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Abstract 
 
This course is part of a series that presents Microsoft Excel methods that are useful for a wide 
range of engineering analyses and data management. This course presents simulation and 
systems modeling. Simulation is a technique for conducting experimentation of a system or 
process, virtually, on a computer. This course presents the fundamentals of the Monte Carlo 
simulation technique, and demonstrates, in detail, the framework for applying the technique to 
model a real engineering system, on an Excel spreadsheet.  This course presents techniques for 
analyzing the results and how they are interpreted and applied in decision making. This course 
presents techniques for selecting and validating statistical distributions that are used to model the 
elements of the system being simulated, and how they are implemented in Excel. Upon 
completion of this course, practitioners will be able to apply the methods learned to a variety of 
engineering problems, and also to identify situations in their fields of specialty where the 
innovative application of these tools and methods will be advantageous to their output and to 
their work product.  
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1. INTRODUCTION 
 
1.1 Overview 
 
Engineers are constantly challenged with solving a wide range of complex analytical and 
computational problems in their fields of specialty. These problems involve analyses 
methodologies and the management of data. The application of computers enables repetitive, 
time-consuming and often tedious calculations to be conducted rapidly, efficiently, and less 
prone to errors. The application of computer tools also enables the results and outputs of such 
engineering analyses to be readily transferred and incorporated into reports and other engineering 
documents. An even greater advantage, in terms of productivity and efficiency, is realized when 
these calculations and outputs are replicated across numerous projects. Competence in computer 
skills predisposes engineers to pursue and develop more creative and innovative solutions to 
problems than otherwise. 
 
Microsoft Excel is widely and increasingly being used as a tool to assist engineers in conducting 
and replicating intricate calculations and analyses, designing complex systems, and managing 
large data sets.  Microsoft Excel is an electronic spreadsheet program developed by the Microsoft 
Company, and part of the Microsoft Office suite of products. A spreadsheet is a grid that 
organizes data and calculations into columns and rows. The intersection of a column and a row is 
called a cell. An electronic spreadsheet enables users to store, organize, manipulate, and analyze 
data in the cells of the spreadsheet.  
 
This course presents fundamental principles and engineering applications of simulation and 
systems modeling, and demonstrates the Microsoft Excel tools, methods, and strategies that can 
be used to simulate and model real-life engineering systems. Simulation techniques involve 
conducting virtual experimentation of a system or process, on a computer, using mathematical 
and statistical models. This course presents how to formulate, implement and solve simulation 
and systems modeling problems in Microsoft Excel. 
 
Upon completion of this course, participants will have gained insight into applying Excel tools, 
methods, and strategies in formulating, implementing and analyzing simulation models. 
Participants will also be able to identify professional situations where the application of these 
innovative Excel techniques will be of great benefit and advantage, and will enable practitioners 
to significantly improve their productivity and the quality of their work product.  
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2. SIMULATION 
 
2.1 Introduction 
 
Simulation is a statistical analysis tool used in many fields such as the sciences, engineering, 
business, management and many others. Simulation techniques have been used to study a wide 
variety of problems and complex physical phenomena such as traffic congestion, the spread of 
public health epidemics, weather forecasting, the performance of financial markets, military 
operations, emergency response scenarios, the quality of product or duration of an industrial or 
manufacturing process, etc., etc. Simulation has been used to solve mathematical problems for 
which a direct solution is impractical.   
 
If the processes being simulated involve an element of probabilistic behavior (random chance) 
the simulation is referred to as Monte Carlo simulation. Many complex and large-scale 
engineering problems are amenable to Monte Carlo simulation due to the fact that the simulation 
technique can handle large numbers of random variables, numerous statistical distributions, and 
nonlinear mathematical models.  
 
Monte Carlo simulation is useful in situations where direct experimentation of a system or 
process is impractical, infeasible, time or cost prohibitive, or simply impossible. For example, it 
is not possible to conduct an experiment on the spread or impacts of a highly contagious disease 
outbreak on a large or densely populated U.S. city. Likewise, it would be impractical or time 
prohibitive for a light bulb manufacturer to test a large sample of a product over the product’s 
entire design life. In Monte Carlo simulation, the experimentation is conducted rapidly and many 
times over on a computer using a simulation model. The incorporation of random variables in the 
simulation model to describe the discreet elements of the system or process enables many 
multiple scenarios of the system or process to be modelled, thus synthesizing model output data. 
The model output data set is then analyzed by appropriate statistical methods, to draw 
conclusions and to make decisions and recommendations about the system or process. 
 
Thus, Monte Carlo simulation enables one to see all possible outcomes of a process and make 
decisions that take into account the probability (uncertainty or risk) associated with the discrete 
elements of the process. 
 
2.2 Illustration of a Simulation Model 
 
In this section a very simple example shall be used to illustrate a Monte Carlo simulation model.  
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Consider a small local contractor hired to prepare a site for a national company to come in and 
build a luxury apartment complex. The local contractor’s activities, or work items, include 
clearing the site and setting up trailers for site offices and other facilities. The contractor breaks 
down the project into the following discrete tasks in sequential order, and their estimated 
completion times. 
 
