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ARTICLE INFO  ABSTRACT 
 
 

This research investigates the integration of AI-powered UI adaptation and data automation into 
secure front-end systems focusing on improving the user experience and scalability, real-time 
accessibility, and ethics. The quantitative research design targeted users, developers, and 
designers who are typically involved in AI-driven front-end systems across various industries. 
Data was collected through an online questionnaire developed by the researchers themselves and 
analyzed using descriptive and inferential statistics that included independent t-test, ANOVA, and 
Pearson correlation. It was found that adaptive AI-powered UIs are great, but scalability is an 
issue to be reckoned with in consideration of ethicalities like transparency and inclusivity. Real-
time accessibility can be said to concern more user experience enhancement to the disabled rather 
than having strong ties with other dimensions like scalability and effectiveness. Ethical issues 
such as bias AI and privacy are brought to the forefront. The study recommends further 
consideration of complete infusion of AI throughout the lifecycle of development without 
compromising ethical values in the name of scaling such solutions. The recommendations also 
emphasize enhancing real-time accessibility independent of other UI considerations and making 
provisions for restricting bias and ensuring inclusivity during design within the AI framework, 
which creates veritable grounds for the development of efficient AI-powered front-end systems 
that are also accessible and ethical. 
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INTRODUCTION 
 
The development and use between the modern web application and its 
user have been turned upside down with user interface (UI) 
adaptation and automated data brought in AI. Some improvements 
have been brought by the infusion of machine learning into UI. Thus, 
interfacing systems according to their ability to analyze the user data 
by machine learning and adapt a structure dynamically according to 
the specific user behavior and preference (Ikumapayi, 2023). A 
machine-learning algorithm can help customize UI items to render a 
more personalized user experience in a bid to engage users more and 
increase their satisfaction (Stefanova, 2024). More importantly, 
though, the use of Web Workers as well as WebAssembly for 
asynchronous data-processing activities has resulted in a seamless and 
effective background handling of data, resulting in better performance 
and reduced latency (Chen & Metawa, 2020). These technologies 
enable front end systems to take on complex activities without 
affecting interaction with users or degrading performance, thus 
ensuring that applications remain responsive under high data loads.  

 
 
AI drove tools such as recommendation systems have also improved 
user interaction in terms of analyzing user behavioral data to propose 
products, content, or actions based on the user's history and 
preferences (Agner et al., 2020). For instance, machine learning 
contributes to the personalization of product recommendations which 
enhance e-commerce user experience (Islam, 2023). Other similar 
benefits are gained on payment systems by using AI to automate all 
customer interactions, which facilitates efficiency and increased 
customer satisfaction during purchases (Garon, 2023). While some 
benefits come with including AI into the front-end development, there 
are issues of security and ethics that have to be considered. 
Adaptation and automation by AI may have their own vulnerabilities, 
like data breaches and biased algorithms, causing unfairness or lack 
of transparency to the user (Brem et al., 2021). Thus, for user trust 
and inclusion in such important areas as health and e-commerce, 
security and ethical design of AI systems are critical (Miraz et al., 
2021). Therefore, AI into the adaptation of UI and data automation 
should also explore the ethical aspects alongside extending the 
frontiers of personalized responsive web applications. 
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It has rendered automation intelligent and applied it in the CRM 
systems as well as payment schemes. This has helped in improving 
operational efficiency and customer interaction level. For instance, 
automated record-updating is made possible by the extraction and 
analysis of customer communication such as e-mails or calls for 
dynamically modified profiles-in effect decreasing the manual effort 
and thus can be easily related to Ikumapayi (2023) findings on AI-
enabled code automation improving development workflows. AI 
product recommendations, for instance, personalization is typical of 
today and include Salesforce, whereby customer needs could be 
predicted through machine learning. AI has also-born real-time 
accessibility, seen with many instant response applications like 
Zendesk's Answer Bot, which resonates with Miraz et al's (2021) 
argument about adaptive UIs making everything inclusive. There are 
similar patterns in payment systems where fraud is reduced by pattern 
analysis, as evident in PayPal reducing false declines by up to 50% 
(according to Garon, 2023), while recommendations from dynamic 
checkouts according to Shopify sound very similar to the scalability 
problems that Shen et al. (2022) described in multi-platform 
deployments. But then again, according to Brem et al. (2021), these 
emerging technologies must balance scale and ethical dangers such as 
data bias, like promoting the case for transparent AI frameworks in 
CRM or payment designs. The present study creates a storm by 
positioning itself against the more predominant research about AI-
driven user interface (UI) adaptation, automation in data collection 
and processing, and, more extremely, the anomalies from the existing 
literature base. For instance, isolated aspects such as personalization 
and code automation were addressed in the studies of Ikumapayi 
(2023), by Stefanova (2024), and Brem et al. (2021), while 
Ikumapayi (2023) only focuses on AI for generation of front-end code 
to improve the efficacy of development. Also, Miraz et al. (2021) 
present an example of adaptive UI systems for accessibility, while 
Brem et al. (2021) and Forsgren & Schröder (2023) stress on ethical 
aspects of AI. Thus, this study is pretty novel because it integrates all 
of the aspects in comprehending AI's role in front-end development 
with effectiveness, scalability, real-time accessibility, and ethical 
considerations of AI-powered UIs across industries and user 
demographics. It is different from previous studies which assess 
individual AI properties in that this is more unified on how AI should 
be integrated into responsible and safe user experience as well as 
accessible user experience in terms of scalability. Most importantly, it 
touches both fields-the technical and ethical side of the issues-
understanding that the problems are all integrated in that specific 
point. 
 

