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Instructions: 

 You have 110 minutes. Keep these test papers and the Supplement closed and face up on your desk until the 
start of the test is announced. You must stay for a minimum of 60 minutes. 

 You may use a non-programmable calculator. 

 There are 4 questions (all with multiple parts) with varying point values worth a total of 95 points. 

 This test includes these 8 pages plus the Supplement. The Supplement contains the aid sheets, statistical tables 
(Standard Normal, Student 𝑡, and 𝐹), readings, figures, tables, and other materials for some test questions. For 
each question referencing the Supplement, carefully review all materials. The Supplement will NOT be 
collected: write your answers on these test papers. When we announce the end of the test, hand these test 
papers to us (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 Anything requested by the question and/or the answer guide is required. Similarly, limit yourself to the 
answer guide. For example, if the answer guide does not request sentences, provide only what is 
requested (e.g. quantitative analysis).  

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. Questions give more blank space than is needed for an answer (with 
typical handwriting) worth full marks. Follow the answer guides and avoid excessively long answers. 



(1) See Supplement for Question (1): Learning by Doing: Evidence from an Automobile Assembly Plant.   

(a) [8 pts] Compute and then interpret the 95% confidence interval estimate for the row ln_cum_prod in the Stata 
regression output. Answer with a quantitative analysis & 1 – 2 sentences.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(b) [3 pts] Compute the standard deviation of the variable named ln_ave_def_pc. Answer with a quantitative analysis.  

  



(2) See Supplement for Question (2): Does LEED Certification Save Energy? Evidence from Federal Buildings.   

(a) [8 pts] If there were 19 buildings in the sample, is the correlation between OS and ES statistically significant? What 
can we say about the P-value? Answer with hypotheses in formal notation, a quantitative analysis & 1 – 2 sentences.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(b) [6 pts] For a certain number of buildings the P-value is 0.0129 when testing if the correlation between MS and SS is 
statistically significant. What can we conclude about the P-value for that same test but between IS and CR? Why? (Focus 
on the relevant concept, and not computational mechanics.) Answer with 1 – 2 sentences.  

 

 

  



(3) See Supplement for Question (3): Do Well Managed Firms Make Better Forecasts?   

(a) [6 pts] In Table 1, the first two rows of results are for management score and employment. For each of these two 
variables, which best describes the shape of the distribution: “extremely negatively skewed,” “somewhat negatively 
skewed,” “somewhat positively skewed,” or “extremely positively skewed”? Explain. Answer with 2 – 3 sentences.  

 

 

 

 

 

 

 

 

 

 

(b) [2 pts] Given Table 1, what percent of firms in these data are not family owned? Answer with a quantitative analysis.  

 

 

 

 

(c) [6 pts] Given Table 1, for the row “Foreign owned,” why does the standard deviation not give any further 
information? Explain focusing on the relevant concepts and not the mechanics of computation. Next, compute that 
standard deviation. Answer with 2 sentences & a quantitative analysis.  

 

  



(d) [7 pts] Given Figure 3, what is the approximate point estimate of the difference between MES replies and 
professional forecasters for expected GDP growth from 1% to 3%? Fully interpret that point estimate. Assess if it is large 
or small in this context and support your claim with relevant information from Figure 3. Answer with 2 – 3 sentences.  

 

 

 

 

 

 

 

 

 

 

 

 

(e) [7 pts] Continuing with Part (d), how to assess if the difference (between MES replies and professional forecasters 
for expected GDP growth from 1% to 3%) is statistically significant? Include the hypotheses. What further information is 
needed to do the test? Also, offer intelligent speculation about the likely outcome of the test supporting your claim with 
relevant information about this research in The Supplement. Answer with 2 sentences & hypotheses in formal notation.  

 

  



(f) [6 pts] Given Table 3, what is the full interpretation of 0.063 in Column (1)? Complete the sentence below & add 1 
more sentence to discuss the magnitude (size).  

Using the 2016 management survey and annual business survey, which include observations for a sample of 

7,756 firms (both manufacturing and non-manufacturing firms) with at least 10 employees in the UK,  

 

 

 

 

 

 

 

 

 

(g) [5 pts] Given Table 3, what is the interpretation of -0.015 in Column (4)? (Presume your reader has already read the 
complete response to the previous part and do not repeat things already explained.) Answer with 1 precise sentence. 

