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Configuration Manual
Marcello D’ Angelone
X21113777

1 Introduction

This configuration manual outlines the requirements and steps to reproduce the environment
and execute the Domain Crawler tool.

2 Hardware Configuration

The research project has been developed on a System with the hardware configuration
represented in Table 1.

Table 1: Hardware Configuration

System Manufacturer LENOVO
System Model 20L.8S2Y100
Processor Intel(R) Core(TM) i7-8650U CPU @

1.90GHz, 2112 Mhz, 4 Core(s), 8
Logical Processor(s)

Installed Physical Memory (RAM) 24.0GB

Hard Disk (SSD) 512 GB

The Domain Crowler tool was executed on the same hardware configuration for testing and
datasets analysis purposes. A separate Amazon EC2 instance was created! to execute longer-
running large-scale scans. Its hardware specifications are reported in Table 2.

Table 2: EC2 Instance details

System Manufacturer AWS

Instance type t2.micro

Processor Intel(R) Xeon(R) CPU E5-2686 v4 @
2.30GHz

Installed Physical Memory (RAM) 1GB

Hard Disk (SSD) 16 GB

3 Software Configuration
The minimum software required to reproduce the research findings is listed below:

! Tutorial: Get started with Amazon EC2 Linux instances:
https://docs.aws.amazon.com/AWSEC?2/latest/UserGuide/EC2 GetStarted.html



https://docs.aws.amazon.com/AWSEC2/latest/UserGuide/EC2_GetStarted.html

Table 3: Software Configuration

Software Version

Type

10.0.19045
Build
19045

Microsoft Windows 10
Enterprise (64bit)

Operating System on Lenovo Hardware

Debian debian-11-
amdo64-
20230515-

1381

Operating System on EC2 instance

Python 3.9.2

Programming Language

Pycharm Community
Edition

2023.1

IDE

R for Windows 4.3.0

Programming Language for statistical
analysis

Rstudio 2023.06

R Integrated Developer Environment

Excel 2304

Spreadsheet

Putty 0.74

SSH access to the AWS EC2 instance

WinSCP 6.1.1

Windows Secure copy to copy the tool and
datasets to the AWS EC2 instance

Python can be installed on Windows 10 directly from the Microsoft store by typing Python

3.9 in the search bar, as depicted in Figure 1.

& @ Micosoft Store python 39

R Screenshots

Python 3.9

Python Software Foundation

Description

5.0 % 6

Python is an easy to leam, powerful programming language. It has efficient high-level data structures and a simple but effective approach to object-oriented programming. Python's

elegant syntax and dynamic typing, together with its interpreted nature, make it an ideal language for scripting and rapid application development in many areas on most platforms

The Python 3.9 interpreter and runtime.

e Pythan Web site, https:/www py!

Y org/, and
grams and tools, and additional d

binary form for all major pla 9
mentation

ny free third party Python module

The Python interpreter is easily extended with new functions and data types implemented in € or C++ (or other languages callable from C). Python is also suitable as an extension

language for customizable applications.
Developer taols

Ratings and reviews

5.0

*
*
*
*

Figure 1: Pythonlnstallatlon on Windwos 10




The next step requires installing an Integrated Developer Environment (IDE) for Python. For
this research, PyCharm Community Edition 2023.1 has been used. This free IDE can be
downloaded from the JetBrains website>.

Once the installation is completed, the Python interpreter should be selected from File >
Settings and Python Interpreter, as represented in Figure 2.

iﬂ Settings

Project: pythonProject > Python Interpreter

~ A & Behavi
HpEEDs shavior Python Interpreter: | fg# Python 3.9

Keymap
> Editor
Plugins
> Version Control

v Project: pythonProject

> Build, Execution, Deployment
> Languages & Frameworks
> Tools

Settings Sync

Advanced Settings

Cancel

Figure 2: IDE interpreter configuration

Once the PyCharm IDE is installed, creating a virtual environment where the code is
executed with all the required libraries is recommended. The python3 -m venv project
command must be executed from the IDE terminal or an SSH shell to do so. Then the cd
command allows to change the directory to the project folder. Finally, the Python files
domain_crawler_MainMenu.py, get domain_listpy and get spf dmar.py user-defined
functions and the requirements.txt file must be copied to the same project folder. To install
the required libraries, it is necessary to type pip install -r requirements.txt. These steps are
illustrated in Figure 3.

2 https://www.jetbrains.com/pycharm/download/?section=windows



https://www.jetbrains.com/pycharm/download/?section=windows

PS C:\Users\marcello.WOODLINK\OneDrive\NCI\Thesis\pythonProject> python3 venv project
PS C:\Users\marcello.WOODLINK\OneDrive\NCI\Thesis\pythonProject> cd project
PS C:\Users\marcello.WOODLINK\OneDrive\NCI\Thesis\pythonProject\project> 1s

Directory: C:\Users\marcello.WOODLINK\OneDrive\NCI\Thesis\pythonProject\project

Mode LastWriteTime Length Name
Include
Lib
Scripts

da---1
da---1
da---1
-a---1
-a---1
-a---1
-a---1
-a---1

[ N I ]

=
o
~

domain_crawler_MainMenu.py
get_domain_list.py

[y

P O N RN NN
(o]
~

get_spf_dmarc.py

N NN RN NN

pyvenv.cfg

NN R NN N NN
L R & Y T T )

N

requirements.txt

PS C:\Users\marcello.WOODLINK\OneDrive\NCI\Thesis\pythonProject\project> pip install -\requirements.txt
Figure 3: Python virtual environment and libraries installation

Like Python, R requires the programming language and the IDE to be installed locally on the
machine. R can be downloaded from the Comprehensive R Archive Network: (CRAN),
whereas the Rstudio desktop can be downloaded from the Posit website®.

Excel is part of the Office 365 suite and is pre-installed on most Windows Laptops. If this is
missing, or the CSV file containing the domain list is imported on a Linux machine, an open-
source version called LibreOffice can be downloaded and installed®.

Putty is a ssh client for Windows Operating systems which has been used to connect to the
EC2 instance and execute the tool. This is freeware that can be downloaded and installed
from the Putty website®. Putty has no Linux or Mac version since they both have a built-in ssh
client. The connection is authenticated through SSH key pair created as described in the EC2
tutorial and configured in Figure 4.

3 R: https://cran.rstudio.com/

4 RStudio: https://posit.co/downloads/

s Libreoffice: https://www.libreoffice.org/download/download-libreoffice/
¢ Putty: https://www.chiark.greenend.org.uk/~sgtatham/putty/latest.html



https://cran.rstudio.com/
https://posit.co/downloads/
https://www.libreoffice.org/download/download-libreoffice/
https://www.chiark.greenend.org.uk/~sgtatham/putty/latest.html

& PuTTY Configuration ? X

Category:
- Keyboard A Options controling SSH authentication
Bell
- Features Display pre-authentication banner (SSH-2 only)
= Window [ | Bypass authentication entirely (SSH-2 only)
- Appearance
Behaviour Authentication methods
EZ] 'g:lgzlt?;:n Attempt authentication using Pageant
- Colours D Attempt TIS or CryptoCard auth (SSH-T)
= Connection Attempt "keyboard-interactive” auth (SSH-2)
- Data
- Proxy Authentication parameters
Telnet [ ] Allow agent forwarding
EZ] gggm |:| Allow attempted changes of username in SSH-2
Kex Private key file for authentication:
Host keys INK\Documents\DMARCSPFCrowler. ppkillil{(\-1-3
- Cipher
= Auth
- GSSAPI
Y
-X11
~Tunnels
Bugs
- Mora hiias v
About Help Cancel

Figure 4: Putty SSH private key configuration

WIinSCP is a secure file transfer utility for Windows used to transfer the code and CSV files
to the EC2 instance, and it can be downloaded from the official WinSCP website’. The file
transfer is performed via FTP over and SSH encrypted connection, which leverages Putty
keys and credentials.

4  Datasets preparation

4.1 CSV datasets procedure
The datasets obtained in CSV format, along with their referenced download link, are listed
below:

1. The Alexa Top 1 Million domain lists.

2. Moz’s list of the 500°.

3. DomCop®.

4. U.S. General Services Administration™.
All the datasets in question have a column with a list of domains. The only requirement to
parse these CSV files is that its column header must be called “Domain”. As depicted in

7 WInSCP: https://winscp.net/download/WinSCP-6.1.1-Setup.exe

¢ Alexa Top 1 Million: http://s3.amazonaws.com/alexa-static/top-1m.csv.zip
® Moz: https://moz.com/top-500/download/?table=top500Domains

o DPomCop: https://www.domcop.com/files/top/topl0milliondomains.csv.zip
11 U.S. General Services Administration: https://github.com/GSA/govt-
urls/blob/main/1_govt_urls_full.csv



https://winscp.net/download/WinSCP-6.1.1-Setup.exe
http://s3.amazonaws.com/alexa-static/top-1m.csv.zip
https://moz.com/top-500/download/?table=top500Domains
https://www.domcop.com/files/top/top10milliondomains.csv.zip
https://github.com/GSA/govt-urls/blob/main/1_govt_urls_full.csv
https://github.com/GSA/govt-urls/blob/main/1_govt_urls_full.csv

Figure 5, the function open_CSV_domains in get_domain_list.py that imports the CSV file as
pandas dataframe expects a column header called “Domain”. This means that the column
header must be edited if it is called with a different name.

df = pd.read_csv(domains_csv

domain_tuple = (df[

domaln_tuple

Figure 5: Open CSV function

For instance, the Alexa Top 1 Million domain list contains a disclaimer and no Domain
header. The disclaimer needs to be removed and added the Domain header in the column with
the list of domains as displayed in Figure 6.

A B
Domain l

1 google.com
2 youtube.com
3 baidu.com
4 bilibili.com
5 facebook.com

S W s W=

Figure 6: Alexa Top 1 Million

The Moz and the U.S. General Service Administration CSV files present a domain header
called “Root Domain” and “Doman name”, respectively. These need to be renamed as
“Domain” as per Figures 7 and 8.



Rank Domain _|Lin king Root DonDomain Authority

1 www.blogger.com 30,617,950 100
2 youtube.com 23,184,662 100
3 www.google.com 14,725,970 100
4 linkedin.com 12,376,710 99
5 support.google.com 5,618,215 99
6 play.google.com 3,904,778 99
7 anple.com 6.626.575 99

Figure 7: Moz Top 500 domain list

" - ~

Domain |Agency Maintainir Use case Type of gcFederal br State Comment Link

1-800-vermont.com State Vermont Travel anchttp://1-8
174.132.145.94/~hope Local North CariTown of Hhttp://tow
1800arkansas.com State See histor  #N/A

1800runaway.org Quasigovernmental The Natiot http://ww
18f.us General Services Administratior Federal 18F, Gene https://mi
211.getcare.com State Virginia  2-1-1 VIRC https://21
211virginia.org State Virginia  2-1-1 VIRC http://211
360eldorado.com/Government Local Kansas  City of EI [ http://ww
3riverscfc.org Combined Federal Campaign Federal Ohio, Peni 3 Rivers/P http://3riv
4thjudicialda.com State Colorado 4th Judiciz http://4th
511ny.org State New York 511 NY (N http://511
911digitalarchive.org Quasigovernmental The Septe http://911
a2gov.org Local Michigan City of Anihttp://ww
aacounty.org County Maryland Anne Arur http://ww
aal.army Department of the Army Federal The Army https://aa

Figure 8: U.S. General Service Adrﬁiniétration domain list

On the other hand, the DomCop represented in Figure 9 does not require any editing as the
column header is already called Domain.

Rank Domain _|Gpen Page Rank
1 facebook.com 10
2 fonts.googleapis.com 10
3 google.com 10
4 youtube.com 10
5 twitter.com 10
b instagram.com 10

Figure 9: DomCop 10 Million domain list



Of course, any CSV file can be customised and compiled with any number of rows as long as
its header is called “Domain”.

4.2 API dataset preparation

The dataset obtained from the Similarweb API requires an account creation through the demo
account portal®2. Once the account is created and the user logged in, the following steps are
required to obtain an API key:

1. Under the Account Settings select “Digital Rank API”

2. From this page click “Generate a New API Key” as depicted in Figure 10

€ Account Settings

Digital Rank API

Account = ® Used 6.631 Used by anather too Remaining Total limited data coins  9223372036.858

Subseription 3 9%

~ API data coins over time

aaaaa

Use Feb 202 - bW b
Used data coins
B marcello. dangelon 11,793
May, 2023
e Bymail.com 58

Generated Keys View inactive keys Generate a New AP1 Key
Name 4 Key Monthly Usage Limited data ¢

Figure 10: Digital Rank API key generation
3. Type a name and select Create as described in Figure 11.

