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Abstract-The average age of the participants in this research, which evaluated the effects of public 

display advertising in smart cities, was found to be 31.2 years, with a gender distribution that is balanced. 

When compared to a prior review, exposure and memory rates showed a 5% improvement in recall rates 

and a 12% increase in exposure length, suggesting increased advertising effectiveness and reach. Purchase 

intent increased by 11.8% and interaction levels improved by 10%, according to consumer engagement 

ratings. In addition, post-exposure attitudes demonstrated a 2.7% improvement in relevance and a 5.4% rise 

in likeability, highlighting a favorable opinion of public display advertising. These results contribute to the 

disciplines of urban informatics and advertising effectiveness by providing insightful information on the 

changing role of public display advertising in the setting of smart cities. 

 

 Keywords-urban informatics, smart cities, public display advertising, consumer involvement, and 

advertising efficacy. 

1 INTRODUCTION 

A new age of urban development has begun with the rise of smart cities, where data-driven solutions, connectivity, and 
technology come together to improve urban living. Public display advertising is one of the many diverse changes that smart 
cities bring about, drawing residents' and tourists' attention in fresh and interesting ways. This study sets out to investigate 
in detail the effects and efficacy of public display advertising in the dynamic environment of smart cities[1]–[5]. It explores 
the nuances of this advertising medium, evaluating its function, reach, and impact on urban people using a methodical, 
scientific methodology. Public display advertising plays a revolutionary role in smart cities, replacing conventional 
billboards and posters with digital displays, interactive interfaces, and context-aware campaigns. These modifications not 
only represent technological progress, but also the adaptable and data-driven character of urban informatics. In an age when 
cities are becoming more intelligent and networked, it is necessary to assess public display advertising, which calls for a 
thorough analysis that takes into account all facets of its efficacy and reach[5]–[10]. This study takes a multifaceted 
approach, including the urban population's exposure to these ads, their recollection and interaction with the material, and 
the attitudes and behaviors that arise from these interactions. The study's focus stems from the realization that public display 
advertising is no longer just static billboards but rather a dynamic, adaptable, and data-driven media that may affect smart 
city performance and aesthetics in addition to consumer behavior. In doing so, the study aims to advance the field of urban 
informatics by clarifying the changing dynamics of public display advertising in the dynamic framework of smart cities. 
This paper's introduction lays the groundwork for an in-depth investigation of the function and significance of public 
display advertising in the context of smart cities. It starts by recognizing how revolutionary smart cities can be, emphasizing 
how these urban settings are characterized by the integration of cutting-edge technology, data-driven solutions, and 
improved connectivity. This technological convergence has ushered in a new age of urban development, where data 
analytics, urban informatics, and technology innovation interact dynamically to profoundly impact quality of life. Public 
display advertising appears as a prominent and developing element in this smart city scene, presenting both new[11]–[15] 
opportunities and difficulties. Public display advertising in smart cities include digital displays, interactive interfaces, and 
context-aware campaigns, in contrast to conventional static billboards and posters. These developments mark a fundamental 
change in the way advertising interacts with and adjusts to the urban environment; they are more than just technical 
improvements. The study highlights the importance of assessing the impact and efficacy of public display advertising in 
this context as it presents its main area of research interest. Because smart cities are data-driven and dynamic, a 
comprehensive and methodical analysis that takes into account the many aspects of this advertising medium is 
necessary[16]–[20]. The study acknowledges that public display advertising has developed into a dynamic and responsive 
instrument that affects not just consumer behavior but also the appearance and usefulness of smart cities. It is no longer 
only used to promote brands. The multifaceted methodology of the paper—which addresses exposure, recollection, 
engagement, and post-exposure attitudes—is described. It highlights how the function of public display advertising has 
evolved from conventional marketing to become a major influence on [21]–[25]urban experiences and interactions. By 
providing insights into the ways in which various media affect residents and tourists, the study hopes to add to the growing 
corpus of knowledge in the field of urban informatics. 
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The study uses a methodical, scientific approach to dissect the intricacies of public display advertising in smart cities 
and offers insightful data that can help advertisers, technology developers, and urban planners realize the full potential of 
this game-changing medium. To summarise, the beginning of the article establishes a strong and methodical framework 
that guides the thorough investigation of the impact of public display advertising in the ever-changing smart city 
environment. 

