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Social engineering attacks have become one of the most sophisticated threats for
modern cybersecurity, where social engineering itself is the best weapon for attackers.
This is different from the conventional methods of cyber-attacks such as software and
hardware through which the attackers deceived people and took their precious
information through manipulation. From a cybersecurity engineering point of view,
this paper presents the historical evolution, current trends, and implication of social
engineering attacks. Various attack methods are examined: from phishing, vishing,
baiting, pretexting to the tailgating, all them is analyzed in the context of their ability
to bypass the security measure. It makes clear where the cybercriminals take
advantage of technological advances like artificial intelligence (Al) these days, as well
as deepfake technology to increase the precision and scalability of social engineering
campaigns. Al driven reconnaissance tools helps attackers tailor their messages
towards victors online behavior, enabling more deceptive try and more convincing.
The study also assesses the consequences and impacts of social engineering attacks on
the organizations by looking at possibilities of financial losses and reputation damage,
among other things. In addition, this paper has detailed mitigation strategies; these
include employee-training programs, multi factor authentication (MFA), email-
filtering technologies and Al based threat detection systems. Case studies such as the
Google and Facebook financial fraud scheme will show you how even well secured
business are still susceptible to the social engineering tactics. Out of the findings
numerous are there which urges for a multi layered approach towards the cybersecurity
— both technological and human aspect. Recent studies with the rapid technology
advancement suggest that cybersecurity experts collaborating with psychologists are
urged to create more resilient defense systems against social engineering for a better
resilience against cyber threats. Knowing what psychological manipulation techniques
attackers use in order to attack is how organizations can proactively implement
security by reducing the chance of a breach caused by human error.

1. Introduction to Social Engineering

Attacks

1.1. Definition of Social Engineering
Social engineering is a kind of cleverness

link of the organization’s defense. There are
numerous ways that malicious actors use to
lure their victims, like impersonation, deceit,
and emotional manipulation.

Social engineering relies on a person's

of psychology and this way one can deceive
individuals to disclose secrets or do something
that may compromise the security. In
comparison to classic cybersecurity attacks that
mostly exploit the deficiencies of the software,
social engineering works with people as a weak

Corresponding author E-mail address: Husseinutm@gmail.com

https://doi.org/10.61268/r9¢c49865

This work is an open-access article distributed under a CC BY license

(Creative Commons Attribution 4.0 International) under
https://creativecommons.org/licenses/by-nc-sa/4.0/

behavior and the usage of psychological
principles in exploiting the person for the
attacker's advantage. It is true that many
attackers take advantage of feelings of
authority, urgency, fear, and trust to coerce
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their targets into compliance. That could
include such a fraudster phoning or appearing
online as a customer service agent and creating
a sense of urgency to unlock a person’s account
if they do not quickly provide sensitive
information. These hackers take advantage of
the fact that the victim's emotions or fears can
appease the security measures that normally
shield the organization.

Social engineering attacks involve plenty of
varied tactics that change over time. Phishing
emails, which trick users to give the login
details or other personal data using emails
mimicking trusted entities, are common form
of violation. Comprising phone calls in which
the attackers impersonate a legitimate
organization seeking to obtain sensitive
information from the victim, Vishing, or voice
phishing, is an attack that does not come as a
surprise. It may appeal to users to install the
Trojan with malicious software disguised as
genuine applications by dangling some
irresistible incentives like free download and
exclusive content.

In addition, there are social engineering
attacks through physical means like tailgating
where unauthorized people gain access to
restricted areas by closely following the
authorized personnel and pretexting to
legitimize their story told to them by the targets
for them to reveal information. The adaptation
of social engineering is shown by these
methods since it spans digital spaces and goes
in face-to-face interactions.

Consequently, these attacks are becoming
more and more common and the trend is to use
technology to facilitate them. Al pushed tactics
are increasingly being used in the modern
cybercrime world by cybercriminals to
automate the system and make the attacks more
attractive. Innocent people are essentially the
perfect target for this because these innovations
make it so attackers can then tailor their
approaches based on intelligence from social
media profiles and other online sources that
they are likely to have gathered about possible
victims.

It is through social engineering that
employees, customers, vendors and
stakeholders ~ within  an  organization’s

ecosystem are the victims. The target does not
matter however, the end aim remains the same
and to do this, malicious hackers wish to gain
unauthorized access, or steal data for illegal
malicious purposes such as identity theft or
corporate espionage.

The penalty for that can be high. Fraud or
remediation efforts can be extremely
financially  costly, while simultaneously
damaging an organization’s reputation, eroding
customer trust over time. Additionally, there
could be legal ramifications related to the
breach of sensitive data during these incidents,
especially in sensitive areas of Data Protection,
Personal Privacy laws.

Seeing humans as the weakest link in
cybersecurity defenses, organizations need to
focus on implementing strategies with the goal
to lower the risk of social engineering attack.
The start should be in making employees aware
by means of training programs that teach
employees how to recognize potential threats,
and how to understand the pull of different
manipulation tactics that attackers use.

Overall, knowing what social engineering
is all about is fundamental for both individuals
and organizations whose  cybersecurity
resilience have been viewed as a critical
measure for them to take. Realizing
psychological components embedded in these
deceptions  practices, and implementing
defensive measures aimed at strengthening
protection from them. Ultimately help
organizations in raising their defense against
this insidious form of cyber threat [1], [2], [3],
[4], and [5].

1.2. Historical Context and Evolution

The history of social engineering attacks is
as long as it is rich, and as complex as it is
complex, preceding the digital age by far
especially in recent years since the internet and
modern computing. A Dutch entrepreneur J.C.
Van Marken used the term social engineering
in the late 19th century, but while working on
them for centuries man used manipulative
tactics to get the information about individuals.
In their early days, these methods were mostly
based on direct person-to-person interactions as
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they employed manipulation techniques that
exploited human psychology.

Acts of social engineering were historically
done face to face in which the con artist would
build trust using charisma or authority. Social
engineering is an age-old intimate customer
confidence trick—a classic form of social
engineering where swindlers trick victims into
giving their money or sensitive information
under false pretenses or fabricated identities.
With the passage of time and the growth of
technology, these deceptive practices became
more and more sophisticated.

Social engineering methods had changed in
the introduction of telecommunication
technology in the 20th century. By the 1990s,
criminals started exploiting telephony to get
vulnerable information from unsuspecting
victims e.g., passwords or financial details. At
the end of this time, 'vishing' (voice phishing)
scams surfaced in which the fraudsters phoned
their victims impersonating legitimate entities
to get them to give up personal data.

Social engineering tactics again found
themselves on the cutting edge of the internet’s
rapid growth. Email and websites would let the
attackers cast a wider net and reach lots, not
just one, potential victim at once. During this
time, phishing became a main use of attack in
the cyber underworld; cyber criminals used
their emails to recreate the trusted reputation of
an organization with believable emails urging
recipients to take an action on a link urging
them to share sensitive information under the
threat of account suspension and other scary
threats. Cybersecurity experts said that these
phishing attempts are often emotional triggers
trying to push users into making rash decisions.

The further complication of this is the rise
of social media, and social media giving them
new ways to find intelligence on their targets.
Pretexting, where attackers weaponized PDF
files that may contain personal information
they have found from potential victims'
profiles, is both conducted and progressed
through platforms such as Facebook and
LinkedIn. Taken together these developments
show the extent of social engineering’s
development — once performed in person, we

can now perform them online, more efficiently
and widely.