Generate a New API Key

API key name

mystudentkey|

Figure 11: Create API key

4. The API key will appear in the “Generated Keys” table.

12 Similarweb Demo account:
https://account.similarweb.com/journey/reqgistration?workspace=marketing&flow=reqular



https://account.similarweb.com/journey/registration?workspace=marketing&flow=regular

Because it is a poor security practice to hard-code secrets, tokens or other sensitive
information directly in the code or configuration files, the following steps are required to
store the Similarweb API key in an environmental variable.

ef get_API_Domains(number_of_domains):

api_key = os.getenv(

top_domains = .format(

=api_key

=number_of_domains

Figure 12: Create API key

Setting the APIKEY environmental variable on Windows, can be done by typing
environment in the search bar, this opens the System properties as represented in Figure 13.

Computer Name Hardware Advanced System Protection Remote

You must be logged on as an Administrator to make most of these changes.

Performance

Visual effects, processor scheduling, memory usage, and virtual memory

Settings...
User Profiles
Desktop settings related to your sign-in
Settings. ..
Startup and Recovery
System startup, system failure, and debugging information
Settings...

Environment Variables

OK Cancel Apply

Figure 13: System properties
Then selecting “Environment Variables...” the Window represented in Figure 14 will open.
From here, by selecting “new” under User variable, the user can type APIKEY under
Variable Name and paste the key obtained in the steps described to obtain the Similarweb
API key.

10



User variables for marcello

Variable Value )
AP‘KEY mRss A T M RRA0T AT a1 T A ";

ChocolateylastPathUpdate 122377777~ 71207

OneDrive C\Users\marcello.WOODLINK\OneDrive - National College of Ire...
OneDriveCommercial C\Users\marcello. WOODLINK\OneDrive - National College of Ire...
OneDriveConsumer C:\Users\marcello.WOODLINK\OneDrive

Path C:\Program Files\MySQL\MySQL Shell 8.0\bin\:C:\Users\marcello....
PyCharm Community Edition C:\Program Files\JetBrains\PyCharm Community Edition 2023.1\...
TFMP CAllsers\marcellol

New User Variable

Variable name: ‘AP\KEY

System variables

Variable value: ‘

Variable Value
asllog Destination=file ) .
Browse Directory... Browse File...

Chocolateylnstall C\ProgramData\

ComSpec CAWINDOWS\systemoetormorexe

configsetroot CAWINDOWS\ConfigSetRoot

DriverData C\Windows\System32\Drivers\DriverData

mongo C\Program Files\MongoDB\Server\5.0\bin

NUMBER_OF PROCESSORS 8

oS Windows NT hé
New... Edit... Delete

OK Cancel

Figure 14: Environment Variables

Once this is saved by pressing OK twice the domain crawler tool will be able to access the
key via the os.getenv(“APIKEY’) statement in the get_domain_list.py function.

5 Execution

The tool can be executed directly from the IDE or from the EC2 instance after copying the
required files to the EC2 virtual environment via WinSCP, as depicted in Figure 15. With a
simple drag and drop from the required files from the window on the left-hand side to the one
on the right-hand side.

11



B, pythonProject — admin@54.78.244.178 - WinSCP - O X
F 2 1@ synchronize P F “ Queue - Transfer Settings Default - &
Local Mark Files Commands Tabs Options Remote Help