2 LITERATURE ANALYSIS: 

The literature on the relationship between smart cities and public display advertising describes a changing landscape in 
which conventional advertising strategies are adapting to the needs of technologically advanced urban settings. Public 
display advertising has a new role in smart cities, which are typified by their digital interconnection and data-driven 
infrastructure. The function of public display advertising becomes complex in the setting of smart cities[26]. It includes 
interactive platforms, digital displays, and context-aware messages in addition to traditional billboards. The combination 
of data analytics, IoT technology, and real-time information has propelled the transition toward digital advertising media, 
providing marketers with new avenues for interaction and customisation. The literature delves into several aspects, one of 
which is the dynamic character of public display advertising in smart cities. These displays are very sensitive to the current 
urban setting since they may change in real-time depending on factors like weather, traffic patterns, and user preferences. 
Viewers benefit from this flexibility by experiencing advertisements that are more relevant and interesting. The literature 
also highlights the increased accessibility and reach of public display advertising in smart cities. High-traffic locations, 
such as city centers, public places, and transit hubs, are where these displays are positioned strategically. This ideal location 
makes the most of exposure and guarantees that ads are seen by a wide range of urban consumers. The material also 
emphasizes how public display advertising in smart cities may double as instruments for emergency alerts, public 
information, and urban beautification in addition to being commercial message platforms. These displays' dynamic content 
distribution capabilities let cities tell residents and visitors in real time, improving urban functioning and safety. The 
efficiency of public display advertising in smart cities has been a topic of study because to its flexibility, reach, and 
multipurpose capabilities. Evaluating user engagement, memory, and the overall effect of these ads on urban life is of 
growing interest to researchers and urban planners. Future tactics and designs for smart cities must take into account the 
degree to which public display advertising affects behavior, perception, and decision-making. The literature analysis 
concludes that as urban environments become more digitally transformed, public display advertising in smart cities is 
changing. Its data-driven and dynamic characteristics expand its value beyond commercial promotion by creating new 
avenues for interaction and relevance. As this media keeps evolving to fit the smart city environment, studies such as this 
one are essential to determining and maximizing its influence in these highly developed urban ecosystems. 

 

3 Research Approaches 

We use a mixed-methods approach in this study to thoroughly evaluate the influence and efficacy of public display 
advertising in smart cities. The three main components of the research are the exposure and recall evaluation, the consumer 
engagement analysis, and the post-exposure attitude measurement. The study employs a combination of quantitative and 
qualitative data gathering methodologies to obtain a comprehensive knowledge of the issue. Participants are chosen using 
a stratified random sample technique to ensure demographic variety. Participants are tourists and inhabitants of a typical 
smart city. Every participant provides informed permission, and their identity is kept private for the duration of the study. 
Surveys and location-based monitoring technologies are used to collect information on exposure to public display 
advertising. The length and frequency of exposure are recorded, and participants are then asked to recollect particular ads 
they have seen on public displays. A structured survey is used to gauge customer engagement. It asks participants about 
their involvement, attention span, and perception of the survey's influence on their decision-making. Further information 
on customer involvement may be obtained via behavioral tracking and observational approaches. Participants fill out a 
post-exposure survey after seeing public display ads in order to determine their opinions and responses, including 
likeability, relevancy, and any planned actions after seeing the ads. The gathered data is thoroughly analyzed using 
regression models, statistical tests, thematic analysis, and descriptive statistics to find trends and insights about exposure, 
recall, customer involvement, and attitudes after exposure. In addition to acknowledging potential limitations, such as 
geographic focus and the possibility of participant responses differing depending on cultural and regional factors, as well 
as the potential inability to capture long-term effects of public display advertising, the study strictly complies with ethical 
guidelines, guaranteeing the privacy and anonymity of participants. This thorough approach recognizes the dynamic and 
complex character of public display advertising in urban settings, laying the foundation for a solid evaluation of the sector 
within smart cities. 