With every advance in technology, so
people behind malicious deeds. Today's social
engineering  campaigns  have  become
unfortunately sophisticated with increased
sophistication joining several strategies that
intertwine different strategies such as phishing
in combination with impersonation techniques
under one strategy in a couple of
communication strategies including email,
phone calls, and even SMS. During the
COVID-19 pandemic, cyber criminals had
unique opportunities; the increase in online
activity brought along with it a spike in
vulnerability for individuals increasingly
working remotely and engaged in digital
platforms more frequently.

Moreover, today’s attackers often leverage
automation tools enabled with artificial
intelligence (Al), allowing them to create more
legitimate scam schemes en masse by
conducting research on targets or dynamic
message personalization through the use of
publicly available information from online
profiles. This evolution gives cause for concern
regarding current defenses to these attacks,
which tend to rely on technological measures,
rather than human factors exposed to the most
exploitation.

Social engineering attacks are one of the
biggest risks for contemporary organizations as
companies are now suffering from data
breaches that have a huge impact on the
company’s financials, but also reflected due to
reputational damage when  confidential
customer information is compromised. The
serious results of successful social engineering
can be seen in such high profile incidents
where companies have lost substantial amounts
of money either financially or operationally.

With the accelerated pace of technological
advancements alongside escalating attack
vectors, it is no surprise that the ability to grasp
historical context helps wus in crafting
meaningful strategies to later deal with future
threats, same as social engineers, which
improve their skills to exploit human weakness
with illusive persuasion [6], [7], [8], [9], and
[10].
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1.3. Importance in Cybersecurity

Most frighteningly, social engineering
misses also qualify as a significant threat to the
security of the computer field in general. Social
attack is different from typical cyber threats
that battle with weaknesses in software or
hardware, Social attack aims on person’s
psychology and accomplishing the
unauthorized access to crucial information or
networks. Psychological tactics like trust, fear,
urgency, and curiosity are often used to
manipulate this. Due to this, cybersecurity
experts have a very specific challenge—having
to defend not only technical barriers but also
the behavioral aspect of all the users in an
organization.

Statistics are alarming as they reveal that
more than 98 percent of successful cyber
incidents involve the use of social engineering
tactics. This means that for organizations, no
matter what technical defenses one has in
place, be it firewalls or intrusion detection
systems, they are missing something that is
usually their biggest vulnerability, that is,
within their workforce. It is in such a state
where an entire network can suffer from data
breaches and financial consequences just
because of a single employee falling prey to a
phishing scheme.

Social engineering attacks have as much of
an impact as their success — immediately,
financially, and long-term — being a
reputation killer and legal headache for the
organizations they affect. The trust that
businesses have with their clients will be
quickly eroded if customer data is
compromised due to a lack of training or
awareness on the subjects of social engineering
threats. After such incidents, restoring
reputation can take years and costs a lot on
public relations and regulatory fines.

Taking these threats into consideration, no
comprehensive training for employees can be
overstated. Security awareness culture of
organizations should be built in a way to
cultivate a culture wherein everyone is aware
of their duty to protect sensitive information.
Phishing emails or suspicious requests should
be also included in regular training programs,

however, not the only ones — simulated attack
scenarios should be also being practiced in the
ways that are closest to real situation.
Organizations can become more proactive and
prepare itself by being involved in secular
exercises for staff that are performed actively.

In addition, employee training programs
work nicely together with enhancing technical
protection. An effective way to handle the
email communication, and prevent a malicious
communication from reaching the end user is
to implement advanced security solutions such
as email filtering systems. The extra step with
multi factor authentication (MFA) means extra
verification steps are required before the access
to sensitive data or system is allowed if social
engineering tactics have compromised the
login credentials.

Significantly, technology, especially the
newly emerging artificial intelligence (Al), has
started to be an active weapon (for the
attackers) as well as the means (for defenders)
of defeating social engineering methods. For
example, using Al to generate more believable,
fraudulent messages or to imitate legitimate
entities for attacking, the defenders can deploy
Al solutions to find the anomaly and react
swiftly when a threat to the network manifests.

Nevertheless, as organizations get smarter
in warding off social engineering attacks
through education and technology, they need
for the same armada of attackers to continue to
improve their gear and their ways of doing
business. Hence, preventive action is desirable
more than reacting after an unfortunate incident

takes place.
Today’s world of cybersecurity represents
an instance where relying solely on

technological sector has been proven to fall
short, as human factors need to be addressed
too, understanding the essence of social
engineering, which relies heavily on
manipulating usability rather than software [1].
For protecting data as well as maintaining the
operational integrity across all departments,
organizations have to put building a resilient
infrastructure, which encompasses educational
initiatives, and the most modern technologies
engineered to combat threat into top priority.
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These challenges feature backdrop into
landscapes with the uncertainty regarding
technological innovations used for malignant
actors and the complications of the global data
protection laws. Today’s investments into
improving security practices will no doubt
affect systems’ resilience in the future as we
continue to face increasingly sophisticated
cyber adversaries in search of exploiting
vulnerabilities within our socio technical
environments [2], [10], [11], [12], [13], [14],
[15], [16] and [17].

Hook
Research . .
. . Relationship
Information collection
Development

0 Play
u.t Exploitation and
Exit Execution

Figure 1. Social engineering attack stages, [13]

2. Types of Social Engineering Attacks

2.1. Phishing Attacks

One of the most prevalent type of social
engineering called phishing tricks people into
leaking private information or installing
malicious software usually through an email.
Imitating trusted sources such as banks or
colleagues, attackers target victims to click on
dangerous links and give personal information.

Spear phishing and whaling are more
sophisticated evolution of the old style of
phishing tactics wherein massive numbers of
recipients receive many different emails. Spear
phishing is an attack focusing on high-ranking
individuals that collects intelligence from
public resources to build a briefer looking
message. Whaling targets at senior executives
and use their trust in the vendors to get access
to confidential information.

Vishing is another variant of this type
(Otherwise known as voice phishing) and
smishing, which is SMS phishing. In this case,
Vishing is the phone calls where the attackers
impersonate bank representatives or technical
support and smishing includes sending

misleading text messages asking the receiver to
click on bad links or leak personal data.

Phishbait is the term used to describe how
phishing schemes frequently exploit current
events. When there is a crisis such as a natural
disaster or health emergency, scammers send
out urgent emails full of manipulation of
people’s emotions, encouraging victims to
follow through with actions without checking
the validity of requests.

The return from a successful phishing can
be enormous, amounting up to billions globally
in many sectors. Beyond tangible financial
damages, organizations place their reputations
at stake, and it can harm both customer trust
and loyalty. Breach of data protection
regulations may also entail legal consequences
and impose large penalties for neglect of
cybersecurity.

To prevent phishing as well as to ascertain
its success, organizations ought to adopt a
multi-layered approach with technical defenses
combined with tools to empower employee
awareness. Email filtering systems can be
implemented to prevent suspected phishing
attempts from reaching to the users’ inboxes.

Empowering employees to identify poor
quality or dubious emails, regular training
sessions are critical for one to build such
vigilance within the organization. Employees
should be educated on how to identify warning
signs of phishing like the unusual request for
sensitive  information,  poor  grammar,
unfamiliar sender address or calls to action
with an urgent sense of urgency.

Moreover, employees should be prompted
to investigate requests from suspicious
communications through official channels
instead of corresponding directly with later
requests. A practice minimizes the risk the
attackers and their social engineering tactics.

In the context of threat evolving via
phishing and other social engineering domains
nowadays, where artificial intelligence (Al)
affects the operational strengths and
cybercriminal's methods, organizations must
deliberately adopt new ways to fight against
emerging threats in order to maintain their own
competitive edge in the market.
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It is important to understand the dynamics
of wvaried types of phiding and their
psychological aspects for designing strong
protections of organizational assets and a social
engineering resistant culture, [5], [8], [16],
[17], [18], and [19].

