
ECO220Y1Y, Test #2, Prof. Murdock 
November 29, 2024, 9:10 am – 11:00 am 

 Keep ALL pages closed and face up on your desk until we announce the start, and only then you may detach the 
Supplement, which has the aid sheets and readings, figures, tables, and other materials for some test questions. 

 There are 8 test pages with 7 questions, with varying numbers of parts, worth a total of 95 points. 

 You have 110 minutes. You must stay for a minimum of 60 minutes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Instructions: 

 For each question referencing the Supplement, carefully review all materials. The Supplement is NOT collected: 
write your answers on the test papers. At the end, hand in your test papers (you keep the Supplement).  

 Write your answers clearly, completely, and concisely in the designated space provided immediately after each 
question. An answer guide ends each question to let you know what is expected. For example, a quantitative 
analysis, a fully labelled graph, and/or sentences. Any answer guide asking for a quantitative analysis always 
automatically means that you must show your work and make your reasoning clear. 

o Marking TAs are instructed to accept all reasonable rounding.  

 Your entire answer must fit in the designated space provided immediately after each question. No extra 
space/pages are possible. You cannot use blank space for other questions, nor can you write answers on the 
Supplement. Write in PENCIL and use an ERASER as needed so that you can fit your final answer (including work 
and reasoning) in the appropriate space. We give more blank space than is needed for each answer (with typical 
handwriting) worth full marks. Follow the answer guides and avoid excessively long answers. 

  



(1) See Supplement for Question (1): Three large Ontario universities and 2023 disclosed salaries. 

(a) [2 pts] Locate 0.0521 in Table 1. Write it as a probability statement. Answer with a probability statement in formal 
notation.  

 
 
(b) [2 pts] Locate 0.3446 in Table 1. Write it as a probability statement. Answer with a probability statement in formal 
notation.   

 
 
(c) [3 pts] What is the chance a University of Toronto employee in the salary disclosure is making $225,000 or more? 
Answer with a quantitative analysis using formal notation.  

 

 

 

 

 

(d) [3 pts] An employee makes $100,000 to $125,000 and works at one of the three universities. What is the chance that 
they work at the University of Waterloo or York University? Answer with a quantitative analysis using formal notation.  

 

 

 

 

 

 

(e) [4 pts] Are events S4 and Y independent? Use the definition of independent events. Answer with a quantitative 
analysis using formal notation.  

 

  



(2) [8 pts] See Supplement for Question (2): Competitiveness and Happiness. What is the mean and standard deviation 
of the new variable abbreviated as 𝑋஺ that is described in the Supplement? Answer with a quantitative analysis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

(3) [6 pts] For a 78.4% confidence level, what is the approximate value of 𝑧ఈ/ଶ? Illustrate your answer with a graph. 
Answer with a quantitative analysis using formal notation & a fully labelled graph. 

 

 

 

 

 

 
 

  



(4) See Supplement for Question (4): Simulation with Ontario Public Disclosure Data from the Universities Sector. 

(a) [6 pts] The figure title has two blank lines. Using the figure and given information, determine the two missing values 
from among these choices [10 / 25 / 250 / 1,000 / 10,000 / 100,000 / 250,000]: n = __________ and m = ____________. 
Next, explain each choice. Answer by filling in the two blanks & with 2 sentences that include any quantitative analyses. 

 

 

 

 

 

 

 

 

 

(b) [4 pts] If n were doubled, how would the figure change? Answer by filling in the four blanks below. 

The number of bars in the histogram would __________________________ [increase / decrease / stay about the same], 
the center would __________________________ [increase / decrease / stay about the same], the spread would 
__________________________ [increase / decrease / stay about the same], and the shape would become more 
__________________________ [positively skewed / negatively skewed / symmetric].  

 
(5) See Supplement for Question (5): Education and Preferences for Desired Traits in Children. 

(a) [4 pts] To identify each of the following values in Column (1) of Table 2, select the best choice from among these ቂ𝜇, 𝑝, 𝑠, 𝜎, 𝑃෠, 𝑋ത, 𝑆𝐸ൣ𝑃෠൧, 𝑆𝐸ሾ𝑋തሿቃ: 44.298 = ________; 10.893 = ________; 0.246 = ________; 0.431 = ________. 
Answer by filling in the four blanks. 

 
(b) [5 pts] In Column (1), is the value 4.187 large or small in this context? Explain. Answer with 2 sentences. 

