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The Process of Cumulative Science



Overview of course

1) The Process of Cumulative Science

2) The Single Experiment – Experimental data, tools in R for 
working with data and plotting data, reproducibility

3) Repeating an Experiment – Intro to statistical concepts, 
replication of experiments

4) Aggregating Many Experiments – Meta-analysis





Data

1. Variable – unique measurement or 
quantity 
• e.g., temperature, mood, attendance, # of 

books owned, reaction time, color

2. Observation – Smallest unit you have 
data about 
• e.g., person, trial in an experiment, city, 

school, unit of time

3. Value – Quantity/quality associated 
with a particular variable and 
observation

Variable – Jan. high temp. in PGH
Observation – day
Value – 38 degrees

Variable – age of students in MRM
Observation – student
Value – 19.3 years

Variable – Native Pittsburgher
Observation – person
Value – yes or no

Variable – Jan. weather in PGH
Observation – sensor ID
Value – rainy, snowy, clear, other



Types of variables

Discrete – measurement can only take one 
of a set of values
• Days of the week, dog breeds, # of children, 

# of Twitter followers, # of Yelp stars
• No “middle ground”

Continuous – measurement that is real 
number, and could take one of any range 
of values
• Most quantitative variables (reaction time, 

judgement on slider scale) 
• Limited by precision of instrument
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Types of variables

•Qualitative – describe quality (no 
intrinsic ordering)
•Quantitative – describe quantity
•Binary – 1 or 0 (or, TRUE or 
FALSE)
• Integers – whole numbers
• Real numbers – have 
fractional/decimal part 

Variable – Jan. high temp. in PGH
Observation – day
Value – 38 degrees

Variable – age of students in MRM
Observation – student
Value – 19.3 years

Variable – Native Pittsburgher
Observation – person
Value – yes or no

Variable – Jan. weather in PGH
Observation – sensor ID
Value – rainy, snowy, clear, other



An example: class attendance

Student Attendance

Kyla TRUE

Kara FALSE

Zara TRUE

How many students 
showed 
up to class today? 
(binary)

Student Attendance

Kyla “quiet”

Kara NA

Zara “inquisitive”

What was  the 
most common 
type of attention 
of students in 
class today? 
(qualitative)

How many times 
did each student 
comment in class 
today? (integer)

Student Attendance

Kyla 1

Kara NA

Zara 3

How many seconds 
early was each 
student today?
(real number)

Student Attendance

Kyla 120.457

Kara NA

Zara 125.332



Variable – How much food Rhoda eats
Observation – ?
Value – ? [quantitative, binary]

Variable – How much food Rhoda eats
Observation – ?
Value – ? [quantitative, integer]

Variable – How much food Rhoda eats
Observation – ?
Value – ?  [quantitative, real]

Variable – How much food Rhoda eats
Observation – ?
Value – ? [qualitative]

(1)

(2)

(3)

(4)



Structuring data

• Most data has this structure (variable, observation, value)
• Lots of ways we could take this and put it into a spreadsheet
• In this class, we’re going to structure our data in a particular 

way, called tidy data





Tidy data

Each variable is its own column Each observation is its own row

* Allows R to use vectorized observations

Each value is its own cell



Pittsburgh January 2020 temperature 
data

Date Low 
Temp.

High
Temp.

1/1/2020 28 38
1/2/2020 40 48
1/3/2020 49 51

Observation

Variable

Variable – Jan. high temp in PGH
Observation – day
Value – 38 degrees

Value

Tidy data



MRM student age data

Student Age Year

Sam 19.3 2
Zara 20 3
Caitlin 20.2 3

Variable – age of students in MRM
Observation – student
Value – 19.3 years

Tidy data



Sketch the tidy data…
Variable – How much food Rhoda eats
Observation – ?
Value – ? [quantitative, binary]

Variable – How much food Rhoda eats
Observation – ?
Value – ? [quantitative, integer]

Variable – How much food Rhoda eats
Observation – ?
Value –?  [quantitative, real]

Variable – How much food Rhoda eats
Observation – ?
Value – ? [qualitative]
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Next Time: Lab

• Start to learn tools for working 
with tidy data
• Learn how to produce a 

“report” in R using 
Rmarkdown
• No reading, but short video 

(linked on website)


