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1. Consider a histogram of the height of people in a particular cohort from university.

e Would you expect the histogram to be right or left skewed? Why?
e Which statistic is expected to be larger: the mean or the median?
e What transform would you suggest to reduce the effect of outliers?

e Show that the eigenvalues of (a) XATX and (b) XX T are all non-negative and real.

e Write down two assumptions that PCA makes about the data.

e If you are given data in 10 dimensions with features X1,..,X10 and you run PCA with the
top three components "explaining 100% of the variance," what can you conclude about
the data?

3. For each of the following, discuss in 2-4 sentences whether there is a possible source for

sample bias and what the implications of any conclusions are:

e A well known Tory politician reported that letters into her office were running 3 to 1 in
opposition to a second referendum. She concluded that the constituents were strongly
opposed to a second referendum.

e An academic researcher is evaluating the effect of a drug on the circadian rhythm of
the general population. He enlists undergraduates from the Informatics Forum and
uses a table of random numbers to select a sub-population of students. His results
suggest that the drug improves sleep duration by 1 hour for the general population.

4. If your sample size increases by a factor of ten, would you expect each of the following to (a)
increase (b) decrease (c) neither (d) either (i.e., the statistic might increase or decrease)?

- Population standard deviation

- Sample standard deviation

- Standard error of the mean

- Estimate of the mean

5. For a particular sample of data, you estimate the standard error of the mean as x. You want it
to be x/2. Roughly how much more data would you need to collect?

6. [Give example of a particular prediction problem].
(a) Would it be more appropriate to use linear or logistic regression for this problem? Explain
why.



(b) [maybe some question about feature independence, or which features you might use?]

7. Suppose you have a dataset divided into training, development, and test partitions and you
are exploring different machine learning methods . As we've seen in class, some methods are
deterministic: they always produce the same results when given the same inputs and
hyperparameters, while others are non-deterministic: the results depend on initialization.

(a) Name one deterministic ML method and one non-deterministic method.

(b) [some question about what to use the different partitions for]

(c) [some question about how to evaluate whether one system has higher accuracy than the
other, given that results in one case are non-deterministic]

[The above q requires discussing some ML method that's non-deterministic, such as random
forests. There may be other ways to ask something related without this, for example
randomness from the data itself as in x-validation. It needs some thought but the point is to have
some connection between stats and the results of ML experiments.]

8. The mean of 10 numbers is 3.8. Another number is added to this sample and the mean
increases to 4.0. What number was added?

[This question, or some variant, would make sense if there is some discussion of algorithmic
strategies for dealing with large data sets; in particular streaming data]

*The following are a few questions from past Inf2b papers that would also be relevant here:*

9. Consider a document classication system which was trained with a large
data set D. An evaluation experiment was carried out using the same data
set D. State the main problem with this evaluation, and describe how it

can be resolved.

10. Considering the two vectors,a= (624 0)and b = (-3 1 1 3), find the Pearson correlation
coe cient, r(a, b).

11. Explain what linearly separable means in pattern recognition. [or: give a diagram of data
points and ask if it is linearly separable and what the implications are.]

[Also consider some of the harder questions, but many of these not appropriate because they're
about mathematical details of specific methods we likely won't cover.]

The following are suggestions but are more likely to be exercises, because we probably
don’t want to require calculators for the exam:






