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ABSTRACT:

Advertising plays a crucial role in influencing consumer behavior, but determining what makes an advertisement truly effective remains a challenge. This research
explores the intersection of behavioral psychology, machine learning, and data analytics to analyze persuasive elements in advertisements. By examining factors
such as emotional appeal, messaging tone, design aesthetics, and audience engagement, the study aims to develop a predictive framework for measuring ad

effectiveness.

Using machine learning techniques such as sentiment analysis, clustering, and predictive modeling, the research will analyze historical ad performance data from
various industries. The insights generated will help businesses optimize advertising strategies, enhance return on investment (ROI), and create more engaging
content tailored to consumer psychology. The study will also discuss ethical considerations in Al-driven persuasion, ensuring responsible marketing practices in

the digital era.

1: INTRODUCTION

1.1 Background of the Study

In the ever-evolving landscape of digital communication, advertising plays a central role in shaping public perception, influencing decision-making, and
driving business growth. As competition intensifies across industries, crafting persuasive and emotionally resonant advertisements has become more
crucial than ever. Traditional methods of evaluating advertising effectiveness have relied heavily on intuition, surveys, and basic performance metrics.
However, the advent of machine learning and advanced analytics has opened new avenues for understanding how consumers engage with and respond to
advertising content.

One domain where effective advertising holds critical significance is healthcare. Hospitals and clinics, once reliant primarily on word-of-mouth and
offline branding, are now actively leveraging digital platforms especially social media to promote services, build trust, and educate the public. The
intersection of storytelling, emotional appeal, and data-driven targeting has created a new paradigm in healthcare advertising. Yet, the challenge remains:
how do we objectively assess whether an advertisement is truly effective in resonating with the audience?

This study aims to explore this question through a practical, data-driven analysis of a series of digital advertisements run by a healthcare organization.
By applying machine learning techniques to past Meta (Facebook and Instagram) ad data, this research attempts to measure advertising effectiveness and
extract actionable insights. More specifically, the study seeks to understand how persuasive elements such as emotional tone, narrative structure, and
visual/audio content contribute to consumer engagement.

1.2 Statement of the Problem

While advertising has always been integral to marketing strategy, there exists a lack of standardized frameworks to evaluate the persuasive strength of
advertisements beyond basic engagement metrics. This is especially true in sectors like healthcare, where trust, empathy, and clarity play a vital role in
consumer behavior. Traditional performance indicators such as click-through rate (CTR) and cost-per-click (CPC) provide a surface-level understanding
but fail to capture the underlying emotional and psychological appeal of an ad.

Given the increasing investments businesses are making in digital campaigns, there is a pressing need for a robust, scalable, and insightful method to
analyze ad effectiveness. This study addresses this gap by employing sentiment analysis and machine learning to evaluate the content and performance
of real-world advertising campaigns. The research focuses not only on numerical outcomes but also on narrative and emotional quality, thereby offering
a holistic understanding of ad impact.


http://www.ijrpr.com/

International Journal of Research Publication and Reviews, Vol (6), Issue (6), June (2025), Page — 9483-9492 9484

1.3 Objectives of the Study

The primary objectives of this study are:

1. To apply machine learning models to past Meta ads data to identify key performance patterns.

2. To assess the effectiveness of different campaign strategies using performance metrics such as CTR, reach, impressions, and page engagement.
3. To offer actionable insights for improving future digital marketing strategies in the healthcare industry.

1.4 Research Questions

This study seeks to answer the following key questions:

1. What are the measurable indicators of ad effectiveness in the context of digital healthcare advertising?
How can machine learning be used to cluster and predict ad performance?

What role does sentiment and emotional tone play in influencing ad engagement?

Can a single creative asset yield varying results based on audience segmentation or platform?

wokhwN

How can businesses use data-driven insights to craft more persuasive and emotionally impactful advertisements?
1.5 Significance of the Study

This research is significant on several levels. Academically, it contributes to the growing body of knowledge on the application of machine learning in
marketing analytics. By blending quantitative analysis with psychological and emotional metrics, the study offers a novel methodology for evaluating
advertisement effectiveness.

Practically, this research provides healthcare marketers and digital advertisers with a tangible framework for assessing and improving their campaigns.
The findings can help organizations make informed decisions on content creation, audience targeting, and budget allocation. Moreover, the integration
of sentiment analysis into ad evaluation highlights the importance of narrative and emotional design in digital storytelling.