 

 

 

 

 

 

 

 

 

 

 

 

(h) [3 pts] Given Figure 6, how would the estimated values of the OLS intercept, slope, and 𝑅ଶ change if the observation 
with an absolute GDP forecast error near 4.5 were dropped? Fill in the blanks with “increase” or “decrease.”  

The intercept would ________________, the slope would ________________, and the 𝑅ଶ would ________________. 

 



(i) [6 pts] The researchers interpret -0.358 in Column (1) of Table 5 in the excerpt above it. Why don’t they do a one-unit 
change in the x variable? Next, is that point estimate economically significant? Explain. Answer with 2 – 3 sentences.  

 

 

 

 

 

 

 

 

 

(j) [6 pts] For Table 5, what does 0.060 in the last row of Column (6) measure? Is it large or small in this context? What 
does its size mean? Answer with 2 sentences.  

 

 

 

 

 

 

 

(k) [6 pts] For Table 5, compute the P-value that justifies “**” next to the estimate of -0.171 in the first row of results in 
Column (6). Answer with hypotheses in formal notation & a quantitative analysis.  

  



(4) Consider Rossi (2022) “The Relative Efficiency of Skilled Labor across Countries: Measurement and Interpretation.”  

 

 

 

 
(a) [4 pts] What is the key message of the left panel of Figure 2? Answer with 1 sentence.  

 

 

 

 

(b) [6 pts] For the right panel of Figure 2, which of the point estimates (𝑏,  𝑏ଵ,  𝑏ଶ,  𝑏ଷ) would be negative in the OLS 
regression: 𝑒𝑚𝑝_𝑟𝑎𝑡𝑒ప௧ෟ = 𝑏 + 𝑏ଵ ln൫𝐺𝐷𝑃௪൯௧ + 𝑏ଶ𝑑𝑢𝑚_𝑙𝑜𝑤_𝑠𝑘𝑖𝑙𝑙௧ + 𝑏ଷ𝑑𝑢𝑚_𝑙𝑜𝑤_𝑠𝑘𝑖𝑙𝑙௧ × ln൫𝐺𝐷𝑃௪൯௧.  Explain. 
Answer with 2 – 3 sentences.  

 

 

Notes: The figure plots the skill-specific average weekly hours per employed worker (left panel) and employment rate (right panel) 
against log GDP per worker for the countries in the sample. The left panel does not include India and Panama, as no data on hours 
worked are available for these countries. The solid (dashed) line represents the best linear fit for the low-skill (high-skill) group. 

Figure 2. Hours Worked and Employment Rate by Skill Level 
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This Supplement contains the aid sheets, statistical tables (Standard Normal, Student 𝑡, and 𝐹), readings, figures, tables, 
and other materials for some test questions. Review all relevant materials for each question.  

Sample mean:  𝑋ത = ∑ ௫సభ      Sample variance:  𝑠ଶ = ∑ ሺ௫ିതሻమసభିଵ = ∑ ௫మసభିଵ − ൫∑ ௫సభ ൯మ(ିଵ)      Sample s.d.:  𝑠 = √𝑠ଶ 

Sample coefficient of variation:  𝐶𝑉 = ௦ത     Sample covariance:  𝑠௫௬ = ∑ (௫ିത)(௬ିത)సభ ିଵ = ∑ ௫௬సభିଵ − ൫∑ ௫సభ ൯൫∑ ௬సభ ൯(ିଵ)   

Sample interquartile range:  𝐼𝑄𝑅 = 𝑄3 − 𝑄1     Sample coefficient of correlation:  𝑟 = ௦ೣ௦ೣ௦ = ∑ ௭ೣ௭సభିଵ  

 

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) = ଵି  and  𝐸[𝑋] = ାଶ   and  𝑉[𝑋] = (ି)మଵଶ  

