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Abstract-In today's digital environment, securing web applications is more important than ever. As web technologies become
increasingly complex and interconnected, the risks and vulnerabilities that threaten sensitive information and user privacy also
rise. Among the different strategies available to improve web security, the use of security headers is particularly significant, even
though it is frequently overlooked. As web technologies become increasingly sophisticated and interconnected, the risks and
vulnerabilities that threaten sensitive information and user privacy also escalate. This is particularly crucial for e-learning
platforms, where safeguarding personal and academic data is vital for creating a secure and reliable environment for users.
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1. Introduction

The Core Security Mechanisms which needs to be applied
on any E-learning platforms are as follows: Authentication
and Authorization Mechanisms (Strong Password Policies,
Multi- Factor Authentication (MFA), Role-Based Access
Control (RBAC), Single Sign-On (SSO)), Data Encryption
Mechanisms (Data in Transit like Transport Layer Security
(TLS), Data at Rest), Input Validation and Sanitization
Mechanisms, Secure Coding Practices, Network Security
and Web Application Firewalls (WAFs) by keeping in mind
the following additional considerations like User Education
and Awareness, Incident Response Plan, Compliance with
Data Protection Regulations and Continuous Monitoring
and Logging.

elLearning platforms require robust security measures on
both the client and server sides. Security Headers are
categorised into Client-side security headers and Server-side
security header. Client-side security headers like Content
Security Policy (CSP) restrict the resources a browser can
load, preventing cross-site scripting (XSS) attacks. Strict
Transport Security (HSTS) enforces HTTPS connections,
safeguarding against man-in-the-middle attacks. Server-side
headers like X-Frame-Options mitigate clickjacking, while
HTTP Public Key Pinning (HPKP) protects against
certificate spoofing. Together, these headers form a multi-
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layered defence against common web vulnerabilities,
enhancing the overall security posture of elLearning
platforms. As more students use these platforms, the
valuable data transmitted and stored there becomes a target
for attackers[1]. HTTP security headers are designed to
prevent these general safety risks[7].

HTTP Security Headers refer to various pieces of
information that a server sends to a user's browser. With the
progress of the Internet, it will become more and more
popular to provide a

wide range of services to end users on the Internet[2]. Their
primary purpose is to enhance the security of web
application, web server settings and APl can greatly
improve by offering instructions on how to manage the page
and its resources. Moreover, web developers need to ensure
these headers are properly configured to achieve optimal
protection.

To improve security of any website, HTTP Security
Headers send instructions to a user's browser regarding how
to process the web page and its associated resources; this
can establish a more secure connection between browser
and the web server, helping to prevent vulnerabilities such
as XSS and CSRF. Moreover, these headers can oversee
cross-origin resource sharing, manage MIME types, enforce
content security policies, and guard against click jacking
attacks. It has been a recurrent research topic, aided by the
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fact that the nature of the World Wide Web makes data
publicly accessible to any interested party and that the
WWW itself is continuously growing and evolving[6].

HTTP security headers function at the runtime level,
offering a significantly broader layer of protection. The web
server is reinforced due to the appropriate configuration of
security securities [3]. By limiting the actions allowed by
the browser and server during the operation of the web
application, these headers can prevent entire categories of
attacks, which makes them highly effective. Implementing
the appropriate headers correctly is vital for any application
setup that follows best practices. However, it is essential
first to select the headers that will have the most significant
impact, followed by thorough implementation and testing
throughout the application environment to ensure a balance
between security and functionality. With the increase in the
number of threats within web-based systems, a more
integrated approach is required to ensure the enforcement of
security policies from the server to the client[4].

Web applications are widely used, and the applications
deployed on the web do not always satisfy all the security
policies[5]. Security headers are instructions used by web
applications to set up security measures within web. By
following these instructions, browsers can help mitigate
client-side vulnerabilities, including Cross-Site Scripting
and Clickjacking. Moreover, headers can be used to ensure
that browsers permit only legitimate TLS communication,
enforce valid certificates, or even mandate the use of a
specific server certificate. HTTP headers can serve as
effective and cheap means by which websites can declare to
a browser what security principles to enforce[8].

