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Abstract 

The development of Augmented Reality (AR) technology has brought new 

opportunities to the digital retail industry, particularly on web-based e-commerce 

platforms. AR can provide a more interactive and immersive virtual shopping 

experience, allowing consumers to visualize products in a real-world context before 

making a purchase. This study aims to explore the impact of AR implementation 

on the online shopping experience and analyze the factors influencing consumer 

adoption of this technology. 

The research method used a qualitative approach with case studies on five e-

commerce platforms that have integrated AR. This involved interviews with 

developers, direct observation, and questionnaires with 100 active users. The results 

showed that 78% of users felt more confident in making purchasing decisions after 

using AR features, and 72% of users reported increased interest in purchasing 

products. Furthermore, AR has been shown to reduce consumer uncertainty, 

increase sales conversion rates, and reduce product returns. 

However, AR implementation still faces obstacles, such as hardware 

limitations, visual quality on older devices, and network speeds that impact 

application performance. Technological innovations such as cloud-based AR and 

data compression have proven to be potential solutions to overcome these obstacles. 

This study concludes that ✓ AR integration in web-based e-commerce can 

strengthen the competitiveness of the digital retail industry by providing a more 

immersive shopping experience, increasing customer satisfaction, and accelerating 

purchasing decisions. 
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1. Introduction 

In recent years, Augmented Reality (AR) technology has experienced rapid 

development and is being applied in various fields, including digital retail. The 

global AR market in retail is expected to reach $61.39 billion by 2028, with a 

compound annual growth rate of 38.3% from 2021 to 2028 (Grand View Research, 

2021). AR allows users to interact with the digital world in a more natural and 

engaging way through 3D visualizations and real-world interactions (Harrison & 
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Miller, 2020). In the e-commerce sector, AR serves to create a more immersive 

shopping experience, where consumers can see how products will look in their 

environment, such as furniture in their living room or clothing on their body (Zhao 

et al., 2021). 

The COVID-19 pandemic has accelerated digital transformation in retail, 

with global e-commerce sales growing by 27.6% in 2020 (UNCTAD, 2021). 

However, this rapid growth has also highlighted significant challenges in online 

retail. E-commerce has grown rapidly, but a major challenge for web-based retail 

platforms is how to make the shopping experience more engaging and interactive 

(Smith & Williams, 2020). Research indicates that 67% of consumers abandon their 

online shopping carts due to uncertainty about product quality and appearance 

(Baymard Institute, 2022). Many consumers still feel uncertain about purchasing 

products online, especially for items that are difficult to visualize, such as furniture 

or clothing. This is where AR plays a crucial role in bridging this gap, offering a 

more immersive and interactive shopping experience (Patel & Shukla, 2021). 

Globally, major retailers are increasingly adopting AR technology to 

enhance customer experience. Companies like IKEA, Sephora, and Warby Parker 

have successfully implemented AR features, reporting significant improvements in 

customer engagement and sales conversion rates (Javornik, 2016). IKEA's AR app, 

IKEA Place, has been downloaded over 8.5 million times, allowing customers to 

visualize furniture in their homes before purchasing (IKEA, 2022). Similarly, 

Sephora's Virtual Artist app has resulted in a 200% increase in conversion rates for 

users who engage with AR features (Sephora, 2021). 

In the Asia-Pacific region, AR adoption in e-commerce is growing at an 

unprecedented rate. Countries like China, Japan, and South Korea are leading this 

transformation, with Chinese e-commerce giants like Alibaba and JD.com investing 

heavily in AR technologies (McKinsey, 2021). The region is expected to dominate 

the AR market in retail, accounting for approximately 45% of global market share 

by 2025 (Statista, 2022). 

Indonesia presents a unique opportunity for AR implementation in e-

commerce. With over 196 million internet users and 165 million online shoppers as 

of 2022, Indonesia has the largest e-commerce market in Southeast Asia (We Are 

Social, 2022). However, the country faces specific challenges that make AR 

implementation particularly urgent. The archipelagic nature of Indonesia, with over 

17,000 islands, makes traditional retail distribution challenging and expensive. AR 

technology can bridge the gap between physical and digital retail, providing 

consumers in remote areas access to immersive shopping experiences previously 

unavailable (Databoks, 2022). 

Furthermore, Indonesian consumers show high engagement with visual and 

interactive content. Studies indicate that 83% of Indonesian online shoppers prefer 

visual product demonstrations over text descriptions (Nielsen, 2022). This 

preference, combined with the growing smartphone penetration rate of 89% in 

urban areas, creates ideal conditions for AR adoption in web-based retail (APJII, 

2022). 

With the rise of e-commerce and the increasing reliance on digital 

experiences, it is crucial to explore how AR technology can enhance the online 

shopping experience and support purchasing decisions. The urgency of this research 
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is further emphasized by the "experience economy" trend, where consumers 

increasingly value experiences over products (Pine & Gilmore, 2019). In Indonesia, 

this trend is particularly pronounced among millennials and Gen Z consumers, who 

represent 70% of the online shopping demographic (Alvara Research Center, 2022). 

While research on AR in brick-and-mortar retail is substantial, its application in 

web-based e-commerce platforms remains limited and requires further research to 

explore its potential (Kumar & Shukla, 2020). 

AR in e-commerce uses 3D visualization technology that allows consumers 

to see products in their real-life context, which can increase their confidence in 

making purchasing decisions (Kumar & Shukla, 2020). The Technology 

Acceptance Model (TAM) provides a theoretical framework for understanding AR 

adoption, suggesting that perceived usefulness and ease of use are key determinants 

of technology acceptance (Davis, 1989). Recent studies have extended TAM to 

include hedonic motivation and social influence as significant factors in AR 

acceptance for e-commerce applications (Rese et al., 2017). 

Several studies have shown that the use of AR in e-commerce can increase 

conversion rates, as consumers feel more confident about the products they choose 

(Li & Zhang, 2021). For example, research by Pizzi et al. (2020) found that AR 

implementation in online fashion retail increased purchase intention by 64% and 

reduced product return rates by 31%. Similarly, a study by Hilken et al. (2017) 

demonstrated that AR experiences in furniture retail led to a 70% increase in 

customer satisfaction and a 40% increase in purchase confidence. Companies using 

AR to visualize home furnishing or cosmetic products have reported significant 

increases in sales (Brown & Green, 2021). 

Several studies have explored the use of AR in the retail sector, but most 

have focused on brick-and-mortar stores or mobile-based applications (Chang et al., 

2020). Caboni and Hagberg (2019) conducted a comprehensive review of AR in 

retail, identifying three main application areas: product visualization, virtual try-on 

experiences, and interactive marketing campaigns. However, their study primarily 

focused on mobile applications rather than web-based implementations. Research 

by Lee & Kim (2021) suggests that AR can enhance consumer engagement and 

provide a more immersive experience. Dacko (2017) examined consumer responses 

to AR advertising and found that AR experiences generate higher levels of 

engagement compared to traditional advertising methods. McLean and Wilson 

(2019) investigated the role of AR in luxury retail, demonstrating that AR 

experiences can enhance brand perception and emotional connection with products. 

Yim et al. (2017) studied AR adoption in the beauty industry, finding that 

consumer innovativeness and social influence significantly impact AR acceptance. 

Their research revealed that AR try-on features increase consumer confidence by 

55% and reduce perceived risk by 48%. However, their study was limited to mobile 

applications and did not examine web-based implementations. 

Flavián et al. (2019) investigated the impact of AR on online purchase 

intention, finding that AR experiences enhance mental imagery and reduce 

uncertainty. Their research showed that AR implementation in online retail leads to 

a 37% increase in purchase intention and a 29% improvement in user satisfaction. 

However, their study focused primarily on hedonic products and did not examine 

utilitarian product categories. 
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However, there is a lack of research on the application of AR in web-based 

e-commerce platforms and its impact on the virtual shopping experience (Patel & 

Shukla, 2021). Most existing studies have concentrated on mobile AR applications, 

leaving a significant research gap in understanding how AR functions within web 

browser environments and its unique challenges and opportunities. 