MATERIALS AND METHODS 
 
A quantitative research approach is adopted for this investigation, 
which seeks to study the effectiveness, scalability, real-time 
accessibility, and ethical implications of adaptive AI-powered user 
interfaces (UIs). This research also considers three primary 
stakeholder groups among whom development, usage, and design of 
AI-powered UIs take place: users, developers, and UI/UX designers. 
This multi-stakeholder approach ensures a holistic view of AI-driven 
UI systems from both a technical and user experience perspective. 
Stratified random sampling was used in obtaining a sample size from 
207 respondents, which ensured a diversity of experience, expertise, 
and industry. Data were collected through an online questionnaire 
specifically developed for this study and distributed using Google 
Forms. The study was based on responses collected on a 5-point 
Likert scale. The tools used in data analysis were IBM SPSS 26 and 
descriptive and inferential statistical methods. Mean and standard 
deviation were used in descriptive statistics analysis, whereas 
ANOVA was used in inferential statistics to compare the 
effectiveness of AI-powered UIs among the three respondent groups 
(the users, developers, and designers). It helps determine whether or 
not significant differences exist in the perceptions of the participants 
based on their roles. ANOVA was selected since it is the relevant 
statistical test for comparing means from three or more independent 
groups. Furthermore, gender differences in perceptions of AI-
powered UIs were assessed using independent sample t-test as it 

compares the means of two independent groups (male vs. female) to 
determine whether there is any significant difference. T-test compares 
two groups when normality is distributed in the data and the sample 
size is relatively smaller. Pearson correlation was used lastly in the 
relationships of the four dimensions of the study (effectiveness, 
scalability, real-time accessibility, and ethical considerations) to those 
variables. This was because the method measures strength and 
direction on the linear relationship between continuous variables, 
allowing insight into these factors in their interconnectedness. 
Ethicality in the study was carefully handled to ensure participant 
rights and confidentiality. All respondents gave informed consent 
prior to their participation in the study. The consent form explained 
the study's purpose, that participation was voluntary, and that 
responses would remain anonymous. Participants were assured that 
their answers would be treated confidentially and used solely for 
research purposes. Further ethical consideration was made in the 
collection, handling, and analysis of data. Collected study data were 
anonymous, with no personally identifiable information requested or 
recorded. The ethical guidelines laid down by the institution's review 
board were observed to meet compliance with ethical standards. 
 