Security headers refer to HTTP response headers that your
application can implement to bolster its security. Once set
up, these headers can stop modern browsers from taking
advantage of easily preventable vulnerabilities.

Security headers are directives that browsers are required to
comply with, transmitted through the HTTP header
response. They provide guidelines and restrictions to avoid

1.1  How Security Headers work unintended security breaches.
Sr. No. Feature Server-Side Security Headers Client-Side Security Headers
1 Origin Sent from the server to the client's browser [Implemented and enforced by the browser
Primary Goal Protect the server and its resources from Protect the client's browser and user data
attacks from attacks
3 Examples of Headers X-Frame-Options, HSTS, HPKP, X- CSP, HSTS
Content-Type- Options
4 Key Protections Clickjacking, Man-in-the- Middle attacks, XSS, Data exposure, Malicious script
Certificate spoofing, MIME sniffing execution
5 Control Level Server administrators have full control over |Users can partially influence headers through
the headers browser extensions or configuration
6 Complexity Often more complex to implement and Generally simpler to implement and manage
manage

Table 1: Security Header types and features
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Chart 1: Comparative impact of Security Headers on Common Vulnerabilities
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Securi ose Command | Detailed Example Usage Context/ Best
P e
Header Practice
Prevents XSS, data ayection. and ‘o - Prevents attackers from
Cautent ot dicit-alde sitacks by o Content Sceurty POUISY: g | iniesting malicious scripts.
Security ifying which sources are A e A scnpttm: by - Avoid 'ugsafe-inline' and
= speg Security-Policy | https:/ trusted odn com: img-src
Policy (CSP) | aliowed to load content (scripts, W: fimages exanplecom “nasafe-cval’ for better
styles, images. efg.). B o P secunty.
. N - Mitigates the sk of files
x.C Prevents MIME-fype sniffing by ¢ being executed as the wrong
-Content- cnsuring that beowsers adhere X-Content- X-Content-Type-Options: MIME
Type-Options | strictly 1o the declared content | Type-Options | nosaiff . Slml;’::rm Ewa
type (MIME type). learning platfors.
. R » Use DENY to prevent
XF agaisit chekjacking by X ' . o | framing sltogether, or
-Frame- controlling whether the content | N-Frame- X-Frame-Optiony: DENY or X- | ¢\ mrnrens if frariing is
Options can be embedded in a <frame> Options Frame-Options SAMEORIGIN v fori RIS A
or Sifmme>. like video lessons.
- Set a lugh max-age to
Forves the use of HTTPS for all
15.:. ‘:.' ) connections. ensuring dats Steiets Strict-Transport-Secanity: max- :fowel }ﬂmwform
g !itv' i integrity and encryption, wiale Transport- ge‘31536000; ' B il bt e
ms)' m pm”ecng éﬁmn protocel | Security includeSubDonmins: preload HTTPS-ready before using
i B includeSubDomains.
- Embl_n browser XSS
XXSS | ok reeaed | XSS | XXSS Prtesion: I ey,
Protection Protection mode=block e
XSS attacks. - Combine with CSP for
stronger XSS mitigation.
Controls the amount of - Use no-referer for
Refe mformation in the Referer header Referrer-Policy: go-referer or | maxsmum povacy.
P d(: s seut with requests, improving Referra-Policy | Referer-Policy: strict-origin- - stnet-origin-when-cross-
v povacy and preveating data when-cross-origin origin halances privacy and
leakage 21 v functionality.
Restricts or enables the use of ¢
: - Tailor the policy based on
:"m_"’ °::l"n broweer Seatuces sich s Feature-Policy: geolocation actual needs. Disable features
ey SECIOCHANY. SucT, Feature-Policy | 'self': microphone ‘none'. like camern, microphone, and
g:::;sﬁm- !u;ropb_one. w sk payment ‘none’ payment if not needed in e-
; mformation. reducmg ttnc! 5
P S learmng platforms.
= ~Implement if using HTTPS
Enkutes thia G’T’: Wby Expect-CT: max-age=86400). 1o catificate
SSLILS cates are logged enforce, 1eport- isusnce.
Expect-CT %‘lpﬂﬂlc C‘emlﬁcatehd _ Expect-CT uri="hitps exaniple.com eport | - Reguladly mositor rcports
TISpREIEY W0g%, MCIp " for certificate transparency
detect certificate nus-issuance. 900
Specifies how. and for how long, - Use for pages containiug
web content is cached. ensuring . sensitive mformation, such as
g“h;l that sensitive or dynansc Cache-Control S‘mr&m = user authentication or
i information is not improperly payment datz. 1o avoid
cached by browsers or proxies, caching sensitive data,
Newer altemative to Feature- ‘ i
% - Specify whach features are
_— Sy, costros sosans Pemmisgons. | Permissions-Pofcy: allowed or disatiowed for
Palicy posesiae “‘: 3 3 Policy geolocation=(}, nucrophone=(), certain pag: cspwalz those
i hone.:“' e!cl _' Iﬁ i canera=() g;dmg with sensitive data or
restricting the attack surface. c
Public-Key-Pins: pm-
Protects against man-in-the- sha256="baset4-+pamarykey”; ;.?:omﬂ.lm:hww
Public Key- middle attacks by pinming a site’s pin- Rt ddw’ty:gaiun‘
Pins (HPKP) public key to the &o\\sﬁerto Public-Key-Pins | sha256="base64+backupkey™ f certiicotes. Use
ansure the correct certificate i max-age=2592000; e g
always used. includeSubDonuins: report- cmbom:y and with proper
= hpkprepart® backup keys.
- Ensure CORS 15 used
Cross-Origin | Controls how resources on n web carefully to enly allow trusted
Resource page are shared across ongins, Access-Control- | Access-Control-Allow=Ongin: | domains, especially if
Sharing protecting against wmauthonzed | Allow-Origin https:/trusted-domain.com integrating third-party
(CORS) access from extenal domains. services m an e-leamung
platform

Table 2: Detailed description of various Secunty Headers
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2. Research Methodology

. Published research papers and articles on web
security and security headers.

. Security  reports and  guidelines  from
organizations such as OWASP.

2.1 Tools Used:

. Mozilla Observatory: This tool assesses and
rates websites based on how well they follow security, such
as the implementation of security headers.

. SecurityHeaders.io: Another tool that reviews a
website’s security headers and generates a comprehensive
report on their settings.

. Qualys SSL Labs: This tool evaluates the
robustness of HTTPS implementations, especially focusing
on HSTS usage.

. Crawler Scripts: Automated scripts were
deployed to collect real-time information from various e-
learning platforms.

2.2 Platforms Analyzed:
. Moodle (Example Instance: moodle.org)
. Blackboard (Example Instance:

blackboard.com)

Secuarity

o Coursera (Example Instance: coursera.org)

o Canvas
instructure.com/canvas)

(Example Instance:

o edX (Example Instance: edx.org)
2.3 Data Points Collected:
o Status of key security header implementations,

including X-XSS-Protection, CSP, X- Content-Type-
Options, HSTS, X-Frame-Options, and Referrer-Policy.

. Ratings or scores given by the tools utilized.

o Effectiveness analysis of security headers in light
of recent vulnerabilities highlighted in security advisories.

3. Implementation Work and Analysis

E-learning platforms, require robust security measures to
protect user data and system integrity as critical digital
infrastructures with security of intellectual property.

Various security headers are inbuilt in various E-Learning
platforms. Some of the security headers need to be
configured in E-Learning platforms. Plugins play very
important role here and are widely used in platforms for
information security at client side as well as server side.