Sampling distribution of 𝑿ഥ: Sampling distribution of 𝑷: Sampling distribution of (𝑷𝟐 − 𝑷𝟏): 𝜇ത = 𝐸[𝑋ത] = 𝜇  𝜇 = 𝐸ൣ𝑃൧ = 𝑝  𝜇మିభ = 𝐸ൣ𝑃ଶ − 𝑃ଵ൧ = 𝑝ଶ − 𝑝ଵ 𝜎തଶ = 𝑉[𝑋ത] = ఙమ   𝜎ଶ = 𝑉ൣ𝑃൧ = (ଵି)   𝜎మିభଶ = 𝑉ൣ𝑃ଶ − 𝑃ଵ൧ = మ(ଵିమ)మ + భ(ଵିభ)భ  𝜎ത = 𝑆𝐷[𝑋ത] = ఙ√  𝜎 = 𝑆𝐷ൣ𝑃൧ = ට(ଵି)  𝜎మିభ = 𝑆𝐷ൣ𝑃ଶ − 𝑃ଵ൧ = ටమ(ଵିమ)మ + భ(ଵିభ)భ  

Sampling distribution of (𝑿ഥ𝟏 − 𝑿ഥ𝟐), independent samples: Sampling distribution of (𝑿ഥ𝒅), paired (𝒅 = 𝑿𝟏 − 𝑿𝟐): 𝜇തభିതమ = 𝐸[𝑋തଵ − 𝑋തଶ] = 𝜇ଵ − 𝜇ଶ    𝜇ത = 𝐸[𝑋തௗ] = 𝜇ଵ − 𝜇ଶ 𝜎തభିതమଶ = 𝑉[𝑋തଵ − 𝑋തଶ] = ఙభమభ + ఙమమమ     𝜎തଶ = 𝑉[𝑋തௗ] = ఙమ = ఙభమାఙమమିଶ∗ఘ∗ఙభ∗ఙమ   𝜎തభିതమ = 𝑆𝐷[𝑋തଵ − 𝑋തଶ] = ටఙభమభ + ఙమమమ     𝜎ത = 𝑆𝐷[𝑋തௗ] = ఙ√ = ටఙభమାఙమమିଶ∗ఘ∗ఙభ∗ఙమ  
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Inference about a population proportion: 𝒛 test statistic:  𝑧 = ିబටబ(భషబ)       CI estimator:  𝑃 ±  𝑧ఈ ଶ⁄  ට(ଵି)  
 
Inference about comparing two population proportions: 𝒛 test statistic under Null hypothesis of no difference:  𝑧 = మିభටುഥ(భషುഥ)భ ାುഥ(భషುഥ)మ       Pooled proportion:  𝑃ത = భାమభାమ   
CI estimator:  (𝑃ଶ − 𝑃ଵ) ± 𝑧ఈ/ଶටమ(ଵିమ)మ + భ(ଵିభ)భ  

 
Inference about the population mean: 𝒕 test statistic:  𝑡 = തିఓబ௦/√      CI estimator:  𝑋ത ± 𝑡ఈ/ଶ  ௦√     Degrees of freedom: 𝜈 = 𝑛 − 1 

 
Inference about a comparing two population means, independent samples, unequal variances: 

𝒕 test statistic: 𝑡 = (തభିതమ)ିబඨೞభమభାೞమమమ
      CI estimator: (𝑋തଵ − 𝑋തଶ) ± 𝑡ఈ ଶ⁄ ට௦భమభ + ௦మమమ   

Degrees of freedom: 𝜈 = ቆೞభమభାೞమమమቇమభభషభቆೞభమభቇమା భమషభቆೞమమమቇమ 

 
Inference about a comparing two population means, independent samples, assuming equal variances: 

𝒕 test statistic:  𝑡 = (തభିതమ)ିబඨೞమభାೞమమ      CI estimator:  (𝑋തଵ − 𝑋തଶ) ± 𝑡ఈ ଶ⁄ ට௦మభ + ௦మమ     Degrees of freedom: 𝜈 = 𝑛ଵ + 𝑛ଶ − 2 

Pooled variance:  𝑠ଶ = (భିଵ)௦భమା(మିଵ)௦మమభାమିଶ  

 
Inference about a comparing two population means, paired data:  (𝑛 is number of pairs and 𝑑 = 𝑋ଵ − 𝑋ଶ) 𝒕 test statistic:  𝑡 = ௗതିబ௦ √⁄      CI estimator:  𝑋തௗ ± 𝑡ఈ ଶ⁄ ௦√      Degrees of freedom: 𝜈 = 𝑛 − 1 

 
 
SIMPLE REGRESSION: 
 