RESULTS 
 
Demographics of Respondents: The demographic characteristics of 
the sample with 207 respondents in figure 1 and table 1 provide the 
distribution of age, gender, role, and experience with AI-powered 
systems. 76 respondents (36.7%) belong to the age group 35-44. 
Following this, the age group 18-24 is represented by some 45 
(21.7%) participants and 36 (17.4%) participants from the 25-34 
group. The 45-54 age group has a representation of 50 respondents 
(24.2%). Thus, there is a reasonable distribution in terms of age, with 
the mode being largely in the 35-44 category. Males (137, 66.2%) 
dominate the breakdown. 30% of the respondents of this study were 
female (70 out of the sample). So the distributions are negatively 
skewed toward males. Out of the respondents, the category of the 
largest share consists of users, with 82 respondents (39.6%), followed 
by developers (64 respondents, 30.9%), and then designers (61 
respondents, 29.5%). This illustrates a fairly even representation of 
the key stakeholders in AI development. Most respondents (116, 
56.0%) have had experiences with AI-powered systems from 5 to 8 
years. However, 19.8% (41) had AI experience only for 1-4 years, 
while 24.2% (50) had experience exceeding 14 years. This suggests 
that the majority of respondents were rather experienced with AI. 

 
Table 2. Demographic Information of Respondents 

 
Demographics Frequency 
Age  
18-24 45 
25-34 36 
35-44 76 
45-54 50 
Gender  
Male 137 
Female 70 
Roles  
User 82 
Developer 64 
Designer 61 
Experience  
1-4 years 41 
5-8 116 
14-Above 50 
Total 207 

 
Descriptive Statistics: The study's descriptive statistics are presented 
in Table 3 and revealed that adaptive AI-powered UIs are effective 
(M=3.70, STD=0.50); personalization of the experience by AI-
powered UIs is effective. This stands to reason with previous studies, 
like that of Agner et al. (2020), showing the usefulness of 
personalized user interfaces in regard to engagement. Ikumapayi 
(2023) referred to how AI systems, particularly recommendation 
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systems, enhance user satisfaction by customizing experiences geared 
toward individual preferences.While scalability (M=3.68, STD=0.50) 
shows that respondents felt that AI-powered UIs support scalability 
on varied devices and platforms. This is in agreement with the 
findings of Shen et al., 2022, who discussed scales of challenge in 
adaptive AI systems deployed across multiple devices and platforms. 
What is more, Stephanova 2024 has evoked some arguments against 
scalability as being insufficiently addressed in the literature.Similarly, 
for AI-based real-time accessibility enhancement, the mean was 3.68, 
matching closely with the dimension of scalability, and therefore 
participants concurred that real-time accessibility features are useful. 
Miraz et al. (2021) noted that much as artificial intelligence has 
improved the accessibility of web applications, the reality of such 
applications is still far from complete.Of all dimensions, the ethical 
issues posed by AI in UI design scored the least, with a mean of 3.06. 
This concurs with Brem et al. (2021) and Miraz et al. (2021), who 
stress that ethical concerns like AI bias and fairness are neglected in 
favor of technology. Forsgren & Schröder note that the study's 
finding is consistent with the argument that while AI can make the 
user experience better, there is still a lot more to be done in 
overcoming the ethical challenges that these systems pose as they 
reach scale.Thus, respondents agreed that AI continues to pose 
privacy and ethical concerns, particularly in regard to transparency, 
bias, and ethical implications of AI in UI. 
 

Table 3. Descriptive Statistics of the Study 
 

Dimensions Mean SD 
Effectiveness of Adaptive AI-powered UIs 3.70 0.50 
Scalability of AI-powered UIs 3.68 0.50 
AI-driven Real-time Accessibility Enhancements 3.68 0.49 
Ethical Considerations of AI in UI Design 3.06 0.92 

 
Inferential Statistics: Table 4 depicts the results of an ANOVA of the 
effectiveness of AI-powered UIs across the three roles: User, 
Developer, and Designer. The means of Users, Developers, and 
Designers were 3.6805, 3.7510, and 3.6590 respectively with standard 
deviations within 0.25066 - 0.29725, evidencing a relatively 
congruent view in each group. The means of all respondents fall at 
3.6960 with a standard deviation of 0.27215; inferring that as a 
whole, the respondents appeared quite favorable toward AI-powered 
UIs. The computed F-statistic was 2.025, and the p-value (Sig.) is 
0.135, which is more than common thresholds like 0.05; concluding 
that there is no significant difference in the evaluations of different 
roles for AI-powered UIs. It means that even though there are slight 
differences between groups, the differences can be considered minor. 
 