 

 

 

 

 

 

 

 



(c) [12 pts] To make an inference about preferences on imagination using results in Column (1), compute the 95% 
confidence interval estimate. Interpret the LCL and UCL. Answer with a quantitative analysis & 2 sentences. 

 

 

 

 

 

 

 

 

 

 



(d) [6 pts] In Columns (2) and (3), interpret the difference between 0.175 and 0.195. Answer with 2 sentences. 

 

 

 

 

 

 

 

 

 

 

 

 

(e) [6 pts] For a 90% confidence level, what is the margin of error for the difference in the preferences on independence 
between the treatment and control groups? Answer with a quantitative analysis & fill in the two blanks. 

The margin of error is ______[#] _______________________ [percent (%) / percentage points (p.p.)]. 

 

  



(6) [15 pts] Suppose Premier Doug Ford claims that 60% of Torontonians support his proposals regarding bike lanes. If 
his claim were true, is sampling error a plausible explanation for a sample proportion as small as 0.58 in a survey of 300 
Torontonians? Explain and support your arguments with quantitative evidence. Also, illustrate your answer graphically. 
Answer with a quantitative analysis, a fully labelled graph & 2 – 3 sentences. 

 

 

 

  



(7) See Supplement for Question (7): Full-Time Working Arrangements in the US as of 2023, Percentage Distributions. 

(a) [3 pts] Indicate whether each statement is TRUE or FALSE. Answer by writing TRUE or FALSE on each line. 

P(C) + P(G) = 0.033: _____________ 

Events F1 and F2 are independent: _____________ 

Events R and F3 are disjoint (mutually exclusive): _____________ 

Events E and S are disjoint (mutually exclusive): _____________ 

 
(b) [2 pts] Locate 17.8 in Column (3) of Table 1. Write it as a probability statement. Answer with a probability statement 
in formal notation.    

 

 
(c) [4 pts] How would Table 1 change if “how” people work (e.g., onsite or hybrid) and “for whom” people work (e.g., for 
an employer or as a gig worker) were independent? You must assume that the distribution of “how” is unchanged and 
the distribution of “for whom” is unchanged. Answer by filling in the 23 blanks below, skipping the cells shaded grey.  

Table 1. Full-Time Working Arrangements in the United States as of 2023, Percentage Distributions 
 Fully  

onsite 
(1) 

Hybrid 
arrangement 

(2) 

Fully  
remote 

(3) 

Percent of  
all workers 

(4) 

All workers ________ ________ ________ 100.0 

Self-employed, excluding contractors and gig workers ________ ________ ________ ________ 

Contractors and gig workers ________ ________ ________ ________ 

All employees ________ ________ ________ ________ 

       In firms with 1 to 9 employees ________ ________ ________ ________ 

       In firms with 10 to 49 employees     

       In firms with 50 to 99 employees     

       In firms with 100 to 499 employees     

       In firms with 500 to 4,999 employees     

       In firms with 5,000 or more employees ________ ________ ________ ________ 
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Supplement for Question (1): Consider the 2023 salaries of employees of the University of Toronto, the University of 
Waterloo, and York University in the Ontario public sector salary disclosure data. See the joint probability table below. 
Seven events are shown in boldface. Note: You must use events as defined in Table 1 in your answers. 

Table 1. Three Large Ontario Universities and Distribution of Disclosed 2023 Salaries 

 University of Toronto 
T 

University of Waterloo 
W 

York University 
Y Total 

$100K  salary  $125K S1 0.1774 0.0645 0.0637 0.3056 
$125K  salary  $175K S2 0.1898 0.0661 0.0886 0.3446 
$175K  salary  $225K S3 0.1068 0.0521 0.0496 0.2085 
$225K  salary                 S4 0.0976 0.0229 0.0209 0.1413 

Total 0.5716 0.2056 0.2228 1.0000 

Supplement for Question (2): The class answered survey questions in Workshop 6 via an anonymous MS Form. The 
responses to the happiness (Cantril ladder) question and the competitiveness question are summarized below.  

. summarize happ comp; 
 
    Variable |        Obs        Mean    Std. Dev.       Min        Max 
-------------+--------------------------------------------------------- 
        happ |        291    6.395189    1.835994          0         10 
        comp |        291    6.790378    2.159353          0         10 
 
. correlate happ comp; 
(obs=291) 
             |     happ     comp 
-------------+------------------ 
        happ |   1.0000 
        comp |   0.2071   1.0000 

A new variable named “ave_hap_com” is the mean of happiness and competitiveness for each student. For example, if a 
student answered 8 for happiness and 5 for competitiveness then “ave_hap_com” has a value of 6.5 for this student. 
Use these abbreviated variable names: 𝑋ு for “happ”, 𝑋஼  for “comp”, and 𝑋஺ for “ave_hap_com.” 