Model: 𝑦 = 𝛽 + 𝛽ଵ𝑥 + 𝜀     OLS line:  𝑦ො = 𝑏 + 𝑏ଵ𝑥      𝑏ଵ = ௦ೣ௦మೣ = 𝑟 ௦௦ೣ      𝑏 = 𝑌ത − 𝑏ଵ𝑋ത      

Coefficient of determination:  𝑅ଶ = (𝑟)ଶ     Residuals:  𝑒 = 𝑦 − 𝑦ො 
Standard deviation of residuals:  𝑠 = ටௌௌாିଶ = ට∑ (ି)మసభିଶ      Standard error of slope:  𝑠. 𝑒. (𝑏ଵ) = 𝑠భ = ௦ට(ିଵ)௦మೣ 
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Inference about the population slope: 𝒕 test statistic:  𝑡 = భିఉభబ௦..(భ)     CI estimator:  𝑏ଵ ± 𝑡ఈ ଶ⁄ 𝑠. 𝑒. (𝑏ଵ)     Degrees of freedom:  𝜈 = 𝑛 − 2 

Standard error of slope:  𝑠. 𝑒. (𝑏ଵ) = 𝑠భ = ௦ට(ିଵ)௦మೣ 

 
Prediction interval for 𝒚 at given value of 𝒙 (𝒙𝒈):  

𝑦ො௫ ± 𝑡ఈ ଶ⁄ 𝑠ඨ1 + ଵ + ൫௫ିത൯మ(ିଵ)௦మೣ      or   𝑦ො௫ ± 𝑡ఈ ଶ⁄ ට൫𝑠. 𝑒. (𝑏ଵ)൯ଶ൫𝑥 − 𝑋ത൯ଶ + ௦మ + 𝑠ଶ      

Degrees of freedom:  𝜈 = 𝑛 − 2 
 
Confidence interval for predicted mean at given value of 𝒙 (𝒙𝒈): 

  𝑦ො௫ ± 𝑡ఈ ଶ⁄ 𝑠ඨଵ + ൫௫ିത൯మ(ିଵ)௦మೣ      or     𝑦ො௫ ± 𝑡ఈ ଶ⁄ ට൫𝑠. 𝑒. (𝑏ଵ)൯ଶ൫𝑥 − 𝑋ത൯ଶ + ௦మ      Degrees of freedom:  𝜈 = 𝑛 − 2 

 
 
SIMPLE & MULTIPLE REGRESSION:  
 
Model: 𝑦 = 𝛽 + 𝛽ଵ𝑥ଵ + 𝛽ଶ𝑥ଶ + ⋯+ 𝛽𝑥 + 𝜀  𝑆𝑆𝑇 = ∑ (𝑦 − 𝑌ത)ୀଵ ଶ = 𝑆𝑆𝑅 + 𝑆𝑆𝐸     𝑆𝑆𝑅 = ∑ (𝑦ො − 𝑌ത)ୀଵ ଶ     𝑆𝑆𝐸 = ∑ 𝑒ୀଵ ଶ = ∑ (𝑦 − 𝑦ො)ୀଵ ଶ 𝑠௬ଶ = ௌௌ்ିଵ     𝑀𝑆𝐸 = ௌௌாିିଵ     𝑅𝑜𝑜𝑡 𝑀𝑆𝐸 = ට ௌௌாିିଵ     𝑀𝑆𝑅 = ௌௌோ       

𝑅ଶ = ௌௌோௌௌ் = 1 − ௌௌாௌௌ்     𝐴𝑑𝑗.𝑅ଶ = 1 − ௌௌா (ିିଵ)⁄ௌௌ் (ିଵ)⁄ = ቀ𝑅ଶ − ିଵቁ ቀ ିଵିିଵቁ   

Residuals:  𝑒 = 𝑦 − 𝑦ො     Standard deviation of residuals:  𝑠 = ට ௌௌாିିଵ = ට∑ (ି)మసభିିଵ  

 
Inference about the overall statistical significance of the regression model: 𝐹 = ோమ/(ଵିோమ)/(ିିଵ) = (ௌௌ்ିௌௌா)/ௌௌா/(ିିଵ) = ௌௌோ/ௌௌா/(ିିଵ) = ெௌோெௌா   