   

 Work Item Description Completion 
Time (days) 

1. Clearing and 
Grubbing 

Clear the site of vegetation, pull tree 
stumps, and remove all debris. 10 

2. Furnish and install 
trailers 

Supply trailers and all ancillary work to 
complete installation.  5 

3. Connect services Hook up power, utilities, and 
telecommunication services 7 

4. Furnish and install 
interior amenities 

Install bathrooms, kitchenette equipment, 
office furniture, security devices 4 

5. Final cleanup Final cleanup of interior and exterior 
 2 

    

 Project completion  28 
 
 
The completion times are based on the local contractor’s recent experience with similar projects, 
clients and suppliers. In this approach, the local contractor considers these times to be set and 
fixed to yield the overall project completion time. This is called a deterministic approach. Prior 
to any knowledge or experience in Monte Carlo methods, the deterministic approach would be 
the intuitive approach to handle this type of problem.   
 
The fact that the deterministic approach considers the work items’ completion times to be set and 
fixed is a major weakness of the approach. Practically, all of the work items’ completion times 
are inherently random to varying degrees. For example, the completion of the clearing and 
grubbing is subject to randomness (or uncertainty) due to factors such as weather, equipment 
reliability, availability and punctuality of earth moving equipment and the operators, etc. etc. The 
work item to furnish and install the trailers is subject to randomness due to traffic conditions, 
availability or schedule of escort vehicles required to accompany the truck(s) that bring the 
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trailer(s) to the site, as well as the randomness associated with obtaining the permits from 
governmental agencies to convey oversized cargo on state roads. Once the trailer(s) reaches the 
site, further uncertainty may be due to soil conditions that may slow down (or speed up for that 
matter) the process of anchoring and securing the trailer(s).  There is also randomness associated 
with the quality of the workmanship, or lack thereof that may necessitate rework or additional 
inspections prior to approval. The uncertainty associated with each work item contributes to the 
uncertainty associated with the overall project completion time. The degree of uncertainty is 
called risk, and exposes the local contractor to potential unfavorable outcomes, particularly 
financial loss. 
 
It is therefore justified to take a probabilistic approach to the analysis in order to incorporate the 
uncertainty associated with each work item’s completion time.  This can be done by describing 
each work item’s completion time with an appropriate random variable (also called a 
probability distribution).  The work items’ completion times can be given at certain 
probabilities based on the appropriate probability distribution for that work item. Overall project 
completion times can then be determined at given probabilities. The local contractor can now 
select an acceptable level of uncertainty (or risk) and reach a more informed conclusion 
regarding the project completion time.  
 
Using assumed probability distributions, the work items’ completion times for this project can be 
described probabilistically as follows 
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 Work Item Probability  
Distribution 

Completion 
Time (days) 

1. Clearing and 
Grubbing 

Normal distribution 
Parameters: 
Mean (μ) = 10 
Standard deviation (σ) = 3 

 

2. Furnish and install 
trailers 

Uniform distribution 
Parameters: 
α = 3 
β = 7 

 

3. Connect services 

Normal distribution 
Parameters: 
Mean (μ) = 7 
Standard deviation (σ) = 1.5 

 

4. Furnish and install 
interior amenities 

Uniform distribution 
Parameters: 
α = 2 
β = 6 

 

5. Final cleanup 

Uniform distribution 
Parameters: 
α = 1 
β = 3 

 
   

 Total (Project) Duration �(𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡) 

 
 
Figure 2. 1: Framework for simulation 
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To generate a possible scenario for a particular work item’s completion time, the contractor can 
randomly pick a probability value and read off the completion time from the probability 
distribution graph (or calculate it from the graph function). The process is repeated for each work 
item, and the project completion time for the scenario is the aggregate of the individual 
completion times obtained. This process can now be replicated several times over to synthesize a 
data set of project completion times. The project completion time data can be analyzed to obtain 
the descriptive statistics, quartiles and percentiles, or other statistical measures which are used 
for appropriate decision making.  
 
Although it is not a required prerequisite for this course, it will be helpful if readers take a 
moment to review and refresh their knowledge on random variables and statistical distributions. 
An earlier part of this course series provides a preparatory in-depth presentation of those topics.  
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3. THE SIMULATION PROCEDURE 
 
3.1 Monte Carlo Simulation 
 
The Monte Carlo simulation procedure can be concisely described by the following steps. 
 
Step 1:  
Take the first work item, which is a random variable (𝑋𝑋), guess a random probability value (𝐹𝐹). 
Use the inverse cumulative density function (also known as the percent point function or the 
quantile function) of the random variable that describes the work item (𝑋𝑋), to determine the 
corresponding value (𝑥𝑥) (an actual completion time) of the random variable (𝑋𝑋) for that 
probability value (𝐹𝐹).   
 
Step 2:  
Repeat Step 1 for each of the other work items. 
 
Step 3: 
Sum the 𝑥𝑥 values (completion times) to generate the overall completion time for the current 
simulation (or iteration).  
 
Step 4: 
Repeat Step 1 through Step 3 (𝑛𝑛 − 1) times to synthesize a dataset of completion times of size 𝑛𝑛  
for the 𝑛𝑛 simulations conducted. 
 
