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COURSE SYLLABUS:  CHEE 418, STRATEGIES FOR PROCESS INVESTIGATIONS 

(F 3-0-0.5   3.5) 

PERSONNEL 
See course page for up-to-date information. 

CALENDAR DESCRIPTION 

The roles of designed experiments and data analysis procedures in process investigations are discussed. 

Applications of two-level factorial and fractional factorial designs in screening studies and higher-order 

designs for response surface characterization and exploration are examined. Least squares procedures 

for fitting and testing mathematical models, and for assessing model predictions, are described. 

Empirical in-plant optimization procedures are also considered. Established and evolving approaches for 

quality and productivity improvement are examined. The design component of this course is the 

planning and execution of an experimental investigation, the analysis of the resulting data, and the 

formulation of recommendations on the basis of those results.  (12/0/0/18/12) 

PREREQUISITES:  CHEE 209, or permission of the department 

EXCLUSION:  STAT 361 

OBJECTIVES AND OUTCOMES 
The objective of this course is to give you a more comprehensive understanding of how models are 

estimated from data, and how experimental programs can be designed to make the resulting data as 

informative as possible. The focus of the course is largely on empirical models - models that are 

estimated from data - that are sometimes called data-driven models. However, the techniques for 

estimating parameters, making decisions about parameters, and planning experiments also apply 

equally to fundamental or first-principles models. 

 

Specific course learning outcomes (CLOs) include:  

1. Develop empirical models between process variables through model building, including multiple 
linear regression with emphasis on evaluation and interpretation of the resulting model; 

2. Screen process variables, by applying  2-level, complete and fractional, factorial designs, and 
higher-order experimental designs. 

 
 
This course assesses the following attributes: 
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 Knowledge base for engineering, KB-MATH (CLO1): Demonstrates knowledge of applied 
mathematics and statistics to solve engineering problems  

CHEE-KB-MATH -4: Develops empirical models including multiple linear regression.   
   

 Investigation (IN) (CLO 2):  
CHEE-IN-1: Designs and /or plans experimental investigations to apply and test working or 
research hypothesis 
CHEE-IN-3: Synthesizes information from data to reach substantiated conclusions 
 

 Tools (TOO) (CLO 1, CLO 2): 
CHEE-TOO-3: Uses appropriate statistical tools to analyze instrumentation, simulation, or 
process data and to assess appropriateness of results 

RELEVANCE TO THE PROGRAM 
CHEE 418 is a follow-up course to the introductory CHEE 209 (Analysis of process data). It develops 

further concepts in probability and statistics to achieve a comprehensive understanding of how models 

are estimated from data, and how experimental programs can be designed to make the resulting data as 

informative as possible. 

COURSE STRUCTURE AND ACTIVITIES 
3 lecture hours + 1 tutorial hour per week.  Please refer to Solus for time and locations. 

EXPECTATIONS FOR LECTURES/TUTORIALS 
Lecture slides will be posted in advance. Some lectures will give examples and problem solutions that 

are not contained in the posted slides. Students are expected to bring a copy of the tutorial problem 

(posted in advance) to the tutorial. 

HOW TO DO WELL IN THE COURSE 
 

Students are expected to understand new concepts and methodologies in the lectures, enhance their 

understanding through guided practice in the tutorials, and develop adequate solution skills with 

(marked or unmarked) assignment, problem set and textbook exercise problems. 

RESOURCES(S) 
Textbook (not required): Montgomery, D.C., Runger, G.C., and N.F Hubele, Engineering Statistics, 
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Wiley, New York. Either the 4th edition from 2004 or the 5th edition from 2011 is fine. 

The department course website only contains basic course information and will direct you to where to 

find the lecture notes and other course materials on line. 

Students  will  use  the  commercial  software  package  JMP,  which  is  available  in  the  Chemical 

Engineering Cluster and in the ILC. 

GRADING SCHEME 
Deliverable Week or Date Weight  

Midterm Nov 4 30 

Assignments TBA 10 

Final Exam Exam period 60 

 

Assignments include computer-based assignments that will be done in groups of two students and 

handed in for marks, and regular assignments with posted solutions that will not be marked. Material 

from the regular  assignments  will  be  tested  on  the  midterm  and  final  exam.  Students  must  pass  

the  exam component (combined mark on mid-term+final) to pass the course, according to 

departmental policies:  http://www.chemeng.queensu.ca/undergraduate-studies/Departmental-

Undergraduate-Polices.html. 

ACADEMIC INTEGRITY 
Engineers have a duty to: 

 act at all times with devotion to the high ideals of personal honour and professional integrity 
 give proper credit for engineering work 

Professional Engineers Ontario Code of Ethics, Section 77 of the O. Reg. 941 

http://www.peo.on.ca/Ethics/code_of_ethics.html 

The quote above describes the standard of behaviour expected of professional engineers. As 

engineering students, you have made a decision to join us in the profession of engineering, a long-

respected profession with high standards of behaviour.  

