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This exam paper has 8 pages and 9 questions. You are responsible for ensuring that your copy of the paper
is complete. Please bring any discrepancy to the attention of the invigilator.

Special instructions

• You may bring any printed materials to the final exam – any textbooks, any papers, etc.

• You may use any calculator during the exam.

• Please answer the questions in any order in the examination booklet, in pencil or in pen.

• If anything seems unclear, or information appears to be incomplete, please make a reasonable as-
sumption and continue with the question.

• 400-level students: please answer all the questions, except those marked as 600-level questions.

• 600-level students will be held to a higher level of technical accuracy than 400-level students.

• Total marks: 95 marks for 400-level; 109 marks for 600-level students.

Question 1 [27 = 3 + 3 + 3 + 3 + 2 + 3 + 2 + 3 + 5; 600-level: 32]

1. Why are robust statistics, such as the median or IQR, important in the analysis of modern data sets?
Give a reason why (no need to give numeric values that explain what the median and MAD are). [3]

2. If a random variable has a normal distribution with mean of 90 and standard deviation of 30 units,
what is the probability that the variable:

(a) has a value less than 75? [1.5]

(b) greater than 120? [1.5]

3. Why would a resolution III design ever be considered for experimentation, especially considering
the high level of confounding that occurs with these designs? In your answer, also explain what a
resolution III design means. [3]

4. If you are a new employee at a company, e.g. a petrochemical corporation, give some characteristic
features that will make you realize an EVOP strategy is being applied when you are looking at the
company’s historical data. [3]

5. When should one use Cpk and when should one use Cp to assess the process capability? [2]

6. You will hear about 6-sigma processes frequently in your career. What does it mean exactly that a
process is “6-sigma capable”? Draw a diagram to help illustrate your answer. [3]
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7. For any least squares model, does a low value of the correlation coefficient, 𝑟, imply that the input
and output variables are unrelated? Explain. [2]

8. Describe why a box plot is an effective univariate summary. Note: do not explain how the box plot is
calculated, rather explain how you use it. [3]

9. An exponentially weighted moving average (EWMA) chart allows one to develop a monitoring chart
with either Shewhart chart characteristics, or cusum (cumulative sum) characteristics. [5]

(a) In which general situation(s) would a more cusum-like behaviour be important to a monitoring
system?

(b) Now describe a specific example to illustrate your prior answer.

(c) How would you change your EWMA chart to exhibit more cusum-like behaviour?

10. 600-level only: A method of fitting a least squares model, LTS, Least Trimmed Squares, takes the full
set of 𝑛 data points and trims out (and totally ignores) a subset of the outlier points so that they do not
influence the objective function. This is done as a way to get robustness to outliers. [5]

(a) Write out the regular least squares objective function.

(b) Draw an example to show how a robust least squares model would be beneficial.

(c) Describe an alternative modification to the objective function which would also be robust to
outliers.

Question 2 [11]

An engineering colleague is trying to develop a method to produce a new product (plastic, drug, beverage,
etc). It is at the pilot plant scale, i.e. a small-scale, and the main unit is a very expensive stirred tank, so your
company only has one tank available. The aim is to produce the product under conditions that give the best
performance.

The unit can be run either in a batch configuration, where all the material is processed at once, or it can
be run in continuous mode, where material slowly enters and leaves, at a constant rate. A few other minor
changes are required for either the batch or the continuous operation.

Twenty runs, over a 5 day period can be accommodated, giving enough time to clean and prepare the unit
between trials.

1. You are going to be responsible for working on the data analysis, but your colleague is doing the
experimental work. What advice would you give him regarding:

• how he runs these experiments,

• the order in which they are run,

• the number of batch vs. continuous experiments to run

• and, any other precautions?

Explain in your answer why you are giving this advice. Use all the knowledge from the course topics
to answer this question. [6]
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2. After the five day period you collect and analyze the data from which you obtain: [5]

• at the 95% confidence level: −0.5 < 𝜇continuous − 𝜇batch < 4.3

• at the 90% confidence level: +0.9 < 𝜇continuous − 𝜇batch < 2.9

(a) Do these ranges make sense? Are such results even possible?

(b) If you wish to work at the 95% confidence level, what would your next action(s) and recommen-
dation(s) be?

Question 3 [7]

The following data visualization is from The Economist.

Since every plot should carry a meaningful message that the author is trying to tell, what is your inter-
pretation of the above figure? In your answer, describe the type of plots being shown, and critique their
effectiveness. Use bullet points in your answer.
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Question 4 [11 = 3 + 3 + 2 + 3; 600-level: 16]

A response surface optimization of a process is being run, in order to maximize profit. A group of engineers
in 2013 ran the following set of experiments (each experiment cost $8,000, so a total of $128,000 was spent
acquiring this data). The experiments are labelled in the order they were performed.

There were only 2 variables that could be adjusted, A = raw material flow rate and B = recycle flow rate.

1. Was a systematic method use to run these experiments? Explain your answer by giving an overview
of the experiments that were ran. [3]

2. There are always consistently changing disturbances to a process, e.g. the equipment is continually
deteriorating due to fouling, or ambient temperature fluctuations occur from month to month. Is there
evidence in these data to show the experimenters attempted to counteract this?