2.2. Pretexting and Impersonation

Pretexting and impersonation tricks are
quite powerful social engineering attacks, in
which the attacker attempts to elicit sensitive
information by playing believably scenarios.
Pretexting, on its face, is the creation of a fake
story that will make the attacker seem like
someone who is a reliable authority or a family
member that the target is supposed to trust.
This method is applicable in both the corporate
as well as in the personal context.

Attackers usually mine as much
information on the victims as possible to feed
into a social media investigation and public
records searches, such as name and job roles.
However, this makes it possible for them to
tailor their approach to look credible. Say,
scenario knowledge would help the attacker to
fake plausible situations that are concerned
with the role of the victim.

Pretexting is most frequently made to
appear to be impersonating executives or IT
staff in business environments. Due to
fictitious crises or technical issues, attackers
could pose as emergency representatives
requesting sensitive information but cause
emergencies and urgency, pressuring the
targets for compliance without proper scrutiny.

The psychological side of pretexting is
what makes it so effective because it is
exploiting emotions such as trust and fear.
Sometimes these techniques include flattery or
intimidation such as when the attacker flatters
the past performance of the employee in order
to ask for confidential information on the
pretext of improving security measures.

Furthermore, attackers may set up in person
meetings to meet the victim in person and
convince the victim to open access for vendor
representatives to perform updates or
maintenance. They build rapport and show
themselves to be knowledgeable about

procedures in company so that perhaps
unsuspecting employees will be persuaded.

Pretexting schemes have been aimed at
organizations of all industry sectors.
Cybercriminals also have a history of posing as
IT support over the phone to gain unauthorized
access using the tactic of convincing staff they
should share login details or password to direct
them to reset. Help desks are especially prone,
as reported attackers often have them phoning
from local area codes and pretending to be
legitimate employees with urgent demands.

The advent of the deepfake technology and
Al generated voice mimicry complicated
matters, as it allows  sophisticated
impersonation tactics. Realistic audio messages
are produced by cybercriminals that
convincingly mimic trustworthy souls’ voices
to manipulate targets at the apex moments, for
example, approving transactions or sharing
authorization codes.

Quite  often, pretexting works in
conjunction with other social engineering
attacks such as spear phishing and vishing,
which intensifies its effect. When an attacker
first gains the users’ initial trust in voice
communication, they can then send misleading
emails promising to deliver something good by
clicking on links or downloading malicious
attachments.

Though  effective, there is little
preparedness against these complex attacks
among many organizations because they are
not well trained on what warning signs to look
for. There are internal policies for employees to
check up on requests for sensitive information,
and employees may not be aware of these so
pretexting works out to be successful.

These threats cannot be countered without
comprehensive  awareness ~ programmers
covering both technical safeguards and
behavioral vigilance of staff. They should be
educated on ways to attack and how and not to
believe unsolicited request to serve confidential
data.

To counter pretexting attacks, strong
identity verification processes are required. The
protocols should stipulate the way in which
individuals can authenticate an unexpected
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inquiry about sensitive info with an external
party, asserting a close affiliation.

To mitigate these social engineering
threats, it is necessary to properly understand
the  complexities of  pretexting and
impersonation and foster a culture of awareness
of cybersecurity within all organizational
stakeholders [11], [12], [18], [20], [21], [22]
and [23].

2.3. Baiting and Quizzes

A very common form of social engineering
attack (social engineering attack), baiting
depends on people’s curiosity or rewards to
lure them into giving up their own security.
Among other things, this is an appealing bait,
such as a physical thing, money, or access to
exclusive content, in exchange for accessing
sensitive information or action that eventually
helps the attacker.

The deliberate infection of USB flash
drives is a commonly used approach. These
devices are normally left in crowded places
where the target usually would encounter these,
like in a parking lot or cafeteria table. That
assumption goes that once curious; an
unsuspecting person will automatically connect
the device to their computer in order to install
malware. This malware also allows attackers
into your sensitive systems and data without
permission.

Traditionally, baiting involves using
physical items and now it has been adopted in
the digital arena as well. For example, online
baiting can be anything consisting of attractive
advertisements or pop ups on websites that
offer free download or rewards if they get the
users to disclose personal information. For
instance, a user might see ads stating that they
have won prizes but they can only take
possession of them if they furnish details such
as an email address or a credit card number. In
this, these are clever strategies, that take
advantage of feelings of urgency and the
promises of free rewards while risking security
and privacy of the victims.

Quizzes are a new type of baiting attacks
that are experienced frequently on social
media. These quizzes are a guise of
entertainment or self-discovery, usually with

some type of promise of personality traits,
preferences, or trivia. Unfortunately, though,
these seemingly harmless quizzes tend to
require data such as their birthdays, emails, and
even contacts information before showing
results. This helps attackers collect all the data
they can use for identity theft or other targeted
phishing efforts.

Yet, the use of baiting tactics has become
increasingly popular on social media and as
such, these risks are on the rise. Users can
unintentionally do so, sharing their information
not only with themselves but also with their
social networks by talking to quizzes and offers
in public. This will expand the impact of the
initial attack from one individual to influencing
an entire network of contacts and therefore has
potential to influence an entire network.

Organizations need to know that these
attacks do not only attack individuals, but also
collective data in corporate environments.
Organizations can be at a severe risk from data
breach and compromised networks, if
employees succumb to ‘baiting tactics,’
whether in the form of USB drives placed in
break rooms or alluring online ads.

To effectively address these threats,
awareness is as essential as proactive strategies
within organizations. However, there are
specific modules within employee training
programs that must incorporate baiting
identification and training for the staff so they
know how to identify malicious actors and
their usage of curiosity and greed in play.
There should be practical training scenarios so
that employees learn how to recognize
suspicious offers, and respond accordingly.

In addition to technical defenses, baiting
attacks are reduced by technical defenses. The
organizations should have strict control on
access to the external devices that would be
connected with internal system; for instance,
WT disabled the USB ports on the
workstations would totally prevent the malware
installation from the rogue devices. Deploying
robust and secured network security solution
that can detect unexpected behaviors can
generate early warnings once it identifies the
attempts to make unauthorized access
following the baiting attack.
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In essence, baiting in today’s cybersecurity
lies is a constant and they need to be
understood and should be resolved in
consideration of the advancements in the field,
as well as a change in user behavior. Given that
attackers continue to refine their strategies
using psychological manipulation through
quizzes, there is an increasing demand for
comprehensive  training  resources  for
organizations, [3], [5], [23] and [24] of the
aforementioned widespread threats, but it is
necessary.

2.4. Tailgating and Physical Security Breaches

Also known as piggybacking, tailgating is
the most common social engineering tactic that
will take advantage of the trust people have in
others when accessing restricted area by being
polite to people first. This strategy involves an
unauthorized person spending some time away
from the spot who manages to slip through the
identification checks and follow an authorized
person into a secured area. Usually, some
employee goes through the process of swiping
their access card or entering a key code, while
the perpetrator waits patiently and then slips
through the door behind them using the
unspoken trust that people usually have for one
another.

Tailgating is a personal psychology thing,
we are hard wired to help others and assume
people that seem legitimate are entitled to
enter. Employees open doors for other people
in the belief that this is such a good thing to do
that it is considered courteous; but actually the
act of holding a door open for someone
inadvertently offers them a considerable degree
of security exposure. Most of the time,
attackers  will ~masquerade as delivery
personnel or maintenance staff, and in the
process, will fit into their environment
seamlessly.

Social engineering attacks are wusually
underestimated as physical security aspects and
can have severe consequences including data
breach or gaining unauthorized access to the
sensitive areas. In all such settings where
access restriction is observed, tailgating can
happen, such as from office buildings, data
centers, hospitals and government institutions

among others. These attacks may be successful
and consequently physical infrastructure, gain
and exploit opportunities  for  further
exploitation by gaining access to critical
information systems.