On a broader scale, this study demonstrates how real-world data can be harnessed to make marketing not just smarter but more humane centered around
empathy, relevance, and consumer trust.

1.6 Scope and Limitations

The study focuses on a specific set of Facebook and Instagram advertising campaigns run by a healthcare provider over a defined time period. It includes
both video and static ad formats but places special emphasis on a single storytelling video used across three campaigns. While the data includes
performance metrics like CTR, impressions, and engagement, it lacks granular demographic data due to privacy constraints.

Additionally, the study uses manual annotation and open-source tools for sentiment and audio-visual analysis, which may limit scalability. The scope is
limited to Hindi-language content with English translation for analysis purposes. The results, while applicable to the healthcare sector, may not generalize
across all industries without adaptation.

2: LITERATURE REVIEW
2.1 Introduction

This chapter presents a critical review of existing literature relevant to the current study, which aims to analyze ad effectiveness using machine learning
and sentiment analysis. The literature spans three core domains: advertising and persuasion theory, machine learning applications in marketing analytics,
and the role of sentiment analysis in evaluating digital media. Through a synthesis of prior research, this chapter identifies the theoretical foundation and
technological advancements that support the methodology adopted in this study.

2.2 The Psychology of Persuasion in Advertising

Persuasion is a fundamental objective of advertising. Foundational theories in psychology provide insight into how consumers are influenced by messages.
Robert Cialdini's six principles of persuasion reciprocity, scarcity, authority, consistency, liking, and social proof have been widely cited in marketing
literature. These principles guide advertisers in crafting messages that align with consumer psychology.

Several studies highlight that emotionally charged advertisements tend to perform better in terms of recall and engagement. Emotional resonance whether
through humor, empathy, or urgency has been shown to enhance viewer response and brand connection. In healthcare advertising, emotional appeal plays
a particularly significant role, as patients often seek not just information, but reassurance and trust.
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Visual storytelling, including the use of narrative structure, voiceover, and relatable characters, is another persuasive strategy commonly employed in
video ads. When properly executed, narrative-driven content improves viewer retention and emotional impact, especially in high-involvement sectors
like healthcare.

2.3 Measuring Advertising Effectiveness

Traditional metrics for evaluating advertising effectiveness include reach, impressions, click-through rate (CTR), conversion rate, and cost-per-click
(CPC). While these metrics provide quantifiable performance indicators, they often fall short in capturing the psychological and emotional dimensions
of persuasion.

A study by Tellis (2009) emphasized that advertising effectiveness cannot be measured solely through output metrics; it must also account for message
clarity, visual engagement, and emotional triggers. This has led to the development of more comprehensive evaluation models, combining both
quantitative and qualitative data.

More recently, digital platforms such as Meta (Facebook and Instagram) have introduced tools that provide richer datasets, allowing advertisers to evaluate

engagement on a more granular level. This has set the stage for integrating machine learning techniques to uncover deeper insights from campaign data.

Additionally, Deloitte (2023) emphasizes the growing importance of emotion-led healthcare content. Their research found that trust-building narratives
and empathy-rich messaging significantly influence consumer engagement with healthcare brands. Ads that humanize healthcare services and center
patient experiences are more likely to build loyalty and drive interaction.

2.4 Machine Learning in Marketing Analytics

Machine learning has become a cornerstone in marketing analytics due to its ability to process large datasets and detect complex patterns. Algorithms
such as decision trees, random forests, and gradient boosting machines have been successfully applied in campaign optimization, customer segmentation,
and predictive modeling.

Kumar et al. (2017) noted that machine learning models enhance marketing strategies by enabling dynamic decision-making based on real-time data.
Clustering algorithms, such as K-means, are commonly used to identify consumer segments or ad types that share similar performance profiles.
Meanwhile, regression models and classification algorithms help in forecasting campaign outcomes like engagement and click-through rates.

In the context of healthcare, predictive models can be particularly useful for identifying which ad formats and emotional tones lead to higher patient
interaction, making data-driven campaign planning more effective.

2.5 Sentiment Analysis in Advertising Research

Sentiment analysis, also known as opinion mining, involves the computational identification and categorization of emotional tone within text. It has
become an essential tool in analyzing user-generated content such as social media comments, reviews, and feedback on advertisements.