Although Augmented Reality (AR) has been implemented in e-commerce 

applications, there remains a significant gap in research that examines in-depth how 

this technology can be implemented more effectively on web-based platforms and 

how it impacts consumer purchasing decisions (Williams & Thompson, 2020). The 

existing body of research lacks comprehensive analysis in several critical areas that 

are essential for advancing AR implementation in digital commerce environments. 

Specifically, existing research lacks comprehensive analysis of the comparative 

effectiveness of web-based AR versus mobile AR applications in e-commerce 

contexts, technical challenges and solutions specific to web-based AR 

implementation, consumer behavior patterns when interacting with AR features 

through web browsers, the impact of different AR interaction modalities on 

purchase decisions in web environments, and adoption barriers and facilitators 

specific to Indonesian e-commerce contexts. This study aims to fill this gap by 

exploring user experiences in AR-based e-commerce applications and analyzing the 

factors influencing their adoption on digital platforms. 

This research introduces a groundbreaking perspective by connecting AR 

technology with web-based e-commerce platforms, enabling consumers to engage 

in virtual shopping experiences that are both realistic and immersive. The novelty 

of this research lies in several key areas that distinguish it from existing studies in 

the field. First, this represents the first comprehensive study examining AR 

implementation specifically in web-based e-commerce platforms within the 

Indonesian context, addressing a significant geographical and cultural gap in 

existing literature. Second, the study develops an innovative integrated framework 

that combines Technology Acceptance Model (TAM) theory with experiential 

marketing principles for AR adoption analysis, providing a more holistic 

understanding of AR acceptance mechanisms. Third, the research investigates 

cloud-based AR solutions and data compression techniques as enablers for broader 

AR accessibility, addressing practical implementation challenges that have 

hindered widespread AR adoption. Fourth, the study provides comprehensive 

analysis of cultural and technological factors specific to emerging markets that 

influence AR adoption patterns, which is particularly valuable for understanding 

technology diffusion in developing economies. By exploring the latest innovations 

in AR implementation within e-commerce environments, this study contributes 

significantly to the development of more inclusive and engaging digital retail 

technologies (Zhao et al., 2021). 

This study aims to explore the comprehensive impact of AR utilization in 

enhancing online shopping experiences, with particular emphasis on web-based e-

commerce platforms. Furthermore, it also aims to analyze the complex factors 

influencing consumer adoption of AR technology and examine how this technology 

impacts purchasing decision processes. The specific objectives include evaluating 

the effectiveness of AR implementation in web-based e-commerce platforms on 

user engagement metrics and purchase intention formation, which involves 
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comprehensive assessment of user interaction patterns and conversion rate 

improvements. Additionally, the research seeks to identify both technical and non-

technical barriers to AR adoption in Indonesian e-commerce contexts, including 

analysis of infrastructure limitations, user competency factors, and cultural 

resistance elements. The study also aims to analyze consumer behavior patterns and 

preferences when interacting with AR features across different product categories 

and user demographics, focusing on understanding user journey optimization 

opportunities. Finally, the research proposes technological solutions for 

overcoming implementation challenges identified through empirical investigation, 

including development of best practice frameworks and technical 

recommendations. 

The anticipated outcomes of this research extend across multiple domains, 

providing valuable contributions to both academic understanding and practical 

implementation of AR technology in e-commerce environments. From a theoretical 

perspective, the research extends existing technology acceptance models to include 

AR-specific factors and cultural considerations that have been underrepresented in 

current theoretical frameworks, enhancing the predictive power of technology 

adoption models in emerging technology contexts. By examining AR adoption in 

Indonesian contexts, the study contributes to understanding the cross-cultural 

validity of technology acceptance theories and identifies culture-specific 

modification requirements. The practical implications include providing actionable 

insights for e-commerce developers and retailers regarding optimal AR 

implementation strategies, encompassing technical specifications, user interface 

design principles, and deployment timelines, while also offering comprehensive 

guidelines for resource allocation and technology investment decisions related to 

AR implementation in web-based commerce platforms. 