Table 4. Interpretation of ANOVA 
 

ANOVA N Mean STD F Sig. 
User 82 3.6805 .26351 2.025 .135 
Developer 64 3.7510 .29725   
Designer 61 3.6590 .25066   

Total 207 3.6960 .27215   
 
Table 5 provides an analysis of gender differences concerning the 
effectiveness of AI-powered UIs. In the case of the Male group, out 
of a sample of 137 subjects, the average is 3.7100 with a standard 
deviation of 0.26966, so they would be likely to have held a fairly 
positive and consistent perception of AI-powered UIs. The Female 
group, numbering 70 respondents, has an average of 3.6686 and a 
standard deviation of 0.27685, which is a slightly lower score than the 
males but still positive, with comparable levels of consistency. The F-
statistic showed the value of 0.278, and the p-value (Sig.) is 0.599, 
which is far greater than the standard significance level of 0.05, 
thereby indicating the absence of any statistically significant 
difference in the perception of AI-powered UIs between male and 
female groups. This also correlates with the t-value of 1.036 and df of 
205, both confirming that the difference in means is of no statistical 
significance. Hence, in this case, gender does not exert any 
appreciable influence on the perception of AI-powered UIs. 
Correlation Table 6 depicts the relationship among the four 
dimensions: Ethical Considerations of AI in UI Design, AI-driven 

Real-time Accessibility Enhancements, Scalability of AI-powered 
UIs, and Effectiveness of Adaptive AI-powered UIs. The Pearson 
Correlation values quantify strength and direction of the relationships 
between these variables. 
 

Table 5. Interpretation of Independent Sample T-test 
 

Gender N Mean STD F Sig. t df 
Male 137 3.7100 .26966 .278 .599 1.036 205 

Female 70 3.6686 .27685     
 
While Ethical Considerations of AI in UI Design was found to have a 
statistically significant negative correlation with Scalability of AI-
powered UIs (r = -0.179, p = 0.010), indicating that as scalability 
increases ethical considerations tend to decrease, its correlation with 
the other two variables, AI-driven Real-time Accessibility 
Enhancements (r = 0.041, p = 0.562) and Effectiveness of Adaptive 
AI-powered UIs (r = 0.050, p = 0.478), were insignificant, indicating 
no strong relationship between ethical considerations and these 
dimensions. AI-driven Real-time Accessibility Enhancements show 
weak correlations with the other dimensions, none of which are 
statistically significant. On the other hand, accessibility enhancements 
have very weak correlations with Scalability of AI-powered UIs (r = -
0.064, p = 0.358) and Effectiveness of Adaptive AI-powered UIs (r = 
-0.037, p = 0.593), suggesting that those enhancements have an 
insignificant correlation with them. Scalability of AI-powered UIs, 
however, shows a weak but significant negative correlation with 
Ethical Considerations of AI in UI Design (r = -0.179, p = 0.010) and 
shows weak insignificant correlations with the other dimensions. 
Thus, there is a suggestion that scalability constitutes the only 
dimension with an appreciable relationship with ethical 
considerations.  
 
Research Objective 1: To evaluate the effectiveness of adaptive AI-
powered UIs: Most of the findings concerning the adaptive AI-
centered UI effectiveness did not show any significant correlation 
with any other dimension, like scalability, real-time accessibility, or 
ethics. The Pearson correlation concerning effectiveness and 
scalability produces r = -0.058, p = 0.407, suggesting that these two 
factors are unrelated. Therefore, it remains equally with AI-driven 
real-time accessibility improvement aspects (r = -0.037, p = 0.593) 
and ethical considerations (r = 0.050, p = 0.478). This indicates rather 
obviously that if effectiveness is a significant consideration to 
accommodating the user experience, it is not an influencing factor or 
depends on scalability, accessibility, or ethics in the design of AI-
powered UIs. Therefore, effectiveness will be treated here as a 
standalone dimension with focus on AI adaptation to particular user 
needs and behavior. 
 