Supplement for Question (3): N/A (all information given with the question) 

Supplement for Question (4): In the Ontario public 
sector salary data, the 2023 salaries of employees in the 
universities sector making at least $100,000 are 
disclosed. The mean salary is $160,906 with a standard 
deviation of $52,843.  

Consider using the on_sal_2023.xlsx dataset (filtered to 
include only the universities sector) to do a simulation.  

The figure to the right summarizes the results of the 
simulation. Notice that the figure title has two blank 
lines and recall that m denotes the number of 
simulation draws. 
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Supplement for Question (5): Consider a 2024 NBER working paper “Education and Preferences for Desired Traits in 
Children.” The researchers use data from the Integrated Values Survey (IVS) from surveys run from 1981 through 2022 
across 118 countries. They use a subset of those data for 19 European countries that implemented an educational 
reform to raise the mandatory years of schooling. Hence, some respondents were exposed to the extra years of required 
schooling when they were still school aged, and others were not.  

Recall this IVS question: “Here is a list of qualities that children can be encouraged to learn at home. Which, if any, do 
you consider to be especially important? Please choose up to five!” The 11 options are: Good manners; Independence; 
Hard work; Feeling of responsibility; Imagination; Tolerance and respect for other people; Thrift, saving money and 
things; Determination, perseverance; Religious faith; Not being selfish (unselfishness); Obedience. The authors state: “If 
the respondent chose a particular child attribute as important, it was coded as one, and zero otherwise.” 

Below is Table 2 from the paper. The next two sentences are the researchers’ interpretation of the first row of results in 
Table 2. “The overall average education is about 12 years. Those in the treatment group (who were exposed to the 
education reforms) have on average 0.6 more years of schooling compared to those who are in the control group (who 
were not exposed to the education reforms).” 
 

Table 2. Descriptive statistics 

 All 
(1) 

Treatment 
(2) 

Control 
(3) 

Respondent attributes:    

Years of schooling 12.045 
(4.187) 

12.313 
(4.083) 

11.758 
(4.278) 

Age 44.298 
(10.893) 

42.742 
(10.719) 

45.958 
(10.833) 

Male 0.497 
(0.500) 

0.495 
(0.500) 

0.500 
(0.500) 

Respondent preferences on child attributes:    

Independence 0.520 
(0.500) 

0.538 
(0.499) 

0.501 
(0.500) 

Imagination 0.246 
(0.431) 

0.262 
(0.440) 

0.228 
(0.420) 

Determination, perseverance 0.349 
(0.477) 

0.361 
(0.480) 

0.335 
(0.472) 

Feeling of responsibility 0.749 
(0.434) 

0.749 
(0.433) 

0.748 
(0.434) 

Tolerance and respect for others 0.763 
(0.425) 

0.766 
(0.424) 

0.759 
(0.428) 

Obedience 0.284 
(0.451) 

0.276 
(0.447) 

0.293 
(0.455) 

Hard work 0.377 
(0.485) 

0.379 
(0.485) 

0.376 
(0.484) 

Religious faith 0.184 
(0.388) 

0.175 
(0.380) 

0.195 
(0.396) 

Unselfishness 0.296 
(0.457) 

0.302 
(0.459) 

0.290 
(0.454) 𝑁  25,160 12,921 12,239 

Note: Standard deviations are in parentheses. 
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Supplement for Question (6): N/A (all information given with the question) 

Supplement for Question (7): From Test #1, recall the 2023 paper “The Evolution of Work from Home” published in the 
Journal of Economic Perspectives and Table 1. For a randomly selected survey respondent, define events as: 

 Event O: The respondent works fully onsite 
 Event H: The respondent has a hybrid arrangement 
 Event R: The respondent works fully remote 
 Event S: The respondent is self-employed (but is not a contractor or a gig worker) 
 Event C: The respondent is contractor 
 Event G: The respondent is gig worker 
 Event E: The respondent is an employee 
 Event F1: The respondent is an employee in a firm with 1 to 9 employees 
 Event F2: The respondent is an employee in a firm with 10 to 49 employees 
 Event F3: The respondent is an employee in a firm with 50 to 99 employees 
 Event F4: The respondent is an employee in a firm with 100 to 499 employees 
 Event F5: The respondent is an employee in a firm with 500 to 4,999 employees 
 Event F6: The respondent is an employee in a firm with 5,000 or more employees 

