
A Practical Guide to Your Computer for Social and Policy Analysts



What are we up to?

" Where we’ve are: We want to get to data for analysis, but to do it in a 
structured and reliable way, we need to take care of the underlayment first 

" The very first part of the course: a lot of housekeeping 

" Tools, computational concepts, light programming 

" Where we’re going today: 

" A bit of history, a bit of science, a bit of data life advice 

title page: ENIAC, the first programmable digital computer



What is a computer?

a Turing machine



Course Housekeeping

" What are we doing? 

" We’re on the road to data work - but we’re taking care of some 
computational preliminaries first.  If you are: 

" not terribly interested in the inner workings of a computer and/or 

" not that interested in doing arithmetic with R or learning about the 
differences between string, boolean, and numeric variables . . .  

" That’s OK!  Just bear with us for a little bit, because these things do 
become useful for the kinds of things you do want to do



Verbatim, from job ads in public administration, policy, and campaigns:

" 1 “Quantitative, analytical and research skills. Ability to 
distill analysis into key results for broad consumption. A 
desire to grow expertise in a new subject area through 
research and analysis. Skilled at analyzing reports and 

datasets to solve specific research objectives.”  

" 2. “Effective written and oral communication skills. Comfort 
with public speaking. Skill at packaging and explaining 

complex concepts to a wide range of audiences 

through clear written materials.”  

" 3. “Experience using GIS mapping and/or Tableau for 
data visualisation”  

" 4. “Ability to apply concepts from statistics and explain 
your decisions clearly to others”  

" 5. “Proficiency in R, Python, Stata, or another statistical 
computing language” 

" 6. “Experience in data standardization and data 

manipulation” 

" 7. “Facility with research design, particularly survey design or 
experiment design”  

" 8. “Experience in natural language processing and textual 

analysis”  

" 9. “Proficiency with GIS or other mapping software”  

" 10. “Conducting quantitative analysis using SPSS and/or R 

statistical packages and other tools”  

" 11. “Building data visualizations and graphic representations 
of data”  

" 12. “Writing analysis memos and summaries that provide 
strategic guidance to clients”  

" 13. “Solid knowledge of tidyverse R and SQL”

Source Ads: Data science, The Messina Group, Energy Campaigns Analyst, Sierra Club,Research Associate, WPA Intelligence, Data science, WPA Intelligence

Useful?



What is a computer?

title page: ENIAC, the first programmable digital computer

An illustration of a Turing Machine



What is a computer?

" Really two things: 

" Memory - stored data that gets manipulated 

" Processor - thing that reads data, manipulates it, and writes it back to 
memory 

" according to a series of instructions



Today

" Talk about three things 

" Hardware: what a computer is 

" Software: how we give a computer commands 

" Tools: the software we use to give computers commands



Hardware Processing



Core components

" Processing 

" The thing that performs 

operations


" Memory 

" Where data from those 

operations is read and stored 



It must be more complex, right? (It is.)

" Each computer has a variety of different kinds of processing units: 

" Central Processing Unit (CPU), Graphics Processing Unit (GPU), Neural Processing Unit 
(NPU), Tensor Processing Unit (TPU), Media Processors, other hard-coded computational 
engines for specific purposes 

" And each can have a variety of different kinds of memory: 

" Primary memory (RAM), secondary memory (drives/hard disks/solid state drives), tertiary/
removable storage (usb sticks, floppy drives, CD/DVD), off-site (not under direct control of 
the processing units) 

" All of which must be properly connected together through a databus (or just bus) that then 
must be powered and cooled while allowing for other I/O and connectivity to other 
computers and humans 



" processing 

" memory & 
storage 

" motherboard/

bus 

" power & 
cooling  

" I/O and 
connectivity 



Different processing units?

" Fundamental theory in computing (Universal Turing Machine) states that any 
sufficient computing machine can, in theory, simulate another machine 

" In other words, any computable sequence can be run by a UTM 

" But it does not say anything about eûciency 

" We care about two forms of efficiency, as well: 

" Computing time 

" Energy cost



The very basics of computer processing

Serial Parallel



Why wouldn’t you always use parallel processing?

Serial Parallel



Why wouldn’t you always use parallel processing?

Serial Parallel

What if we 
have 

contingent 

processes?



Why wouldn’t you always use parallel processing?

Serial Parallel

How do we 
get all 

these cars 
on and off 
efficiently?



Why wouldn’t you always use parallel processing?

