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Even as dark mode grows in popularity among mobile apps, its effect on user experience in 

educational spaces is still unexplored. This research investigates the usability challenges of 

dark mode in five widely used educational mobile apps-Duolingo, Khan Academy, Quizlet, 

Brilliant, and edX through a User-Centered Design (UCD) framework. Researchers looked 

for interface problems that often appear with dark mode and analyzed how they affect user 

experience and the learning process. 

Eight experts used Nielsen’s 10 usability heuristics as the basis for their assessments. 

Evaluator feedback was studied with Braun and Clarke’s technique to see which usability 

patterns came up repeatedly. Six main themes were discovered: clear visuals and strong 

contrast, problems with different design elements, navigation challenges, not enough helpful 

messages for errors, too many visual tools in dark mode layouts and missing help resources. 

The findings showed that many dark mode designs choose to provide attractive visuals first, 

at the expense of good usability, proper contrast and clear handling of errors. These issues 

go against the main UCD ideas, including being consistent, giving feedback, being easy to 

use and allowing users to control their actions. The study points out that designing a truly 

good dark mode for education means considering the needs of users, the environment and 

accessibility. 

Thanks to this study, there are specific recommendations that can help developers create 

more usable dark mode designs by performing heuristic evaluation and staying focused on 

users.
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1  Introduction 

 

Dark mode, a user interface (UI) option that presents light-colored text, icons, and elements 

against a dark background, has gained widespread popularity in mobile applications. 

Originally favored for its aesthetic appeal and potential to reduce eye strain in low-light 

environments, dark mode has become a standard feature in both consumer and productivity 

apps (Gupta et al., 2021). This trending taste has spilled over to the world of educational 

technology, where students spend long intervals using a mobile interface. Nevertheless, the 

usability aspects of dark mode in education are understudied, even though it is quickly being 

adopted in learning environments. 

Usability refers to the ease with which users can navigate and interact with an interface to 

achieve their goals effectively, efficiently, and satisfactorily (Nielsen, 1994). When it comes 

to education, mobile applications, the aspect of usability is becoming especially significant, 

as students rely on these devices to learn at their own pace, take tests, and interact. User-

Centered Design (UCD) frameworks emphasize designing technology around the specific 

needs and limitations of users, ensuring that usability is not an afterthought but a 

foundational element (Norman, 2013). While light mode interfaces have been extensively 

studied for usability, the shift toward dark mode introduces new variables such as readability, 

contrast sensitivity, and aesthetic overload, which are not yet well understood in learning 

environments (Khan et al., 2022). 

Current literature suggests that dark mode can reduce screen glare, conserve battery life, and 

alleviate eye fatigue, especially in low-light settings (Lin et al., 2021; Müller & Drechsler, 

2020). Nevertheless, the benefits are potentially not directly applicable to educational 

contexts, where energy efficiency and stylistic preference are of less concern than functional 

clarity over time and the cognitive burden of engagement. A study by Ayush et al. (2020) 

found that users had trouble reading long-form text in dark mode, with increased visual strain 

over time, particularly when using serif fonts and detailed diagrams. Moreover, learners with 

visual impairments or neurodiverse conditions may encounter heightened accessibility 

barriers when apps do not optimize color contrast or provide alternate display modes (Rello 

& Baeza-Yates, 2017). 
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Some learning apps like Duolingo, Khan Academy, and edX have embraced darkness mode. 

Their usage is, however, not always consistent throughout interface elements. Button 

highlights, icons, progress indicators, and help documentation sometimes appear faded, 

inaccessible, or misaligned in dark mode interfaces (Anderson et al., 2021). Such usability 

issues deteriorate the fundamental teaching capabilities of teaching aids and distract learners 

and prevent interaction. Although the app developers often focus on creating visual 

coherence in line with the system-wide dark themes, the analysis of such changes towards 

pedagogical usability is not much considered. 

The existing evidence on this matter suggests positive value in the use of dark mode on a 

general UI. Studies by Gouveia et al. (2020) and Ehmke & Wilson (2007) explored dark 

mode’s impact on reading speed and comprehension in traditional desktop environments. 

Similarly, Milosevic et al. (2022) reported improved focus in short-burst interactions on dark 

interfaces. Yet, such studies hardly touch upon mobile-first learning environments where 

enduring mental performance and a level of interactions are of paramount importance. 

Furthermore, none of the significant studies on the usability of dark mode have used UCD 

models or heuristic evaluation techniques specifically towards education apps. 

This demonstrates the obvious gap in the subject of research: as the use of dark mode 

gradually spreads on learning sites, the question of its usability through the lens of UCD 

remains less often researched empirically. Specifically, there is a lack of structured 

evaluations that examine how dark mode affects visibility, navigation, error prevention, and 

accessibility in mobile-based learning apps (Tsai et al., 2021). Unless one is aware of these 

factors, developers of educational applications run the risk of introducing usability obstacles 

that add unnecessary frustrations to learners and minimize teaching and learning 

effectiveness. 

This gap will be filled by conducting the current investigation on the usability of the dark 

mode in a few chosen educational mobile applications within a framework of the User-

Centered Design approach. It involved a heuristic evaluation technique, and it relied on the 

ten heuristics of usability provided by Nielsen to observe interface problems in five popular 

applications: Duolingo, Khan Academy, Quizlet, Brilliant, and edX. Thematic analysis was 

subsequently applied to the evaluator feedback to reveal any common usability patterns and 

design weaknesses that are unique to the dark mode settings. 
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This study will become both a theoretical and practical contribution to educational 

technology design. To begin with, it provides a systematic evidence-based methodology of 

assessing whether dark mode is usable in mobile learning. Second, it exposes tangible 

themes, e.g., the problem of visibility, inconsistent layout, and the absence of feedback, 

which negatively affect the process of interaction in learning when dark mode is incorrectly 

implemented. Lastly, this research concludes with practical suggestions that can guide the 

designers and developers to enhance usability as well as accessibility with the help of an 

iterative and user-centered approach to the design. 

