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The Business Problem
What is our objective? 1
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Setting the Stage
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We work for a major movie studio and the executives are 
noticing that the most recent movies have not been as 
successful.

- Low movie ratings on IMDb
- Decrease in profit



How to increase ratings?
What factors in a movie 
positively (or negatively) affect 
the average rating on IMDb?

The Tasks

How to increase profit?
What factors in a movie 
positively (or negatively) affect 
the profit? Should the movie 
target a specific demographic?
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Data Collection
Collecting and cleaning data 2
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Original Dataset: IMDb movies extensive database - Kaggle
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Variables of interest:
title year genre duration budget usa_gross_inc

ome
worlwide_gros
s_income

mean_vote release_date actors date_of_birth 
(of actors)

allgenders_18
age_avg_vote

allgenders_18
age_votes

allgenders_30
age_avg_vote

allgenders_30ag
e_votes

allgenders_45
age_avg_vote

allgenders_45
age_votes

males_allages
_avg_vote

males_allages
_votes

males_18age_
avg_vote

males_18age_
votes

males_30age_av
g_vote

males_30age
_votes

males_45age_
avg_vote

males_45age
_votes

females_allage
s_avg_vote

females_allage
s_votes

females_18ag
e_avg_vote

females_18age_
votes

females_30ag
e_avg_vote

females_30ag
e_votes

females_45ag
e_avg_vote

females_45ag
e_votes

Production 
company

……(many 
more)……….



Data Cleaning
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- Removed all observations with budget = 0 or N/A
- Dropped rows with non-numeric/corrupt entries
- Removed all observations with with year < 1990
- Converted all budgets/box office revenue from foreign 

currencies to USD
- Removed data from shutdown/old production companies
- Excluded movies in non-english languages, released in small 

countries



Variable Creation
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- Avg_age = average age of actors in a movie (used actor data)
- Title_length = how many words long is the title of a movie
- Genre dummy variables = 1 if movie is of a certain genre, 0 

otherwise. (Not mutually exclusive categories)
- US_profit = usa_gross_income - budget 
- Month = 1-12 for corresponding month of release (January - 

December)



Final Dataset
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- 17857 observations
- 3377 data points 

belong to USA
- Variables of interest:

month avg_age duration budget title_length

us_profit mean_vote allgenders_
18age_avg_
vote

allgenders_
18age_vote
s

allgenders_
30age_avg_
vote

allgenders_
30age_vote
s

allgenders_
45age_avg_
vote

allgenders_
45age_vote
s

males_allag
es_avg_vot
e

males_allag
es_votes

males_18ag
e_avg_vote

males_18ag
e_votes

males_30ag
e_avg_vote

males_30ag
e_votes

males_45ag
e_avg_vote

males_45ag
e_votes

females_all
ages_avg_v
ote

females_all
ages_votes

females_18
age_avg_vo
te

females_18
age_votes

females_30
age_avg_vo
te

females_30
age_votes

females_45
age_avg_vo
te

females_45
age_votes

action family music crime fantasy nonfiction

comedy drama horror romance sport western



Increasing Ratings
Running a regression on mean_votes 3

10



Step 1: Run full regression 
and check for 

multicollinearity

11

- Correlation matrix shows no values 
close to 1 or -1, so passes basic test 
for multicollinearity



Step 2: Predictors v. Response
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Note: some relationships 
look non-linear



Step 3: Stepwise Variable 
Selection + Optimized Model
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Diagnostics on Residuals: Outliers + Independence + Normality
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- Many Outliers
- Studentized 

deleted residuals 
- 4 outliers in Y

- Hat Matrix 
Leveraged Values

- 1108 outliers 
in X- Independent

- Not normal
- Also Fails Corr. 

test for 
normality

-



Diagnostics on Residuals: Linearity + Constant Variance
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- Clearly not linear
- Clearly do not have 

constant variance
- Also fail BP Test
- P-val <2.2e-16



Remediation: Transformation
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- Added 4 new variables
- ln(avg_age)
- ln(duration)
- ln(budget)

- Re-ran full regression
- Stepwise Variable Selection



Diagnostics: Outliers, Independence, Normality, Linearity, 
Constant Error Variance

- Far less outliers
- Independent
- Still not normal
- Outliers look more linear
- Error variance still not 

constant
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Regressions on Votes by Age and Gender
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Increasing Profit
Running a regression on us_profit 4
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Using no new Variables
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- Only explains ~10% variance
- Title length and duration 

positively impact profit
- Older actors have a negative 

impact 
- Check: sort and split data. 

Compare mean profit value



Include data on appeal 
by age 
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Anova agrees with addition:



Comparing Regression 
model using Anova 
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- Votes variable were correlated, 
we select age_18 based on 
F-value, eliminate 
multicollinearity

- Diagnostics suggested 
exponential relationship 
between age_vote

- R^2: 0.15 -> 0.17



Including Data on vote by 
Gender
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Anova agrees with addition



Comparing Regression 
model using Anova 
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- Diagnostics suggested 
exponential relationship 
between age_vote



By Gender and Age Group
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- We observe an exponential relationship across all voting 
categories with the profit, so we model it as such

- We get a 100% improvement in R square value 



We look at number of votes by 
demographics
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- We look at number of votes per demographic
- Relationships are linear
- R square improves by 250%



Learning Curve
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Enough training data 
to make good 
inferences



Final Conclusions
Recommendations and findings 5
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How to Improve Ratings (Based on F-Test + 
Coefficients)
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- Men vs Women
- Men prefer shorter titles
- Women donʼt like comedies, men indifferent
- Women like family genre, men indiff.
- Men donʼt like music genre, women indiff.
- Men like crime genre, women indiff.
- Women dislike horror more than men
- Both men and women

- Do not like action, fantasy, horror, 
romance

- Like nonfiction and drama

- Overall
- Lower avg age
- Higher budget (as long as it 

is above 10M)
- Longer duration
- Genre = family, crime, 

nonfiction, comedy and/or 
drama



How to Improve Profit
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- Based on Mean Split
- Choose younger actors
- Tend to make movies longer
- Lengthier titles matter

- Based on F-test and Anova
- Viewers between 18 and 30
- Female viewers

- Based on coefficient sign:
- Stick to Action, Fantasy or Comedy genres
- Avoid War, History and Non-fiction



Potential Improvements
How to further improve the model 6
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Model Shortcomings + Potential 
Improvements
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- predictors non-standardized, hard to compare coefficients
- Improvement: standardize predictors

- Inflation was not accounted for in calculating budget data 
(Time range: 30 years)

- Soln: Use conversion rates from when movie was released
- Non-constant error variance

- Weighted Least Squares
- Non-normality of data

- Box-Cox Transformation



THANK YOU!
Any questions? 
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