The social implications of this research contribute to improving accessibility 

to immersive shopping experiences for consumers in geographically dispersed 

markets, which is particularly relevant for Indonesia's archipelagic geography and 

diverse urban-rural technology gaps. By addressing barriers to AR adoption, the 

study supports broader digital inclusion initiatives and reduces technology access 

disparities across different socioeconomic segments. From an economic standpoint, 

the research contributes significantly to the digital transformation of the Indonesian 

retail industry by providing evidence-based recommendations for AR adoption 

strategies, which is crucial for maintaining competitive positioning in rapidly 

evolving digital markets. By supporting the development of more effective AR-

enabled e-commerce platforms, the study contributes to economic growth in the 

digital economy sector, including potential job creation, increased consumer 

spending, and enhanced market efficiency. Furthermore, the research provides 

valuable data for venture capital and technology investment decisions in the AR 

and e-commerce sectors, potentially catalyzing further innovation and development 

in these industries. 

This comprehensive research framework addresses critical gaps in 

understanding AR implementation in web-based e-commerce environments while 

providing substantial theoretical and practical contributions. The focus on 

Indonesian contexts adds valuable cross-cultural perspectives to the global body of 

AR research, while the integrated theoretical approach offers innovative 
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frameworks for understanding technology adoption in emerging markets. The 

anticipated outcomes promise significant benefits across theoretical, practical, 

social, and economic dimensions, positioning this research as a valuable 

contribution to the advancement of AR technology in digital commerce applications 

 

2. Method 

Types of Research 

This research uses a qualitative approach with a case study method on 

several e-commerce platforms that have integrated AR technology. This approach 

was chosen to gain in-depth insights into the application of AR in the context of 

web-based e-commerce and its impact on user experience. A mixed-methods design 

was employed to triangulate findings and provide comprehensive understanding of 

AR implementation and adoption patterns. 

 
Population and Sampling 

The population of this study was users and developers of web-based e-

commerce platforms that have implemented AR. The research sample consisted of 

five e-commerce platforms that use AR technology to enhance the shopping 

experience, selected using purposive sampling based on the following criteria: (1) 

implementation of web-based AR features for at least 12 months, (2) minimum 

10,000 monthly active users, (3) availability of multiple product categories, (4) 

willingness to participate in the study, and (5) geographic coverage including 

Indonesian markets. The selected platforms included Tokopedia (furniture and 

home decor), Shopee (fashion and beauty), Zalora (apparel), Sociolla (cosmetics), 

and Furniture123 (home furnishings). Additionally, 100 users who actively use the 

AR features in those e-commerce applications were recruited through convenience 

sampling. 

 

Research Instrument 

The instruments used in this study included: 

1. Semi-structured interview guide with 25 open-ended questions covering AR 

implementation challenges, user feedback, technical considerations, and 

business impact 

2. User experience questionnaire comprising 45 items across five dimensions: 

perceived usefulness (9 items), perceived ease of use (8 items), enjoyment 

(7 items), trust (11 items), and behavioral intention (10 items), validated 

through pilot testing with 30 users (Cronbach's α = 0.89) 

3. Observational protocol for documenting user interactions with AR features 

during shopping scenarios 

4. Technical assessment checklist for evaluating AR implementation quality 

and performance metrics 

 

Data Collection Technique 
Data was collected through the following techniques: 

1. Semi-structured interviews with 15 developers (3 from each platform) and 

20 power users to gain insights into implementation challenges and user 

experiences with AR 
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2. A validated questionnaire was distributed to 100 users to obtain their 

perceptions about the benefits and challenges of using AR in shopping, 

measuring constructs using 5-point Likert scales 

3. Direct observation of 50 user sessions interacting with AR applications in 

controlled online shopping scenarios, recording interaction patterns, time 

spent, and task completion rates 

4. Technical performance assessment of AR features across different devices 

and network conditions. 

 

Research Procedure 

This research was conducted in several stages: 

1. Platform Selection and Partnership Establishment (Month 1): Identification 

and recruitment of e-commerce platforms meeting selection criteria 

2. Instrument Development and Validation (Month 2): Development and pilot 

testing of research instruments 

3. Data Collection (Months 3-4): Interviews, questionnaires, and observations 

were conducted to obtain data on AR implementation and user experience 

4. Data Analysis (Month 5): Interview and questionnaire data were analyzed 

using thematic analysis to identify key patterns in user experiences and their 

impact on purchasing decisions. Observational data was analyzed to provide 

a practical overview of user interactions with AR-based applications 

5. Validation and Reporting (Month 6): Member checking with participants 

and compilation of research report summarizing findings and 

recommendations related to the implementation of AR in web-based e-

commerce. 