& pythonProject - Documents B admin@54.78.244.178 x B New Tab ~
~

LG-E-F-EaEAas " pre~ (3 -7 - i@ 0 &S | B Find Files | T -

# Upload ~ [/ Edit = X ) [ Properties - New~ [# v New~ [# v
C\Users\marcello. WOODLINK\OneDrive\NCI\Th oject\ /home/admin/project/
Name i Size Type ~ || Name - Size Changed
81 1_gowt_urls_full.csv 1,289 KB Microsoft Excel Comma Sep L. 7/1/2023 507
85 AllAlexalM.csv 4 KB Microsoft Excel Comma Sep _pycache_ 7/1/2023 5:55
& checkdomain.py 4 KB JetBrains PyCharm Commur bin 7/1/2023 5:09
89 current-federal.csv 175 KB Microsoft Excel Comma Seg include 7/1/2023 507
&) dmarcpng 2KB PNG File lib 7/1/2023 5:07
Qdmarcsvg 43KB Microsoft Edge HTML Docu | & ib6d 7/1/2023 5:07
89 dmarcfull3.csv 3KB Microsoft Excel Comma Sep share 7/1/2023 508
8% dmarc-spf result.csv 1KB Microsoft Excel Comma Sef & domain_crawler MainMenu.py 4KB 6/25/2023 12
9 dmarc-spf result 2023 06_02-16-37 - Copy.csv 25,268 KB Microsoft Excel Comma Ser, || Bl get_domain listpy 2KB 6/30/2023 3:0
87 drmarc-spf_result 2023_06_02-16-37.csv 25268 KB Microsoft Excel Comma Ser || B get_spf_dmarcpy 8KB 6/25/2023 12:
@ dmarc-spf result 2023-06-02.csv 14KB Microsoft Excel Comma Sep || mmpyvenv.cfg 1KB 7/1/2023 5:08
B domain_crawler MainMenu.py 4KB JetBrains PyCharm Commur requirements.txt 1KB 6/25/2023 1:0
B get_domain_listpy 2KB JetBrains PyCharm Commur || B top500Domains.csv 16 KB 4/22/2023 11:
& get spf dmarcpy 8 KB JetBrains PyCharm Commur
& parse_dmarc_spf_csv_result.py 3KB letBrains PyCharm Commur
B parse_dmarc_spf_csv_result2.py 4 KB JetBrains PyCharm Commur

requirements.txt 1KB Text Document
@ spf dmarcsvg A7 KB Microsoft Edge HTML Docu
& spicheckpy 6 KB JetBrains PyCharm Commur
81 spf-dmarc_result 2023_06_20-13-42.csv 0KB Microsoft Excel Comma Ser.
81 spf-dmarc_result 2023 06_20-13-45.csv 1KB Microsoft Excel Comma Sef
87 spf-dmarc_result_2023_06_25-12-44.csv 1KB Microsoft Excel Comma Sep
81 spf-dmarc_result 2023_06_25-12-51.csv 1KB Microsoft Excel Comma Sep
B9 spf-dmarc_result 2023 06_25-13-19.csv 1KB Microsoft Excel Comma Sef
81 spf-dmarc_result_2023_06_25-13-20.csv 1KB Microsoft Excel Comma Sep
81 spf-dmarc_result 2023_06_25-13-25.csv 0KB Microsoft Excel Comma Ser.
@ testprep R 1KB RFile
81 testErrorAlexa.csv 8,610 KB Microsoft Excel Comma Sep

It i 16 KB Microsoft Excel Comma Ser
81 topMil.csv 23 KB Microsoft Excel Comma Sef.
81 TrancoTop-1m.csv 22,405 KB Micrasoft Excel Comma Sep
81 UniqueDomains - Copy.csv 16,579 KB Microsoft Excel Comma Seg
8% UniqueDomains.csv 14671KB Microsoft Excel Comma Sef
< > < >
0B of 112 MBin 0 of 44 0B of 280KBin 0 of 12

SFTP-3 ' 0:01:12

Figure 15: WinSCP file transfer

When executed from an SSH client connecting to the EC2 instance, the command python3
domain_crawler_MainMenu.py must be typed as depicted in Figure 16.

12



@ admin@ip-172-31-28-141: ~/project

# Using username "admin".

#+ Authenticating with public key "DMARCSPFCrowler"

Linux ip-172-31-28-141 5.10.8-23-cloud-amd64 #1 SMP Debian 5.16.179-1 (2623-85-1
2) x86_64

he programs included with the Debian GNU/Linux system are free software;
he exact distribution terms for each program are described in the
individual files in /usr/share/doc/*/copyright.

Debian GNU/Linux comes with ABSOLUTELY NO WARRANTY, to the extent
permitted b‘r applicable law.
i :23:18 20823 from 80.111.81.46

3 domain_crawler_MainMenu.py

###### ####### # # # HEH# 4 ; HERSE  #REERE ; ; # 4 HERHHHE SRR
# ##  #H  ## o # i i # # # ## # O# # 4 # # #

HHEHHEH O OF O# OHA ; ; # # ¥ # # # # 4 # # #

# # ## # # # # 4 ; B O# # #O# 4 HEEE R

# # . # 4 # 4 i #  # RN ¥ O# 4 # # #

i i ¥ # # # # ¢ #t ; ## # # # # # 4 # # #

HHHEE R # # # # #i# ¢ i HHHR # # # #  #F HE RN SRR #

#
#
#
#

# Capture SPF and DMARC records
# Author: Marcello D'Angelone

select a domain scan type:

API (SimilarWeb Ranking System)
2) Tranco domains (Research-Oriented Top Sites Ranking)
) €SV file import

Single domain (full DMARC/SPF report)
) Exit the program

Figure 16: WinSCP file transfer

The output generated by selecting options one, two, or three consists of a CSV file, which can
be imported by Excel, or the stand-alone parsing tool created for this project. Since the
parsing tool requires a graphical user interface to display the pie chart, it will prompt to select
the output generated by the domain crawler from an Explorer Window, as depicted in Figure
17.