Research Objective 2: To evaluate the scalability of adaptive AI-
powered UIs: From statistically significant negative correlation, i.e., 
scalability has found roots within ethical considerations as follows: r 
= -0.179, p = 0.010, such that there is a significant point at which both 
are said to have derived effects of1363. It therefore means that as AI 
systems scale so too seems the extent of such ethical concerns as 
transparency, fairness, and inclusiveness. This negative correlation 
opens forth a wide area of inquiry in impliing trade-offs of scaling AI 
systems. Although scalability is necessary to ensure cross-platform 
multi-device high performance for systems, the trade-offs with ethical 
considerations do account for the potential sacrifice of human rights 
versus models optimized for performance. Balancing scalability and 
ethical considerations must be made since scalability must not be 
achieved at the expense of ethical principles. 
 
Research Objective 3: To explore AI-driven real-time accessibility 
enhancements in front-end development: In the present case, AI-
reinforced real-time adjustments to accessibility showed no 
significant correlation to effectiveness, scalability, or ethics. The 
correlation between accessibility and effectiveness is r = -0.037 (p = 
0.593), while a similar weak correlation can be seen for scalability, 
where r = -0.064 (p = 0.358), and regarding ethics, r = 0.041 (p = 
0.562).  
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Therefore, it can be considered that real-time accessibility features, 
such as text-to-speech, captions, and alt-text, are rather independent 
from other areas of UI design. These accessibility features ought to be 
considered essential to app design but on the other hand utterly 
neglected. Their focus will help foster inclusivity without necessarily 
interfering with enormities such as effectiveness or scalability. The 
lack of significant correlation stresses that accessibility should be 
integrated into the UI design process in its own right. 
 
Research Objective 4: To examine the ethical considerations of AI 
in UI design: It is also shown in the last, that ethical considerations 
are related to scalability (r = -0.179, P = 0.010) while not being so 
with effectiveness or real-time access improvements. Hence runs 
short here as an argument that ethical concerns might really be 
deprioritized when systems are scaled to accommodate more persons 
or platforms as they may end up less focusing on fairness, 
transparency, and inclusiveness. From the absence in correlation with 
effectiveness and accessibility, it appears that ethical considerations 
would require separation and specification in AI-based UIs. It 
becomes pertinent that such ethical practices are not lost amidst 
technical or performance considerations as AI systems increase in 
size.  
 

DISCUSSION 
 
The study looks into efficiency, scale, real-time availability, and 
ethical considerations of AI use in UI for front-end development. AI 
adaptive UIs create personalized user experiences but fall short in 
scalability and real-time availability. This finding aligns with 
Ikumapayi (2023), who reported that AI can effectively automate web 
development, especially generating front-end code. Shen et al. (2022) 
and this paper engage with the scaling challenges that affect 
heterogeneous user needs and industries. According to the literature 
balancing technical performance and ethical design, scalability is 
critical but negatively correlated with many ethical considerations. 
According to Brem et al. (2021), questions regarding fairness and 
transparency arise when scaling AI innovations. Suggested is that 
scaling for the sake of efficiency is a priority over ethics; the present 
study supports this suggestion. Respondents had positive ratings for 
AI-assisted enhancements targeting real-time accessibility. Though 
effectiveness and scalability are seen as separate priorities indicated 
by their weak correlation levels. This correlates with the 
recommendation in the literature for the real-time accessibility 
approaches- text-to-speech and captions- both from a cost 
perspective, without sacrificing other UI functionalities (Miraz et al., 
2021). This research recommends access and scale to stress that AI 
intervention aimed at access must be viewed in pure terms requiring 
constant attention irrespective of scale since the association between 
accessibility and scale is weakly significant. Ethics, as ever, find more 
room in AI studies, as this finds to underscore their significance 
especially with the scaling of AI systems. The negative correlation 
between scalability and ethical considerations suggests that with 
scaling AI systems for the more demanding types of interactions, 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ethical issues like bias and transparency are being thrown into the 
background. Udeh et al. (2024) examined how blockchain might 
enable the transparency of AI. These ethical considerations on user 
privacy and security cohere with AI, with Sidorov (2024) insisting on 
best practices in designing user-centric secure applications. The 
conclusions drawn from this work align with recent initiatives 
integrating AI into CRM systems and payment platforms, 
emphasizing the benefits and pitfalls of integrating ethically oriented 
AI at scale. The current state of the art within the CRM paradigm—
putatively auto-recording and personalizing customer interactions 
through machine learning—encapsulates the present observation 
whereby adaptive UIs enhance UX (Ikumapayi, 2023). Fittingly, as 
scale grows, ethical issues become pronounced: data privacy and 
algorithmic bias (Brem et al., 2021) emerge as competing factors 
undermining the founding of this study on the negative coefficient 
correlation between scalability and ethical factors. AI CRM chatbots 
risk excluding users who are not native speakers of the language for 
which these assistive devices are tuned unless designed with 
accessibility in mind—a matter that reflects Miraz et al.'s (2021) 
recommendation for inclusive accessibility-first design. Similarly, AI-
based payment systems, for example, fraud detection algorithms from 
PayPal (Garon, 2023), show the efficacy of automating real-time data, 
but they also raise ethical dilemmas. They certainly add security and 
convenience for the user; however, Forsgren and Schröder (2023) 
argue that darkness in decision-making threatens transparency. This is 
consistent with the reservation of our participants towards AI ethics, 
which scored the lowest meaning among the dimensions, where 
urgency arises for industry practice to ensure explainability (Udeh et 
al., 2024), as modeled in blockchain-based transparency. A weak 
correlation between realtime contingencies and other dimensions  
further means that pay features, for example, voice-assisted payments 
(e.g., Amazon Pay), should be built without scalability hindrances to 
guarantee equitable access. 
 