This study recommends a more considerate and broad UI design in education due to its 

ability to close the loop between aesthetic implementations and utility results. Educational 

applications must be designed to satisfy visual preferences as well as pedagogical usability 

requirements, given the current trend in dark mode expansion on digital platforms. 

 

1.1  Problem Statement 

 

Although dark mode has been one of the most conspicuous tendencies in the user interface 

design because it appears attractive and supposedly helps alleviate eye strain and save energy 

levels, the impact of the mode on the usability of educational mobile apps is almost 

unexplored. Dark mode has become mostly used in many learning apps, such as Duolingo, 

Khan Academy, and edX. However, many of these implementations appear to be guided 

more by visual conformity to operating systems than by structured user-centered evaluation 

practices (Gupta et al., 2021). 

Existing research suggests that dark mode can be beneficial in certain contexts, such as low-

light environments and short-term interactions (Lin et al., 2021). However, in the case of 

using content in the educational setting, when the use of the material is long-term, such 

implications are more complicated. Poor contrast, inconsistent iconography, and lack of 

feedback in dark mode interfaces may negatively impact usability, navigation, and learning 

outcomes (Khan et al., 2022). This becomes even more urgent to attend to in the case of 

varied user needs, including visually impaired or cognitively different users, to whom clarity 

and accessibility matter most. 
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Despite these risks, there is a noticeable research gap in systematically analyzing how dark 

mode affects the usability of educational apps from a User-Centered Design (UCD) 

perspective. Most of the research work is on the generic user interface factors, not much on 

the mobile learning needs and limitations. In absence of such concentrated scrutiny, the 

design choices can undermine the aspects of learner engagement, satisfaction, and 

subsequent learning efficacy. 

The proposed study will fill that gap by assessing the usability of dark mode in a variety of 

educational mobile-based apps using heuristic evaluation and thematic analysis within a 

UCD framework. It will attempt to identify certain usability issues and offer practical 

recommendations on design that apply to educational technologies. 

 

1.2  Research Aim and Objectives 

 

This study aims to evaluate the usability challenges associated with dark mode in educational 

mobile applications and to propose a user-centered design (UCD) framework that improves 

accessibility, functionality, and visual clarity for learners. 

Research Objectives 

To achieve this aim, the following objectives have been formulated: 

1. To identify common usability problems encountered by users when interacting 

with dark mode interfaces in popular educational apps. 

2. To conduct heuristic evaluations of selected educational applications using 

Nielsen’s usability principles, with a focus on dark mode-related issues. 

3. To analyze the findings through thematic analysis, highlighting recurring patterns 

and user interface shortcomings specific to dark mode environments. 

4. To recommend improvements based on a user-centered design approach, 

providing practical guidelines for developers to enhance dark mode usability in 

learning interfaces. 
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1.3  Research Questions 

To guide the investigation and ensure alignment with the study’s objectives, the following 

research questions have been formulated: 

RQ1: What usability challenges do users face when interacting with dark mode in 

educational mobile applications? 

This question aims to uncover the specific interface design problems that affect user 

experience, such as contrast, readability, and navigation in dark mode environments. 

RQ2: How can heuristic evaluation effectively reveal usability issues specific to dark 

mode in educational apps? 

This addresses the methodological dimension by assessing the suitability of heuristic 

evaluation as a diagnostic tool for interface analysis. 

RQ3: What themes emerge from the expert assessments of dark mode usability issues 

in these applications? 

The focus here is on identifying recurring patterns through qualitative analysis of expert 

evaluations. 

RQ4: How can the findings inform the development of a user-centered design 

framework to improve dark mode usability in educational contexts? 

This connects the research outcomes with practical implications, translating insights into 

actionable design improvements. 

1.4  Scope of the Study 

 

This study focuses on evaluating the usability challenges associated with dark mode in 

widely used educational mobile applications, specifically through the lens of User-Centered 

Design (UCD) and heuristic evaluation. With dark mode now appearing in more digital 

systems, it is necessary to consider how it impacts the way people in education use 

technology and read for long periods. Only a few apps that assist learning on mobile devices 

and are widely accepted everywhere are included in the study. 
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In order for the findings to be useful, the study filters and targets certain educational apps 

that fit specific criteria. These criteria include (1) the presence of a functional dark mode 

setting, substantial user base with high app store ratings and downloads, (3) diversity in 

content and interaction types (e.g., video, quizzes, forums), and (4) educational significance, 

meaning the app supports formal or informal learning activities. Depending on these factors, 

Khan Academy, Duolingo and Coursera have all been included for evaluation. The large 

amount of content and instructional videos provided by Khan Academy mean it is a good 

resource to inspect how visual readability, and the interface design behave in dark mode. 

Users of Duolingo complete a series of exercises and rely on feedback and Coursera 

organizes classes with inbuilt video files and exams. Users can review how dark mode is 

used in a range of apps, so different usability aspects can be evaluated in one place. 

Since mobile learning makes up much of the global education scene, the study was done 

only on Android and iOS smartphones. Given that more and more people are connecting to 

courses via mobile phones instead of desktop computers, choosing a mobile first makes a lot 

of sense. Despite this, the study excludes desktop apps, tutorial websites and programs that 

only use dark mode in specific areas. 