 

Data Analysis Technique 
Data analysis was conducted using: 

1. Thematic analysis for qualitative data from interviews and open-ended 

responses, following Braun and Clarke's (2006) six-phase approach with 

inter-coder reliability of 0.85 

2. Descriptive and inferential statistics for quantitative data obtained from 

questionnaires, including correlation analysis and regression modeling 

3. Content analysis for observational data to identify behavioral patterns and 

user preferences 

4. Triangulation of findings across multiple data sources to enhance validity 

and reliability 

This analysis aimed to identify factors influencing consumer purchasing 

decisions and to understand the impact of AR use on the shopping experience. 
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3. Results & Discussion 

Enhanced Data Visualization and Comprehensive Analysis 

The Impact of Using Augmented Reality (AR) in Enhancing the E-Commerce 

Shopping Experience 

From the results of a questionnaire distributed to 100 web-based e-

commerce users who had used AR features, 78% of users reported a significant 

improvement in their shopping experience. They stated that AR allowed them to 

see products in a real-life context, increasing their confidence in purchasing 

decisions. Furthermore, 70% of respondents said they felt more interested in 

purchasing products after using AR features (Patel & Shukla, 2021; Kumar et al., 

2020). Statistical analysis revealed a strong positive correlation (r = 0.73, p < 0.001) 

between AR feature usage and purchase confidence, suggesting that AR 

implementation significantly influences consumer decision-making processes. This 

data suggests that AR can create a more immersive shopping experience, leading to 

increased user engagement. 

Additional findings from thematic analysis of user interviews revealed five key 

themes contributing to enhanced shopping experience: 

1. "Visual Confidence" - Users reported 43% higher confidence levels when 

they could visualize products in their intended environment 

2. "Reduced Uncertainty" - AR features eliminated 67% of product-related 

concerns that typically lead to cart abandonment 

3. "Emotional Connection" - 58% of users developed stronger emotional 

attachments to products through AR interaction 

4. "Time Efficiency" - Users spent 34% less time deliberating purchase 

decisions when AR features were available 

5. "Social Validation" - 41% of users shared AR experiences on social media, 

creating additional marketing value 

Augmented reality allows users to interact with products in a more immersive 

way, for example by visualizing items in their space or virtually trying them on. 

Research by Li & Zhang (2021) shows that AR's ability to directly display products 

in real life gives users a better understanding of how they will fit into their daily 

lives. This finding aligns with Embodied Cognition Theory, which suggests that 

physical interaction enhances cognitive processing and decision-making (Barsalou, 

2008). AR creates embodied experiences that simulate physical product interaction, 

leading to stronger neural pathways associated with memory and preference 

formation. This has a significant impact on the e-commerce sector, especially for 

products like home furnishings, clothing, and cosmetics, where visualization is key 

to purchasing decisions. 

The results extend previous research by Hilken et al. (2017) who found 

similar confidence improvements in mobile AR applications. However, our study 

demonstrates that web-based AR implementations achieve comparable results 

while offering broader accessibility across device types. This finding challenges the 

assumption that native mobile applications are superior for AR experiences and 

suggests that progressive web app technologies can effectively deliver AR 

functionality. 
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According to research by Pantano and Servidio (2012), AR provides a platform for 

creating a better shopping experience by reducing consumer uncertainty, which is 

often a major barrier to online transactions. Our findings provide empirical support 

for Uncertainty Reduction Theory in digital commerce contexts. The 67% reduction 

in product-related concerns demonstrates how AR serves as an uncertainty 

reduction mechanism, addressing information asymmetries that characterize online 

shopping environments. By enabling users to experience a more immersive 

experience, AR can help increase sales conversions and reduce product returns, 

which often occur due to dissatisfaction with products purchased without first 

seeing them.  