13



E

pythonProject = o

# Please Select a CSV file %

*
= + » OneDrive - Personal » NCI » Thesis » pythonProject v o Search pythonProject
4
P Organize ~  New folder =+ ™ @
» A Name Status Date modified Type Size a
[] # Quick access
, E spf-dmarc_result_2023_07_02-18-05.csv @R 7, 5 PM 3KB
| Documents + =
1 UniqueDomains - Copy.csv @A AM KB
¥ Downloads ’ ) test.prepR @R 1KB
& Pictures d B3 get_domain _list.py @R 2KB
== Google Drive (G:) * 39 spf-dmarc_result_2023_06_25-13-25.csv @A 0KB
37 spf-dmarc_result_2023_06_25-13-20.csv @A 1KB
s Amazon Drive .
39 spf-dmarc_result_2023_06_25-13-19.csv @A 1KB
Backup
requirements.txt @A KB
Documents B domain_crawler_MainMenu.py @ A 4KB
My Send-to-Kindle Docs B39 spf-dmarc_result_2023_06_25-12-51.csv @A € 12:52 PM Microsoft Excel Com, 1KB
Photo Booth B get_spf_dmarc.py @A 2023 1 PyCharm KE
Pictures 3] spf-dmarc_result_2023_06_25-12-44.csv @A t Excel Com. 1KB
v B TrancoTop-Tm.csv @ A 6/25/202 Excel Com. 22,405 KB |
File name: ‘spf-dmarc_lesu\l_ZOZS_D?_DZ-1B-Oi.csv ~ | Allfiles () ~

Conce
Figure 17: DMARC and SPF CSV output parser
Once the CSV output file has been selected, and Opened via the Explorer Window, a pie
chart will be displayed with the result as depicted in Figure 18.

TOT 100 Domains

SPF Record DMARC Record

all . all quarantine BN none

e all I quarantine
. -all BN reject
N nan N nan

7all

reject

SPF Record DMARC Record

Figure 18: DMARC and SPF CSV output parser
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The Title of the chart displays the total number of Domain parsed, while the pie chart on the
left displays the total number of and the percentage of the domains with an SPF policy, while
the pie chart on the right displays the total number and the percentage of the domains with a
DMARC policy.

6 Statistical test

The statistical hypothesis compared one of the last published Alexa Top 1 Million
measurements with the one gathered using the domain crawler tool to determine an increase
in the anti-spoofing protocols adoption rate.

The Null hypothesis (Ho) stated there is no increase in adopting SPF and DMARC protocols.
The alternative hypothesis (H1) states that there is a significant increase. The confidence level
interval was set 95% (alpha value of 0.05).

Because the two measurements have a different sample size, the 2-sample test for equality of
proportions with continuity correction has been used with the data displayed in Table 11.

Table 4: Alexa Top 1 Million measurements comparison

Total valid Total valid Total
DMARC SPF
Tatang et al. (2021) 114,706 11.47% 503,310 50.33% | 1,000,000
Domain Crawler 221,607 25.63% 515,164 59.59% 864,552

#DMARC measurement comparison between 2020 and 2023
> prop.test(c(221607, 114706), c(864552, 1000000))

2-sample test for equality of proportions with continuity
correction

data: «¢(221607, 114706) out of c(864552, 1e+06)
X-squared = 62903, df = 1, p-value < 2.2e-16
alternative hypothesis: two.sided
95 percent confidence interval:
0.1405065 0.1427331
sample estimates:
prop 1 prop 2
0.2563258 0.1147060

>
> #SPF measurement comparison between 2020 and 2023
> prop.test(c(515164, 503310), c(864552, 1000000))

2-sample test for equality of proportions with continuity
correction

data: «c¢(515164, 503310) out of c(864552, 1le+06)
X-squared = 16028, df = 1, p-value < 2.2e-16
alternative hypothesis: two.sided
95 percent confidence interval:
0.09113797 0.09398990
sample estimates:
prop 1 prop 2
0.5958739 0.5033100
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