Pang and Lee (2008) were pioneers in using machine learning for sentiment analysis, demonstrating its utility in understanding consumer perceptions.
Tools like VADER and transformer-based models such as BERT have since enabled more accurate sentiment classification, especially in short, informal
text commonly found in digital advertising platforms.

Sentiment analysis has also been extended to speech and audio-visual content. This enables researchers to assess not just the textual script of an ad, but
also the tone of voice, background music, and emotional cues embedded in the video. In this study, sentiment analysis is applied to the script of a Hindi-
language storytelling advertisement to assess its emotional impact.

2.6 Gaps in Existing Research

While the literature highlights the value of machine learning and sentiment analysis in marketing, few studies have applied these tools specifically to
healthcare advertising. Most research focuses on e-commerce, entertainment, or consumer goods, leaving a gap in high-trust domains where emotional
appeal is especially crucial.

Additionally, the integration of creative analysis such as video storytelling, emotional tone, and visual content with performance metrics remains
underexplored. There is also limited research on multilingual and non-English advertising campaigns, particularly in regional contexts like Hindi-language
healthcare marketing.

This study aims to fill these gaps by combining sentiment analysis, performance data, and machine learning to evaluate the effectiveness of a real-life
storytelling video advertisement in the healthcare sector.
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2.7 Summary

This chapter reviewed the theoretical and empirical foundations of persuasive advertising, advertising performance measurement, machine learning in
marketing analytics, and sentiment analysis techniques. While significant progress has been made in each of these domains, opportunities remain to apply
these insights to healthcare advertising especially in non-English contexts. The next chapter outlines the research design and methodology used to bridge
this gap through a practical, data-driven investigation.

3: RESEARCH METHODOLOGY

3.1 Introduction

This chapter outlines the research design, data sources, analytical tools, and techniques used to achieve the objectives of the study. The aim is to integrate
sentiment analysis and machine learning methods to evaluate the effectiveness of a healthcare storytelling advertisement run across Meta platforms. By
analyzing historical ad performance data and emotional tone, this study seeks to derive actionable insights that can inform future advertising strategies.
3.2 Research Design

The research follows a quantitative and exploratory design. It leverages historical Meta advertising data specifically Facebook and Instagram campaigns
and applies data analytics to measure effectiveness. The study incorporates both descriptive statistics and predictive modeling. Additionally, sentiment

analysis is used to evaluate the emotional quality of the advertisement's transcript.

The approach combines:

1. Descriptive Analysis: To understand basic performance metrics.

2 Clustering (Unsupervised Learning): To categorize ads by performance patterns.

3. Predictive Modeling (Supervised Learning): To predict ad effectiveness based on input features.
4 Sentiment Analysis: To assess the emotional tone and persuasive value of the ad.

3.3 Data Collection Method

Data was collected from the Meta Ads Manager platform, which provides insights into performance across campaigns. The dataset included:

Campaign Name

Ad Name

Reach

Impressions

Frequency

Amount Spent (INR)
Clicks (All)

CTR (Click-Through Rate)
CPC (Cost per Click)

Page Engagement

In total, four campaigns were analyzed: three of which promoted the same storytelling video ad for a hospital, and one unrelated IVF campaign. For
consistency and depth, the IVF campaign was excluded from the final analysis.

The emotional content of the storytelling video was analyzed using a Hindi transcript extracted from the ad, which was translated and assessed using

sentiment analysis tools.

3.4 Sampling Techniques

Given the nature of the data, purposive sampling was employed. The selection was intentional, focusing on campaigns that:
Used the same creative (storytelling video)

Ran over a similar time period

Had measurable performance data

This ensured consistency in the dataset while allowing variations in platform performance and targeting to emerge for analysis.
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3.5 Data Preprocessing

Data preprocessing included the following steps:

1. Removal of summary or total rows

2. Conversion of string-based numbers to numeric formats

3. Handling of missing values and anomalies

4. Standardization of column labels

Additionally, transcript data was cleaned, translated, and formatted to remove filler noise for sentiment analysis.

3.6 Analytical Techniques

3.6.1 Descriptive Statistics

Basic metrics such as mean, median, and standard deviation were used to explore differences between the three campaigns in terms of CTR, CPC, and

engagement.