Comparative analysis with platform control groups showed that AR-enabled 

product pages achieved 31% higher conversion rates and 24% lower return rates 

compared to traditional product pages. Therefore, implementing AR can accelerate 

technology adoption in the e-commerce sector by providing a clear competitive 

advantage. 

Table 2: The Effect of AR Usage on Shopping Experience 

AR Features Used Percentage of Users Who Feel More 

Engaged (%) 

Product visualization at home 78% 

Virtual product matching 

(clothing) 

70% 

Try the product virtually 65% 

Source: Research Data (2022) 

Implementation of Augmented Reality in E-Commerce: Impact on Consumer 

Purchasing Decisions 

Observations of user interactions with AR-based e-commerce platforms 

revealed that 72% of users reported being more likely to purchase a product after 

using AR features. Behavioral tracking data showed that users who engaged with 

AR features had 2.3 times higher purchase completion rates (χ² = 24.67, p < 0.001) 

and spent 45% more per transaction compared to users who only viewed traditional 

product images. Products tested with AR demonstrated higher conversion rates than 

those without AR features. This aligns with previous findings by Lee & Kim (2021), 

which revealed that the use of AR in e-commerce platforms significantly improves 

consumer purchasing decisions. 

 

Detailed analysis of user journey data revealed that AR engagement occurs at 

critical decision points: 

1. 68% of users accessed AR features during the "consideration" phase of their 

shopping journey 

2. AR sessions averaged 3.4 minutes, compared to 1.8 minutes for traditional 

product viewing 

3. Users who engaged with AR features had 89% lower cart abandonment rates 

4. Follow-up surveys indicated that 76% of AR users were "very satisfied" 

with their purchases, compared to 54% of non-AR users 
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AR serves as a tool that allows users to make more informed and accurate 

purchasing decisions. According to Chang et al. (2020), the interactive experience 

provided by AR provides a more realistic picture of how a product will be used in 

everyday life. Our findings extend this understanding by demonstrating that AR 

effectiveness varies significantly across product categories. Utilitarian products 

(furniture, home appliances) showed higher AR engagement rates (83%) compared 

to hedonic products (fashion accessories, 62%), suggesting that AR provides 

greater value when functional fit and spatial considerations are paramount. This 

reduces the uncertainty that often hinders the online purchasing process, as found 

by Zhao et al. (2021), who stated that consumers tend to feel more confident in their 

decisions after using AR. 

The study's findings provide empirical support for the Elaboration 

Likelihood Model (ELM) in digital contexts. AR features serve as central route 

persuasion mechanisms, providing detailed, interactive product information that 

enables systematic processing of purchase decisions (Petty & Cacioppo, 1986). 

Users engaging with AR demonstrate higher cognitive elaboration, leading to more 

stable attitude formation and stronger purchase intentions. 

Furthermore, research by McLean and Wilson (2019) stated that AR also 

plays a role in creating a more personalized shopping experience. Our study extends 

this finding by identifying four key personalization mechanisms enabled by AR: (1) 

spatial personalization - adapting products to user's physical environment, (2) 

preference personalization - learning from interaction patterns, (3) contextual 

personalization - adjusting experiences based on shopping context, and (4) social 

personalization - incorporating social proof and recommendations. With features 

that allow users to customize products to their personal preferences, such as trying 

on clothes or seeing how furniture fits in their living room, consumers feel more 

valued and are more likely to purchase the product. Regression analysis revealed 

that personalization factors collectively explained 34% of variance in purchase 

intention (F(4,95) = 12.18, p < 0.001). This suggests that AR integration can speed 

up the purchasing process and increase user satisfaction. 

Cross-cultural analysis revealed that Indonesian users particularly value 

social aspects of AR experiences. 67% of Indonesian users shared AR experiences 

with family members before making purchase decisions, compared to 34% reported 

in Western studies (Javornik et al., 2016). This finding highlights the importance of 

incorporating social features and collaborative decision-making tools in AR 

implementations for Indonesian markets. 

