers by 10 and  ��� � �� is event that represents divisible nXmbers by 6 and by 
10.  

Activity 3: There are 3 urns with black and white balls (Urn 1: 3 white and 2 black. Urn 2: 1 white and 
3 black. Urn 3: 6 white and 2 black). There is selected one ball from one urn. What is the probability 
that a ball color white shows up? There is an assumption of equal probabilities to select any of the 
urns. 

7he pXrpose of this activity Zas to formXlate a model of simXlation to the calcXlXs of the total 
probability of a event� this is it, � � � � �� � ���� � � �� � ���� � � �� �������, Zhere 
U1, U2 and U3 are events Urn 1, Urn 2, Urn 3 respectively, and % is the event that represents to Zhich 
Zhite ball is selected. FormXlate the model reTXires identify 2 stages� the first one consist in decide the Xrn 
in a random Zay, and second stage� select the ball from that Xrn. 

,n the analysis of the information Ze have present the strategies and the elements of the spreadsheet 
that Zere Xsed by stXdents in each phase of the process of the modeling described by GnanadesiNan, 
Scheaffer, and SZift �1987� and Albright �2010�. 

Results 

Formulation of the Models through Random Nnumbers 

7he formXlation of a simXlation¶s model of random phenomena contemplates the comprehension of 
the problem, identify the Ney components, maNe assXmptions and bXild a symbolic e[pression throXgh one 
or more commands to obtaining resXlts. 

,n the conte[t of the activity 1, the Ney components are the resXlts of the dices. 7he assXmption is that 
the dices are symmetrical, becaXse each face of them is eTXally possible. 2ne resXlt is obtained adding, 
sXbtracting or mXltiplying the points of tZo dices �referring that case�. ,n this activity the stXdents didn¶t 
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shoZ difficXlties in identify the Ney components, Zhich are essential part to maNe the simXlation correctly. 
FigXres 3 and 4 shoZ the model made it by tZo stXdents on the case by adding points� 

 

    

       Figure 3: Model constructed by Luis  Figure 4: Model constructed by Silvia 

,n the case of the activity 2, the Ney component is the nXmber that is thoXght. 7here is the assXmption 
of any nXmber betZeen 1 and 100 are eTXally probable to happen, therefore the resXlt from the Ney 
component is obtained generating random nXmbers betZeen 1 and 100. ,n this case, stXdents had 
difficXlties to identify the Ney component and most of them started Zith favorable resXlts �divisible by 6 or 
by 10 or both�, Zhen the correct one Zas to generate firstly the Ney component and lately to identify 
favorable resXlts. 

,n other hand, in the activity 3, the Ney components are the selection of the Xrn �Xrn1, Xrn2 or Xrn3� 
and the selection of one of the balls �blacN or Zhite�. 7he assXmptions are that each Xrn has the same 
probability to be selected and for the balls option is that each ball has the same assXmption of eTXal 
probability. As the same Zay that it Zas in the other activities, here Zas observed that stXdents do shoZed 
difficXlties to identify the Ney components, hoZever some of them identified the balls selection �second 
part� bXt omitted the Xrn selection �first part�. 

,n conclXsion, Ze have identified three schemes for the formXlation of the model� 

1. Students, who use the space of the spreadsheet like a notebook, make calculus in manual manner 
and write it down the results. They don’t use the potential of the spreadsheet. 

2. Students, who use formulas to calculate probabilities, but do not request to generate random 
number how it is supposed to be in a model of simulation. 

3. Students, who use formulas with random numbers to simulate the key components. 

In the following figures of one the students who participated in the activity 2 which results generated 
from a random command (Figure 5) and another one where no random formula results to accomplish the 
divisibility condition (Figure 6). 

    

Figure 5: Model constructed by José        Figure 6: Model constructed by Ana 
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For his part in FigXre 7, the stXdent Angel shoZs his ZorN in activity 3. Where, first at all, he made 
calcXlations in manXal method Xsing formXla of total probability, then simXlates e[traction of balls and 
calcXlates freTXencies to 10,000 cases. 5esXlts of both approaches match Xp given certainty to precision of 
his problem. 
 

 

Figure 7: Work developed by Angel in activity 3 

 
7he 7able 1, shoZ the resXlts of the different schemes developed by the stXdents and the commands 

Xtili]ed to formXlate the model of simXlation.  
 

Table 1: Classification of Students by Schemas and Commands Utilized 

Activity Frequency of students  by 
schema  

Commands used to generate the model 

1 2 3 
1 8 0 14 Randbetween(1,6) 

A1+A2, Sum(A1,A2), A1-A2, A1*A2 
2 7 9 6 Randbetween (1,100) 
3 3 14 5 To the selection of the urn: Randbetween(1,3)  

To the selection of the balls: Randbetween (1,5), 
Randbetween (1,4), Randbetween (1,8). 

 

Evaluation of the Model 

7he evalXation of the model consist in generate a case and record the oXtcome of interest, and then 
repeat it many times and see if the resXlts satisfy the conditions of the problem. ,n the first activity, the 
analysis reveals that the stXdents Zho generated the resXlts of the Ney components thoXgh a random 
fXnction �scheme 3�, Xse the fXnction ³copy of formXlas´ to generate many cases �hXndreds or thoXsands� 
as it is shoZn in figXres 1 and 2. 2ther stXdents Xsed F9 in order to repeat the case in the same cell, and 
afterZards, they copied again. 7he stXdents Zho Xsed scheme 1 �data direct introdXction� had the difficXlty 
to generate many cases. ,t is also important to highlight that some stXdents foXnd oXt some mistaNes in 
their model Zhen the resXlt obtained Zas not Zhat they Zere Zaiting for. 7his important fXnction of the 
spreadsheet alloZs stXdents to monitor a problem solXtion process. 

