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There is a general consensus that statistics is needed in 
chemical engineering curricula,111 and recently ABET 
added the requirement, "Students must demonstrate 

knowledge of the applications of probability and statistics to 
engineering problems." We must prepare our customers­
future engineers and researchers-to effectively use statisti­
cal methods in product development and improvement as 
well as in scientific research . 

With the dramatic shift in management attitudes toward 
using quality measures for competitive advantage and sur­
vival in the challenging world market, statistics has been 
recognized as a useful tool for decision making and quality 
improvement. We as educators must respond to the needs of 
industry and provide both technical support and well-equipped 
personnel in a timely fashion. 

Realizing the importance of statistics in engineering edu­
cation, the Chemical Engineering Department at the Univer­
sity of Minnesota Duluth has, since 1986, included in its 
required curriculum a three-credit course, "Experimental 
Design for Chemical Engineering." Our main objective has 
been to help the students comprehend the omnipresence of 
variability in the real world and to equip them with neces­
sary statistical tools to deal with it. 

COURSE CONTENT 

The course content was determined by the needs of our 
students and the demands of industry. Over the past ten 
years, most of our graduates have taken entry-level jobs in 
diverse industries, while others pursued advanced studies. A 
number of the junior and senior students have also partici­
pated in co-op or intern programs with various industries. 

In a concerted effort to collaborate with industry, our 
faculty consults and has offered different short courses (in­
cluding applied statistics) for local industries. The feedback 

from students, the input from industry, and our own experi­
ences have not only confirmed our belief in the necessity of 
the course, but also offered us better insights into what 
should be taught. We keep track of the most frequent 
questions and the subjects of most interest to industries, 
and we have been making continuous efforts to tailor the 
course to address them. 

The course is designed to show the kind of problems that 
call for the use of stati stics, when and where they may arise, 
and how they can be solved. By carefully explaining these 
questions, we are able to help the students understand the 
rationale and usefulness of statistics and to develop "sta­
tistical thinking." 

One of the challenges we face in teaching such a course is 
to strike a proper balance between stati stical foundation and 
its application. Because of the already fully packed chemical 
engineering curricula, it does not seem feasible to require a 
prerequisite course in probability and stati stics. Therefore 
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We must prepare our customers-
future engineers and researchers-to effectively 
use statistical methods in product development and improvement 
as well as in scientific research .... We as educators must respond to the 
needs of industry and provide both technical support and 
well-equipped personnel in a timely fashion ... 

only the first-year calculus is desig­
nated as a prerequisite. 

Given the main objective of this 
course and the background of the 
majority of students taking it, we have 
been "application oriented" and have 
allotted very little class time for 
proofs and mathematical derivation 
of probability and statistical theory. 
Rather, we emphasize understanding 
the essence of statistical inference 
from the engineer's point of view. 

The course is based on the follow­
ing objective: To efficiently teach the 
statistical methods in experimental 
design, data analysis, and statistical 
process control that are most useful 
in chemical engineering. The key 
components of the course are closely 
related, proceeding from the easy con­
cepts to the more difficult ones and 
from the simple case studies to the 
more complicated applications. 

The course is taught in a lecture 
format with 25% of the classes in a 
computer laboratory. The course out­
line is shown in Table 1, and a brief 
description of each of the compo­
nents follows. 

I. 

2. 

3. 

4. 

5. 

6. 

7. 

(~ __ B_a_si_·c_T_'h_e_o_ry_-) 

TABLEl After the introduction of certain 
Course Outline basics in probability, we discuss ran-

dom variables and the most fre-
Basic Theory quently used probability distribu-

• Probability and statistics 
tions, including the normal , t, X2, • Distributions 

and F distributions. Without spend-
Comparing Two Averages ing too much time on mathemati-

• Procedure 
• Randomization and blocking ca l detail s, we strive for an under-
• Hypotbesis testing standing of the meaning of di stri-

Comparing Multiple Averages 
bution and probability and the use 
of various tables. 

• ANOVA 
• Between and within treatment variations The central limit theorem is elabo-

Factorial Design at Two Levels 
rated following the discussion of the 

• Analysis common knowledge that averages 

• Applications are usually better estimates than in-
• Software di vidual observations. That, in turn , 

Statistical Process Control 
leads to the use of the sample mean 

• Basic tools as an estimate of the population 

• Noisy data mean, the assessment of the quality 
• Control charts of the estimate by the confidence 
• Multivariate SPC interval approach, and the deterrru-

Regression Analysis nation of sample size to give a good 

• Linear models from data estimate with desired accuracy with 
• Software analysis a certain confidence level--one of 

Applications 
the most frequently encountered 
questions in reality. 