To be effective against the tailgating
threats, organizations have to adopt stringent
physical security protocols. It could be as
severe as covering all the access to secure areas
with strict access control measures that require
ID verification before allowing entry into the
area. Turnstiles or mantraps can also be used to
discourage unauthorized persons from simply
walking in behind other persons into restricted
places. Furthermore, it should also be
maintained that there should be a record of
visits and that people who are authorized
always accompany all guests and that all access
to be monitored.

Indeed, employee-tailgating reduction falls
beyond organizational protocol and completely
depends upon comprehensive training of
employees. Staff should be armed with
awareness programs to spot suspicious
behaviors and education that even the most
innocent looking people should be denied
entry, even if they are claiming to be lost and
even without a badge on them. In fact,
employees should feel comfortable in asking ay
person(s) asking for unauthorized access to our
environment politely yet unwillingly.

Further, drills and assessments are regular
to counter social engineering tactics such as
tailgating, among others. A red team exercise
involves running artificial scenarios where
ethical hackers employ social engineering
tactics, in order to assess an organization’s
underlying security framework. With these
simulations, it is invaluable to learn what the
possible weaknesses are and informing
required changes to policies or training
requirements.

Besides, each employee in an organization
must be vigilant. Entering secure areas, they
should always be alert to their surroundings
and are prepared to question any questionable
actions when encountering such situations even
if it is just tailgating, as awareness is even
applied to the overall measures of interaction
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with unexpected visitors or contractors seeking
access in different reasons.

Just as important to realize is that though
technology does indeed provide some very
important  defenses from cyber threats
(firewalls, encryption, etc.), physical security
from cyber threats has to also be a fundamental
part of your complete cybersecurity strategy.
There is a need for organizations to take a
unified approach to security of both the digital
and physical spaces.

Tailgating is one of many incidents where
human behavior contributes via breach;
attackers do not rely wupon a technical
vulnerability, instead understanding that human
behavior is more of an exploitable avenue than
than a technical gap.

Knowledge of how tailgating is one method
among the larger picture of social engineering
attacks and the potential ramifications will aid
organizations in adopting a multi-pronged
approach of technologically sound and the use
of strong employee awareness whereby
solutions can be comprised on each of these
aspects [9], [12], [25], [19] and [26].

3. The
Engineering

Psychology  behind  Social

3.1. Understanding Human Behavior

Finally, the understanding of human behavior
is crucial to solve social engineering attacks
that are principally based on psychological
principles that affect the way we think. Social
engineers look to take advantage of human
nature, with things like trust, through using
trusted impersonation or pretending to be
somebody reputable to foment security (false
sense of security to the targeted person) that
gets their targets to allow them access to their
sensitive information.

Psychologically, trust is also very important:
attackers often present themselves as authority
figures to take advantage of the respect for
authority to gain uncritical compliance. Fear
and urgency are also used to increase panic and
force people to react quickly or share personal
information or click on phishes without due
consideration.  Messages about  security

breaches often lead to the immediate response
that reduces cognitive districting.

Social engineering is also greatly a result of
curiosity.  Attackers lure victims  with
tantalizing offers or tantalizing content, forcing
the human impulse to discover without regard
to security. The other emotional lever is greed,
where attackers attract people through very
lucrative financial opportunities and people
forget about the peril of caution to gain quick
profits.

What’s more, cognitive biases make
recognition of fraudulent attempts even more
difficult. Confirmation bias, where people will
find information to support their beliefs, can
prevent skepticism. Build messages that are
both Credible yet start to question the
authenticity of messages.

Besides these, situation factors such as crises or
economic downturns may increase
vulnerability. When people experience stress,
they become more prone to deceit drawn in the
context of stress. This can be taken advantage
of by the attackers to provide false health
advice during a pandemic or false financial aid
during times of economic strife.

Not understanding the perils of cybersecurity
and adopting good practices are common,
because many people have not ingrained
cybersecurity threats and best practices in them
especially, in the absence of proper training
and the misapprehension that information is
protectable. Attackers leverage that knowledge
gap by writing messages to avoid skepticism
because so many users lack the full
understanding of the value of their data.
Among these, social engineering is also
important that is related to interpersonal
communication dynamics. Because successful
attackers often build relationships before they
exploit their target, they gain insights into their
targets’ behaviors and personalities. Attackers
can exploit wvulnerabilities effectively by
tailoring their approach based on observing
preferences of attackers through casual
conversation or social media.

The empirical studies will show that even
trained users are susceptible in the cyber space,
and can be fasted using these tactics. The
nature of this phenomenon is not only about
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education, but also about deeper psychological
mechanisms of interpersonal trust at work
among colleagues.

That leads to the understanding of how
different psychological aspects play into social
engineering as a threat in cybersecurity. This
point to the importance of neutralizing these
tactics by using informed vigilance based on
the knowledge of how humans are, [8], [9],
[11], [17] and [27].
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Figure 2. What is social engineering, [9]

3.2. Manipulation Techniques Employed

Social engineering attacks are based on
manipulation of humans using trust, the
principal technique. Because advocates often
masquerade as something reputable, it is
important to think of who may be an attacker
and to reduce the defenses. A customized
message that will resonate well with the target
is a result of carefully researching a target, thus
reinforcing this trust.

The second common strategy is inducing
urgency or fear. They may create cases calling
for an urgent response, like warning of a
compromised account, preying on our reaction,
as some would say °‘headline junkies’. An
example would be an email that requires the
user to verify some kind of account info, to
avoid suspension that incites panic and hastily
made choices with little scrutiny.

Social engineering also has a great deal to do
with greed. Cons of this classic type, such as
the “Nigerian Prince” email, work by baiting
people in with the promise of large sums of
money for mere help, a site still seen in
people’s thirst for money. Hence, such

narratives oftentimes incites victims to act
impulsively and disregard the prudent
precautions.

Another potent tool attackers have is a
curiosity. There are many scams that prey on
the potential fact that leads victims to far too
much information warning involving any
questions such as someone likes or shared
something about you which users are taken to
fake links pretending to explore. In fact, these
strategies leverage the inherent curiosity to
uncover what others feel or say about us.
Reciprocity and social proof are also employed
with psychological principles. They offer
apparently advantageous products such as free
trials, followed by an obligation, which in turn
leads its compliance to some sensitive
information, or actions that can compromise
security.

Spear phishing is an advanced attack involving
highly personalized data gathered from social
media, professional networks. Scammers
simply take the route of producing content
meant for people because of what they like and
are connected with by increasing their
opportunities of fraudulent deception works.
Another powerful manipulation is authority.
One of the common tactics used by attackers is
to impersonate IT personnel that can extract
sensitive  information  based on their
administrative necessity claims. Scammers
thanks to society’s conditioning in respect of
authority figures then exploit this dynamic.

At the same time, misinformation and
disinformation tactics are used to confuse the
entire organization on data security protocols.
Furthermore, methods of direct
communication, such as calls mimicking
support staff through phone or in person
communication behind uniform, help the
perpetrators to manipulate victims to reveal
important information.

With the development of technology, so does
the manipulation technique. With recent
innovations allowing Al driven methodologies
to facilitate the Al fraudster's flexibility in
terms of automated reconnaissance resulting in
more tailored, personalized deceptions based
on a digital footprint, these deceptions are ever
more sophisticated.
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The fact of this ongoing evolution indicates
that we need to be aware of manipulative
strategies.  Educational initiatives  and
awareness raising training program for both
individual and organizations are required to be
actively advocated towards defenses alike
potential social engineering attacks that exploit
inherent human vulnerabilities to decision
making processes [2], [8], [11], [12], [17], and
[28].