If so, describe how they might have done this. If not, describe how they should have done that. [3]

3. Do you believe experiments 5, 6, 7 and 8 were worth the $8, 000 × 4 = $32, 000 spent on them?
Please explain. [2]

4. Experiments 1, 2, 3, and 4 and experiments 11, 12, 13, 14 are each full factorials, over the coded range
from −1 to +1. Why do they have different ranges in real-world units though? [3]

5. 600-level students only: the experimenters stopped after run 16, but the group still had a budget for
another 9 experiments available. [5]

(a) What might be a realistic reason that they stopped after 16 experiments?

(b) How could some, or all, of the remaining experiments been allocated to maximize the value
from the budget?
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Question 5 [15 = 5 + 1 + 1 + 1 + 2 + 2 + 3; 600-level: 19]

A biological drug is being investigated, to find operating conditions to boost the yield. These drugs are now
increasingly coming to the market as a way to treat diseases such as cancers and arthritis, since they are
designed to target very specific sites in the human body.

But producing such drugs is expensive, and often plagued by low yields. The following factors have been
independently identified by other researchers in the area, and they are all known to affect the yield in some
way (either an increase or a decrease).

• A = precursor: 0% or 0.05%

• B = use of sodium nitrate at 0% or 0.6%

• C = type of glucose substrate used; denoted as Gm or Gp

• D = lactose at 2% or 3%

• E = starting culture concentration: low level = 1100ppm and high level = 1400ppm.

Each experiment takes about 1.5 days to set up, operate, take samples from, and clean. The goal is to
complete all the work, described below, in about 35 days.

1. Suggest the set of experiments that you will run in order to solve the objective of determining a
model that can be used to optimize conditions for high yield production. Do not write out the list of
experiments, yet. Why have you chosen this set of experiments? [5]

2. What is the resolution of your design? [1]

3. What is the generator for this design? [1]

4. How many experiments in the design? [1]

5. The glucose substrate that will be used in half the experiments Gm vs Gp is really tough to prepare
every day. The lab technician has asked you to put all the Gm experiments first, then all the Gp
experiments last, so to save some time.

What is your gut-feel about this proposal? Explain whether you should follow that request, given your
experimental objectives. [2]

6. Write out the first and last experiment that will be in the standard order table, only in terms of factors
A, B, C, D and E. Values must be real-world units. [2]

7. What is your suggestion for a first experiment to actually run? Give reason(s) explaining your decision
and give values in real-world units. [3]

8. 600-level students only: One of the lab technicians doing the work will be on vacation later this
month, but there will be a replacement. Much of the success of this work depends on the experimental
techniques used. Is any modification required in the experimental design to account for this? Explain
how this situation might be dealt with. [4]
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Question 6 [9 = 2 + 2 + 2 + 3 + 1]

The following least squares model was built from a full-factorial experiment in 2 factors, with 2 levels per
factor:

𝑦 = 45 + 3.9𝑥𝐴 − 4.5𝑥𝐵 + 2.7𝑥𝐴𝑥𝐵

The factors were:

• Factor A = raw material supplier, where the low level = BASF; and the high level is Dow Chemical
Company

• Factor B = melt temperature, with a low level of 330 K and high level of 340 K

and the 𝑦-value is the roughness of the plastic surface made from the polymer. Your company is making
glossy covers for a hi-tech consumer product and is aiming to minimize the surface roughness.

The model has a standard error of 3.2 units of roughness, and an 𝑅2 value of 0.68.

1. Clearly describe what the “+3.9” means in the +3.9𝑥𝐴 portion of the model. [2]

2. What is the predicted roughness when using the raw material from Dow Chemical Company with a
melt temperature of 350K? [2]

3. Is it possible to use this predictive model outside the range it was built, as was just done above? [2]

4. The aim in this case study is to reduce the surface roughness, to achieve a glossy appearance. What
will be your suggestions for the next experiment to try out? Give approximate settings for the experi-
ments, with reasons explaining your choice. [3]

5. What is the smallest number of experiments that can be used to obtain the model above? [1]

Question 7 [4 = 2 + 2]

Given the following chart of thickness of a thin film being deposited on a plastic surface:

1. The process is operating in a state of statistical control from time 0 to 40 minutes, and it is repre-
sentative of regular operation. The film thickness has an upper specification limit of 120, and lower
specification limit of 40. Could this data come from a 6-sigma process? Explain your answer. [2]

2. Which type of monitoring chart(s) would help quickly detect the events that take place from time 40
and onwards? [2]
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Question 8 [6 = 4 + 2]

The infographic below, on the right, appeared in The Hamilton Spectator in an article on 14 April 2014, that
discusses the two school systems in Ontario: Public and Catholic.

Source: http://thespecgraphics-hamilton.com/eqaoLayout/day2.html

The data shown here are for two neighbouring schools (A and B) in the Hamilton area, one school is from
the Public system, the other school is from the Catholic system. The data show the Math, Reading and
Writing scores for Grade 3 and Grade 6 students. Higher values are better.

1. Explain any aspects that make this an effective visualization. Also discuss the significance of the
line-crossings, if any. [4]

2. Explain whether or not a test of significance would be useful to compare school A against school B in
the context of this example. [2]

Question 9 [4 = 2 + 2]

1. Which concept in 4C3/6C3 is still the most confusing for you? [2]

2. Which concept during the 4C3/6C3 course was the most interesting for you? [2]
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This plot is not required for any of the questions, but it might be helpful.

The end.
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