Serial Parallel

Serial 
process 
lines can 
often fit 
bigger 
trucks, 
more 

complex 
tasks



Different computing problems, different solutions

" Some computing problems are easily parallelizable  

" Image and video decoding, many AI tasks, some data tasks 

" Some computing problems are more naturally serial 

" Contingent processes, simple processes with little practical benefit to 
complex organizational efforts, many kinds of user interaction 



CPUs and GPUs are generally targeted at these two different spaces

" The CPU has a small number of very fast, very big, driving lanes 
(processing cores) 

" The GPU has many slower, smaller, less capable driving lanes (processing 
cores) 

" But has so many it makes up for lack of capability through brute force 

" Other specialized processing units are even more specialized, able to take 
only a very particular kind of car going in a very particular direction (NPU/
TPUs, media encoders, etc)



Nvidia GeForce GTX 5090 
21,760 CUDA Cores

Intel i9-14900K 
8 Performance Cores, 16 Efficiency Cores



In practice

" The CPU controls the “computer”, while handing off special tasks that are 
particularly valuable to happen at greater speed in parallel to specialized 
processing units (like the GPU)



Computers get more 

powerful over time

" Moore’s Law: the number of 

transistors doubles every two 

years


" This process, however, is not 

automatic


" It is hard to make a processor, 

requiring exceptionally 

specialized equipment and 

technology


" Speed increases come from die 

shrinks along with design 

optimizations



Software Programming



Programming

" How we tell a computer what we want it to 

do: a sequence of commands and 

instructions for the computer to execute


" Hardware takes a very limited number of 

commands: fundamentally, it all breaks 

down to manipulating little 0s and 1s


" We program a computer by writing 

programs and calling libraries and APIs 

within programming environments


" Algorithm - a process or series of rules 

for a computer to follow


" Computer Program - takes certain 

inputs and returns certain outputs 

An exceptionally simple program



Hardware

Machine Langauge

Assembly Language

Compiled Language

Interpreted Language



Machine code

Binary Hexdecimal



Assembly



A program in C (“mid” level; compiled)

this code calculates a mean



A program in R (“high” level, interpreted)



Hardware

Machine Langauge

Assembly Language

Compiled Language

Interpreted Language
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Hardware

Machine Langauge

Assembly Language

Compiled Language

Interpreted Language
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Set

Assembler

Compiler

Interpreter

*heavily simplified



Langauge tradeoffs

" Higher level languages and APIs 

(application programming environments), in 

general on average, increase human 

readability at a cost of speed and 

hardware access 

" “Understand your stack” - understand all 

the dependencies your code has


" Dependencies - not just hardware levels, 

but software levels and dependences as 

well


" Software can call other software to 

perform functions Hardware

Machine Langauge

Assembly Language

Compiled Language

Interpreted Language

Instruction 

Set

Assembler

Compiler

Interpreter

*heavily simplified



What do we do when we 

compute?

" We’re - to a first approximation - just doing 

the Turing machine thing


" Command (through software or user 

interface) 


" a computer to perform an operation 

(analyze data, play a movie, edit a 

picture) 


" on data (tabular data, video file, 

important cat .gif)


" How do we command our computers to 

do things?

so much power to show us cute pictures of kittehs



The great computing divorce

" How you probably like to use a 
computing device

" How you probably use a 
computing device for work



" Snazzy and colorful! 

" Touch the screen! 

" Apps! 

" One application at a time 

" File system? What file system? 

" It’s the 2020s!

" Boxy desk-bound 

" Click the mouse 

" Big applications 

" Lots of windows 

" Files in folders 

" Y2k is calling

The great computing divorce



Within the work computer side 

of the divide, however, lies 

another divide

A deeper, darker past . . . 



Two interface paradigms

GUIs 

Graphical User Interfaces

CLIs 

Command Line Interfaces



This is where the heart of 
technical computing (still) resides

" UNIX, the shell, and the command line 

" UNIX is an operating system used for 
mainframes originally developed in 1969 

" Its derivatives live on today, at the heart of 
(most) computing systems 

" MacOS, Linux, iOS, Android, ChromeOS, 
Kindles, even your watch . . . all UNIX 

" Even Windows has a Linux subsystem 

" The vast majority of people that use their 
computers for code live a great portion of 
their computing lives in software inspired by 
the 1970s 

https://www.computerhistory.org/revolution/mainframe-computers/7/166/663

IBM 1401 mainframes, 1969 

https://www.computerhistory.org/revolution/mainframe-computers/7/166/663


Why would this happen?