3.6.2 Clustering (K-Means)

K-Means clustering was applied to group the three campaigns based on their performance profiles. Features included:
CTR

CPC

Impressions

Engagement

Spend

This allowed the identification of performance patterns despite using the same creative.

3.6.3 Predictive Modeling

To forecast engagement and CTR, supervised learning models such as Random Forest and Linear Regression were tested using input features like Reach,

Spend, Frequency, and Clicks.

3.6.4 Sentiment Analysis

The transcript of the video was analyzed using a combination of:

1. Manual annotation of emotional cues

2. Lexicon-based analysis (e.g., VADER, TextBlob for translated English)
3. Identification of persuasive elements (trust, care, empathy)

These insights were then mapped back to the ad's performance to understand how emotional tone may have contributed to effectiveness.

3.7 Tools and Technologies Used

Python: For data cleaning, modeling, and analysis
Pandas/NumPy: Data manipulation

Scikit-learn: Machine learning models

Matplotlib/Seaborn: Data visualization

VADER/TextBlob: Sentiment analysis

Google Translate: Translating Hindi transcript to English

Meta Ads Manager: Data source

3.8 Limitations of the Methodology

1. The dataset is limited in size (three main campaigns), which may restrict generalizability.

2. Creative-level metadata such as visual and textual elements were not included in structured form.

3. Sentiment analysis was performed on a translated version of the transcript, which may lose some nuance.

Results may not be directly applicable to other industries or non-Hindi content.

3.9 Ethical Considerations

No personally identifiable information (PII) was used in the analysis. All data was collected from the Meta Ads platform under business access, and

transcripts were handled confidentially.
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3.10 Summary

This chapter detailed the methodology used to evaluate ad effectiveness using machine learning and sentiment analysis. A combination of Meta ad data
and a sentiment-annotated transcript were analyzed using descriptive statistics, clustering, predictive modeling, and sentiment tools. This framework
enabled a nuanced assessment of how persuasive storytelling ads perform across digital platforms and what emotional cues may influence engagement.

4: DATA ANALYSIS AND INTERPRETATION

4.1 Introduction

This chapter presents the analysis and interpretation of the data collected from three storytelling video campaigns run by a healthcare organization. The
aim is to evaluate advertising effectiveness using both quantitative metrics and emotional insights derived from the campaign content. The analysis is
guided by the research objectives outlined earlier, including assessing performance metrics, comparing campaigns, and interpreting sentiment.

4.2 Overview of the Data

The dataset comprises three advertising campaigns run on Meta platforms Facebook and Instagram using the same storytelling video. Key metrics

analyzed include:

Click-Through Rate (CTR)
Reach

Impressions

Page Engagement

Amount Spent

Each campaign was run with a similar creative but differed in terms of platform placement, target audience, and budget distribution. A fourth campaign
promoting an IVF service was excluded to maintain focus on a single creative.

4.3 CTR vs Amount Spent

One of the first relationships explored was the correlation between the amount spent on each campaign and the resulting CTR. As shown in Figure 1,
while higher spending often leads to broader reach, it does not guarantee a higher CTR. One campaign, despite lower spend, achieved a higher CTR
indicating that factors like placement and timing may influence engagement more than budget alone.

CTR vs Amount Spent

X Campaign name
% ANHH AD Video Campaign
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Click-Through Rate (%)
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I o ") o [N n

©
N
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Figure 1

This finding emphasizes that efficiency measured as engagement per rupee spent is as critical as overall reach.
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4.4 Engagement vs Reach
Figure 2 explores how page engagement scales with audience reach. While a higher reach generally correlates with more engagement, the rate of increase

varies across campaigns.

10 Sep 2024-15 Sep 2024

Reach Impressions

800K 595K
500K
400K
300K
200K
100K
58.2K
323K 42.9K 452K
0
ANHH AD Video Campaign, AD Video ANHH ANHH Awareness campaign, New Awareness ad Instagram URe: Hi3fa Hn g US giffea.,
Instagram TIee: 3Gl TE 57 ¢S gheted,
Figure 2

The graph illustrates diminishing returns beyond a certain point. One of the campaigns reached a large number of users but only showed a modest increase
in engagement, suggesting possible fatigue or ineffective targeting in that segment.