A heuristic evaluation approach is used as the main methodology in this study. To do this, 

chosen apps are evaluated based on Nielsen’s 10 usability guidelines, considering how these 

guidelines are implemented or not in dark mode versions. Unlike testing products in front of 

users, heuristic evaluation uses an expert’s view to spot possible issues, which are ideal for 

the study’s purpose of finding flaws at the interface level. Besides, this approach follows the 

UCD viewpoint of repeating and evaluating designs with design experts. 

While the heuristic evaluation will cover several UI elements, the analysis will concentrate 

on specific critical interaction points within each app, including login and onboarding 

screens, main dashboards, content delivery interfaces (e.g., lessons, quizzes), and settings 

pages. Most of a user’s time and attention is spent here, as this is where serious work is done 

mentally. Those evaluating dark mode features will look at problems such as contrast, legible 

text, visible icons, user consistency, and error descriptions, all of which are often issues 

caused by weak implementations. 

It also focuses on thematic analysis and uses expert ratings to draw conclusions. No data 

from users is gathered; rather, the findings are derived from notes and ratings made by 
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experts. Support for analysis will be provided by using Taguette, a tool for analyzing 

qualitative information and creating themes. 

This study is not designed to appraise the quality of educational content or the effectiveness 

of teaching methods. Instead, this study only examines how people use dark-mode visual 

elements in a few educational apps. The study focuses on this feature to create detailed 

knowledge and tips that could help learners benefit from using dark mode more effectively. 

 

1.5  Significance of the Study 

 

Increasing use of dark mode on mobile phones has changed the way people use digital 

resources. General interface design has addressed how dark mode looks and functions, but 

there is a missing link in learning about its impact on educational technology. It is important 

because it considers a major usability issue in mobile learning, the effect of dark mode on 

educational applications. The more time students spend using mobile apps for instruction, 

practice, and tests, the greater the need to improve and optimize every element visible or 

interactive on the app. Using a dark mode interface that is easy to use supports brain health, 

clearer comprehension, greater inclusion, and higher user engagement. 

In particular, the study helps us understand that developing educational mobile applications 

requires interfaces that ease reading, problem-solving, getting around, and making decisions. 

Although dark mode helps reduce harm to the eyes and saves battery, it should not result in 

greater readability, poor showing of main options, or less consistency in the layout. This 

study is important because it checks to see if the dark modes found in leading educational 

apps meet the requirements for good usability in learning. The study reports on problems in 

usability that could hold back learning or leave out some users, as well as offering ways to 

improve design methods in educational technology. 

From an educational point of view, this work expands the relatively small collection of 

studies on UI design, educational technology and dark mode usability. While many papers 

exist on evaluating usability and some new ones on using dark mode in work applications, 

research for mobile learning interfaces is not as common. Using heuristic evaluation and 

thematic analysis on this little-studied area, the study introduces fresh discoveries and covers 

an important gap. Furthermore, by integrating the principles of User-Centered Design 
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(UCD), the research aligns itself with contemporary approaches to interface development, 

which prioritize user needs, iterative evaluation, and contextual relevance. The results can 

guide future research in education by showing how to evaluate individual elements than 

entire systems. 

This study adds value by proposing a unique methodological framework. When you use 

heuristic evaluation along with Nielsen’s usability principles, it becomes easier to detect 

interface-related usability issues. By doing this, teams can find issues that might not be 

obvious when the game is used or tested regularly. Moreover, using Taguette for thematic 

analysis improves the reliability and depth of the results because patterns in the data are 

noticed naturally by domain experts. By combining these, we can strongly assess and 

interpret the result of dark mode on how users learn and study. 

App developers, UI/UX designers, educators and policymakers are likely to gain important 

benefits from the findings of this study. By following the suggestions, developers can make 

dark mode settings more helpful than harmful to users. Designers will discover how visual 

hierarchy, contrast, readability and layout operate with various themes. Learning institutions 

and teachers can use the findings in this study to decide which educational apps to require 

or support. Also, the results can be used to inform both advocates for accessibility and 

lawmakers about the potential consequences of including dark mode in designs. 

In essence, this research matters since it deals with a large but relatively overlooked problem 

in design for education. It studies how dark mode impacts real-life education, providing 

useful findings and knowledge that may improve future designs and research in technology 

for learning. 

 

1.6  Thesis Report Structure 

 

The study is structured into six chapters, each examining an individual element of research 

and adding to the overall objective of assessing dark mode usability in educational 

applications from a user perspective. 

Chapter One is the introductory section where the study is framed through the background, 

problem statement, research aims and objectives and questions. It outlines the relevance of 
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studying dark mode in educational apps and frames the research within a User-Centered 

Design (UCD) approach. 

Chapter Two looks at the existing literature on dark mode, mobile learning, usability and 

heuristic evaluation. It points out the lack of research on dark mode in the field of education 

and reasons why investigating this issue is necessary. 

Chapter Three explains how the study was organized and what data was collected. This 

research explains that heuristic evaluation is the main way for assessing, lists how to choose 

educational apps and applies a thematic analysis of professional feedback. The purpose of 

the Taguette tool in helping with qualitative coding is outlined. 

In Chapter Four, the outcomes of the heuristic evaluations are presented. A set of usability 

issues has been found, organized by groups called visual clarity, contrast, readability and 

interface consistency. Various examples and rating of severity are included. 

Chapter Five explains the outcomes within the context of the literature analyzed. The 

document outlines what the research reveals about previous theories and practices, and it 

discusses what outcomes mean for both developers and educational designers. 

The final chapter recaps the research, points out its shortcomings and suggests useful design 

ideas supported by the UCD methodology, with more recommendations for future work also 

included.  