Step 5:  
Compute statistical measures for the synthesized completion time dataset, such as mean, median, 
standard deviation, quartiles, percentiles etc.  
Use the statistical measures to make conclusions, recommendations, decisions etc., based on 
engineering performance criteria, industry standards, regulatory requirements, business and 
financial considerations etc., etc. 
 
It is pertinent to note that in practice, the number of simulations (𝑛𝑛) needed to be conducted is 
not subject to hard and fast rules. It is determined by judgement or experience, based on factors 
such as the type and complexity of the system being simulated, as well as the complexity of the 
breakdown of the work items, which itself may be driven by the available data. A small-scale 
civil engineering model may use a few hundred or a few thousand simulations, whereas a large-
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scale mechanical system may need several hundred-thousand simulations to synthesize good data 
for appropriate decision making. 
 
The Monte Carlo simulation procedure can be depicted as follows. 
 
 
 
 
 
 
 
 
 
  

Start 

Activity 𝑖𝑖 of 𝑘𝑘  
- Guess probability 𝐹𝐹 
- Calculate 

corresponding value 
of 𝑥𝑥 

 

 𝑖𝑖 = 𝑘𝑘? 

Simulation 𝑗𝑗 of 𝑛𝑛  
- Calculate result 𝑇𝑇𝑗𝑗  

from 𝑥𝑥𝑖𝑖 values for 
current simulation 𝑗𝑗 

Save 𝑇𝑇𝑗𝑗  to 
output dataset  𝑗𝑗 = 𝑛𝑛? 

Results of Simulations 
- Analyze output 

dataset 
- Make decisions 

End 

No 

Yes 

𝑖𝑖 = 𝑖𝑖 + 1 

No 

𝑗𝑗=
𝑗𝑗+

1 

Yes 

Figure 3. 1: Monte Carlo simulation procedure 
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Conducting the Monte Carlo procedure by hand in a tabular format will be of the following 
structure.  
 
 

Simulation Activity 1 Activity 2 Activity 3 … 
Completion 

Time 

 
   

… 

 

Distribution:  
Parameters, 
Quantile function 

Distribution:  
Parameters, 
Quantile function 

Distribution:  
Parameters, 
Quantile function 

… 

 

      

1. 
guess probability 𝐹𝐹11  guess probability 𝐹𝐹12  guess probability 𝐹𝐹13  …  

calculate duration 𝑥𝑥11 calculate duration 𝑥𝑥12 calculate duration 𝑥𝑥13 … 𝑇𝑇1 = �𝑥𝑥1𝑖𝑖 

      

2. 
guess probability 𝐹𝐹21  guess probability 𝐹𝐹22  guess probability 𝐹𝐹23  …  

calculate duration 𝑥𝑥21 calculate duration 𝑥𝑥22 calculate duration 𝑥𝑥23 … 𝑇𝑇2 = �𝑥𝑥2𝑖𝑖 

      

3. 
guess probability 𝐹𝐹31  guess probability 𝐹𝐹32  guess probability 𝐹𝐹33  …  

calculate duration 𝑥𝑥31 calculate duration 𝑥𝑥32 calculate duration 𝑥𝑥33 … 𝑇𝑇3 = �𝑥𝑥3𝑖𝑖 

      

: : : : … : 

      

𝑛𝑛. 
guess probability 𝐹𝐹𝑛𝑛1  guess probability 𝐹𝐹𝑛𝑛2  guess probability 𝐹𝐹𝑛𝑛3  …  

calculate duration 𝑥𝑥𝑛𝑛1 calculate duration 𝑥𝑥𝑛𝑛2 calculate duration 𝑥𝑥𝑛𝑛3 … 𝑇𝑇𝑛𝑛 = �𝑥𝑥𝑛𝑛𝑛𝑛 

 
 
Figure 3. 2: Monte Carlo simulation tabulation 
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The synthesized completion times (𝑇𝑇𝑗𝑗) can now be analyzed using appropriate statistical 
measures from which conclusions, recommendations, decisions, etc., can be made. 
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4. MONTE CARLO SIMULATION IN EXCEL 
 
4.1 Implementation in Excel 
 
In this section, the site clearing project described in Section 2.2 shall be implemented in a Monte 
Carlo simulation model, in Microsoft Excel following the tabulated framework depicted in 
Figure 3.2. The details of the project activities and their descriptions and statistical parameters 
are shown in Figure 2.1. 
 
Open a new session of Excel. 
 
Set up the following headers for the first work item, Activity 1: Clearing and Grubbing. 
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To conduct a simulation of this activity, call the Excel random number generator function RAND 
as follows. 
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Double click on RAND from the candidate list. 
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Close parenthesis. 
Hit Enter on the keyboard. 
The function is implemented in the current cell and a random value generated. 
 
 

 
 
 
ATTENTION! Due to the random nature of the output generated by the RAND function, one 
may get a completely different value than shown in this demonstration. Also, one will notice the 
random value changes intermittently automatically whenever some other operation is conducted 
elsewhere on the spreadsheet. For now, both of the above are normal and not a problem. Do not 
be alarmed. The focus for now is on the procedure and implementation of the simulation model. 
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The next task is to call the inverse cumulative density function (also known as the percent point 
function or quantile function) of the distribution that describes the random behavior of the 
activity, to calculate the 𝑥𝑥 value (completion time of the activity) corresponding to the random 
probability value 𝐹𝐹 previously generated. This first activity is described by the Normal 
distribution.   
 