Numerator degrees of freedom:  𝜈ଵ =  𝑘     Denominator degrees of freedom:  𝜈ଶ = 𝑛 − 𝑘 − 1 
 
Inference about the population slope for explanatory variable j: 𝒕 test statistic:  𝑡 = ೕିఉೕబ௦್ೕ      CI estimator:  𝑏 ± 𝑡ఈ/ଶ𝑠ೕ       Degrees of freedom:  𝜈 = 𝑛 − 𝑘 − 1 

Standard error of slope:  𝑠. 𝑒. ൫𝑏൯ = 𝑠ೕ  (for multiple regression, must be obtained from technology) 
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Supplement for Question (1):  Recall Levitt et al. (2013) “Toward an Understanding of Learning by Doing: Evidence from 
an Automobile Assembly Plant.” The Stata output below uses the weekly data. The variable named ln_ave_def_pc is the 
natural logarithm of the average defects per car produced that week. The variable named ln_cum_prod is the natural 
logarithm of cumulative production in the previous weeks. The variable named time_trend is the time trend in weeks. 
Like the authors, the regression below is limited to weeks where at least 100 vehicles are produced. 
 
Note: In the Stata regression output below some numbers have been intentionally erased. 
 

. regress ln_ave_def_pc ln_cum_prod time_trend if wk_prod>=100; 
 
       Source |       SS           df       MS      Number of obs   =        47 
--------------+----------------------------------   F(2, 44)        =    680.50 
        Model |  12.6369307                         Prob > F        =    0.0000 
     Residual |  .408538738                         R-squared       =    0.9687 
--------------+----------------------------------   Adj R-squared   =    0.9673 
        Total |  13.0454694                         Root MSE        =     
 
------------------------------------------------------------------------------- 
ln_ave_def_pc |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval] 
--------------+---------------------------------------------------------------- 
  ln_cum_prod |  -.3353905   .0159661   -21.01   0.000      
   time_trend |   .0070437   .0021041     3.35   0.002      
        _cons |   5.960341   .1185408    50.28   0.000      
------------------------------------------------------------------------------- 

 

 

Supplement for Question (2):  Recall Clay et al. (2021) “Does LEED Certification Save Energy? Evidence from Federal 
Buildings.” The number of buildings (i.e. the sample size) is missing from the table and its description. 

Table A.4: Correlation Matrix of Attributes in the LEED Program 

 CR ES SS IS MS WS OS 

CR 1.000       

ES 0.124 1.000      

SS 0.008 0.148 1.000     

IS -0.168 -0.444 0.055 1.000    

MS -0.175 -0.472 0.159 0.671 1.000   

WS -0.078 0.186 0.072 0.018 0.028 1.000  

OS -0.253 -0.428 -0.019 0.049 0.493 -0.021 1.000 

Notes: This is the correlation matrix for the attributes in the LEED program. CR stands for 
certified ratio: it is the fraction of a building square footage that is LEED-certified. ES, SS, 
IS, MS, WS, and OS are the component scores evaluated by the LEED program: energy 
and atmosphere (ES), sustainable sites (SS), indoor environmental quality (IS), materials 
and resources (MS), water efficiency (WS), and innovation in operation (OS), respectively.  
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Supplement for Question (3): Consider Bloom et al. (2021) “Do Well Managed Firms Make Better Forecasts?” See the 
excerpts, Table 1, Figure 3, Table 3, Figure 6, and Table 5. Well managed firms have structured management practices. 

EXCERPT, ABSTRACT: We link a new UK management survey covering 8,000 firms to panel data on productivity in 
manufacturing and services. There is a large variation in management practices, which are highly correlated with 
productivity, profitability, and size. Uniquely, the survey collects firms’ micro forecasts of their own sales and also macro 
forecasts of GDP. We find that better managed firms make more accurate micro and macro forecasts, even after 
controlling for their size, age, industry and many other factors.  