4. Impact of Social Engineering on
Organizations

4.1. Financial Consequences

Financial losses arising from social
engineering attacks can have serious impacts
on organizations both in terms of direct and
indirect losses. In 2022 alone, statistics of
average cost of a data breach due to social
engineering tactics came to around $4.24
million. This figure demonstrates that there is a
great deal of potential financial loss that
organizations face when their defenses are
penetrated by these manipulative strategies.
However, the cost consequences stretch far
beyond the immediate breach costs; Companies
have to pay very inflated costs for remediation,
recovery, and legal obligations.

Business Email Compromise (BEC) scams
are one especially telling example of the
financial risks related to social engineering.
Since 2013 until December 2021, these scams
raked in 43 billion in global losses from the
FBI’s Internet Crime Complaint Center.
Typically, the people experiencing such
incidents are cybercriminals who impersonate a
company executive or trusted associate, but
convince employees to wire money across or
divulge a company’s secret information. BEC
attacks have been stealing the median amount
of $50,000.

On top of the stolen funds, the resolution
means that organizations now have to manage
the attack itself. There are many factors that
can cause recovery costs to escalate quickly,
such as overtime pay for IT teams investigating
breaches, public relations expenses to rebuild

trust, legal fees associated with a product of a
lawsuit or fines by regulators. In addition, lost
productivity as workers dedicate their time to
crisis management.

Another important  factor  regarding
financial well-being of the affected businesses
lies in legal liabilities. When a social
engineering attack results in breaching
sensitive customer data, the organizations are
legally obliged to protect that information and
may suffer civil lawsuits or regulatory fines if
they fail to do so. Moreover, these liabilities
can incur direct penalties as well as buyer’s
caution through higher insurance premium, as
the companies re-evaluate their cybersecurity
risk profiles.

Additionally, infiltration attempts that fail
in actual breaches or financial loss still carry
costs of around $130,000. Such attacks,
however, pose an ongoing threat to daily
operating  conditions, thereby hindering
operations and eroding employee productivity
as employees tend to their security concerns
instead of the primary duties.

It also has significant psychological effects
on employees; companies have to manage the
uncertainty caused by the threats of phishing or
vishing threats that are continuously changing,
which makes workers wonder whether these
communications are legitimate or not. Even
this atmosphere of distrust can take a toll on
operational performance and morale of the
team.

An attack to the customer trust is a fact
because it is impossible to regain the trust that
has been lost once it is exposed to the client, it
doesn’t matter the information that has been
compromised the client will happily stop
trusting any company that tries to use it as an
attack vector. Moreover, customers will
inevitably leave such bad reputation because it
can harm not only the companies but also their
client by seeking safer options.

Ransomware attacks inflicted with social
engineering method also cause a great deal of
problems. In the first, attackers trick users into
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access, only to deploy malicious software that
prevents them from using important systems
until ransoms are paid for, and in the second,
the attackers go through a normal exploitation
of the system, and then deploy malicious
software to lock the user out unless they pay a
ransom to release the system. The costs for
these incidents are reportedly skyrocketing
with estimates they can come in around $2
million for companies successful in their tax
with Ransomware groups.

It becomes obvious in days like this, that as
organizations deal with the consequences of
financial challenges introduced by social
engineering attacks, there is no one size fits all.
We require a comprehensive, holistic strategy,
in which we train employees to be aware of
deceptive practices as well as deploy the most
robust  technical safeguards, including
advanced threat detection system that can
detect suspicious behaviors indicating an
ongoing attack attempt.

Allocating resources for technological
solutions to social engineering vulnerabilities is
not enough to implement the effective
mitigation of financial repercussions resulting
from such vulnerabilities. This implies creating
an organizational culture driven with a deep
understanding of cybersecurity awareness
where each employee assumes its role and can
identify responsibilities in this effort to defeat
these unknown but powerful threats to the
extent that they bring serious harm if
unattended [8], [21], [22], [24], [29] and [30].

Figure 3. Impact of social engineering attacks on
businesses, [22]

4.2. Reputational Damage

There may be large ramifications for an
organization because of the social engineering
attacks such as reputation damage. Here,
attacks exploit the fact that human behavior,
rather than technical vulnerability, drives the
people who fall for it into compromising
themselves as well as the places they work.
Such deception usually exposes sensitive
information that causes serious issues with trust
among customers and stakeholders.

When a business becomes the target and
has a breach, it is devastating. It is possible for
clients who once took the company for granted
because today they can consider it as being
reliable to begin to doubt its ability to protect
personal data. In fact, restoring this lost trust is
a hard task for organizations that end up
experiencing data breaches, as many
organizations will suffer the long-term effects
of a negative brand image. If there is a belief
that a company cannot guarantee the safety of
its customer information, clients do some
exploring, and sales and share, suffer.

There are many ramifications of
reputational harm. The 'narrative’ surrounding
the breach may build further, especially with
negative media coverage and online discussion
about what has gone wrong. Although strong
security measures are rapidly put in place
afterwards, the incident shadows the public
perception. Even the most established brands
can see their credibility diminished within a
day when their customer data is compromised.

Besides, organizations also find it difficult
to retain customers after an attack. This means
that many consumers tend to distance
themselves from brands that have been
breached and efforts were made to rectify the
situation, as they are still concerned about data
security and privacy. Moreover, surveys note
that the public will likely depart from services
connected to unresolved cybersecurity issues or
that they perceive as not doing enough to
properly protect their information. Despite
having an equally high cost associated with
client's acquisition vs. retention, reputational
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damage to affect immediate cuts to revenue can
actually be detrimental to future growth.

Social engineering incidents also result into
legal challenges that are complicating the
efforts made in reputation management. A
public call to a firm to have good cybersecurity
standards, regulatory agencies may even
impose fines for insufficient protection of the
user data during an incident. On the other hand,
companies need to tread carefully through
these legal hurdles since errors can result in
further damage in various ways across various
fronts, including financial losses from penalties
and damages to operations from loss of
consumer trust.

After such breaches, there is a strong link
between employee morale and the reputation of
an organization. Employees who witness the
fall of their organization may feel disillusioned
or cynical of their employer’s commitment to
security practices, which may exacerbate
productivity issues, caused by a decline of
reputational quality.

The financial costs of recovery do not take
into account repercussions that travel slightly
beyond, the business must actively rebuild in
trust through its communication related to
details of an incident and its stupid ways to not
let this keep happening again. After an attack,
the first priority is to restore public confidence
and it is essential to clearly convey messages
focused on increased security measures.

Being an industry wide problem, from a
larger bigger picture, firms that may perceive
weaknesses in the field of competition that can
be exploited through the tactic of social
engineering are being targeted by potential
competitors who want the industry markets
under control. Such a result of reputational
fallout not only hampers longer term strategic
initiatives but leads to opportunity of
partnership needed to support the growth.

We conclude that when one element of the
industry as a whole is attacked by a social
engineering, they can suffer significant damage
as they try to overcome techniques used by

criminals to undermine the public’s trust in
essentials of their systems. Moreover, this can
put the reputation at stake of many businesses
who are involved in cases where defending
against social engineering is essential in
protecting their businesses.

Problems that exist with both immediate
financial impact of attacks and long-term
reputation damage lend themselves to this dual
approach of prioritizing building a culture of
vigilance within employees in addition to
technical measures specifically intended to
counter manipulation strategies that adversaries
employ.

4.3. Legal Implications

Although there are ways to protect an
organization against social engineering attacks,
breaches to sensitive information and privacy
laws place them open to legal challenges.
Falling victim can mean heavy liabilities for
companies under regulative laws such as
General Data Protection Regulation (GDPR) in
Europe and California Consumer Privacy Act
(CCPA) that strictly put in place the measure of
how data is handled and a user’s consent.
There are severe fines in place for failure to
follow rules after a breach.