With the cursor in the 𝑥𝑥 value cell, begin typing “NORMAL” to activate a candidate list of 
relevant functions.  
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Select NORM.INV and review the tooltip. 
 
 

 
 
 
This is the function needed. 
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 Double click on NORM.INV. 
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For the probability value, point and click on the 𝐹𝐹 value. 
Type a comma (“,”). 
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For the mean value, point and click on the mean value. 
Hit F4 on the keyboard. 
Type a comma (“,”). 
 
 

 
 
 
The F4 button is used to make the cell reference to the mean value an Absolute Reference. This 
will prevent the mean value cell reference from changing, albeit inadvertently, later when the 
formula is copied and replicated down the table for the subsequent simulations. 
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For the standard_dev value, point and click on the standard deviation value. 
Hit F4 on the keyboard. 
Type a comma (“,”). 
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Close parenthesis. 
Hit Enter on the keyboard. 
The 𝑥𝑥 value is calculated. 
 
 

 
 
 
Note that the original random number has changed, but due to the cell referencing used in the 
NORM.INV calculation, the corresponding value (𝑥𝑥) for the current probability value (𝐹𝐹) is 
computed and displayed.  
 
This result, stated in ordinary language, is that there is 0.136 probability that the activity will be 
completed in less than or equal to 6.709 days. Or one could say there is 0.136 probability that the 
activity’s completion time will not exceed 6.709 days. (Again! The actual values you get may be 
completely different from those depicted here due to the random numbers being generated and 
passed into the formula). 
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One may now explore other scenarios (or simulations) of the activity completion time based on 
other random probability values.  
 
Select the 𝐹𝐹 and 𝑥𝑥 values previously calculated. 
Hover over the bottom right border of the selection. 
The cursor will change from a thick plus sign to a thinner plus sign. 
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With the thinner plus sign on the bottom right corner of the selection, click and hold the click 
down.  
Drag the cursor down a few rows. 
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Release the click. 
The original formulas/ calculations are replicated down the sheet. 
 
 

 
 
 
The process of selecting cells, and then clicking, holding down and dragging to replicate the 
formulas/ contents of the cell is the Excel technique called fill handling. 
 
Review the probabilities (𝐹𝐹) of the completion times (𝑥𝑥) of the scenarios (simulations) generated. 
Again, one may obtain completely different numbers than depicted due to the random numbers 
being generated and passed into the formulas. Again, notice that the original random value has 
changed, again. Again, this is not a problem to worry about, the focus is on the procedure and 
implementation of the simulation model. 
 
Save your work. 
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At this time, it is pertinent for readers to note that the random numbers generated by the Excel 
RAND function are actually not truly random. They are the best “random” numbers Excel can 
provide. The “random” numbers are being pulled from a Uniform distribution. The 
“randomness” of the values can be improved by changing the random seed settings of the Excel 
program. (Adjusting the random seed settings is beyond the scope of this course and participants 
are encouraged to research this issue on their own). Adjusting the Excel random seed generator 
will yield some improvement, but it still does not make the “random” numbers truly random. 
Henceforth “random” numbers generated by the Excel program will be better described as 
pseudo-random numbers. 
 
Revert to the simulation spreadsheet. 
Set up the headers for Activity 2: Furnish & Install Trailers. 
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This Activity 2 completion time is described by a Uniform distribution with parameters 
 𝛼𝛼 = 3, 𝛽𝛽 = 7,  
where the probability of any 𝑥𝑥 in [𝛼𝛼,𝛽𝛽] equals 1 (𝛽𝛽 − 𝛼𝛼)⁄    
and the probability of any 𝑥𝑥 not in [𝛼𝛼,𝛽𝛽] equals zero.  
Thus, the density function of the Uniform distribution is a horizontal line.  
The cumulative density of a value 𝑥𝑥 in [𝛼𝛼,𝛽𝛽] is the rectangular area under the density function 
from 𝛼𝛼 through 𝑥𝑥. 
 
 

 
 
 
Therefore, for a pseudo-random cumulative probability value 𝐹𝐹, 
 𝑥𝑥 = 𝛼𝛼 + 𝐹𝐹(𝛽𝛽 − 𝛼𝛼) 
 
 
 
 
 
 
 
 
  

x = 5 

𝑓𝑓(𝑥𝑥) 

𝑥𝑥 

 

                    
1

𝛽𝛽 − 𝛼𝛼
 

     𝛼𝛼         𝑥𝑥                     𝛽𝛽  

 𝐹𝐹 
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On the spreadsheet, generate a pseudo-random value 𝐹𝐹. 
 
 

 
 
 
Hit Enter on the keyboard. 
 