" Well, there was a push to make computers smaller and more personal 

" And, for a while, smaller meant that computers couldn’t handle UNIX-like 
operating systems



Which came with a lot of tradoffs



But then, a funny thing happened

" Computers got smaller still, but powerful enough run UNIX at speed

R
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The Good News 
We’re not going to exclusively use the shell (CLI) 

The Complicating News 
but the kinds of work we do is going to be heavily influenced by it, 

and it’s going to be useful to drop down to it every now and then



Two models of work computing

" Oûce model 

" Formatted documents, 
application-centric files 

" Intermediate products are cut 
and pasted, often without link 
backs or references to source 

" Changes are tracked by 
application  

" Editing window = formatted 
window (WYSIWYG)

" Engineering model 

" Open, plain text documents, 
readable with many applications 

" Intermediate products produced 
via code, linked with reference to 
source 

" Changes tracked outside files, at 
the project level 

" Final outputs programmatically 
assembled to final document



Oooh, a new way to use the computer! Is the engineering model fun?



Oooh, a new way to use the computer! Is the engineering model fun?

" Well, no.  At times, it can feel more like this.



Oh, OK, but can we make it better?

" Yes!  But it takes a long time and a lot of practice.

Uh, well, why do we do it?

" Two very, very good reasons



CONTROL

Reproducibility
- and -

(also, it’s we!dly fun when y" get used to it)



" And it kinda starts to feel like this

Also, once you get used to it, you may like it



CONTROL

Reproducibility
- and -



So why do we care so much about control and reproducibility?

" Research is difficult. 

" It’s easy to make small mistakes that become large errors. 

" Doing it badly - or fraudulently - is too easy. 

" And even when we don’t make mistakes, and put in our best effort, 
sometimes we’re . . . just wrong



The Replication Crisis

" A genuinely surprisingly number of 

scientific and policy articles do not 

replicate


" Replicate: obtain the same, or a similar, 

finding upon conducting the same study 

" Behavioral sciences are particularly at risk 

(pesky humans)

of



So what do we do?

" Control: 

" ensure we know exactly what is 

happening at all points in our study


" Reproducibility: 

" ensure that we (and others) can precisely 

reproduce all of our findings, from the 

same data, as easily as possible



The weaknesses of the office 

model

" It’s just easy to make mistakes



The weaknesses of the office model

" The tools of the oûce model are ill suited to 

our task


" Sawitzki (1994)



The weaknesses of the office model

" The tools of the oûce model are ill suited to 

our task


" Sawitzki (1994)



The weaknesses of the office model

" Surely, though, those were fixed, right?


" McCullogh & Wilson (1999)



The weaknesses of the office model

" Surely, though, those were fixed, right?


" McCullogh & Wilson (1999)

Conclusions and recommendations 

We have applied the methodology outlined by McCullough (1998) 

to assess the reliability of Excel in three areas: estimation, random 

number generation, and statistical distributions. Excel has been 

found inadequate in all three areas. 



The weaknesses of the office model

" Surely, though, those were fixed, right?


" McCullogh & Wilson (1999)

Conclusions and recommendations 

We have applied the methodology outlined by McCullough (1998) 

to assess the reliability of Excel in three areas: estimation, random 

number generation, and statistical distributions. Excel has been 

found inadequate in all three areas. 


We also note that Microsoft did not correct flaws noted by 

Sawitzki (1994b). 



The weaknesses of the office model

" Surely, though, those were fixed, right?


" McCullogh & Wilson (1999)

Conclusions and recommendations 

We have applied the methodology outlined by McCullough (1998) 

to assess the reliability of Excel in three areas: estimation, random 

number generation, and statistical distributions. Excel has been 

found inadequate in all three areas. 


We also note that Microsoft did not correct flaws noted by 

Sawitzki (1994b). 


We advise that Excel not be used for statistical calculations.



The weaknesses of the office model

" Well, come on, I’m sure Microsoft got 

around to it next time


" McCullogh & Wilson (2002)



The weaknesses of the office model

" Well, come on, I’m sure they got around to 

it next time


" McCullogh & Wilson (2002)



The weaknesses of the office model

" Third time’s the charm???


" McCullogh & Wilson (2002)



The weaknesses of the office model

" You know, just don’t tell me.  I don’t want to 

know.


" McCullogh & Wilson (2008)



The weaknesses of the office model

" Do we  . . . really have to keep doing this?


" Melard (2014)



Everybody! Everybody!

" IT GOT BETTER!   

" IT GOT BETTER!  

" EXCEL DID IT! 

" Well . . . kind of.



You knew we weren’t done

" There’s . . . more?