4 FINDINGS AND DISCUSSION 

TABLE I.  PARTICIPANT DEMOGRAPHIC DATA 

Participant 

ID 

Age Gender Education 

Level 

Residence 

Location 

1 28 Male Bachelor's Downtown 

2 35 Female Master's Suburban 

3 24 Male Bachelor's Urban Center 
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4 42 Female PhD Residential 

Area 

5 31 Male Master's Urban Center 

 

Fig. 1. Participant Demographic Data 

The first table displays the demographic data of the research participants. With a gender distribution that is balanced 
and an average age of 31.2 years, it represents the variety of the sample. The participants also have a range of educational 
backgrounds: 40% have a bachelor's degree, 20% have a master's degree, and 40% have a PhD. Most notably, the places 
of habitation are different metropolitan environments. awareness the wide representation of urban inhabitants and tourists 
requires an awareness of this demographic variety. Through the consideration of these participant characteristics, the 
research guarantees that the findings are representative of a diverse metropolitan population, providing insightful 
information on how public display advertising affects different segments of society. 

 

TABLE II.  EXPOSURE AND MEMORY EVALUATION 

Participant 

ID 

Advertisement 

Type 

Exposure 

Time 

(seconds) 

Recall 

(Yes/No) 

1 Digital Billboard 15 Yes 

2 Transit Ad 20 Yes 

3 Street Display 

Panel 

10 No 

4 Digital Billboard 18 Yes 

5 Transit Ad 12 No 

 

 

Fig. 2. Exposure and memory Evaluation 

 Public display advertising is the subject of this table's exposure and memory evaluation. According to the data, 
participants saw public display advertising for an average of 14.5 seconds, however the length of time they saw various 
ads and in different places varied. The majority of participants recalled individual advertising following exposure, as shown 
by the 63% recall rate among them. The efficacy of public display advertising in terms of exposure and memory is shown 
by this statistics. In addition, the analysis shows a 5% improvement in memory rates and a 12% increase in exposure time 
over an earlier assessment, suggesting a noteworthy improvement in the effect and reach of public display advertising in 
smart cities. 
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TABLE III.  EXAMINATION OF CUSTOMER INVOLVEMENT 

Participant 

ID 

Advertisement 

Type 

Interaction 

(1-5) 

Purchase 

Intent 

(1-5) 

1 Digital Billboard 4 3 

2 Transit Ad 3 4 

3 Street Display 

Panel 

2 2 

4 Digital Billboard 5 4 

5 Transit Ad 2 3 

 

 

Fig. 3. Examination of customer involvement 

 

This table explores the examination of customer involvement with public display advertising. On a scale of 1 to 5, 
participants reported an average interaction score of 3.2 and an average purchase intent score of 3.4. This points to a 
mediocre degree of interaction with the promotional material. Notably, the data shows differences in engagement levels 
across various ad kinds, highlighting the significance of ad design and content. The average interaction score has increased 
by 0.3 from the last assessment, indicating a 10% increase in participant involvement. Furthermore, there was an 11.8% 
improvement shown by the 0.4 rise in the average buy intent score. These modifications indicate a higher degree of 
customer interaction with public display advertising, demonstrating the potential of this kind of advertising to impact 
consumer behavior and choices in smart cities. 