Enter the formula for the corresponding 𝑥𝑥 value from the uniform distribution of the activity as 
follows, 
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Type “ = ” 
Click on the cell holding the 𝛼𝛼 value. 
Hit F4 on the keyboard to make the reference to the 𝛼𝛼 value an absolute reference. 
Type “ + ” 
Click on the cell holding the 𝐹𝐹 value. 
Type “ * ” 
Type “ ( ” 
Click on the cell holding the 𝛽𝛽 value. 
Hit F4 on the keyboard to make the reference to the 𝛽𝛽 value an absolute reference. 
Type “ - ” (minus sign). 
Click on the cell holding the 𝛼𝛼 value. 
Hit F4 on the keyboard to make the reference to the 𝛼𝛼 value an absolute reference. 
Type “ ) ” 
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Hit Enter on the keyboard to implement the formula. 
 
 

 
 
 
Select the 𝐹𝐹 and 𝑥𝑥 values 
Fill handle a few rows. 
Review the results. 
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The results appear to be normal and reasonable. 
 
 

 
 
 
 
Activity 3 is described by a Normal distribution. Therefore, to save effort, we may copy over 
Activity 1 and update the statistical parameters and other input data. 
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Select the Activity 1 data. 
Press the Copy icon. 
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Click on the destination cell. 
Press the Paste icon. 
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The data is copied over. 
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Update the data accordingly for Activity 3. 
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Activity 4 is described by a Uniform distribution. Therefore, to save effort, we may copy over 
Activity 2 and update the statistical parameters and other input data, as follows. 
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Activity 5 is described by a Uniform distribution. Therefore, to save effort, we may copy over 
Activity 4 and update the statistical parameters and other input data, as follows. 
 
 

 
 
 
The activities’ simulations are now implemented. Additional simulations may be added by fill 
handling down the spreadsheet as needed. 
 
The next step is to calculate the overall project completion time for a simulation, and then 
replicate this calculation for the multiple simulations conducted, to synthesize a dataset of the 
simulated project completion times that will be analyzed statistically to reach the conclusions, 
recommendations and decisions of the simulation study. 
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Add a header for the project completion time. 
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Enter an addition formula that sums the completion time (𝑥𝑥) values of Activity 1 through 
Activity 5 of the first simulation. 
 
 

 
 
 
Hit Enter on the keyboard. 
 
 
 
 
  

399.pdf

http://www.suncam.com/


 
Engineering Methods in Excel 

A SunCam online continuing education course 
 

 
www.SunCam.com  Copyright 2020 Kwabena Ofosu, Ph.D., P.E., PTOE Page 39 of 90 

 

The overall project completion time for the first simulation is computed. 
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Select the first project completion time. 
Fill handle a few rows. 
Review the results. 
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We will now like to run 2,000 simulations of this system. In other words, we shall investigate 
2,000 possible scenarios of this project, taking into account the random outcomes of the project’s 
constituent activities. 
 
Select the entire row of the last simulation. 
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Fill handle for a total of 2,000 rows (simulations). 
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To obtain a stable dataset (that does not continuously, automatically update itself due to the 
random number function), select the synthesized project completion times. 
 
Press the Copy icon. 
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Select the destination cell. 
 
 
 

 
 
 
 
 
 
  

399.pdf

http://www.suncam.com/


 
Engineering Methods in Excel 

A SunCam online continuing education course 
 

 
www.SunCam.com  Copyright 2020 Kwabena Ofosu, Ph.D., P.E., PTOE Page 45 of 90 

 

Press the Paste drop-down button. 
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Click on Paste Values 
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A stable (non-changing) dataset of completion times values is obtained. 
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The next step is to compute statistical measures that shall serve as the performance measures for 
this simulation study. For the purposes of this exercise, the following statistical measures shall be 
computed. 
 

• Mean 
• Standard Deviation 
• Median 
• 3rd Quartile 
• 95% Percentile 

 
 
Add a summary table to the spreadsheet as follows. 
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Mean (or Average) 
 
Type “=AVERAGE” 
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Select, and then double click on the AVERAGE function. 
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Select your “stable” completion times data. 
 
 

 
 
 
Close parenthesis. 
Hit Enter on the keyboard. 
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The mean completion time is computed and displayed. 
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Standard Deviation 
 
Type “=STANDARD” 
Select, and then double click on STDEV.S  
Select your “stable” completion times data. 
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Close parenthesis. 
Hit Enter on the keyboard. 
The standard deviation of the completion times is computed and displayed. 
 
 

 
 
 
 
Thus, on the “average” the completion times deviate from the mean value by 4.62 days.  
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Median 
 
The median is a value such that half (or 50%) of the data values are less than it, and 50% of the 
data is greater than it. Thus, there is a 50% probability that the project completion time will be 
less than this value and a 50% probability that the project completion time will be greater than 
this value.  
 
Type “=MEDIAN” 
Select, and then double click on MEDIAN  
Select your “stable” completion times data. 
Close parenthesis. 
Hit Enter on the keyboard. 
The median completion time is computed and displayed. 
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3rd Quartile (also called the Upper Quartile) 
 
The 3rd quartile is a value such that three-quarters (or 75%) of the data values are less than it. 
Thus, there is a 75% probability that the project completion time will not exceed this value. 
 