 

2  Literature Review 

 

More use of mobile devices for learning has prompted a need to reassess how accessible and 

easy-to-use educational apps are. Within this context, dark mode has emerged as a 

contemporary design trend, praised for its aesthetic appeal, energy efficiency, and potential 

to reduce eye strain (Nguyen & Zhang, 2022). On the other hand, the way it works in 

classrooms still needs attention because clarity, focus and visual uniformity are key there. 

This study explores both theory and evidence to determine how useful dark mode is in 

education mobile apps. 
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The review groups its information into significant topics. First, it introduces the principles 

of user interface (UI) design in educational environments, emphasizing the critical role of 

usability in promoting learning effectiveness (Ali et al., 2021). Second, it traces the evolution 

and rationale of dark mode interfaces, including their known benefits and documented 

drawbacks in various contexts (Dobres et al., 2021; Mayr & Buchner, 2018). Third, the 

review investigates common usability challenges in mobile educational apps, especially 

concerning visual accessibility, interface consistency, and interaction design (Chen & 

Denoyelles, 2020). 

The next sections examine the two methodological pillars of the study: heuristic evaluation 

as a tool for identifying UI problems (Nielsen, 1994; Quiñones et al., 2018), and thematic 

analysis as a qualitative approach for understanding patterns in expert feedback (Braun & 

Clarke, 2006). The review concludes with a synthesis of research gaps and a rationale for 

applying a User-Centered Design (UCD) framework in evaluating dark mode usability in 

educational applications. 

The literature review creates the basis for the study’s methodology by pointing out key 

usability concerns and outlining what needs to be investigated through empirical methods. 

 

2.1  User Interface Design and Educational Applications 

 

User interface design matters a lot because it determines how users will experience mobile 

education and learning. A well-designed interface facilitates navigation, enhances content 

comprehension, and supports the cognitive processes essential for knowledge acquisition 

(Al-Azawei, Parslow & Lundqvist, 2017). In contrast, poor interface design can obstruct 

learning, increase cognitive load, and lead to user frustration or disengagement (Nielsen, 

1994). 

At its core, user interface (UI) design in education seeks to achieve both usability and 

pedagogical alignment. Usability refers to the ease with which users can interact with an 

application to achieve specific goals effectively, efficiently, and satisfactorily (ISO 9241-11, 

1998). For educational apps, this extends beyond basic functionality to include support for 

learner motivation, adaptability, and inclusivity (Alshehri & Meziane, 2021). So, panel 
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designs for education should be simple to use, with self-explanatory options, a well-

organized path and a similar look across the site. 

Studies have shown that UI design impacts not only the efficiency of learning tasks but also 

learner satisfaction and long-term engagement (Hwang & Chang, 2021). Digital content 

engagement by learners is greatly influenced by its organization, the use of icons, choice of 

fonts and visual feedback. For example, effective use of whitespace and clear typographic 

contrast improves readability, especially on smaller mobile screens (Preece, Rogers & Sharp, 

2015). This applies in dark mode situations because, without solid design rules, it can be 

hard to read or distinguish objects. 

Because learners come from diverse backgrounds, UI designers now have to deal with added 

responsibilities. Responsive design is essential to provide education for people with various 

physical, sensory and cognitive needs. This includes providing alternative text for images, 

voice navigation options, and color schemes that are friendly to users with visual 

impairments such as color blindness (Kous & Polančič, 2019). Because more learning is 

moving to mobile apps, it’s important that new features are included without hurting the 

app’s ease of use. 

UI design in these apps keeps changing over time. It is shaped by evolving technologies, 

user expectations, and pedagogical models such as constructivism and learner autonomy 

(Jonassen, 1999). As such, UI should not only be usable in a technical sense but also 

supportive of learning principles, providing timely feedback, opportunities for reflection, 

and interactive elements that scaffold learning (Kay, Leung & Tang, 2019). It’s important for 

designers to think about whether users will interact with the app during daylight hours or at 

night, will use it alone or with others and have a different level of digital skills. 

With this in mind, reviewing the UI in educational apps should be focused on how it looks 

and how usable it is for users while learning. It becomes especially necessary when 

introducing new visual effects such as dark mode, because they might introduce some 

unforeseen issues in how people use the app. For this reason, this study performs evaluation 

using heuristic methods to cheque the usability of dark mode in educational apps, applying 

established design rules that fit educational purposes. 
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2.2  Rise of Dark Mode in Interface Design 

 

Today, more interfaces feature what is known as dark mode, also called night mode or dark 

theme which lets people change the color scheme between light and dark settings. Originally 

introduced in developer environments and certain early operating systems for reducing eye 

strain, dark mode has since been adopted widely across platforms such as iOS, Android, 

Google Chrome, and educational applications like Duolingo and Khan Academy (Moreno, 

2021). Merging Icons into applications on mobile and desktop is guided by the users’ wishes, 

how easy they are to look at and how fast the devices run. 

The main benefit of dark mode is that it may reduce the display of bright screens which is a 

source of eye fatigue in dim surroundings. Research in human-computer interaction (HCI) 

supports this claim, showing that dark themes can lead to less visual discomfort under certain 

lighting conditions (Buchner, Mayr & Brandt, 2009). Additionally, on OLED and AMOLED 

displays, dark mode reduces energy consumption by turning off black pixels entirely, making 

it a preferred choice for energy-conscious users (Liu et al., 2020). 

The fame of dark mode does not mean its usability works the same way for everyone. Several 

studies have reported that while dark mode may improve comfort in dim lighting, it can 

decrease readability and performance in bright environments (Siegenthaler et al., 2012). 