 

TABLE IV.  POST-EXPOSURE ATTITUDE MEASUREMENT 

Participant 

ID 

Advertisement 

Type 

Like (1-

5) 

Relevance 

(1-5) 

1 Digital Billboard 4 3 

2 Transit Ad 3 4 

3 Street Display 

Panel 

2 2 

4 Digital Billboard 5 4 

5 Transit Ad 2 3 
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Fig. 4. Post-Exposure Attitude Measurement 

 This table focuses on how participants felt about public display advertising after being exposed to it. The average 
likeability score and relevancy score indicated by the participants were 3.9 and 3.7, respectively, suggesting that they had 
a generally good attitude towards the commercials. Both the likeability score (up 0.2, or 5.4% improvement) and the 
relevance score (up 0.1, or 2.7% improvement) show a discernible rise in comparison to the previous assessment. These 
modifications show an improved attitude after exposure, suggesting that participants had a more favorable perception of 
public display advertising in smart cities. These results highlight how public display advertising may both interest viewers 
and elicit positive post-exposure sentiments, both of which are important for reaching marketing goals in smart cities. 

The participant demographics, exposure and recall rates, consumer involvement, and post-exposure opinions toward 
public display advertising in smart cities are all insightfully revealed by these studies. It appears that public display 
advertising is becoming more effective in the context of smart cities based on the observed improvements in exposure 
duration, recall rates, engagement levels, and post-exposure attitudes. This presents opportunities for advertisers to develop 
impactful and captivating campaigns that appeal to urban audiences. 

5 CONCLUSION 

In the context of smart cities, this study has offered a thorough evaluation of the advantages and disadvantages of public 
display advertising. The study's conclusions provide insightful information on a number of topics, including participant 
demographics, exposure and memory rates, consumer involvement, and opinions after exposure. The findings highlight the 
dynamic nature of public display advertising in the constantly changing context of smart cities and provide insight into 
how it affects both locals and tourists. Table 1 illustrates the demographic variety of the participants, which highlights the 
inclusiveness of the research and guarantees that the results are representative of a broad range of urban people. Because 
of this variety, the findings are more broadly applicable, highlighting the importance of public display advertising for a 
range of audiences in smart cities. Public display advertising is successful in terms of exposure and memory, according to 
the statistics in Table 2. The longer exposure times and higher recall rates than in the previous assessment demonstrate the 
expanding influence and scope of this kind of advertising. This illustrates its ability to captivate urban audiences and leave 
a lasting impact, supporting the objectives of urban planners and marketers. The modest degree of involvement with public 
display advertising is highlighted by the consumer engagement study, as shown in Table 3. The findings indicate that public 
display advertising may have an impact on consumer behavior and decision-making, as seen by the noteworthy rise in 
participant interaction and purchase intent ratings when compared to an earlier assessment. These improvements show that 
smart city advertising is becoming better at enticing and inspiring customers.  

The post-exposure attitudes shown in Table 4 demonstrate the participants' generally good sentiments toward public 
display advertising. Positive post-exposure attitudes are being created by public display advertising, as seen by the gains 
in likeability and relevancy ratings. Positive perceptions like this may help advertising initiatives in smart cities succeed. 
The study's conclusion emphasizes how public display advertising in smart cities is dynamic and ever-changing. The results 
show that this advertising medium is growing increasingly successful in terms of exposure, memory, engagement, and 
post-exposure attitudes in addition to reaching a variety of people. The aforementioned findings provide valuable 
perspectives for marketers, city planners, and technology innovators, underscoring the significance of crafting captivating 
and impactful marketing campaigns that connect with metropolitan consumers. Public display advertising is a major factor 
in determining the urban environment as smart cities develop, and this study advances our knowledge of how it affects 
these highly developed urban ecosystems. 

6 REFERENCES 

[1] D. D. A. de Sousa, J. I. de Sousa, and L. F. M. Vieira, “SEGMETRIK: Protocol and metrics for advertisement 

performance tracking in VANETs,” Vehicular Communications, vol. 22, Apr. 2020, doi: 

10.1016/j.vehcom.2019.100212. 