" Ziemann, Eren, and El-Osta (2016)



“. . . one-fifth of papers with 

supplementary Excel gene lists 

contain erroneous gene name 

conversions.”



Classes of quantitative errors

" Research design errors 

" Calculation errors (looking at you, Excel 97) 

" Data errors (looking at you, Excel SEPT2) 

" Intentionally malicious work 

" So what do we do?



CONTROL

Reproducibility
- and -



we want to know the exact code  

that produces the exact result  

that we exactly report

also, we’d like to keep records 

preferably open



if we make a mistake, we want to 

know exactly where it came from

also, we’d like to use software tailored to our purposes



This “engineering” approach

Is it perfect? 

No. 

Is it easy? 

No. 

Will I like it? 

I hope so!



That “office” approach

Is it bad? 

No. 

Is it easy? 

Kind of. 

Can I go back? 

Not entirely.



Strengths and weaknesses

" Oûce model 

" Documents look like documents 

" Everyone knows Word, Excel, 
Google docs, etc 

" “Track changes” is super useful in 
a single document  

" Hm, I can’t remember how I made 

this figure. 

" Where did this table of results 

come from? 

" Paper_edits_FINAL_really_
lastone-6.docx

" Engineering model 

" Plain text is highly portable. 

" Push button, recreate analysis. 

" Can track changes across entire 
project 

" Tables and figures produced and 
integrated programatically. 

" For the love of God, why can’t I 
do this simple #(*&@#$ thing? 

" Object of type 'closure' 
is not subsettable



A Tale of Two Cities Computers

" Each approach generates its own problems  

" Engineering grants control of code, reproducibility, and advanced 

reporting options 

" at the expense of a learning curve and some continued frustration 

" Oûce grants ease, speed, and nice GUI interfaces 

" at the expense of control, reproducibility, and reporting options



Principles
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Tools

https://mitchelloharawild.com//blog/user-2018-feature-wall


The to-do list

we want to know the exact code  

that produces the exact result  

that we exactly report 

also, we’d like to keep records  

preferably open



The Open Science Toolkit

" So, first, we want to do our work 
openly and reproducibly  

" First, we write in code, rather than 
point and click 

" Second, we use open software (R, 
in our case) and save our scripts 

" In an IDE (integrated development 
environment) known as Rstudio



An IDE?

" Integrated Development 

Environment 

" Think of a kitchen 

" You’re the chef. The 
kitchen (IDE) has 
everything you need in it 
make the recipe (the 
script file) and produce 
the food (data analysis) 





Current Script



Current Script

Console



Current Script

Console

Environment (objects)



Current Script

Console

Environment (objects)

Helper files and 

documents,  

graph output



Do I need to use RStudio? Or an IDE?

" No, actually!   

" A script file is just a plain text file. You can edit it anywhere.  (Although you 

do have to use a script file to make things reproducible) 

" There are other IDEs and text editors that others use 

" Visual Studio Code is getting very popular; Positron is kind of a next-
generation RStudio; lots of people just write things in text editors like 
Sublime Text, TextMate, BBEdit, etc 

" But it’s handy to have everything together



RStudio does all of the following for you

" A text editor for writing code and documents 

" A console or REPL (Read-Eval-Print Loop) for running code interactively 

" A terminal to talk to the operating system 

" A debugger to help find problems in your code 

" A file manager to navigate your project 

" A version control interface to manage changes to your code 

" A viewer for plots, tables, and other outputs 

" An inspector to see what’s in your environment



Two (more) rough philosophies of computer usage

" The omnipresent, monolithic 

application approach 

" “Do everything”

" The modular, interoperable 

application approach  

" “Do one thing, and do it well”



Neither is perfect

" When done well:  

" Symphony of parts. 

" When done poorly: 

" Intractable coordination

" When done well:  

" One application for everything! 

" When done poorly: 

" Jack of all trades, master of none

Rstudio is kind of both!  A monolithic wrapper around a bunch of smaller utilities 



Two (more) rough philosophies of computer usage

" Most people lean towards the first 

" The second has some virtues, too 

" Even if you kind of like the modular approach, odds are RStudio (or another 
IDE) has enough niceties you’ll find yourself there pretty often for at least one 
or two of them 

" And, because the filetypes are all open, you can switch to other applications 
pretty easily



The to-do list

we want to know the exact code  

that produces the exact result  

that we exactly report 

also, we’d like to keep records  

preferably open



The to-do list

" OK, so we have code, that hopefully produces results, and we’re open. 

" Excellent.  Thanks R and RSTUDIO! 

" What about reporting and record-keeping? 