 

Challenges and Obstacles in Implementing AR for E-Commerce 

While AR shows significant potential for enhancing shopping experiences 

and purchasing decisions, the study also identified several challenges in its 

implementation. Sixty percent of the app developers interviewed cited hardware 

limitations, such as smartphones that don't fully support AR, as a major barrier to 

adopting this technology. Furthermore, 55% of users reported experiencing lag or 

decreased image quality when using AR on older devices. Technical performance 

testing across 15 different device models revealed significant variations in AR 

rendering quality, with devices older than 3 years showing 68% degradation in 

frame rates and 45% reduction in tracking accuracy. 
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Comprehensive barrier analysis identified additional implementation challenges: 

1. Development costs: Average AR feature development costs 3.7 times higher 

than traditional web features 

2. Maintenance complexity: AR features required 2.2 times more ongoing 

maintenance effort 

3. User education: 43% of users needed guidance to effectively use AR 

features 

4. Browser compatibility: AR functionality varied significantly across 

different web browsers 

5. Content creation: High-quality 3D model creation increased content 

development time by 340%  

Hardware limitations are a major challenge in implementing AR in e-

commerce. According to Li & Zhang (2021), older devices often cannot handle AR 

graphics well, reducing the quality of the user experience. Our findings reveal a 

"digital divide" in AR accessibility, where users with older devices or limited 

financial resources cannot fully benefit from AR experiences. This creates equity 

concerns in digital commerce, potentially exacerbating existing inequalities in 

access to enhanced shopping experiences. Furthermore, running AR requires 

specific device specifications, such as high-quality processors and cameras, which 

may not be available on all consumer devices. Performance benchmarking revealed 

that optimal AR experiences require minimum specifications: 4GB RAM, GPU 

with OpenGL ES 3.0 support, and cameras with auto-focus capabilities - 

specifications unavailable in approximately 34% of smartphones in the Indonesian 

market (Counterpoint Research, 2022). Therefore, app developers need to ensure 

that AR features are accessible to a wider range of users, including those using 

lower-spec devices (Williams & Thompson, 2020). 

Another challenge identified is internet speed. Research by Chang et al. 

(2021) revealed that slow internet connections can slow down AR app performance, 

reducing speed and a smoother shopping experience. Our study provides specific 

quantitative data on this challenge: AR features require minimum 10 Mbps 

download speeds for acceptable performance, while 73% of Indonesian internet 

users have access to connections below this threshold (Speedtest Global Index, 

2022). This infrastructure limitation creates significant barriers to AR adoption in 

emerging markets. 

 

Qualitative analysis revealed additional socio-technical barriers: 

1. Privacy concerns: 38% of users expressed concerns about camera access 

and data collection 

2. Cultural acceptance: Some users felt uncomfortable with technology that 

overlays digital content on their physical environment 

3. Learning curve: Users aged 45+ required significantly more support to 

effectively use AR features 

4. Trust issues: 29% of users questioned the accuracy of AR product 

representations. 
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Table 3: Challenges in Implementing AR in E-Commerce 

 

Challenge Percentage of 

Developers Facing 

Issues (%) 

Impact Level 

(1-5 scale) 

Estimated Cost 

Impact ($) 

Hardware 

limitations 

60% 4.2 $15,000-45,000 

Poor image 

quality 

55% 3.8 $8,000-25,000 

Slow internet 

connection 

50% 3.9 $5,000-15,000 

Development 

costs 

70% 4.5 $50,000-200,000 

Browser 

compatibility 

52% 3.6 $12,000-30,000 

Source Research Data (2022) 

Technological Innovation to Overcome Barriers to AR Usage in E-Commerce 

This research found that several innovations, such as the use of cloud-based 

AR and AR data compression, have successfully addressed some challenges related 

to hardware and network speed. For example, 65% of developers reported that using 

cloud technology to process AR graphics can reduce the load on user devices and 

improve AR application performance (Zhao et al., 2021). Progressive loading 

techniques showed promising results, with 73% of users reporting improved 

loading times and 68% experiencing better visual quality. Additionally, adaptive 

quality adjustment based on device capabilities was successfully implemented by 

80% of participating platforms, leading to more consistent user experiences across 

diverse hardware configurations. 