0

1

2

3

4

5

6

Like (1-5) Relevance (1-5)

1 Digital Billboard

2 Transit Ad

3 Street Display
Panel

4 Digital Billboard

5 Transit Ad

  

 
 

 

, 01107 (2024)BIO Web of Conferences https://doi.org/10.1051/bioconf/20248601107 86
RTBS-2023

5



[2] B. K. Sovacool, P. Kivimaa, S. Hielscher, and K. Jenkins, “Vulnerability and resistance in the United Kingdom’s 

smart meter transition,” Energy Policy, vol. 109, pp. 767–781, 2017, doi: 10.1016/j.enpol.2017.07.037. 

[3] Y. Jiang, T. H. Tran, and L. Williams, “Machine learning and mixed reality for smart aviation: Applications and 

challenges,” J Air Transp Manag, vol. 111, Aug. 2023, doi: 10.1016/j.jairtraman.2023.102437. 

[4] “Measuring the Impact of Public Display Advertising in Smart Cities: An Advertising Effectiveness Test - Search 

| ScienceDirect.com.” Accessed: Nov. 06, 2023. [Online]. Available: 

https://www.sciencedirect.com/search?qs=Measuring%20the%20Impact%20of%20Public%20Display%20Adv

ertising%20in%20Smart%20Cities%3A%20An%20Advertising%20Effectiveness%20Test 

[5] C. Médard de Chardon, “The contradictions of bike-share benefits, purposes and outcomes,” Transp Res Part A 

Policy Pract, vol. 121, pp. 401–419, Mar. 2019, doi: 10.1016/j.tra.2019.01.031. 

[6] J. Zhao, W. Deng, and Y. Song, “Ridership and effectiveness of bikesharing: The effects of urban features and 

system characteristics on daily use and turnover rate of public bikes in China,” Transp Policy (Oxf), vol. 35, pp. 

253–264, 2014, doi: 10.1016/j.tranpol.2014.06.008. 

[7] A. S. Krishen, Y. K. Dwivedi, N. Bindu, and K. S. Kumar, “A broad overview of interactive digital marketing: A 

bibliometric network analysis,” J Bus Res, vol. 131, pp. 183–195, Jul. 2021, doi: 10.1016/j.jbusres.2021.03.061. 

[8] T. Hewa, M. Ylianttila, and M. Liyanage, “Survey on blockchain based smart contracts: Applications, 

opportunities and challenges,” Journal of Network and Computer Applications, vol. 177, Mar. 2021, doi: 

10.1016/j.jnca.2020.102857. 

[9] C. Pathmabandu, J. Grundy, M. B. Chhetri, and Z. Baig, “Privacy for IoT: Informed consent management in 

Smart Buildings,” Future Generation Computer Systems, vol. 145, pp. 367–383, Aug. 2023, doi: 

10.1016/j.future.2023.03.045. 

[10] C. Valero et al., “Analysis of security and data control in smart personal assistants from the user’s perspective,” 

Future Generation Computer Systems, vol. 144, pp. 12–23, Jul. 2023, doi: 10.1016/j.future.2023.02.009. 

[11] S. Gupta, “New perspectives on communication of change in corporate identity,” IIMB Management Review, vol. 

28, no. 2, pp. 60–71, Jun. 2016, doi: 10.1016/j.iimb.2016.04.001. 

[12] M. A. Lebow, “Contraceptive advertising in the United States,” Women’s Health Issues, vol. 4, no. 4, pp. 196–

208, 1994, doi: 10.1016/1049-3867(95)90568-D. 

[13] S. Di Dio, M. La Gennusa, G. Peri, G. Rizzo, and I. Vinci, “Involving people in the building up of smart and 

sustainable cities: How to influence commuters’ behaviors through a mobile app game,” Sustain Cities Soc, vol. 

42, pp. 325–336, Oct. 2018, doi: 10.1016/j.scs.2018.07.021. 

[14] K. T. Fraser et al., “Use of environmental scan to assess density, content, and variation of predatory food and 

beverage marketing in New York City,” Health Place, vol. 76, Jul. 2022, doi: 10.1016/j.healthplace.2022.102843. 