Light text on dark backgrounds has been shown to increase visual blur and reduce reading 

speed, particularly for long-form content (Tinker, 1963; Bauer & Cavonius, 1980). This 

makes education programs face a major hurdle, since similar apps often rely on reading, 

interpreting data and keeping learners engaged for many minutes. 

Besides performance issues, using dark mode can make text harder to read and groups from 

certain communities are affected. The World Wide Web Consortium (W3C) recommends a 

minimum contrast ratio of 4.5:1 for standard text (W3C, 2018). Poorly implemented dark 

themes frequently violate this guideline, making content inaccessible for users with visual 

impairments such as low vision or color blindness (Zhao et al., 2021). Interactive elements 

such as buttons, hyperlinks, and progress bars may become ambiguous or invisible in dark 

mode if proper contrast and design consistency are not maintained (Alnuaimi et al., 2023). 

There is also a problem because applications don’t always have matching designs. 

Sometimes the dark mode appears only in some areas which results in an uneven and varied 
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look. Users may find it hard to complete tasks if the font size, the icons and color themes are 

not kept consistent. Educational applications are particularly vulnerable to these issues due 

to the complex nature of their content and interactive tasks, such as assessments, note-taking, 

and navigation between modules (Shamsuddin et al., 2022). 

Moreover, dark mode's role in learning environments has received limited scholarly 

attention. While many studies analyze productivity and social media, very few look into how 

technology affects learning outcomes or how user-friendly mobile programs are in schools. 

Due to there being little focused research, this study gives insights into where they are needed 

most. Considering that usability is closely linked to learning efficiency, satisfaction, and 

retention, understanding how dark mode affects usability in educational apps is essential 

(Chen & Denoyelles, 2020). 

Overall, dark mode is more than a set look; it affects how users experience the site in terms 

of ease, clear writing and comfort. While it gives you improved vision and battery, these 

should be matched against its problems in easiness to read and in accessibility for students. 

This work closely looks at these concerns using heuristic tools, hoping to guide designers in 

making dark mode more appropriate for educational uses. 

 

2.3  Difficulties Related to Usability in Educational Mobile Apps 

 

For education to keep up with mobile learning, usability in educational applications has 

become very important. Usability refers not only to ease of navigation but also to how 

effectively and efficiently users can achieve their learning goals using the app (ISO 9241-

11, 1998). Yet, popular as they are, many educational mobile apps experience problems in 

their design that reduce usability and actually hinder people from learning well. 

Many times, visual complexity in educational apps comes from bland UI, too much text or 

a messy icon layout. Zanjani (2025) argues that such visual clutter can increase cognitive 

load and obstruct the learner’s ability to focus on key content. Inconsistent use of colors, 

fonts, and iconography across screens may also lead to confusion and disorientation, 

especially among novice users (Kambaruddin et al., 2024). 
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A further issue in design is how to support users with disabilities when interacting. Villalba 

et al. (2025) found that students with visual impairments struggled with feedback 

inconsistencies and a lack of screen reader compatibility in language learning apps. 

Similarly, Simon-Liedtke and Fuglerud (2024) highlighted the usability gap in gesture-based 

mobile interfaces, emphasizing the need for instructional support in inclusive mobile 

education. 

Problems with usability are often due to adaptive ways of designing websites. Tennakoon 

and Malik (2024) emphasize that educational apps often fail to accommodate different 

learning paces and interaction preferences, resulting in disengagement and lower retention. 

This is compounded by a lack of rigorous user testing during development stages 

(Hassenzahl & Tractinsky, 2006). 

Overall, educational apps have a strong chance of increasing learning access, only if they 

are easy for users to use. Ensuring learning content is inclusive and enjoyable requires fixing 

design mistakes by working closely with users in several development stages. 

 

2.4  Heuristic Evaluation in Usability Research 

 

Heuristic evaluation is a widely recognized usability inspection method developed by Jakob 

Nielsen, involving expert reviewers who assess an interface against a predefined set of 

usability principles or "heuristics" (Nielsen, 1994). Because it is cost-effective and provides 

useful results, the technique is appreciated for finding both easy-to-see and hidden 

difficulties in usability without extensive tests. It has become a cornerstone in human-

computer interaction (HCI) and is now increasingly applied in educational contexts, 

particularly where interface quality directly affects user experience and learning 

effectiveness. 

The original 10 usability heuristics from Nielsen still play an important role. These principles 

include visibility of system status, match between system and real world, user control and 

freedom, consistency and standards, error prevention, recognition rather than recall, 

flexibility and efficiency of use, aesthetic and minimalist design, help users recognize and 

recover from errors, and help and documentation (Nielsen, 1994). Such guidelines provide 

a proper structure that can easily find usability issues in complex educational mobile apps. 
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New research proves that heuristic evaluation has a role to play in mobile education. For 

instance, Simsek (2024) applied Nielsen’s heuristics to assess mental health education apps 

in a higher education context, revealing several critical design flaws that impacted 

navigation, content comprehension, and visual clarity (Simsek, 2024). The method was most 

successful in finding problems with screen layout, as well as accessibility features when 

applying dark mode and other themes. 

Since heuristic evaluation involves experts rather than users, it is a good fit for early analyses 

of functions like dark mode, when data about users is hard to find. This technique allows 

researchers to recognize usability issues clearly, which is why it’s suitable for use in 

educational applications where learner actions fit learning objectives. 

 

2.5  Thematic Analysis in HCI and Educational UX Studies 

 

Thematic analysis is a widely adopted qualitative method used in human-computer 

interaction (HCI) and educational technology research to identify, analyze, and interpret 

patterns or themes within qualitative data. Introduced formally by Braun and Clarke (2006), 

the method provides a flexible yet systematic approach to analyzing textual information such 

as interviews, open-ended survey responses, or heuristic evaluation notes. Rather than 

measuring data, thematic analysis looks closely at what the user experiences repeatedly and 

discovers as common in their study. 