Fig. 1 Security Mechanisms Applied by Moodle Platform

HTTPS conversion tool

Fig. 2 Referrer Policy in Moodle Platform

Local plughns O

arbent security policy SO2E052 400

Fig. 3 CSP plugin in Moodle
11 Results

There are websites available on which one can check their websites for security headers implementation. The online websites scan
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the E-Learning websites and display the results stating which security headers are needed to be implemented on the scanned
website. Not all websites scan for all security headers. They scan for some most commonly used security headers which are
required to be configured. The table given below summarizes the name of website and the security headers for which those
websites scan. Table also contains the results those websites produced. The websites used are [9][10][11][12][13][14][15][16]:-

Recommendations for Improving Security Header
mplementation\

5. | Name of Webnite and Security Head ers
N, : |
1 hitps ‘secunty headsrs, cou |

Secary Report Somonary
Coutent-Secunty-Policy
X-Frame-Options
Strct-Trmsport -Security
NeCoutent T ype-Options
Referrer-Policy |
Perm twions-Folicy
2 | hnps S wwwasstpwors com/sheck aaevur ity -

heomiery

X Frmne Options
X XSS Protectson
X Coutent Type Options
X Pemmnmnad Cross Domain Polices
Stnct Trnsport Securny
Content Securnty Policy
Refemrer Policy
Feature Policy
| Expect CT
. https“dos signal cous test
XWIOY e OTR Ep SO isduy xxpekbeiiy Cemeesabapesent

Strct-Tramsport-Socurty
X-Frmme-Options
X-Coutent-T ype-Optioas
Coutent-Securnty-Pobicy .
X-Feorm tted-Cross-Domain-Policws PO e —
Referrer-Polcy T TR T DT
Clear-Site-Data
Cross-Origin<Embedder-Polxcy
Cross-Origin-Opener-Poly
Crom-Origin-Revource-Policy —
! Cachie-Coutrol
4| BIRS OWWW ATATO S SO TOR i secuney -
hemiex

Coutent-Secunty-Policy B

X-Frome-Options

3 anrartain

Strict-Tramsport ~Secur ity
X-Content =T ype-Options
Referrer-Pohcy

Pettmiwaons-Policy

+
s e dexslopsranesiila org'so-
U S obiegry story/

Content Secwrty Policy (CSP)
Cookaes e
Cross Ongn Resource Sharing (CORS) = e~ i
Redgection
Referrer Polcy

Strict Toausport Security (HSTS)

- e s

Subresource Integraty
X-Coutent-T ype-Optioas
N-Frmue-Optioas

Cross Origin Resource Policy

| Report of Secmriny Scan/ Check

HTTP Observatory Report -

B Bars Gemtrry i ———T——

coos

Table 3: Free wobsites to check for Secunity Headers and therr outcome

For enhancing the security of e-learning platforms, the
following recommendations are proposed:

1. Implement Essential Security Headers: Ensure
that all core security headers, including HSTS, CSP, and X-
Frame-Options, are implemented correctly.
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2. Adopt Advanced Headers: Consider using
more advanced headers like Referrer- Policy, Feature-
Policy, and Permissions-Policy to further strengthen
security.

3. Regularly Update and Test: Keep security
headers up-to-date with the latest standards and regularly
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test their effectiveness.

4. Utilize Security Headers Scanners: Employ
automated tools to identify and address misconfigurations.

5. Collaborate with Security Experts: Seek
guidance from security professionals to ensure best practices
are followed.

6. Stay Informed: Keep abreast of the latest
security threats and vulnerabilities to proactively address
potential risks.

4, Conclusion

The security of e-learning platforms is paramount to protect
sensitive user data and maintain the integrity of the learning
environment. By implementing robust security headers and
following best practices, e-learning platforms can
significantly mitigate security risks and provide a safer
online learning experience.
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