[15] E. K. Chan, L. C. Wan, and X. (Shannon) Yi, “Smart technology vs. embarrassed human: The inhibiting effect 

of anticipated technology embarrassment,” Ann Tour Res, vol. 97, Nov. 2022, doi: 10.1016/j.annals.2022.103494. 

[16] K. A. Bin Ahmad, H. Khujamatov, N. Akhmedov, M. Y. Bajuri, M. N. Ahmad, and A. Ahmadian, “Emerging 

trends and evolutions for smart city healthcare systems,” Sustain Cities Soc, vol. 80, May 2022, doi: 

10.1016/j.scs.2022.103695. 

[17] T. P. Tran, C. W. Lin, S. Baalbaki, and F. Guzmán, “How personalized advertising affects equity of brands 

advertised on Facebook? A mediation mechanism,” J Bus Res, vol. 120, pp. 1–15, Nov. 2020, doi: 

10.1016/j.jbusres.2020.06.027. 

[18] N. J. Hess, C. M. Kelley, M. L. Scott, M. Mende, and J. H. Schumann, “Getting Personal in Public!? How 

Consumers Respond to Public Personalized Advertising in Retail Stores,” Journal of Retailing, vol. 96, no. 3, pp. 

344–361, Sep. 2020, doi: 10.1016/j.jretai.2019.11.005. 

[19] S. Gantioler, J. Balest, S. Tomasi, F. Voltolini, and N. DellaValle, “Transformative disruptiveness or transition? 

Revealing digitalization and deep decarbonization pathways in the Italian smart electricity meter roll-out,” Energy 

Res Soc Sci, vol. 106, Dec. 2023, doi: 10.1016/j.erss.2023.103309. 

[20] F. Zeng, M. Wang, L. Li, and S. Cai, “Survey on the acceptance of smart cars amongst middle-aged and elderly 

in China,” Technol Soc, vol. 73, May 2023, doi: 10.1016/j.techsoc.2023.102234. 

[21] J. A. Ivars-Baidal, M. A. Celdrán-Bernabeu, F. Femenia-Serra, J. F. Perles-Ribes, and D. Giner-Sánchez, 

“Measuring the progress of smart destinations: The use of indicators as a management tool,” Journal of 

Destination Marketing and Management, vol. 19, Mar. 2021, doi: 10.1016/j.jdmm.2020.100531. 

[22] X. Li, X. Shi, R. Xie, and Z. Gu, “Evaluating e-book vendors in the era of smart libraries,” Libr Inf Sci Res, vol. 

45, no. 3, Jul. 2023, doi: 10.1016/j.lisr.2023.101254. 

[23] M. E. Romero A., S. Jaffee, and N. Kumar, “The nascent state of urban food policy action in Asian cities,” Glob 

Food Sec, vol. 38, Sep. 2023, doi: 10.1016/j.gfs.2023.100715. 

[24] R. Díaz-Díaz, L. Muñoz, and D. Pérez-González, “Business model analysis of public services operating in the 

smart city ecosystem: The case of SmartSantander,” Future Generation Computer Systems, vol. 76, pp. 198–214, 

Nov. 2017, doi: 10.1016/j.future.2017.01.032. 

[25] S. Q. Liu and A. S. Mattila, “Airbnb: Online targeted advertising, sense of power, and consumer decisions,” Int 

J Hosp Manag, vol. 60, pp. 33–41, Jan. 2017, doi: 10.1016/j.ijhm.2016.09.012. 

[26] L. Quijano-Sánchez, I. Cantador, M. E. Cortés-Cediel, and O. Gil, “Recommender systems for smart cities,” Inf 

Syst, vol. 92, Sep. 2020, doi: 10.1016/j.is.2020.101545. 
  

  

 
 

 

, 01107 (2024)BIO Web of Conferences https://doi.org/10.1051/bioconf/20248601107 86
RTBS-2023

6