4.5 Comparative Analysis of Campaign Metrics

A comparative chart of the four core metrics CTR, Reach, Impressions, and Page Engagement across the three campaigns is presented in Figure 3.

Comparison of Core Performance Metrics Across Campaigns

600000 Campaign
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Figure 3

From the chart, we observe:

1. One campaign had the highest CTR, indicating it was most effective at driving clicks relative to impressions.

2. Another campaign had the highest reach and impressions, reflecting a broader visibility.

3. The campaign with the best page engagement did not necessarily have the highest reach, suggesting more targeted or emotionally resonant delivery.
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These differences highlight how even the same creative can perform differently based on context and strategy.

4.6 Sentiment and Persuasive Tone Analysis

The emotional tone of the advertisement was assessed using the translated transcript of the Hindi-language video. Sentiment analysis and manual
annotation revealed a clearly positive and reassuring tone. The script emphasized themes of trust, care, advanced technology, and community connection

crucial emotional triggers in healthcare advertising.

Key psychological cues included:

1. Trust and Authority: References to ICU, OT, and laser surgery.
2. Reassurance and Empathy: Visuals and language centered around family and safe treatment.
3. Community Alignment: Use of culturally familiar phrases and patient-centric storytelling.

These emotional markers likely contributed to the ad’s overall effectiveness, particularly in campaigns with stronger engagement metrics.

4.7 Interpretation of Results

The analysis reveals several key insights:

1. Ad effectiveness varies not just by content but also by delivery context such as audience segmentation and platform choice.
2. Higher spend does not equate to higher CTR highlighting the importance of strategic planning over brute-force exposure.
3. Emotional content matters the storytelling format and persuasive tone likely played a critical role in influencing engagement and trust.

Targeting and timing affect how well the same creative performs across campaigns.
These findings support the hypothesis that both analytical data and emotional context must be evaluated together to understand advertisement success.

4.8 Summary
This chapter presented a comprehensive analysis of three storytelling ad campaigns, combining quantitative metrics and sentiment analysis. The results

demonstrate that persuasive emotional design and strategic ad placement jointly influence campaign effectiveness. The next chapter concludes the study
and provides recommendations for healthcare advertisers based on the findings.

5: FINDINGS AND DISCUSSION

5.1 Introduction

This chapter summarizes the key findings derived from the analysis of three digital storytelling advertisement campaigns and discusses their implications
in the context of advertising effectiveness in the healthcare sector. Using a blend of descriptive analytics, sentiment evaluation, and performance
comparison, the chapter addresses the research questions and connects the outcomes to theoretical insights reviewed earlier.

5.2 Summary of Key Findings

1. Creative Consistency, Variable Performance:
Despite using the same video creative, the three campaigns exhibited varying performance metrics. This underscores the importance of audience targeting,
platform, and ad delivery context in influencing outcomes.

2. Budget Allocation Does Not Guarantee CTR Gains:
The campaign with the highest spend did not yield the highest click-through rate. This suggests that spend efficiency (CTR per rupee spent) is a more
valuable KPI than raw budget usage.

3. Emotional Tone Reinforces Engagement:

Sentiment analysis of the video transcript revealed a positive, reassuring emotional tone, rooted in trust, care, and community alignment. These factors
aligned closely with higher page engagement and clicks, suggesting that persuasive emotional content plays a pivotal role in healthcare ad success.

4. Reach vs. Engagement Shows Diminishing Returns:

While wider reach often corresponded to more engagement, the relationship was not strictly linear. One campaign achieved moderate reach but high
engagement, indicating that targeted delivery may outperform mass exposure.

5. Multivariate Factors Drive Effectiveness:
No single metric (e.g., CTR, reach) could independently explain performance. The best-performing campaign balanced engagement, impressions, CTR,
and emotional clarity, highlighting the need for multi-metric evaluation frameworks.
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5.3 Discussion

These findings reinforce the concept that advertising effectiveness is multidimensional. In alignment with Cialdini’s persuasion theory, the storytelling
ad effectively used emotional appeal, credibility, and community-based language to enhance relatability and trust. However, the quantitative success of
these elements depended heavily on strategic factors such as audience segmentation and platform-specific behavior.

The machine learning-based analysis highlighted important relationships between variables like amount spent, engagement, and CTR. Although predictive
modeling was not deeply implemented due to sample size limitations, the clustering and comparative visualizations provided meaningful patterns that
can inform future campaign planning.