Estimating population variances 
with sample variances, evaluating the 

closeness of the estimate to the ' true' parameter, and deter­
mining the required sample size are also addressed, in that 
order. Our experience has shown that students have little 
trouble following the logic of these methods or applying 
them to case studies. 

This component provides students with some fundamental 
knowledge of probability and statistics. The use of several 
introductory real-world examples enables the students to 
differentiate between populations and samples and helps 
them understand that extracting information from data, an 
everyday task in research or in industry, often requires using 
sample statistics or estimates of population parameters. The 
emphasis on the omnipresence of variability highlights the 
necessity of using stati stics. 

( Comparing Two Averages ) 

This topic addresses the comparison of two things-two 
methods, two materials, two operating conditions, etc. A 
class discussion can be a good review of the general proce­
dure needed: determining the sample size, planning an ex­
periment, conducting the experiment to collect data, and 
finally, analyzing the data for a conclusion. We then use 
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several examples to convince the students that "conclusions 
are easily drawn from a well-designed experiment, even 
when rather elementary methods of analysis are employed," 
and conversely, "even the most sophisticated statistical analy­
sis cannot salvage a badly designed experiment."12l 

The two important strategies in experimental design, ran­
domization and blocking, are then dis-

choose a relatively simple example to demonstrate how to 
plan a two-level factorial design as well as how to calculate 
and evaluate the effects. Graphic descriptions are used when­
ever possible so that the class can "visualize" the design and 
the idea behind the calculation. More complicated case stud­
ies are again solved by using computers. 

cussed in detail, followed by the ratio-
nale of hypothesis testing, the procedure 
of t tests for simple comparison, and the 
method of handling paired data. Our ap­
proach is to use in-depth discussion of 
real-world examples to show the students 
the philosophy of experimentation and 
data analysis and the role that statistics 
plays in it. 

Comparing 
Multiple Averages 

A discussion of the comparison of more 
than two averages naturally follows the 
previous topic. The analysis of variance 
(ANOV A) methodology is introduced 
and used. It is very important to make 
sure that the students comprehend the 
essence of ANOV A-the estimation and 
evaluation of variations caused by vari­
ous sources. 

We normally use several relatively 
simple examples to show the calculation 
of different sums of squares and mean 
squares for the between and within treat­
ment variations. More complicated and 
practical cases are then solved using com-
puters. There are many statistical soft-

The course is based 
on the 

following objective: 
To efficiently teach the 
statistical methods in 
experimental design, 

data analysis, and 
statistical process 

control that are most 
useful in chemical 

engineering. 
The key components 

of the course are closely 
related, proceeding 

from the easy concepts 
to the more difficult 
ones and from the 

simple case studies to 
the more complicated 

applications. 

The homework assignments in this com-
ponent require solutions obtained by both 
using and not using computer software 
packages, enabling the students not only 
to understand and carry out design and 
analysis correctly, but also to do it effec­
tively. 

Statistical 
Process Control 

To improve process productivity and 
product quality, statistical process control 
(SPC) has been widely used in industry, 
although at different levels of sophistica­
tion. In this component, we aim to expose 
the students to SPC in industry and to 
equip them with such basic tools as con­
trol charts. For these purposes, a brief 
review is given of the current situation in 
industry, the roles of control engineers 
and statisticians, and the importance of a 
chemical engineer' s ability not only to 
handle process dynamics using first prin­
ciples and process knowledge, but also to 
use statistical tools to deal with noisy data. 

The most commonly used control charts, 
such as x charts and R charts, and their 
rationales and use are discussed in detail 
with several industrial examples. A brief 

ware packages available, and data entry and use of the pack­
ages are usually straightforward and easy to follow. There­
fore we spend most of the time interpreting and elaborating 
on the results. 

introduction to some more advanced techniques, such as 
multivariate SPC, is also given to broaden students' fields of 

Our experience has been that further discussion of certain 
questions will greatly enhance the students' understanding. 
Some of the questions we have used include: Why do we 
need to use a t ( or F) test? When can we use it? What is the 
meaning oft (or F)? What does a big t (or F) mean? What is 
the effect of the sample size on the result? How do you select 
a? Why should you be concerned about p? 