Type “=QUARTILE” 
Select, and then double click on QUARTILE.INC (note that QUARTILE.EXC also computes 
quartiles by using a different Excel algorithm).  
For the array argument, select your “stable” completion times data. 
Type a comma (“,”) 
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For the quart argument, select, and then double click “Third quartile (75th percentile)” 
 
 

 
 
 
Close parenthesis. 
Hit Enter on the keyboard. 
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The 3rd quartile completion time is computed and displayed. 
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95th Percentile  
 
The 95th percentile is a value such that 95% of the data values are less than it. Thus, there is a 
95% probability that the project completion time will not exceed this value. One is therefore 95% 
confident that the project will be completed by this time. 
 
Type “=PERCENTILE” 
For the array argument, select, and then double click on PERCENTILE.INC (note that 
PERCENTILE.EXC also computes percentiles by using a different Excel algorithm).  
Select your “stable” completion times data. 
Type a comma (“,”) 
For the k argument, type in “0.95” 
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Close parenthesis. 
Hit Enter on the keyboard. 
The 95th percentile completion time is computed and displayed. 
 
 

 
 
 
 
The next step is the analysis of the results, for making conclusions, recommendations or 
decision-making. 
 
Many engineering fields have adopted various statistical measures such as those demonstrated 
above as criteria for reaching conclusions and decision-making. For example, in the field of 
traffic engineering, the posted speed limit on a roadway is based on the 85th percentile speed 
(except where the posted speed limit is prescribed by state law, for example, on the interstate 
highway system in the State of Florida). Another example from traffic engineering is the length 
of a left-turn lane at an intersection controlled by a traffic signal. Generally, the turn lane length 
is based on the 95th percentile vehicular queue length obtained from a simulation model.  
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For the construction site example, a deterministic approach using the estimated average duration 
of each constituent work item, the conclusion was that the project will be completed in 28 days. 
However, using a probabilistic approach and modeling the uncertainty associated with each 
constituent activity by some known probability distribution, and conducting 2,000 simulations, 
the average project completion time is 35 days, and furthermore there is a 95% probability that 
the project will be completed in no more than approximately 43 days. 
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5. SELECTING DISTRIBUTIONS FOR SIMULATION 
 
5.1 Selecting a Probability Distribution 
 
In the construction site project simulation, each constituent activity of the project was described, 
or modelled, by some known statistical distribution, such as the Normal distribution, the Uniform 
distribution, the LogNormal distribution etc. This leads to the question as to how the 
distributions were selected or justified. In other words, how does one know what distribution to 
pick or how does one confirm or otherwise, that a given theoretical distribution is suitable to 
describe the activity, based on data for that activity.  
 
One cursory method of selecting a distribution or confirming a distributional assumption for an 
activity is to look at the shape of the histogram or frequency polygon of the data for the activity 
and compare it to the shape of the probability density function of the theoretical candidate 
distribution.  
 
[A comprehensive presentation of histograms, frequency polygons and other frequency diagrams 
can be found elsewhere, including a course by this author that is available on Suncam].  
 
For example, consider the following data for an activity, for which the simulation engineer 
makes an educated guess to go with the Normal distribution. Recall that the distribution function 
(of the data) will have a bell-shape if it is indeed described by a (theoretical) Normal distribution, 
such as  
 
 
 
 
 
 
 
 
 
 
 
 
  

399.pdf

http://www.suncam.com/


 
Engineering Methods in Excel 

A SunCam online continuing education course 
 

 
www.SunCam.com  Copyright 2020 Kwabena Ofosu, Ph.D., P.E., PTOE Page 63 of 90 

 

 

 
 
 
 
 
  

-20 0 20𝜇𝜇 , 𝜎𝜎 𝑥𝑥

f(x)𝑓𝑓(𝑥𝑥) 
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The histogram (and superimposed frequency polygon) of the data turns out as follows. 
 
 
 

 
 
 
The histogram (or the frequency polygon) does show a rise and fall trend of a somewhat 
symmetrical bell shape. Thus, the Normal distribution is a good candidate distribution to 
describe this data. In fact, other bell-shaped distributions may also be suitable, for example, the 
Logistic distribution.  
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In a similar analysis, the following example suggests that a LogNormal distribution may be 
suitable to describe the data.    
 
 
 

 
 
In fact, a Weibull distribution or some other skewed distribution may also be a good candidate.  
 
Inspecting the frequency diagram provides a quick and useful means of assessing the suitability 
of a distribution or checking a distributional assumption. However, as with graphical methods in 
general, it does involve an element of subjective judgement. 
 
5.2 Probability Plot 
 
A probability plot, also known as a quantile plot or Q-Q plot, is a graphical method for 
checking whether a dataset follows a given theoretical distribution or otherwise. The method 
involves using the cumulative probability values observed in the data to compute theoretical 
variates (𝑥𝑥-values) from the quantile function of the candidate theoretical distribution. The 
theoretical values versus the corresponding actual (data) values are plotted. If the plot appears to 
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be a straight line through the origin at an angle of 45 degrees to the horizontal, one can conclude 
that the data does indeed follow that candidate theoretical distribution. Or one may say the data 
comes from the candidate distribution. Generally, a dataset of at least 15 to 20 observations is 
required for the conclusions of the probability plot technique to be tenable. 
 
The probability plot can be constructed by the following steps. 
 

1. Arrange the data from smallest to largest 
  

2. Divide the area of the distribution (the data) into (𝑛𝑛 + 1) equal sub-areas of area  
1

(𝑛𝑛 + 1)� , where 𝑛𝑛  is the number of observations in the data. 
 