Firms that deal with sensitive and regulated
personal information such as health or financial
data with stricter laws such as the Health
Insurance Portability and Accountability Act
(HIPAA) are at risk of civil lawsuits from
customers who will want to be compensated
for unauthorized access or misuse of their
personal information.

If such organizations fail to protect
themselves against social engineering threats
proactively, then such claims may ensue. For
example, it could be held responsible for
inadequate security measures if it is shown that
the business failed to protect customer data, for
instance, by poor employee training in
identifying social engineering attempts, which
could result in both financial damages and
reputational damages.

306



Hussein Jassim Akeiber/ Al-Rafidain Journal of Engineering Sciences Vol. 3, Issue 1, 2025: 294-316

Social engendering incidents can also lead
to criminal repercussions. Attacking employees
can be fined or imprisoned for collaborating
with attackers or for failing to report suspicious
actives. An investigation into a company's
response to a breach and as well as compliance
with the applicable laws can bring to light
companies as the subject being scrutinized by
regulatory bodies.

Legal issues associated with social
engineering have a direct impact on an
organization’s finances beyond defense costs
related to a lawsuit; additionally, the fear of
settling with the plaintiff if the case is not in
the organization’s favor. Resources also may
have to be earmarked for public relations work
in making restitution to customers whose
confidence has been damaged in incidents that
went awry.

This same thinking must extend to long-
term effects of stricter, potentially imposed
mandates following high profile breaches. This
implies that organizations should spend a large
amount of money in compliance programs and
audit, and can redirect that money from
growth.

Repeated breaches caused by weak
defenses may make it difficult for companies
that experience losses from cyber liability to
also get that same kind of insurance coverage
for future cyber risk. The fact is that insurers
tend to reassess underwriting criteria in light of
an organization's incident history, which may
result in declination of renewal or increased
premiums.

However, to address these risks involved in
social engineering, organizations must adopt
top-class cybersecurity strategies that cater to
the safety of assets as well as strictly follow
data protection laws. It covers robust training
programs, tailored to learn how to detect
different social engineering attacks such as
phishing and pretexting (given or expected to a
person to volunteer information) and empower
employees with the basis of knowledge to
detect signs of malicious intent.

Simulations of real world social
engineering  scenarios, such as social
engineering testing, should be accompanied by
routine security protocol evaluations to source
vulnerabilities and tune up organizational
responses should situations materialize in the
real world.

Supporting technical safeguards, including
multi factor authentication, can dramatically
reduce the risks from successful deceptions that

would lead to wunauthorized access of
personnel.  Finally, developing concrete
incident  response plans defining how

suspicious activity will be recognized along
with specific procedures of recovery efforts
from attacks will allow better organizational
resilience and recovery in the aftermath of
attack, even with the use of prevention against
complex psychological manipulation which
pervasive in today’s business environment [8],

[30], [31] and [32].

5. Cybersecurity Strategies for Mitigating
Social Engineering Attacks

5.1. Employee Training and Awareness
Programs

The most important element to fight against
social engineering attacks that depend on
human vulnerability instead of technological
weakness is to have robust employee training
and awareness initiatives. Phishing, pretexting,
baiting, tailgating, and other such tactics
involve the attempt to interfere with an
individual while they are handling confidential
information. Since such threats are pervasive,
comprehensive training programs have to
provide employees with the skills they need to
detect and respond adequately in all cases.

A proper training starts from leadership
that encourages a cybersecurity minds at all
levels, which includes their own security. They
have to be able to count themselves as a vital
line of defense against cyber threats. However,
if management repeatedly talks about the social
engineering risks and constantly reminds the
team that they all play the role of keeping the
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organizational data safe, then this environment
can be improved.

An essential part of security should be
beginning the training at the time of the
onboarding of new hires so that they grasp
security protocols right from the start. Since the
nature of social engineering techniques is
always, changing, ongoing education is also
necessary. Staff will remain treated to regular
refresher courses and gain additional skills to
detect suspicious behavior.

Organizations may carry out interactive
training sessions to help engage employees and
retain knowledge as they would in the real
world. Mock phishing attempts are one of the
activities that can facilitate employees to
practice their response, in a controlled
environment, and reinforce their knowledge for
real incidents.

Other specific warning flags that
educational materials should feature in addition
include spelling errors in emails, unusual
demands for sensitive information,
inconsistencies in email addresses or URLs and
others. Involvement can also be enhanced by
gamification; for instance, including game like
features into training modules i.e. quizzes for
getting the answers right lead to the increased
participation and the involvement in learning
about the defense against social engineering.

However, just as important is making an
environment where employees is not afraid of
reporting suspected attacks and not being
blamed for them. Scams or suspected attacks
are to be reported promptly to superiors so as
to encourage an environment of no blame
culture by organizations. By giving, IT teams
the time to react and minimize the blow caused
by breaches, timely reporting helps.

External cybersecurity experts providing
user awareness training may be called upon to
help organizations improve their programs.
They provide special insights and resources as
well as content delivery that is relevant to a
company’s needs.

This allows tracking of employee
performance metrics related to the simulation
for understanding the threat of social
engineering. Tests and drills help organizations
frequently assess preparedness for training and
allow gap identification to guide future
training.

These initiatives are reinforced by the
established policies for security measures like
password management, how to store data and
communication protocols regarding third
parties handling sensitive information. Training
sessions with leadership involved also makes it
clear that the cybersecurity issue is something
that is not limited to just one department.

In the end, educating employees to be
aware of cybersecurity aids to build a culture of
awareness through continuous education. So
they become empowered with practical skills to
change them from potential vulnerabilities into
strong defenders against social engineering
attacks aimed at their organization [8] [10] [11]
[13] [17] [23] [26] [33] [34] [35] [36] [37] [38]
[39] [40] and [41].

We tackle the

WESESEER to pave the

way for the
ENIERETEN doing
what must be done to
unlock the doors to
what we truly desire.

@ @ejdansu

Figure 4. Figure 4: Mitigation Strategies for Social
Engineering, [36]

@ (ﬁ[m) Emmanuel Jesuyon Dansu
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Chart 1: illustration of smartphone with orange
padlock on the screen and a masked robber running
away from the phone, [34].

5.2. Implementing Technical Safeguards
5.2.1. Email Filtering Technologies

In cybersecurity in general and particularly
phishing and social engineering attacks
becoming more and more sophisticated email
filtering technologies are critical. These
systems review the contents in incoming emails
for any evil and pass them to users. Email
filters can identify signs of phishing attempts
and suspicious activities by using a set of
various algorithms and threat intelligence
feeds.

One of the most important parts of an
streamlined email filtering system is to
incorporate into it the use of advanced machine
learning algorithms that end up adjusting to
new threats. Nevertheless, traditional signature
based filters can do well in dealing with known
dangers, but not with evolving attack
techniques. In contrast, given that machine-
learning models can recognize patterns
demonstrating malicious intent and anomalies,
they present a dynamic defense.

Spam filters should also be given a lot of
attention because it is responsible enough to
group emails using certain basic criteria. About
most email, service provider is that they will
include spam filtering as a standard service.
These filters call out any dubious emails
flagging or quarantining them, preventing
clutter and remotely protecting you from nosey
random emails. According to research, spam is
responsible for approximately 45 percent of all

emails, which often serve as a part of social
engineering campaign — meant to steal
information or compromise system.

There are some settings for organizations to
enhance operations of spam filters and even
using some dedicated email gateways for better
detection. What it achieves is nearly 99 percent
prevention of unwanted emails from getting to
employees by reducing exposure to threats
without getting in the way of legitimate
communication.