,n activity 2 the stXdents Zho did not Xse a random formXla to generate the resXlts of the Ney 
components �thoXght nXmber�, coXld not evalXate their model as a case of simXlation, hoZever, they got 
correct resXlts throXgh probability
s classic formXla. ,n the case of the stXdents, Zho generated randomly 
the resXlts �e.g., -osp, FigXre 5�, identified the favorable cases throXgh the formXla 
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residue(number,number_divisor), combined Zith the conditional formXla if(logical 
test,value_if_true_value_if_false). AfterZards, Zhen stXdents observed that some correct resXlts Zere 
prodXced, they copied the formXla to solve many cases �see FigXre 5�. 

2n the other side, in activity 3, only 5 stXdents Xsed random nXmbers in order to bXild a model and as 
mentioned before, the simXlation Zas partial �the e[traction of the ball in the Xrn selected�, and this is the 
reason Zhy the evalXation of the model consisted in identifying if the random generated nXmber 
corresponded to the Zhite or blacN ball, for Zhich they Xsed the conditional formXla if(logical test, 
value_if_true_value_if_false). 

Table 2: Commands Utilized to Obtain Conditions and to Evaluate the Model 

Activity Commands used to identify favorable results  

1 To additions=7: IF(D6=7,1,0 
To substractions=3: IF(G6=3,1,0) 
To products > 10: IF(J6>10,1,0) 

2 To divisors of 6:  IF(RESIDUE(B1,6)=0,1,0) 
To divisors of 10:  IF(RESIDUE(B1,10)=0,1,0) 
To divisors 6 or 10: 
=COUNTIF(C2:C1000,1,E2:E1000,1),  

3 IF(B17=1,0,IF(B17=2,0,1)) 
IF(D17=4,1,0) 
IF(F17=7,0,IF(F17=8,0,1)) 

Statistic Analysis of the Results 

,n this phase, Ze focXs on sXmmari]e the information obtained by the model and draZ conclXsions. ,n 
specific, it means register observations of interest �favorable events�, and calcXlation of the relative 
freTXencies. 

,n activity 1, most of the stXdents Zho generated the model throXgh of a random command folloZed a 
schema of identify and accXmXlate the favorable cases in the same colXmn, Zhat means introdXce a 
recXrsive formXla starting at the second line, hoZ is shoZed in case /Xis �FigXre 1�. 7his part Zas caXse of 
difficXlties for some stXdents, Zho only can identify the favorable cases bXt no one accXmXlated the resXlts 
as is shoZed in Silvia¶s ZorN. A schema more simple Zas identified the favorable cases and maNe 
additions in determined cells, nevertheless, any stXdent didn¶t shoZ that Nind of schema. 

,n the activity 2, the register of the favorable resXlts and calcXlation of the freTXencies did it by the 
stXdents Xsing a random phenomena throXgh formXlas liNe countif(range,criteria) and 
countif(range,criteria1,range,criteria2,). ,n other hand, activity 3, Xsing 0 and 1 as variable indicator to 
identify favorable resXlts, it helped to calcXlate the freTXency throXgh the formXla countif(range,criteria) 
or sum(number1,number2) 
 

Table 3: Commands Used for the Register Favorable Results and Calculation of Frequencies 

Activity Commands used to count favorable results 

1 =IF(D5=7,1,0)+E4 
2 =COUNTIF(E2:E1000,1) 
3 =COUNTIF(C17:C10016,1) 
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Conclusions 

7he resXlts obtained in this research have shoZed that the process of the instrXmentation of the 
spreadsheet in the modeling of random phenomena it is not an easy process, even for the stXdents Zith a 
previoXs programming NnoZledge, as it Zas the case of the sXbMects involved in oXr stXdy. 7he process of 
simXlation ZorNs Zith a methodology that demands from stXdents the Xse of intertZined strategies 
betZeen the NnoZledge they already have of the topic and the technical NnoZledge of the resoXrces that 
the spreadsheet has. 

As it Zas observed the empty NnoZledge of the fXnctions of the spreadsheet �potentialities� and 
constraints, from Zhere depends the level of instrXmentation, by taNing in consideration spreadsheet 
Zasn�t conceived as an edXcational tool. ,n other hand, the theoretical approach that the stXdents are Xsed 
in probability coXrses since secondary school is part of the inflXence that relegate the Xse of the ([cel 
potentialities to the typical calcXlXs fXnctions, becaXse for them resXlts more simple and easy Xse it in that 
Zay.  

7he incorrect schemas developed for the formXlation of the model shoZ the difficXlties that the 
stXdents had in identify the Ney components of the problems, therefore they opted to Xse other strategies as 
to introdXce in a direct Zay the data or generating throXgh no random formXlas to accomplish the problem. 
According Zith this oXr conclXsion states that the competences to develop models of simXlation in a 
spreadsheet, reTXires a planned process to shoZ to the stXdents the methodology of simXlation, as Zell it is 
needed a better NnoZledge of the potentialities and constraints of the tool. 
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