" We have two important additional tools: 

" Reporting: Quarto (and Rmarkdown, and/or LaTeX) 

" Record-keeping (aka version tracking): git and GitHub

we want to know the exact code  

that produces the exact result  

that we exactly report 

also, we’d like to keep records  

preferably open



Reporting

" Wait, can’t I just write this thing in Word?  What new devilry are you going to foist 

upon me? 

" Well, you can. 

" And unless you work in a pretty modern, tech-forward environment, most people 
do. 

" The replacement of Excel with more powerful (and open) tools is more complete 
than the replacement of Word 

" But once you’ve started down the open science path, you’ll find aspects of Word to 
be . . . less than desirable 



Word

" Do you want to manually copy/paste a figure or table 
into word every time you re-create it? 

" Would you like better interoperability with different file 
formats? 

" Would you like better control over where figures go, 
rather than them jumping all over pages? 

" Declarative formatting, indexing, and the like?



Quarto and Rmarkdown: a notebook approach

" We’re going to write an plain-text document that is 
interspersed with two things: 

" Analysis code (writing for machines) 

" Interpretation and explanation (writing for humans) 

" Imagine we start like this 

" Script files have some nice features, but: we want 
it to look pretty. Namely: 

" No code!  Prefer to see results 

" Comments ugly! Prefer nice looking prose

#Title: DWV Workshop 1.2.R 

#Author: Jack Reilly 

#Date: 8.28.25 

#Purpose: A Very Basic 

Introduction to R + 

Constructing Data Frames 

#Requires: Nothing 

#Output: Nothing 

#R is an object oriented 

statistical programming 

language. 

#What does this mean? You 

can store whatever* you 

want in an object, like a 

number: 

myfirstobject<-2 

myfirstobject 

#Things in quotes indicate 

"strings" 

mysecondobject<-"Hello" 

mysecondobject



--- 

title: "My First Quarto" 

author: "Jack Reilly" 

format: html 

--- 

## Quarto 

Quarto enables you to weave together content and 

executable code into a finished document. To learn 

more about Quarto see <https://quarto.org>. 

## Running Code 

When you click the **Render** button a document 

will be generated that includes both content and 

the output of embedded code. You can embed code 

like this: 

```{r} 

1 + 1 

``` 

You can add options to executable code like this  

```{r} 

#| echo: false 

2 * 2 

``` 

The `echo: false` option disables the printing of 

code (only output is displayed). 



Ooo! Ooo!  That’s pretty!

" Yes, yes it is.  And easy! 

" How does it work? 

" Write in plain text with appropriate markup indicators 

" Including indicators to let the computer know when you’re writing human 
language to communicate and when you’re writing computer language to 
calculate. 

" knit or render the document together  

" Run all calculations and typeset the text, pretty-like



Rough outline

" File>>New File>>Quarto Document 

" Declare format, and render it to html, pdf, or docx (or others)



Image Credit: Kieran Healy



Rules of the road

Image Credit: Kieran Healy

" Basic markdown 
formatting (for text) 

" Quarto assumes text 
unless you specifically 
declare code with 
ticks, like so: 

" If code, will just 
display result 

```{r} 

1 + 1 

```



In practice

" Notebooks work smoothly when 

" Your document or report is small 
and self-contained. 

" Your analysis is quick or 
lightweight. 

" You are making slides. 

" You are making a lot of similar 
reports from a template. 

" You regularly refer to calculated 
items in the text of your analysis.

" Notebooks can get awkward when 

" Your analysis has many pieces. 

" Your project has many authors. 

" Your analysis needs a lot of 
cleaning, scaffolding, and other 
prep-work before you can 
produce the tables and figures in 
your output document. 

" You have a lot of different outputs



Monolith vs modular

" Quarto is more of a monolith approach 

" Naturally suited to small projects 

" Substantial advantages for large, as well, but complexity rises 

" The great thing about plain text files is that you can always refactor them 
(split up functionality/purpose across files) to make them more modular 

" Course website, for instance, is written in quarto files! 

" Other options, as well: LaTeX, etc



Last, but not least

" Our final major tool: Record Keeping (version tracking)



Last, but not least

" Record Keeping (version tracking) 

" Next week



Keeping the right frame of mind

" This is like learning how to drive a car, or how to cook in a kitchen … or 
learning to speak a language. 

" After some orientation to what’s where, you will learn best by doing. 

" Software is a pain . . . 

" but at least you won’t crash the car or burn your house down.



For now

" Time (hopefully) to troubleshoot any R problems you’re having 

" Workshop this week: getting used to Quarto and Markdown files