This method is helpful in usability studies since it is important to find problems and study 

why users act the way they do. In educational mobile app evaluation, it is increasingly used 

to process expert observations and user diaries, allowing patterns to emerge that reflect real-

world interaction problems (Aguilar et al., 2024). For example, in a usability study of AR-

based learning tools, Aguilar et al. (2024) used thematic analysis to reveal how visual 

complexity and feedback timing affected learning engagement, especially in cognitively 

demanding tasks. 

In research on HCI, complementing heuristic evaluation with a thematic analysis makes it 

possible to better interpret anything researchers find. While heuristics identify surface-level 

problems based on design principles, thematic analysis clusters these issues into broader 

usability concerns, such as accessibility, emotional satisfaction, or user frustration (Haqq et 
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al., 2024). This integration helps developers recognize how design can improve or prevent 

interactions with the website, not simply observe one mistake. 

The use of Taguette and similar tools has helped to make thematic analysis more solid and 

appropriate. With Taguette, researchers can import data, organize codes and receive reports 

for reviewing their research. This tool is especially helpful for research teams, as it supports 

collaborative coding, audit trails, and visual summaries of theme occurrence (Wei & 

Margetis, 2024). In this paper, we will code feedback from experts in dark mode heuristic 

evaluations of educational apps using Taguette. 

Simply put, using a thematic approach strengthens the qualitative part of UX research in 

education. Revealing recurring issues addressed by users helps turn observation results into 

useful improvements. Because it works well with expert approaches like heuristic 

evaluation, it is valuable for reviewing interfaces by highlighting aspects like dark mode in 

research. 

 

2.6  User-Centered Design (UCD) as a Theoretical Framework 

 

User-Centered Design (UCD) is a widely adopted framework in Human-Computer 

Interaction (HCI) that prioritizes the needs, limitations, and preferences of end users 

throughout the design and development lifecycle of digital systems (Norman & Draper, 

1986). It includes cycles of understanding how users use products, outlining needs, making 

solutions and seeing how usable they are in everyday use. Using educational technology with 

UCD, we can ensure that applications for learning help both the mind and the feelings of 

each learner. 

 

A main benefit of UCD is how strongly it values keeping users engaged throughout the 

process. As Kushniruk, Kaufman and Kannampallil (2024) explain, this engagement helps 

identify usability barriers early, resulting in products that are more effective, inclusive, and 

satisfying. By incorporating UCD, learners in mobile situations tend to retain more, find it 

easier to access and finish tasks more often. Jha et al. (2025) emphasize the importance of 
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involving diverse user groups, including caregivers and learners with disabilities, to ensure 

design inclusivity and minimize unintentional bias in digital tools. 

Importantly, UCD aligns well with both heuristic evaluation and thematic analysis 

methodologies. While heuristic evaluation helps identify usability violations based on 

general principles, UCD extends this by incorporating actual user feedback and revising 

design solutions based on real-world contexts (Shamsuddin et al., 2022). This dual 

perspective is particularly relevant for evaluating features like dark mode, where perceived 

usability can differ drastically between designers and users. 

Using a UCD framework made it possible for the research to note where dark mode is not 

user-friendly in educational apps and also relate those issues to what education users deal 

with during learning. So, the design recommendations are backed by research and keep users 

in mind, improving how effectively future learning platforms on mobile devices will be used. 

 

2.7  Research Gaps and Justification for the Study 

 

While dark mode is gaining popularity on mobile devices, there is not much research on 

using it in educational applications. While studies have explored dark mode’s benefits in 

terms of battery conservation and visual comfort (Liu et al., 2020; Dobres et al., 2021), few 

have examined its impact on learning tasks, readability, and accessibility key components in 

mobile learning environments. Moreover, most dark mode evaluations are conducted in 

general-use contexts such as messaging apps or productivity tools, rather than within 

cognitively demanding educational settings (Siegenthaler et al., 2012). 

Heuristic evaluation is another area where educational UX research fails to keep user-

centered methodologies in mind. Although heuristic evaluation is a well-established 

technique for identifying interface flaws (Nielsen, 1994), many existing studies lack a 

structured follow-up process that translates expert observations into actionable design 

improvements through user-informed design cycles (Quiñones & Rusu, 2017). This limits 

the effectiveness of evaluation in producing meaningful recommendations, especially in 

learning technologies where usability directly affects educational outcomes (Chen & 

Denoyelles, 2020). 
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Moreover, using thematic analysis together with heuristic methods has not been examined 

adequately in this area. While thematic coding is recognized as a valuable method in HCI 

for uncovering patterns in qualitative data (Braun & Clarke, 2006), its use in structuring 

expert feedback on visual UI elements like dark mode is still emerging. 

This study addresses these gaps by combining heuristic evaluation with thematic analysis 

within a User-Centered Design (UCD) framework, focusing specifically on dark mode in 

educational mobile apps. This approach makes it possible to spot and describe problems with 

usability and design usability-based solutions backed by experience from practice and 

theory. By applying this integrated approach, we address serious issues in literature and add 

value to the best practices of educational interface design. 

 

2.8  Summary of the Chapter 

 

This chapter reviewed the key literature relevant to the study of dark mode usability in 

educational mobile applications, structured around core themes in human-computer 

interaction (HCI), usability evaluation, and educational interface design. It began with an 

overview of user interface (UI) design principles within educational applications, 

emphasizing the need for clarity, consistency, and accessibility to support learning 

effectiveness. Interest in dark mode was next studied, focusing on possible visual benefits, 

ergonomics and the issues it presents in settings that require reading and learning such as 

school. 