Another valuable piece to put into an email
filtering systems is including real time threat
intelligence. The monitoring of the Internet has
these services constantly scan the internet for
new ways of phishing and cybercriminal
domains. Threat intelligence services are an
organization if their domain is being
impersonated slightly, and administrators are
notified to counter possible harm.

Keyword detection is used by email
security solutions to send alerts terms normally
associated with scams. There may be phrases
like ‘'urgent’, act now' or indeed ‘account
verification' that security teams and or
automated validation processes may scrutinize
further.

A second protection is to deny listings of
suspects addresses used by attackers to spoof
valid communications. Verified address list of
key personnel can be maintained by
organizations to allow unapproved
correspondence to be flagged or blocked.

In order to protect against email social
engineering, and to further aid filtering
technologies, = multi-factor  authentication
(MFA) should be incorporated. MFA security
is the process of authenticating multiple means
of identification in order to gain access into
sensitive information or carry out high risk
actions, even if credentials are penetrated.

As regards both preventive and intelligence
gathering on the tactics employed by
cybercriminals, honeypot strategies—by means
of decoy accounts, which draw attackers into
traps—can be used.
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Additionally, it also improves upon
TECHNICAL solutions with the establishment
of a culture of cybersecurity awareness in an
organization. It is possible to build regular
training programs for employees to identify
phishing red flags and allow the employees to
act like human firewalls against threats.

A simulation exercise is an important part
of training that entails employee instruction on
simulating or creating phish attempts to assess
their capacity to differentiate legitimate and
false messages. A practical approach makes
one aware and reinforces the application of
theoretical knowledge.

Organizations must also perf exhorts to re-
evaluate and renew technical controls to the
changeable cyber threat landscape. Doing
continuous vulnerability assessments and fast
acts when a weakness is spotted will increase
the resilience against social engineering
scheme that targets unsuspected employees.

Overall, cooperation between IT security
teams and other departments, especially HR, is
needed to create comprehensive policies
concerning secure communication practices.
The combination of the advanced technologies
with continuous employees education build a
strong defense against social engineering
attacks that are occurring in many sectors
around [7], [17], [23], [36], [40] and [41].

5.2.2. Multi-Factor Authentication (MFA)
Solutions

Multi-Factor Authentication (MFA) is vital
in preserving social engineering attacks by
adding additional verification in front of
granting access to sensitive data and user
accounts. However, traditional password based
security systems are prone to hack using
methods like phishing, brute force attacks and
data breaches. MFA limits these risks with
multiple separate validations.

MFA consists of at least two of the three
factors: something you know (such as a
password), something you have (something
like a smartphone or hardware token), or
something you are (biometric identifiers). This

way even, when attacker has obtained a user
password he could not enter his account
without the second factor. As an example, this
may give login credentials but if MFA requires
a one-time code sent to the user’s device then
access is not possible without the two factors.

Now, to prevent account compromise,
organizations understand that MFA is critical
for not only executives but across all levels of
the employee group. Forcing it down to MFA
for all system logins saves a lot of vulnerability
to credential theft through social engineering
tricks. We should also make this requirement to
internal and external services such as cloud
platforms and email accounts because they can
protect from unauthorized access.

Education of employees on MFA usage and
importance are also significant in effective
implementation of MFA. Training can also
provide staff with insight about social
engineers’ tactics to bypass safeguards,
including pressuring someone to provide a
second-factor code. Natural MFA training can
be reinforced through regular simulated
phishing drills where employees are introduced
to cases in which they must implement
technologies.

MFA can be technically deployed in
different ways based on the needs of the
organization. Solutions are common as using
SMS based codes or authenticator apps where
time sensitive one time passwords (OTPs) are
generated. SMS is convenient but experts
recommend app based authentication wherever
possible, as it is resilient to some attacks like
SIM swapping.

Additionally, organizations can investigate
into biometric authentication methods with
higher assurances, at the cost of substantial
considerations of privacy implications. Due to
the rate at which technology is able to evolve
quicker than cybercriminals, many have found
that as Al tactics dominate social engineering,
they need to constantly monitor their MFA
protocols to keep up.
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Integration with a broader security strategy
including rebalancing risk assessments and
ongoing reviews of user access controls is best
practiced to get the most out of MFA. Some of
the best security measures available include
monitoring logs for unusual activity that may
indicate attempted breaches, along with strict
password management policies to improve
overall security hygiene.

This is not enough; companies should also
use plain cybersecurity best practices such as
regular software updates and zero trust models
in which permissions for users are restricted to
minimum that are needed. Thus, a combined
application of technology with human behavior
(and yes, informed human behavior) can
mitigate the risk of social engineering events
by orders of magnitude.

Additionally, enterprises should require the
integration of MFA into habitual actions in the
departments where sensitive information is
dealt with. We need to motivate employees to
use strong passwords combined with MFA and
be on the lookout for the tricks commonly used
by social engineers.

Enabling a cybersecurity awareness culture
alongside strong technical measures including
MFA empowers organizations to enhance their
resistance to  possible  threats  while
concurrently strengthening the user
discernment against current malicious actions
directed at human and technological
vulnerabilities [2], [5], [8], [16], [17], [26],
[32], [38] and [42].

6. Case Studies of Successful Mitigation
Strategies

6.1. Analysis of Notable Incidents and
Responses

While technology is under attack when it
comes to social engineering, people's social
engineering is also under attack. There is a
notable incident between 2018 and 2019 when
a Lithuanian hacker launched a sophisticated
spear phishing malware that affected Google

and Facebook. However, according to some
Twitter users, this man pretended to be an
executive from a real vendor, convincing
employees at both tech giants to transfer over
$100 million dollars for services that never
happened. When compared to Facebook,
Google was able to respond effectively to the
attack and suffering minimal losses, whereas
Facebook was dealt with the fortune and
reputational blows. After this, both companies
made their cybersecurity more robust and
changed the employee training programs to
avoid any such incidents.

The Twilio breach in 2022 is another
significant case where attackers conducted an
SMS phishing campaign aimed at the staff
members. Scattered Spider was a group making
use of advanced social engineering tactics and
tricked employees into disclosing access
credentials.  This  breach  showed the
consequences of it and humans can manipulate
even organizations with very good security. To
overcome this challenge, Twilit reinforced such
protocols by further improving the employee
training and putting even more stringent
measures in place.

The 2014 Yahoo! data breach is yet another
vivid illustration of such effectiveness of the
social engineering. There are five layers of
security that attackers used their psychological
manipulation techniques to bypass and steal
account information from more than 500
million users. Given the prominence of
cybersecurity in being well established with
applicable defenses to the situation, this
incident was particularly alarming due to the
cunning exploitation of the vulnerabilities
resulting in exploitation of the cybersecurity
defenses.

Like it, social engineering also has serious
implications in the healthcare sector. Data from
an FBI report shows that last year 89 percent of
healthcare organizations suffered data breaches
and that the number of such breaches is on the
rise due to the use of social engineering
methods by cyber criminals focusing on private
medical data.
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Even the White House also suffered the
indirect effects when a hacker used an aide of
Jared Kushner's calling card to hack sensitive
information about the Trump administration's
cybersecurity team. This is a sobering reminder
that complex schemes that prey on trust and
deception even  affect high  profile
organizations.

Secondly, state sponsored actors from
countries such as North Korea have been
engaging in ongoing campaigns leveraging
their social engineering capabilities to deploy
malware or misappropriate funds when
targeting cryptocurrency related firms. Their
complexity and subtlety make them stand out,
and these specialized attacks do not come
cheap when it comes to fighting them, which is
why experienced cybersecurity professionals
face considerable challenges, even when
compared to the rest of the cybersecurity
attacks.