3. Compute the theoretical variate from the quantile function of the candidate distribution 
for each ordered observation, where the cumulative probability of an ordered observation 
𝑖𝑖 is given by 
 
 

��
1

𝑛𝑛 + 1�
𝑖𝑖

𝑘𝑘=1

 

 
 

4. Plot the 𝑖𝑖th ordered observation versus the 𝑖𝑖th theoretical variate. 
 
 
 Example:  
 
A traffic engineer constructs a probability plot from 50 vehicle speed measurements (in miles per 
hour) to check whether the speed data follows a Normal distribution.  
 
The data is as follows. 
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and 
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Step 1: 
 
Select the data. 
Click on Home. 
Click on Sort & Filter. 
Click on Sort Smallest to Largest. 
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The data is rearranged in ascending order. 
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Step 2: 
 
Divide the area under the distribution (the data) into (50 + 1) equal sub-areas of area  1 51�  or 
0.0196. 
 
Graphically,  
 
 
 

 
 
 
 
  

-20 0 20𝑥𝑥
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𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑
𝑓𝑓𝑓𝑓𝑓𝑓 𝑡𝑡𝑡𝑡𝑡 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑

𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝐴𝐴
𝑖𝑖 = 1 4 5 𝑛𝑛32 (𝑛𝑛 − 1)

𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴,𝐴𝐴 =
1

(𝑛𝑛 + 1)

𝐴𝐴
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In tabular format on the spreadsheet. 
Type in the formula as follows. 
 
 

 
 
 
Hit the Enter key on the keyboard. 
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Fill handle down the entire table. 
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Compute the cumulative areas (cumulative probabilities) as follows. 
The cumulative probability of an ordered value is the sum of the probabilities of the values up to 
that value. Therefore, the cumulative probability of the second value is the area for the second 
value plus the cumulative probability of the preceding value, the first value, and so on and so 
forth.  
 
Replicate the following formula. 
 
 

 
 
 
Hit the Enter key on the keyboard. 
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Fill handle down the entire table. 
 
 

 
 
 
 
These are the observed cumulative probabilities. 
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Step 3: 
 
In this step the theoretical variate shall be computed from the quantile function of the candidate 
distribution. In this example the candidate distribution is the Normal distribution. For the special 
case of the Normal distribution, if this exercise were to be done by hand, one would compute the 
Standard Normal variate (commonly called the 𝑧𝑧-score), and then convert it to the Normal 
variate (𝑥𝑥).  
 
Compute the Standard Normal variate as follows. 
Type in “NORM.S.INV” to look up and select the Excel Standard Normal distribution quantile 
function. 
 
 

 
 
 
Double click on NORM.S.INV 
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Select the cumulative probability computed from the data. 
 
 

 
 
 
 
Hit the Enter key on the keyboard. 
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The Standard Normal variate (𝑧𝑧-score) is computed. 
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Compute the mean (𝜇𝜇) of the data as follows. 
 
 
 
 

 
 
 
Hit the Enter key on the keyboard. 
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Compute the standard deviation (𝜎𝜎) of the data as follows. 
 
 

 
 
 
Hit the Enter key on the keyboard. 
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The theoretical variate (𝑥𝑥) can be computed from the Standard Normal variate (𝑧𝑧-score) by the 
relation 
 
 

𝑧𝑧 =
𝑥𝑥 − 𝜇𝜇
𝜎𝜎  

 
 
or by the Excel NORM.INV function. 
 
Begin to type “NORM.INV” to pull up the Excel NORM.INV function 
 
 

 
 
 
Double click on NORM.INV. 
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Select the cumulative probability value.  
Type a comma (“,”). 
Select the mean (𝜇𝜇) value.  
Hit F4 on the keyboard. 
Type a comma (“,”). 
Select the standard_dev (𝜎𝜎) value. 
Hit F4 on the keyboard. 
(Note that the F4 manipulation is needed to make those cell references absolute references which 
shall be needed to replicate the formula, by fill handle, correctly down the spreadsheet in the 
subsequent step). 
 
 

 
 
 
Hit the Enter key on the keyboard. 
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Select the computed standard variate and the theoretical variate cells. 
Fill handle down the entire table. 
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Step 4: 
 
Plot the ordered observed data, in this case the ordered speed data, versus the theoretical variate. 
This is the probability plot. 
 
 

 
 
Figure 5. 1: Normal probability plot 
 
 
The plotted points appear to follow a straight line through the origin at an angle of 45 degrees to 
the horizontal. It can therefore be concluded that the data come from the candidate distribution, 
in this case the Normal distribution. 
 
The above plot is a Normal probability plot. The probability plot for any other distribution will 
be constructed in a similar manner, the only difference being using the quantile function of the 
candidate distribution to compute the theoretical variate values.  
 
This concludes the probability plot example. 
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The following Normal probability plot illustrates an example where the plotted points do not 
appear to line up with a straight line through the origin at an angle of 45 degrees to the 
horizontal. 
 
 

 
 
 
Thus, the conclusion is that the data do not come from a Normal distribution. An analyst will 
now have to repeat the probability plot process as many times as needed, testing other known 
theoretical probability distributions, until a suitable distribution is found. 
 