Problems specific to educational mobile apps were noted, especially about not considering 

different users, difficult navigation and showing too many things at once. It was emphasized 

that using the method of heuristic evaluation, guided by Nielsen’s ten usability principles, 

helps consistently highlight problems with the interface of a system. Additionally, thematic 

analysis was used as a qualitative approach to spotting important patterns in what experts 

said, with the help of tools like Taguette. 

The chapter also highlighted User-Centered Design (UCD) as the theoretical foundation for 

this study, underscoring the value of iterative design based on actual user needs. A specific 

missing link in studies was found. There are few studies focused on using dark mode in 
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educational apps and also not many cases where heuristic-themes are used in the UCD 

process. 

Considering these points, this study uses heuristic evaluation and thematic analysis to 

evaluate dark mode usability in specific educational apps and make enhancements aligned 

with UCD standards. 

 

3  Methodology 

 

This chapter describes the research methodology that has been applied in this study to 

examine the usability issue that is linked to dark mode on educational mobile applications. 

The study is anchored in a User-Centered Design (UCD) framework, aiming to evaluate how 

effectively dark mode supports or hinders learning interactions within selected educational 

apps. Since due to the rising interest in digital experiences, dark mode is implemented more 

frequently than ever, a comprehensive color contrast assessment of its usability 

repercussions is necessary, especially in the learning environment, where usability has direct 

connections with cognitive engagement and learning outcomes. 

To explore these challenges, the study is undertaken with a qualitative research design that 

involves two approaches to methodologies: heuristic evaluation and thematic analysis. 

Based on the ten usability heuristics proposed by Nielsen, heuristic evaluation was selected 

as a method that would provide a systematic approach to the identification of possible 

interface issues concerning dark mode. This has been done based on an evaluation by experts 

who are supposed to check that the UI aspects meet well-established principles of usability. 

Heuristics will also help make sure that the important aspects of dark mode, both in 

functionality and aesthetics, have been critically assessed. 

Following the evaluation, qualitative data from expert feedback was subjected to thematic 

analysis using the guidelines proposed by Braun and Clarke (2006). This approach enabled 

the discovering of common trends in usability issues with further implications in the 

comparative patterns and circumstances, realizing their influence over the user experience. 

Taguette was used, a qualitative analysis tool that sets data categorization and traceability in 

thematic coding. 
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In the subsequent sections of this chapter, the following will be described: the research 

design, the criteria used during the selection of educational apps, data collection methods, 

thematic analysis strategies, ethical considerations, and the plan to achieve trustworthiness. 

Cumulatively, these methodological aspects warrant that the results are believable, clear, and 

based on user-centric assessment values. 

 

3.1  Research Design 

 

In this research, a qualitative approach is used to examine the challenges that students face 

with dark mode in educational applications on their phones. Since the study’s goal is to study 

and interpret different usability behaviors, specifically dark mode, the design was selected 

accordingly. Measuring and predicting are more important in quantitative approaches than 

in qualitative ones, where a rich view of user experiences, opinions on design, and how 

something is used in its environment comes into focus. 

Due to its position in the interpretivist paradigm, the author believes knowledge depends on 

the social and cultural context. As a result, usability is seen through the lens of how users 

interact with the interface in their learning environment. In educational apps, this view is 

crucial because usability helps learners become more engaged, understand the information 

better, and be satisfied with what they use. 

To carry out the inquiry, the researcher evaluates a selection of educational applications using 

a method that employs experts to rate Apps using specific usability guidelines. With this 

approach, you can find design mistakes without collecting lots of data, which helps in studies 

emphasizing interface critique. The process of evaluation uses Nielsen’s 10 usability 

heuristics to keep things consistent and rigorous. 

As well as heuristic review, the study uses thematic analysis to examine and categorize data 

gathered through expert observation. By using this method, researchers can spot interface 

difficulties and also see how larger usability issues affect educational applications that use 

dark mode. 

Overall, this research design is grounded in user-centered design (UCD) principles, ensuring 

that the study remains focused on real user needs and experiences. It helps organize the 
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assessment of dark modes and suggests useful recommendations for boosting the 

performance of mobile learning apps. 

 

3.2  Selection of Educational Apps 

 

Purposeful sampling based on mobile learning application selection was done to make a 

relevant, popular, and diverse learning format selection. The research was conducted on five 

popular educational applications, such as Duolingo, Khan Academy, Quizlet, Brilliant, and 

edX, widely used on mobile devices and with the dark mode turned on as part of the user 

interface. These platforms were selected based on three primary criteria: (1) popularity and 

active user base, (2) availability of dark mode as a consistent UI theme, and (3) variety in 

learning content and interaction design. 

• Duolingo was selected for its gamified language learning structure and vibrant 

interface design, which presents a unique environment to test dark mode aesthetics 

and motivation. 

• Khan Academy offers a structured curriculum of STEM and humanities subjects, 

allowing for evaluation of dark mode’s impact on content-heavy screens and 

interactive tools. 

• Quizlet supports flashcard-based learning and self-assessment, making it ideal for 

examining the visibility and feedback elements of the UI. 

• Brilliant engages users with visual math and science problems, providing a unique 

opportunity to assess dark mode effects on diagram visibility and problem-solving 

flow. 

• edX, as a MOOC platform, was chosen for its professional course delivery model 

and multimedia content, which adds complexity to dark mode usability in reading, 

navigation, and assessments. 

These five applications cover a wide range of use cases of education of formal learning, 

revision, problem-solving, and informal learning. Importantly, they exist on iOS and 

Android, so their dark mode support is stable and well-developed. Consideration of apps that 

are commonly in use and have pedagogical importance could see the generation of results 
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that are general and practically useful to UI designers and developers operating in the 

educational environment. 