Technological innovations such as cloud-based AR allow AR applications 

to reduce the processing load on user devices by offloading most of the graphics 

work to cloud servers (Kumar & Shukla, 2020). The resource-based view theory 

suggests that technological innovations can provide competitive advantages by 

creating valuable, rare, and difficult-to-imitate resources. Cloud-based AR 

represents such a resource, enabling smaller e-commerce businesses to offer 

advanced AR experiences without significant hardware investments. This allows 

users with older devices or those with limited graphics capabilities to still enjoy a 

better AR experience. This technology also helps reduce development costs for AR 

applications, as developers do not need to optimize applications for various device 

types. 

Furthermore, the use of AR data compression can also mitigate issues 

associated with slow internet connections. Advanced compression algorithms, 

including machine learning-based optimization, have shown potential to reduce 

data transmission requirements by up to 60% while maintaining visual quality. Our 

analysis of WebRTC and WebGL optimization techniques revealed that strategic 

asset preloading and progressive enhancement can significantly improve AR 

performance on low-bandwidth connections. By compressing the graphical data 

sent to the user's device, AR applications can run more smoothly, even with limited 
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cellular data connections or internet networks (Patel & Verma, 2021). Therefore, 

the development of this technology has the potential to increase AR adoption in e-

commerce globally. 

Edge computing emerges as another promising solution, with 58% of 

developers expressing interest in edge-based AR processing. Edge computing can 

reduce latency by processing AR computations closer to users, potentially 

improving performance by 40-60% compared to traditional cloud processing 

methods. 

This research shows that integrating AR into web-based e-commerce can 

enhance the shopping experience by providing consumers with a more immersive 

and interactive experience. Users feel more confident in purchasing products after 

interacting with them through AR, which reduces the uncertainty often present in 

online shopping. However, challenges related to inadequate hardware and network 

speed remain major barriers. 

The findings contribute to both theoretical and practical understanding of AR 

adoption in e-commerce contexts. Theoretically, the research extends the 

Technology Acceptance Model by identifying specific factors that influence AR 

adoption in web-based environments, including visual quality, loading speed, and 

device compatibility. Practically, the study provides actionable insights for e-

commerce developers and retailers considering AR implementation. 

However, technological innovations such as cloud-based AR and AR data 

compression offer promising solutions to overcome these barriers. The use of 

these technologies allows more users to experience the benefits of AR in e-

commerce without the need for highly sophisticated hardware. Overall, AR 

technology can strengthen the e-commerce sector by creating more engaging 

shopping experiences and improving consumer purchasing decisions. 

 

4. Conclusion 

This study provides comprehensive insights into AR implementation in web-

based e-commerce platforms, contributing both theoretical understanding and 

practical guidance for industry adoption. The research demonstrates that AR 

integration significantly enhances the online shopping experience, with 78% of 

users reporting increased confidence in purchasing decisions and 72% showing 

higher purchase intent. Statistical analysis confirmed strong relationships between 

AR usage and key business metrics, including 31% higher conversion rates and 

24% lower return rates compared to traditional e-commerce interfaces. 

This study extends the Technology Acceptance Model by identifying AR-

specific factors that influence adoption in web-based environments, including 

visual quality, spatial interaction capabilities, and social validation features. The 

research provides empirical support for Uncertainty Reduction Theory and 

Embodied Cognition Theory in digital commerce contexts, demonstrating how AR 

serves as a mechanism for reducing information asymmetries and creating 

embodied shopping experiences. 

For e-commerce developers and retailers, this study provides actionable insights 

for AR implementation strategies, including the importance of adaptive quality 

scaling, progressive loading techniques, and cross-browser compatibility. The 
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identification of cloud-based rendering and edge computing as viable solutions 

offers practical pathways for overcoming hardware and network limitations. 

However, significant implementation challenges remain, including hardware 

limitations affecting 60% of target users, development costs 3.7 times higher than 

traditional features, and infrastructure barriers in emerging markets. Technological 

innovations such as cloud-based AR processing and advanced data compression 

offer promising solutions, with 65% of developers reporting improved performance 

and 73% of users experiencing better loading times. 
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