CONCLUSION 
 
The paper describes the most relevant aspects of AI-powered user 
interfaces (UIs) for improving user experience, scalability, 
accessibility, and ethics. Findings indicate that while adaptive AI-
driven UIs effectively personalize user experience, limitations exist in 
scaling them across various industries and platforms. It would thus be 
better if developers started thinking about the creation of scalable AI 
systems that would perform seamlessly across devices and different 
user demographics. Practically, this paper proposes that attention 
should be given to building modular AI frameworks that lend 
themselves to deployment in different environments. Real-time 
accessibility features such as text-to-speech and language translation 
should be baked into the design from the start—rather than added as 
afterthoughts—so that users with disabilities can fully participate, 
though care must also be taken that their design does not cause any 
degradation of UI performance in general. Another result has 
important implications: ethical considerations, in particular regarding 
AI biases, transparency, and fairness, must be integrated into the 

Table 6. Interpretation of Pearson Correlation 
 

 Ethical 
Considerations of AI 

in UI Design 

AI-driven Real-time 
Accessibility 

Enhancements 

Scalability of 
AI-powered 

UIs 

Effectiveness of 
Adaptive AI-
powered UIs 

Ethical Considerations of AI 
in UI Design 

Pearson Correlation 1 .041 -.179** .050 
Sig. (2-tailed)  .562 .010 .478 

N 207 207 207 207 
AI-driven Real-time 
Accessibility Enhancements 

Pearson Correlation .041 1 -.064 -.037 
Sig. (2-tailed) .562  .358 .593 

N 207 207 207 207 
Scalability of AI-powered 
UIs 

Pearson Correlation -.179** -.064 1 -.058 
Sig. (2-tailed) .010 .358  .407 

N 207 207 207 207 
Effectiveness of Adaptive 
AI-powered UIs 

Pearson Correlation .050 -.037 -.058 1 
Sig. (2-tailed) .478 .593 .407  

N 207 207 207 207 
**. Correlation is significant at the 0.01 level (2-tailed). 
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developer design process. This implies that developing a common 
understanding of these issues is needed should guide the construction 
of the AI systems in order to avoid reinforcing societal level bias or 
excluding underrepresented groups. In this way, the developers will 
implement clear ethical standards and regularly audit for the 
identification and minimization of bias. AI should also be integrated 
into the entire development life cycle, in which scalability, 
accessibility, and ethics should form part of the considerations from 
the design straight to the deployment. User feedback should also be 
regularly solicited in the development process to enhance AI systems 
so that they address user needs and remain within the ambit of ethical 
considerations. Therefore, finally, this paper goes ahead to stress that 
such technical states should always be anchored on ethical integrity to 
create AI-powered responsible, scalable, and inclusive UIs. 
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