Table 1. Full-Time Working Arrangements in the United States as of 2023, Percentage Distributions 
 Fully  

onsite 
(1) 

Hybrid 
arrangement 

(2) 

Fully  
remote 

(3) 

Percent of  
all workers 

(4) 

All workers 55.9 28.6 15.5 100.0 

Self-employed, excluding contractors and gig workers 24.9 26.8 48.3 7.4 

Contractors and gig workers 32.9 22.7 44.4 3.3 

All employees 59.3 29.0 11.8 89.3 

       In firms with 1 to 9 employees 67.5 17.6 14.9 7.1 

       In firms with 10 to 49 employees 68.3 24.1 7.6 14.2 

       In firms with 50 to 99 employees 57.2 34.1 8.7 13.3 

       In firms with 100 to 499 employees 56.5 32.4 11.2 19.7 

       In firms with 500 to 4,999 employees 50.7 37.7 11.6 19.6 

       In firms with 5,000 or more employees 63.5 18.8 17.8 15.3 

Note: This table considers full-time American workers who are 20–64 years old as of the survey, where “full-time” means working 
for pay five or more days in the survey reference week. “Fully Onsite” refers to those who worked at their employer’s worksite (or 
a client’s location) each workday in the reference week. “Fully Remote” refers to those who worked from home on all workdays in 
the reference week. “Hybrid Arrangement” refers to those who split the workweek between home and their employer’s worksite 
(or client locations). Column (4) reports the sample percentage of persons in the indicated row.  
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Sample mean:  𝑋ത = ∑ ௫೔೙೔సభ௡      Sample variance:  𝑠ଶ = ∑ ሺ௫೔ି௑തሻమ೙೔సభ௡ିଵ = ∑ ௫೔మ೙೔సభ௡ିଵ − ൫∑ ௫೔೙೔సభ ൯మ௡(௡ିଵ)      Sample s.d.:  𝑠 = √𝑠ଶ 

Sample coefficient of variation:  𝐶𝑉 = ௦௑ത     Sample covariance:  𝑠௫௬ = ∑ (௫೔ି௑ത)(௬೔ି௒ത)೙೔సభ ௡ିଵ = ∑ ௫೔௬೔೙೔సభ௡ିଵ − ൫∑ ௫೔೙೔సభ ൯൫∑ ௬೔೙೔సభ ൯௡(௡ିଵ)   

Sample interquartile range:  𝐼𝑄𝑅 = 𝑄3 − 𝑄1     Sample coefficient of correlation:  𝑟 = ௦ೣ೤௦ೣ௦೤ = ∑ ௭ೣ೔௭೤೔೙೔సభ௡ିଵ  

 

Addition rule:  𝑃(𝐴 𝑜𝑟 𝐵) = 𝑃(𝐴) + 𝑃(𝐵) − 𝑃(𝐴 𝑎𝑛𝑑 𝐵)     Conditional probability:  𝑃(𝐴|𝐵) = ௉(஺ ௔௡ௗ ஻)௉(஻)        

Complement rules:  𝑃(𝐴஼) = 𝑃(𝐴ᇱ) = 1 − 𝑃(𝐴)     𝑃(𝐴஼|𝐵) = 𝑃(𝐴ᇱ|𝐵) = 1 − 𝑃(𝐴|𝐵)      

Multiplication rule:  𝑃(𝐴 𝑎𝑛𝑑 𝐵) = 𝑃(𝐴|𝐵)𝑃(𝐵) = 𝑃(𝐵|𝐴)𝑃(𝐴)      
 
Expected value:  𝐸ሾ𝑋ሿ = 𝜇 = ∑ 𝑥𝑝(𝑥)௔௟௟ ௫      Variance:  𝑉ሾ𝑋ሿ = 𝐸ሾ(𝑋 − 𝜇)ଶሿ = 𝜎ଶ = ∑ (𝑥 − 𝜇)ଶ𝑝(𝑥)௔௟௟ ௫  

Covariance:  𝐶𝑂𝑉ሾ𝑋,𝑌ሿ = 𝐸ሾ(𝑋 − 𝜇௑)(𝑌 − 𝜇௒)ሿ = 𝜎௑௒ = ∑ ∑ (𝑥 − 𝜇௑)(𝑦 − 𝜇௒)𝑝(𝑥,𝑦)௔௟௟ ௬௔௟௟ ௫  

