
Sample Questions on

Hypotheses and Deterministic Models∗

Introduction to Empirical Methods in Microeconomics (ECO383)

October 2014

Please refer to the ‘Supplementary Notes on Hypotheses and Deterministic Models’
before attempting these questions.

1. Consider the following learning technology: L = f(A,X), where L is a measure of
student learning during the year, A captures student ability, and X is a measure of
school resources.

How would you express the hypothesis that smaller classes will result in more learning
in mathematical terms?

For the remainder of the questions, consider the following linear learning technology:

L = α0 + α1A+ α2Q+ α3A×Q, (1)

which relates student learning (L) to student ability (A) and teacher quality (Q), and
where the {αi} for i ∈ 0, 1, 2, 3 are parameters of the learning production function.

2. How would we write Variant 1 in the Note as a formal hypothesis in this linear case?

3. Based on the technology given in (1), please answer the following parts:

a) Suppose we were to consider the gain to low-ability types from improving teacher
quality. What would this be?

b) Next, what would the gains to high-ability types from increased teacher quality be?

c) Finally, what is the relative gain, comparing high- versus low-ability types, from
improved teacher quality? (This is actually the difference-in-difference.)
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For each of the above parts, write your answer in terms of the general parameter values
{αi}.

4. Graph question:

a) Suppose we specify values for the production function parameters in (1) above as
follows: α0 = 1, α1 = 1, α2 = 2 and α3 = 0. The amount learned in each student
ability-teacher quality (A,Q) configuration is just a specific positive number, which can
be graphed in the ‘x − y’ plane, giving vertical lines (in the z-direction) of different
heights – in this specific context, in the A−Q plane, with L on the vertical axis. Plot
the amount learned for each learning configuration, where A ∈ [0, 1] and Q ∈ [0, 1].

I would recommend you use some software for this. Excel will work: Matlab is better.

(Aside: In this type of instance, we can learn whether there is complementarity and how
strong it is from the overall heights. This will be relevant for the in-class test.)

b) Repeat part a), though now with parameter values α0 = 1, α1 = 1, α2 = 0 and
α3 = 1.

5. Resource allocation question:

a) Given the following parameter values, α0 = 1, α1 = 2, α2 = 1 and α3 = 1/2, for
the linear technology in (1), suppose we have 20 low-ability (AL = 0) students, 20 high-
ability (AH = 1) students, and two teachers, one who is low quality (QL), and the other,
high quality (QH).

b) How would you maximize total learning, given the learning technology? What is the
maximum total learning that would be attainable?

Assume for the remainder of this question that the maximum class size is 20. (This
assumption is outside the current ‘model,’ as class size has no impact on learning, given
the way the learning technology is specified.)

c) If our objective were to maximize total student learning, how would we assign students
to teachers, given the technology and the class-size constraint?

d) Suppose we wished to maximize total learning. Would it ever pay to have a mixed-
ability class, given the learning technology? Please explain.

e) If our objective were to minimize the disparity in learning outcomes between low- and
high-ability students, how should we assign students to teachers, given the technology
and the class-size constraint?

f) Related to e), who would learn more – the low- or the high-ability students?
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