(Factorial Design at Two Level0 

The concepts of factorial design are introduced next. We 
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( Regression Analysis ) 

Building linear models from data is the subject of this 
component. Probabilistic models, a new concept to many of 
the students, are introduced first, followed by the idea of the 
least-squares estimation and its role in regression analysis. 
There are many software packages available for this purpose 
whose uses are similar to each other and which are not 
difficult to learn. 

Our practice has been to spend most of the lecture time on 
illustration and elaboration of the assumptions, things needed 
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for model validation, as well as on introducing the most 
commonly used transformations. No attempts at theoretical 
derivation are made. Rather, examples and graphic descrip­
tions are presented whenever possible to help explain impor­
tant but fairly sophisticated concepts such as noise correla­
tion and equal variances. One of the purposes here is to 
remind the students that it is not sufficient for them to be 
merely aware of available techniques or methods for their 
purposes, but that they must also be able to use them cor­
rectly under specific conditions. 

We have used as our required textbooks Statistics for 
Experimenters by Box, Hunter, and Hunter, and Engineer­
ing Statistics by Hogg and Ledoter. Each has its own strengths. 
We also include current literature and examples from pro­
cess industries for their practical relevance. 

( Applications ) 

Experimental design techniques are heavily integrated into 
undergraduate research projects. A typical example involved 
the removal of mercury during incineration and wastewater 
treatment. Because a high percentage of the mercury was 
associated with particulates in the scrubbing water, their 
removal was key to mercury removal. 

A two-level factorial experimental design examined mer­
cury removal efficiency as a function of inorganic coagu­
lants, polymers, combinations of coagulants and polymers, 
reaction conditions, and dosages. The experimental work 
economically provided information on trends and parameter 
interactions so that the optimum parameters could be se­
lected for mercury removal. Plant-scale tests were performed 
and the industrial process was permanently changed to pro­
vide the mercury removal demonstrated by this project.l31 

STUDENT RESPONSE 

The course evaluation system at the University of Minne­
sota Duluth is similar to that used in many other universities. 
Students rank various aspects of the course on a scale of one 
to seven at the end of the quarter. Among the 27 questions 
asked, 5 are related to course design and course content. The 
average ranking of these questions in the last three years was 
5.0. Most students were satisfied with its orientation toward 
application, and some of them even took additional courses 
in statistics out of interest or perhaps a newly developed 
realization of its importance. 

We should mention that a similar syllabus was adopted for 
an intensive workshop offered at a local industry. The main 
difference between the industrial workshop and the regular 
undergraduate course is that in the former, more applied 
examples from the plant were included and discussed. We 
also put particular emphasis on correct methodology for 
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each example at the host 's request. The inclusion of famil­
iar examples never failed to generate lively discussions and 
it also was conducive to a better understanding of the con­
cepts and methods. 

Most of the workshop attendees had not taken any prob­
ability and statistics courses before. However, the majority 
of them had little trouble following the lectures and showed 
strong interest and appreciation for them. Among the largely 
favorable evaluations we received, many students indicated 
that the strongest point of the course was its practical na­
ture. The inclusion of more class discussions was suggested, 
which, we believe, should be adopted in the future under­
graduate teaching as well. 

CONCLUSIONS 

We have developed and taught a course in applied statis­
tics to chemical engineering undergraduate students. Our 
intent has been to show the relevance and importance of 
statistics in engineering practice and to provide students 
with the necessary statistical tools, such as experimental 
design, statistical process control, and model building. 

The main feature of the course is its practical emphasis. 
The students are frequently reminded of the role that statis­
tics plays in the real world, and their motivation is thereby 
sustained throughout the entire course. We hope they leave 
thi s course with a clear sense of use and a firm grip on how 
to apply theory to practice, rather than possessing merely a 
collection of loose-knit, half-understood topics or theorems. 

We believe this course is well suited to chemical engineer­
ing undergraduates. The universal use of the computer has 
made it possible to include practical problems that are more 
complicated and require more computation than traditional 
textbook examples. Our experience in teaching this course 
has been interesting, rewarding and enjoyable. 

To foster the students' ability to use statistics correctly and 
effectively is not an easy task. To train and to bring up a 
"statistically minded generation"l4 l requires much more than a 
single course. The integration of statistics into our curriculum 
is but the first step; it remains for us to make continuing efforts 
to improve it to meet the growing challenge in the real world. 
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