 
Laws of expected value:               Laws of variance:           Laws of covariance:   𝐸ሾ𝑐ሿ = 𝑐                   𝑉ሾ𝑐ሿ = 0           𝐶𝑂𝑉ሾ𝑋, 𝑐ሿ = 0      𝐸ሾ𝑋 + 𝑐ሿ = 𝐸ሾ𝑋ሿ + 𝑐                 𝑉ሾ𝑋 + 𝑐ሿ = 𝑉ሾ𝑋ሿ          𝐶𝑂𝑉ሾ𝑎 + 𝑏𝑋, 𝑐 + 𝑑𝑌ሿ = 𝑏𝑑 ∗ 𝐶𝑂𝑉[𝑋,𝑌]           𝐸[𝑐𝑋] = 𝑐𝐸[𝑋]                   𝑉[𝑐𝑋] = 𝑐ଶ𝑉[𝑋]    𝐸[𝑎 + 𝑏𝑋 + 𝑐𝑌] = 𝑎 + 𝑏𝐸[𝑋] + 𝑐𝐸[𝑌]        𝑉[𝑎 + 𝑏𝑋 + 𝑐𝑌] = 𝑏ଶ𝑉[𝑋] + 𝑐ଶ𝑉[𝑌] + 2𝑏𝑐 ∗ 𝐶𝑂𝑉[𝑋,𝑌] 
                                                                              𝑉[𝑎 + 𝑏𝑋 + 𝑐𝑌] = 𝑏ଶ𝑉[𝑋] + 𝑐ଶ𝑉[𝑌] + 2𝑏𝑐 ∗ 𝑆𝐷(𝑋) ∗ 𝑆𝐷(𝑌) ∗ 𝜌 
                                                                                     where 𝜌 = 𝐶𝑂𝑅𝑅𝐸𝐿𝐴𝑇𝐼𝑂𝑁[𝑋,𝑌] 
 

Combinatorial formula:  𝐶௫௡ = ௡!௫!(௡ି௫)!     Binomial probability:  𝑝(𝑥) = ௡!௫!(௡ି௫)! 𝑝௫(1 − 𝑝)௡ି௫      for 𝑥 = 0,1,2, … ,𝑛  
If 𝑿 is Binomial  (𝑋~𝐵(𝑛,𝑝))  then  𝐸[𝑋] = 𝑛𝑝  and  𝑉[𝑋] = 𝑛𝑝(1 − 𝑝) 
 

If 𝑿 is Uniform  (𝑋~𝑈[𝑎,𝑏])  then 𝑓(𝑥) = ଵ௕ି௔  and  𝐸[𝑋] = ௔ା௕ଶ   and  𝑉[𝑋] = (௕ି௔)మଵଶ  

 
Sampling distribution of 𝑿ഥ: Sampling distribution of 𝑷෡: Sampling distribution of (𝑷෡𝟐 − 𝑷෡𝟏): 𝜇௑ത = 𝐸[𝑋ത] = 𝜇  𝜇௉෠ = 𝐸ൣ𝑃෠൧ = 𝑝  𝜇௉෠మି௉෠భ = 𝐸ൣ𝑃෠ଶ − 𝑃෠ଵ൧ = 𝑝ଶ − 𝑝ଵ 𝜎௑തଶ = 𝑉[𝑋ത] = ఙమ௡   𝜎௉෠ଶ = 𝑉ൣ𝑃෠൧ = ௣(ଵି௣)௡   𝜎௉෠మି௉෠భଶ = 𝑉ൣ𝑃෠ଶ − 𝑃෠ଵ൧ = ௣మ(ଵି௣మ)௡మ + ௣భ(ଵି௣భ)௡భ  𝜎௑ത = 𝑆𝐷[𝑋ത] = ఙ√௡  𝜎௉෠ = 𝑆𝐷ൣ𝑃෠൧ = ට௣(ଵି௣)௡  𝜎௉෠మି௉෠భ = 𝑆𝐷ൣ𝑃෠ଶ − 𝑃෠ଵ൧ = ට௣మ(ଵି௣మ)௡మ + ௣భ(ଵି௣భ)௡భ  

 
Inference about a population proportion:   Inference about comparing two population proportions: 

CI estimator:  𝑃෠ ±  𝑧ఈ ଶ⁄  ට௉෠(ଵି௉෠)௡    CI estimator:  (𝑃෠ଶ − 𝑃෠ଵ) ± 𝑧ఈ/ଶට௉෠మ(ଵି௉෠మ)௡మ + ௉෠భ(ଵି௉෠భ)௡భ  
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