As future engineers, we expect you to behave with integrity at all times. Our policies do not prohibit you 

from collaborating, even closely, with fellow students in any class. Indeed, we strongly encourage 

collaboration and teamwork, when conducted responsibly. We have, however, set firm guidelines on 

the quality of submitted work and have taken a strong stand against plagiarism and other forms of 

http://www.chemeng.queensu.ca/undergraduate-studies/Departmental-Undergraduate-Polices.html
http://www.chemeng.queensu.ca/undergraduate-studies/Departmental-Undergraduate-Polices.html
http://www.peo.on.ca/Ethics/code_of_ethics.html
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academic dishonesty.  Briefly stated, we expect that submitted work bears the name of all those 

contributing to it, and that you do not allow others to copy your work.  

Should a student’s submitted work be suspected of containing evidence of academic dishonesty, action 

shall be taken, as required by the Faculty of Applied Science policy on academic integrity: 

http://appsci.queensu.ca/policy/Honesty.html.  

Additional information on the University’s policies concerning academic dishonesty can be found on the 

Queen’s website. All students are expected to familiarize themselves with these policies and to 

conduct themselves accordingly. 

1. Senate Policy on Academic Dishonesty  
2. Procedures for dealing with departures from academic integrity in the Faculty of Engineering and 

Applied Science 
3. Queen's code of conduct 

INDIVIDUAL NEEDS 
Students with diverse learning styles and needs are welcome at Queen’s. In particular, if you have a 

disability or health consideration that may require accommodations, please feel free to approach me 

and/or the Disability Services Office as soon as possible at (613) 533-6740. The Disability Services staff is 

available by appointment to develop individualized accommodation plans, provide referrals and assist 

with advocacy. The sooner you let us know your needs, the better we can assist you in achieving your 

learning goals at Queen’s. For further information, visit Health, Counselling and Disability Services 

ebsite. 

 

http://appsci.queensu.ca/policy/Honesty.html
http://www.queensu.ca/secretariat/policies/senateandtrustees/academicintegrity.html
http://appsci.queensu.ca/policy/Honesty.html
http://appsci.queensu.ca/policy/Honesty.html
http://www.queensu.ca/secretariat/policies/senateandtrustees/Code_of_Conduct_final_2008.pdf
http://www.queensu.ca/hcds/
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COURSE SCHEDULE 
 

 

CHEE 418   ||     Module overview 

Course learning outcomes (CLO): Students will be able to: 

 
 

1. Develop empirical models between process variables through model building, including multiple linear regression with 
emphasis on evaluation and interpretation of the resulting model; 

2. Teach basic techniques for the initial screening of process variables including 2-level, complete and fractional, factorial 
designs, and higher-order experimental designs. 

 

 

Students are expected to augment lecture material through reading of associated sections of the recommended books and sources, and to practice 

execution of course principles by completing posted problem sets 

  

Module Lecture approach and content Tutorial approach and content Assessment (CLO, and % of course 

grade) 

Module 1 

(Wk 1) 
 Review of CHEE 209  

 Review basics of probability 

distributions and concept of 

confidence intervals 

 Review means, standard error, 

standard variance, degrees of 

freedom and the t-test for differences 

in means 

The tutorial will include case studies in 

evaluating data sets and comparing 

populations. The tutorial instructor will review 

and discuss the methodology of solving 

several problems typical of basic statistical 

analysis. 
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Module 2 

(Wks 2-6) 

 

 Examination of covariance and 

correlation statistics including the 

concept of confidence limits on a 

correlation coefficient. 

 Simple linear regression and analysis 

of quality of fit both qualitatively and 

quantitatively. 

 Parameter estimates confidence 

intervals for parameters based on 

estimates of pure error variance. 

 The null hypothesis for evaluating 

necessity of including parameters 

models 

 Multiple linear regression and the 

Matrix Form of the general linear 

least squares regression for 

parameter estimation. The benefits of 

using designed experiments in 

estimating parameters. 

 Estimation of confidence intervals on 

parameter estimates in multiple 

linear regression and the null 

hypothesis test. 

 Analysis of quality of fit using 

graphical methods 

 Analysis of quality of fit using 

various statistics including Pearson 

correlation coefficient, and various 

F-ratio tests. 

 

 

 

Sample data sets will be provided for 

doing sample problems. 

 

The Excel Data Analysis ToolPak will be 

utilized for conducting ANOVA tests 

 

JMP will be introduced and used for 

ANOVA tests and other lack of fit 

statistics. 

 

Judgement in assessing Qualtiy of Fit will 

be developed through practical problems 
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Assignment 1 (5% of final mark) 
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Midterm  Covering Material from Module 2  30 

Module 3 

(Wks 7-12) 

 

 Definitions of terminology used in 

experimental design 

 Two-Level Factorial Designs. 

Designing Two-Level Factorial 

Designs. Calculation of Effects from 

coded variables. Assessing Effects 

Statistically.  

 Blocking of Experimental Designs. 

Two-Level Fractional Factorial 

Designs. Aliasing Structure. 

Saturated Designs. Estimating 

Effects 

 Sequences of Two-Level Fractional 

Factorial Designs 

 Higher-Order Designs   

 

 

 

Similar to Module 2 

 

50 

 

Assignment 2 (5%) 

Week 12  Exam Review   

EXAM    

 

 
 