Technological tools on security protection
against cyber threats is important; but human
factors in weakening vulnerabilities is equally
important for organizations in all sectors.
Training programs of companies focus on
comprehensive ones to train them in
recognizing how attackers can manipulate them
through everything from pretexting (how they
can use calls or emails to request and get
sensitive information).

Additionally, incident response plans need
to be put in place in all organizations
undergoing threats of social engineering
breaches. Companies can prepare themselves
against losses during the attack by instituting
protocols for reporting suspicious activities or
suspected breaches that are made widely
known among staff.

In the wake of such incidents and their
aftermath, many organizations have begun such
inclusion of social engineering within their
security strategy by implementing such pen
testing as a proactive response against this
threat that social engineers pose. Such
assessments reveal vulnerabilities in systems
and put on the map the places of increased

employee vigilance or technological defenses
that need to be strengthened.

Furthermore, businesses in a number of
industries need to foster collaboration between
stakeholders across the technology leaders to
test periodically decimalized strategies to
address risks linked to the social engineering
approaches used by the cybercriminals
nowadays.

The lessons learned from these cases point
out the lack of reliance upon technological
defenses in the process to ensure the prevention
of future attacks that have a psychological
motivation rather than a conventional hacking
approach, [10], [22], [28], [32], [43].

7. Future Trends in Social Engineering
Attacks

7.1. Technological Advancements Impacting
Attack Methods

Artificial intelligence (Al) is contributing
immensely in giving birth to social engineering
attacks with increased complexity and spread.
Advancements in machine learning and the
natural language processing make it easier for
attackers to develop highly personalized
schemes for phishing using data harvested from
social media platforms. These emails look very
sophisticated aimed at spoofing real accounts,
they look like they came from trusted sources,
with names you know and messages that are
designed for you.

Bots, which are powered by Al, can act as
if they were legit users on social networks and
earning a misleading impression of trust to
influence the targets to give out sensitive data.
Two, this automation allows cyber criminals to
run large-scale campaigns with very little
hands on and increases the efficacy of their
methods. Malicious actors use automated
reconnaissance tools to quickly gather detailed
information on potential victim’s, by scraping
data from different public sources.
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Natural language generation (NLG) has
seen recent improvements in producing
coherent, human like text. In the case of this
capability, attackers use it to develop the
content that appears to be convincing at scale
while bypassing initial skepticism in potential
victims who may otherwise be wary of strange
contacts.

Attacks have grown more sophisticated as
the attackers have studied the victim’s digital
presence, have found the victim’s unique
communication style, and emotional trigger
points. It also enables deceitful tactics to be
more successful by exploiting personal
vulnerabilities.

At the same time, defenses and evasion
techniques are evolving, as Al refines the
attack methods. Organizational defenses are
tested against cybercriminal tactics in real time,
before deployment broader; they expose
vulnerabilities in the organization that might
otherwise not be found.

VoIP phishing (vishing) and text messaging
phishing (smishing) have undeniable increases
of around 1,200 percent since generative Al
tools such as ChatGPT has become a thing.
However, cybercriminals are able to enter with
these advancements as they lessen entry
barriers and Al incorporated into traditional
techniques.

Another serious threat is the deepfake
technology that allows the attackers to
manipulate the videos and replicate the voice
during the live interaction. Also in some cases,
organizations fall into the ploy after some high-
ranking officials impersonate them by
changing video calls.

With APTs and social engineering tactics
combining, targeted companies face even more
risks. The core of social engineering is human
vulnerabilities and APTs exploit weakness in
existing cybersecurity frameworks to do it.

Organizations, in fighting to keep up with
an ever-increasing array of threats by
adversaries  equipped  with  progressive
technical capability, struggle to overcome its

challenges. This leaves businesses at a greater
risk of being hit by these risks, as a result,
businesses need to resort to quicker
enumerative measures, such as new-age
methods that are designed to fight new threats
before they even have a chance to occur.

To support employees against advanced
manipulative ploys, they need comprehensive
training initiatives to expose them to current
threats intensified by the use of Al tactics. Also
of importance to protect against breaches
caused due to compromised credentials, which
account for a large share of breaches via Al
driven social engineering, is multi factor
authentication (MFA).

By integrating Al into the mechanisms of
defense for the future rather than the future of
defense against this misuse, organizations can
expect to anticipate potential threats and defend
more strongly against future threats propelled
by evolving technologies. With new
developments changing how cyber-attacks
occur, companies are still strengthening their
security protocol and further spreading
awareness of these ever-adapting risks in
cyberspace [1], [2], [20] and [21].
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Figure 5: Data usage growth year-on-year in percentage
terms, [6].

8. Conclusion: The Ongoing Battle against
Social Engineering Attacks

The social engineering attacks against
hackers are a matter of ongoing battle because
the criminals, hackers, are very clever and
exploit human instincts like trust and urgency.
It is important to recognize that technology can
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be crucial to the practice of cybersecurity but
never alone can you defeat tactics that attempt
to exploit human vulnerability. Therefore,
employees require considerable training to be
aware of any possible threats.

Security awareness should be a culture of
the organizations where there is high level of
vigilance by employees as a first line of
defense against breaches. Although social
engineering tactics are not new, regular
training sessions should feature simulations of
common social engineering tactics like
phishing and pretexting, so that employees
know how to identify suspicious activities and
report them. Training that incorporates
practical scenarios is much stronger in
preparing the workforce.

Technological advancement can both be the
risk and have a solution. One example of this
would be using artificial intelligence (Al) and
machine learning to analyze communication
patterns for the signs of social engineering
threats that may be missed by traditional
systems. Nevertheless, organizations also need
to put in place strong technical defenses as
well. Multi factor authentication (MFA) is
indeed an important layer of protection when it
forces you to implement more than one
verification type before granting access to
prevent attackers from making their job easier.

For organizations, it is essential to
recognize the fact that there is no strategy that
can offer complete immunity from social
engineering  attacks.  Proactive incident
response plan is what cybersecurity experts feel
IS most important to deal with breaches once
they happen. This type of protocol is fast and it
can damage less from an attack.

Traditionally methods are being re assessed
as attackers continue to mature, especially once
it is the state sponsored actors targeting high
value targets. There is an encouragement for
stakeholders to keep open communication on
emerging threats as well as successful
mitigation strategies among different sectors.
Lessons learned by one organization are shared

in collaborative efforts and various security
practices are learned from each other.

Society now depends on digital
communication  platforms  that  makes
cybercriminals have a sound business and
hence do not require to tread this path any
longer. These phishing attempts continue to be
successful, so we have to discourage users
from being tricked by apparent attackers who
are attempting to gather learned information.

It is both an opportunity and a challenge
when it comes to emerging technologies: Such
technology can supply a higher level of
cybersecurity, with both biometric
authentication and encryption, but also could
introduce new technology used by attackers
using Al or deepfake technologies.
Furthermore, interdisciplinary psychological
research of factors that make people
susceptible to manipulation may yield
intelligence for taking a preventive measure.

Stakeholders from government agencies
promoting security initiatives, educational
institutions preparing individuals for harmful
behavior, and from the defense industry must
all commit to mitigate future risks arising from
evolving social engineering threats. Continuous
training should be included in employee
onboarding so that businesses stay strong in the
face of emerging trends.

In light of the coming digital maturity of
fast growing innovative digital solutions and
increasing cross connections, designing a
socially engineered threat awareness is of
importance in terms of resilience building
while maintaining customer trust in the data
protection in relation to high concerns
regarding the compliance with the privacy
regulations [4], [13], [14], [18], [26], and [28].
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