It is pertinent to note that the suitability or otherwise of one theoretical distribution does not 
imply or infer that some other theoretical distribution(s) may be suitable or otherwise. In other 
words, there can be multiple suitable theoretical distributions for a data set. In such cases, it is up 
to the analyst to conduct the relevant testing and ultimately select the appropriate theoretical 
distribution based on a combination of the results, experience and expert knowledge of the 
system under investigation.  
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Other Probability Plotting Techniques 
 
There are many variations of the probability plot procedure demonstrated in this chapter. One 
popular variation found in the literature, particularly for the Normal probability plot, is to plot 
the Standard Normal variate (𝑧𝑧-score) on the horizontal axis. For the speed data example 
previously demonstrated in this chapter, the probability plot will be as follows. 
 
 

 
 
 
The straight-line behavior of the plotted points is apparent, confirming that the data follows a 
Normal distribution. If a trendline is fitted to the points, it can be seen that the intercept of the 
trendline on the vertical axis will be equal to the mean of the data, and the slope of the trendline 
will be equal to the standard deviation of the data.  
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Another popular variation of the probability plot involves plotting the rank (𝑗𝑗) of the ordered 
observed data versus the Standard Normal variate (𝑧𝑧-score). The ranking is such that the lowest 
observed value in the data has a rank of 1, the next value has a rank of 2 and so on, and the 
highest observed value has a rank of 𝑛𝑛, where 𝑛𝑛 is the number of observations in the dataset.  
Each Standard Normal variate is computed from a cumulative probability (𝑝𝑝) that is 
approximated by the formula, 
 
 

𝑝𝑝 =
𝑗𝑗 − 0.5
𝑛𝑛  

 
 
 
Probability plots may also be constructed from probabilities, not cumulative probabilities. Such 
probability plots are often referred to as P-P plots.  
 
5.3 Other Methods  
 
Other methods of assessing the validity of a probability distribution for modeling a random 
phenomenon fall under the Goodness-of-Fit Tests. Goodness-of-fit tests are statistical inference 
tests (or Hypothesis tests) that result in a conclusion of “reject”, or “fail to reject” the given 
distribution based on the data. The Goodness-of-fit tests are generally applied to verify the 
validity of a given theoretical distribution after the visual inspections of histograms and 
probability plots suggest the given distribution is suitable. The Goodness-of-fit tests available 
include the Chi-Square test, the Kolmogorov-Smirnov (or K-S) test, and the Anderson-
Darling (or A-D) test. 
 
The Chi-Square test (pronounced “kai” or “chai” or “shy” or “chee” or “she”) involves 
comparing observed frequencies of the data with corresponding theoretical frequencies computed 
from the candidate theoretical distribution model. As with any hypothesis test, a test statistic is 
computed and a comparison is made with a critical value at a given level of confidence for the 
test procedure, based on which, the candidate theoretical distribution will be rejected or will fail 
to be rejected.  
 
In the K-S test, the observed cumulative frequencies of the data are compared to the cumulative 
distribution function of the given theoretical distribution. If the discrepancy between the 
observed and theoretical frequencies is greater than normally expected for a given sample size, 
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then the given theoretical distribution is rejected. If the discrepancy is less than a critical value at 
a given level of confidence for the test procedure, then the conclusion is to fail-to-reject the 
theoretical distribution. 
 
The A-D test compares the observed cumulative frequencies of the data to the cumulative 
distribution function of the given theoretical distribution, but captures discrepancies between the 
two that are intrinsically weighted towards the tails of the distributions, unlike the other 
Goodness-of-fit tests which are unable to make this discrimination.  
 
A detailed presentation of the Goodness-of-fit tests is beyond the scope of this course. Readers 
are strongly encouraged to review the extensive literature available on these topics on their own. 
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6. CONCLUSION 
 
This course presented an overview of the Monte Carlo simulation technique, and how it can be 
implemented in Excel. 
 
This course began with an illustrative introductory example of a simulation problem encountered 
by a practicing engineer. This was followed by a presentation of the fundamentals of the overall 
structure of the Monte Carlo simulation method. A demonstration of the implementation of the 
elements of a Monte Carlo simulation model on an Excel spreadsheet was presented. This course 
covered how the results of a Monte Carlo simulation can be analyzed, interpreted and applied in 
decision making. The final part of this course presented techniques used to select and validate 
statistical distributions that are used to model the constituent components or activities of the 
system or process that is being simulated, and how these techniques can be conducted in Excel.  
 
Upon completion of this course, participants have gained skills in statistical distributions and 
Monte Carlo simulation and will be able to apply these skills in the simulation and modeling of 
real engineering systems. This course has enabled participants to identify professional situations 
where the innovative application of techniques learned in this course are relevant and will be of 
benefit to their productivity, efficiency, and the quality of their work product. Practitioners are 
strongly encouraged to look for situations in their domains of expertise where simulation and 
systems modeling are applicable and will be of benefit to their work product and to their 
organization.  
 
A successful application of engineering methods in Excel requires a careful and meticulous 
approach, and can only be mastered and retained by practice and repetition. It has been my 
utmost pleasure presenting this topic to you. Thank you. 
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