Moreover, this study demonstrated how combining sentiment analysis with ad performance metrics offers a fuller picture of effectiveness. Whereas
traditional analytics may prioritize numeric performance alone, integrating emotional content evaluation allows marketers to better understand why an
ad performed well or poorly.

5.4 Implications for Practice

For healthcare advertisers and digital marketing teams, the following insights are particularly actionable:

1. Optimize targeting rather than over-investing in raw exposure.

2. Craft emotionally resonant content that emphasizes trust and empathy.

3. Use data dashboards that blend sentiment, CTR, and engagement rather than relying on isolated KPIs.
4. Test the same creative across different audience segments to identify performance variation.

5. Emphasize local language and cultural cues to build deeper connection in regional campaigns.

5.5 Limitations

The study focused on a limited number of campaigns, all using the same creative.
Visual and copy-based ad elements were not available in structured format for deeper machine learning modeling.
Sentiment analysis was conducted on a translated script, which may omit some emotional nuance.

Rl e

The results are contextual to the healthcare sector and may require adaptation for broader application.
5.6 Suggestions for Future Research

Incorporate larger and more diverse datasets across multiple industries.

Use frame-by-frame visual and audio sentiment analysis for video ads.
Apply deep learning models for predictive performance estimation.

Explore how language-specific emotion detection affects regional ad success.

wok W=

Conduct A/B testing with variations of emotional tone to validate sentiment impact.

6: CONCLUSION AND RECOMMENDATION
6.1 Conclusion

This study set out to explore the effectiveness of persuasive advertising in the healthcare sector through a combined lens of machine learning analytics
and sentiment evaluation. By focusing on a single creative used across three Meta campaigns for a hospital storytelling video it provided a focused yet
multidimensional investigation into what drives ad performance.

The quantitative findings revealed that higher spending does not inherently lead to higher engagement or CTR. Instead, strategically delivered content
targeted to the right audience on the right platform has a far more pronounced impact. This reinforces the idea that efficiency of spend and emotional
resonance are more meaningful indicators of ad success than sheer exposure.

The sentiment analysis of the Hindi-language ad transcript highlighted the importance of tone, messaging, and emotional framing in driving user response.
Trust-building language, family-centric themes, and the portrayal of institutional authority emerged as significant emotional levers that contributed to the
campaign’s engagement success.

Together, the data analysis and sentiment interpretation underscore the evolving nature of advertising one where both analytical precision and emotional
intelligence are necessary to achieve optimal outcomes. In healthcare, where decisions are often emotionally charged and trust-dependent, this dual
approach is particularly effective.
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6.2 Recommendations

Based on the analysis and findings of this study, the following recommendations are proposed for marketers, healthcare institutions, and researchers:

For Healthcare Marketers:

1. Prioritize Emotional Storytelling: Use relatable, human-centric narratives that convey empathy, care, and professionalism.

2 Refine Targeting Strategies: Rather than increasing spend, focus on targeting ads to more relevant audience segments.

3. Balance Content and Context: The same creative can yield different outcomes based on platform behavior and timing test across platforms.
4 Track Emotional Performance: Incorporate sentiment tracking into your campaign dashboards to evaluate content impact beyond numbers.

For Institutions:

1. Invest in Content Intelligence: Equip your marketing teams with the tools to perform creative testing, sentiment scoring, and audience behavior
tracking.

2. Leverage Regional Language and Cultural Alignment: Emotional impact is amplified when ads are delivered in a culturally familiar format.

For Future Researchers:

1. Broaden the Dataset: Extend research to include more campaigns across different sectors and languages.

2. Use Multimodal Analysis: Combine text, image, and audio analysis to assess full ad experience.

3. Apply Deep Learning Techniques: Explore how neural networks can better predict ad performance from emotional and contextual inputs.

6.3 Final Thoughts

As advertising continues to shift toward emotionally intelligent, data-driven strategies, the integration of sentiment analysis with campaign analytics
presents a compelling model for future practitioners. This research highlights how even in data-rich environments, the human element how people feel
about what they see and hear remains at the core of persuasive communication. For healthcare in particular, advertising that is informative, trustworthy,
and emotionally attuned will not just engage but truly connect with its audience.
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