EXCERPTS, pp. 3-8: The Management and Expectations Survey (MES) is the largest ever survey on management 
capabilities in the UK covering both manufacturing and non-manufacturing firms, with its survey design adapted from 
the World Management Survey. The MES survey reference year is 2016, but it also collects firm-level expectations of 
turnover, expenditure, investment, and employment growth for 2017 and 2018. The MES was sent to 25,006 firms with 
ten or more employees. It has the same frame as the Annual Business Survey (ABS) for 2016, allowing us to match to 
data on value added, employment, output, and investment. The MES asks how many key performance indicators are 
used and how frequently employees are evaluated against these. It also asks whether targets are set, and if so, how easy 
or difficult it is to achieve targets. It also asks about incentives asking how much each employee’s performance and 
ability are reflected in performance bonuses or promotion. Each question has a list of options. Respondents chose the 
option closest to the practices within their firm. For each question, each option is scored on a scale of 0 to 1, where 0 is 
the least and 1 the most structured management practice. An overall management score is a simple average of a firm’s 
score on all individual questions: a firm scoring 1 overall would have the most structured response to all 12 questions. 

EXCERPTS, pp. 9-10: A set of descriptive statistics are in Table 1. Some firms have missing values for a few control 
variables (e.g. share of non-managers with a college degree). Panel A shows that firms have an average management 
score of 0.59 with a standard deviation of 0.2. Panel B of Table 1 looks at expectations. Firms were pessimistic about 
macro growth 2017-18, with an average prediction of 0.1%, even though the actual growth was 1.4%. The forecast error 
is the (absolute) difference between the firm’s estimates and the actual growth. 

Note: One number has been intentionally erased from Table 1. 

Table 1: Descriptive statistics 
     Variables Observations Mean Median Standard Deviation 
Panel A: Management 
     Management score 7,756 0.586 0.627 0.196 
     Employment in 2016 (number of employees) 7,756 282.606  1070.225 
     Age of firm (years since date of incorporation) 7,756 16.695 21 7.418 
     Family owned but not run 7,717 0.112 0 0.315 
     Family owned and run 7,717 0.425 0 0.494 
     Share of managers with a college degree 7,496 0.397 0.350 0.347 
     Share of non-managers with a college degree 7,109 0.236 0.100 0.269 
     Foreign owned 7,756 0.132 0 0.338 
Panel B: Macro forecasts (shown as percentages) 
     Expected GDP growth 2017-18 7,756 0.096 0.000 1.047 
     Absolute GDP forecast error 2018 7,756 1.410 1.398 0.918 
Notes: Panels A and B describe the cleaned sample for the analysis. 

 
Supplement for Question (3), continues the next page >>>>> 
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Supplement for Question (3), continued: 

 

To elaborate on the information about “Expected GDP growth 2017-18” in Table 1, the researchers include Figure 3 and 
discuss it. 

EXCERPT, p. 10: We can compare firm estimates to those of professional forecasters in the Bank of England’s Survey. 
Figure 3 gives the distributions showing that businesses were somewhat more pessimistic than professional forecasters. 

 

 

 

 

 

 
 

Supplement for Question (3), continues the next page >>>>> 

 

  

Figure 3: Businesses Forecasts Compared to Professional Forecasters 
 in the Bank of England Survey of External Forecasters 

Notes: The dark colored (blue) bars are the MES responses of the businesses to the macro growth question. The responses of 
professional forecasters surveyed by the Bank of England are shown with light colored (yellow) bars. 
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Supplement for Question (3), continued: 

 

 

 
 

Supplement for Question (3), continues the next page >>>>> 

 

  

Table 3. “Drivers” of Management Scores 
Dependent Variable: Management Score 
  Column (1)  Column (2)  Column (3) Column (4) 

Log employment  0.063*** 
(0.0014) 

0.061*** 
(0.0017) 

0.055*** 
(0.0018) 

0.057*** 
(0.0018) 

Family owned but not run   -0.009 
(0.0065) 

-0.004 
(0.0065) 

Family owned and run     -0.025*** 
(0.0050) 

-0.015*** 
(0.0050) 

Foreign owned     0.053*** 
(0.0054) 

0.046*** 
(0.0054) 

Log age      -0.016*** 
(0.0031) 

Share of managers with a college degree      0.061*** 
(0.0079) 

Share of non-managers with a college degree     0.058*** 
(0.0103) 

Industry Dummies No Yes Yes Yes 
Location Dummies No Yes Yes Yes 
Other Controls No Yes Yes Yes 
Observations 7,756 7,756 7,756 7,756 𝑅ଶ  0.212 0.307 0.319 0.341 
Notes: Estimation by OLS with robust standard errors in parentheses. Management score is the unweighted average of the score 
for each of the 12 questions, with scores on a scale of 0 to 1 for each question, where 0 was the least and 1 the most structured 
management practice. “Foreign Owned” is a dummy for whether the firm is an affiliate of a non-UK firm. “Family owned and run” is 
a firm owned by a family and run by a family member; “Family owned but not run” is a dummy for a firm which is family owned but 
whose CEO is a non-family member; a firm which is not owned by a family is the omitted base. Industry dummies are created using 
the first two digits of the four-digit Standard Industrial Classification (SIC) code for each firm. Location dummies are for nine 
regions in the UK. “Other Controls” includes dummies for the month when the survey was returned, time spent on the survey, 
multi-site dummy and reporting accuracy indicator. * p < 0.10, ** p < 0.05, *** p < 0.01. 
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Supplement for Question (3), continued: 

 

EXCERPT, p. 16: Figure 6 shows the relationship between GDP forecast errors and firm management. The horizontal axis 
has absolute GDP forecast error grouped into 40 equal-sized bins [which means each bin has the same number of firms]. 
The vertical axis shows the mean values of management scores in each bin. There is a clear negative relationship 
indicating that better managed firms make lower GDP forecast errors. 

 

 

‘ 
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Figure 6: GDP Forecast Errors and Management 

Notes: Shows the relationship between absolute GDP forecast errors and management score. Horizontal axis shows the value 
of forecast errors in absolute value. Based on the absolute GDP forecast error, observations are grouped into 40 equal-sized 
bins. The vertical axis is the mean value of the management score for firms in the same bin. 
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Supplement for Question (3), continued: 

 

EXCERPT, p. 16: In Table 5, we go beyond the bivariate correlation in Figure 6 and control for many other factors. 
Column (1) reports the result of regressing a measure of forecast errors on the management score, confirming the 
statistical significance of the relationship in Figure 6. Column (2) adds in industry dummies, location dummies and the 
standard other controls. Firms with more structured management practice still make significantly smaller forecast 
errors. In Column (1), the coefficient of -0.358 implies that an increase in management scores from the 10th to 90th 
percentile (0.509) is associated with a fall in the absolute value GDP growth forecast errors of 0.18 percentage points, or 
13% of the mean of the dependent variable (1.411 as shown in the base of the column). 

Note: Columns (3) and (4) are deliberately excluded in the excerpt of Table 5 below. 

 

 

Table 5. GDP Forecast Errors and Management Score 
Dependent Variable: Absolute GDP Forecast Error (percentage) 
  Column (1)  Column (2)  Column (5) Column (6) 

Management score -0.358*** 
(0.0609) 

-0.293*** 
(0.0673)  -0.171** 

(0.0738) 

Log employment     -0.054*** 
(0.0115) 

Family owned but not run   0.066* 
(0.0391) 

0.047 
(0.0395) 

Family owned and run     0.073*** 
(0.0269) 

0.031 
(0.0295) 

Foreign owned      0.035 
(0.0365) 

Log age      0.018 
(0.0175) 

Share of managers with a college degree      -0.030 
(0.0474) 

Share of non-managers with a college degree     0.087 
(0.0641) 

Industry Dummies No Yes Yes Yes 
Location Dummies No Yes Yes Yes 
Other Controls No Yes Yes Yes 
Mean of dependent variable 1.411 1.411 1.411 1.411 
Observations 7,134 7,134 7,134 7,134 𝑅ଶ  0.005 0.055 0.054 0.060 
Notes: Estimation by OLS with robust standard errors in parentheses. The dependent variable is the absolute value of the 
difference between expected (in MES 2016) and actual real GDP growth rate 2017-18. “Foreign Owned” is a dummy for whether 
the firm is an affiliate of a non-UK firm. “Family owned and run” is a firm owned by a family and run by a family member; “Family 
owned but not run” is a dummy for a firm which is family owned but whose CEO is a non-family member; a firm which is not 
owned by a family is the omitted base. Industry dummies are created using the first two digits of the four-digit Standard Industrial 
Classification (SIC) code for each firm. Location dummies are for nine regions in the UK. “Other Controls” includes dummies for the 
month when the survey was returned, time spent on the survey, multi-site dummy and reporting accuracy indicator. * p < 0.10, ** 
p < 0.05, *** p < 0.01. 
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