This selection strategy aligns with the principles of User-Centered Design (UCD) by 

ensuring that the evaluation centers on real-world platforms' impact on diverse learner 

populations. 

 

Table 1: Selected Educational Apps for Evaluation 

App Name Description Platform(s) Dark 

Mode 

Downloads Rating 

Duolingo Language learning via 

gamified lessons 

Android/iOS Yes 500M+ 4.6 

Khan 

Academy 

K–12 video lessons 

and quizzes 

Android/iOS Yes 10M+ 4.5 

Quizlet Study tools using 

flashcards and tests 

Android/iOS Yes 10M+ 4.8 

Brilliant STEM problem-

solving and courses 

Android/iOS Yes 1M+ 4.7 

edX University-level 

MOOCs 

Android/iOS Yes 5M+ 4.6 

 

These apps were selected not only for their popularity but also for their diversity of 

instructional methods and design structures, which allows for a more comprehensive 

assessment of usability in dark mode settings. 

 

3.3  Data Collection Method: Heuristic Evaluation 

 

An approach used to comprehensively detect usability problems affecting the use of dark 

mode in mobile applications in education was the heuristic evaluation technique, a well-
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developed usability-inspection process based on heuristics first introduced by Jakob Nielsen. 

It aimed to test how well each app with a dark mode supports the major usability 

requirements (particularly when used in education, where clarity, feedback, and accessibility 

matter). 

 

Evaluator Profile and Selection Criteria 

The evaluation was conducted by five independent evaluators (Evaluator 1 to Evaluator 5), 

selected based on their backgrounds in HCI (Human-Computer Interaction), and user 

interface design. The evaluators had at least two years of experience in usability testing or 

UX research. This experience provided credible detection of both superficial and subtle 

usability issues. The evaluators were informed about the rationale of the research, the 

educational rationale of the apps but otherwise blinded to limit controversial ratings during 

observations. 

 

Evaluation Environment and Process 

The five apps that were chosen to be reviewed, Duolingo, Khan Academy, Quizlet, Brilliant, 

and edX, were evaluated separately by each evaluator on Android or iOS smartphones with 

dark mode settings. The assessments were performed in remote conditions for a period of 

one week, which makes them flexible and consistent across various screens and using 

different settings. The instantiation of the heuristic evaluation form on the 10 usability 

heuristics suggested by Nielsen (visibility of system status, user control, preventing errors, 

consistency, flexibility, and aesthetic minimalist design) was used to offer the evaluators 

standardized guidelines and a special heuristic evaluation shape. 

They were instructed to freely explore each app’s primary functions (e.g., logging in, 

navigating lessons, answering questions, checking feedback) and document any usability 

issues encountered specifically in dark mode. They noted the following violation by 

violation: 

• Heuristic violated 

• Issue description 

• Severity rating (on a 1–4 scale: cosmetic to critical) 
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• Affected screens or tasks 

An appraisal rubric sheet and an assessment form were included in the Appendix A as an 

example. 

 

Rationale for Method 

Heuristic evaluation was selected on its basis of efficiency, low cost, and adaptability to 

usability testing during the early stages of the activity, especially when testing the usability 

in person with the user is not a practical option. As the dark mode is a heavy UI element on 

visual and interaction levels, this approach proved to be exceptionally useful in revealing 

breaches concerning readability, feedback visibility, and visual hierarchy. Furthermore, it 

aligned well with the User-Centered Design (UCD) framework by systematically 

incorporating expert insights into UI improvement. 

All completed evaluations were compiled into a centralized dataset (see Appendix B) and 

used as the basis for the subsequent thematic analysis described in Section 3.4. 

 

3.4  Data Analysis Method: Thematic Analysis 

 

Following the heuristic evaluation process, the qualitative data collected from evaluators 

were subjected to thematic analysis, a flexible method for identifying, analyzing, and 

reporting patterns (themes) within data. Precisely, this approach is applicable in the situation 

of usability studies aimed at discovering repeated user interface issues and grouping them in 

a coherent set to help in informing redesign activities. The analysis adhered to the six-phase 

framework proposed by Braun and Clarke (2006) and was carried out using the open-source 

qualitative data analysis tool Taguette 

Data Preparation 

Each evaluator's entries were compiled into a structured dataset, including app name, 

heuristic violated, issue description, and severity rating (see Appendix B). These data were 

uploaded to Taguette platform in which the raw qualitative comments were then used as the 
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corpus of analysis. These were text-based observations, and it could richly interpret the 

issues as not being scored in terms of severity on a numerical scale. 

 

Coding and Theme Development Process 

The data analysis followed these structured phases: 

1. Familiarization with the data 

The researcher reviewed all evaluator notes repeatedly to gain a comprehensive 

understanding of the issues reported across all five apps. Initial observations and 

reflections were noted within Taguette for reference. 

2. Initial code generation 

Segments of text were manually tagged with initial descriptive codes that captured 

the core usability issue (e.g., low contrast text, invisible error message, icon 

misalignment, no undo option). In total, 47 individual codes were generated during 

this phase. See Appendix C for the full coding framework. 

3. Searching for themes 

Codes were grouped based on semantic and conceptual similarities. For example, 

codes like low text visibility and faint icons were grouped under the theme Visual 

Clarity and Contrast. Collaborative clustering was done using virtual sticky notes 

on a shared Miro board, where all initial codes were moved into provisional 

thematic clusters. 

4. Reviewing themes 

Thematic clusters were reviewed and refined to ensure internal consistency and 

external distinction. At this stage, six clear and non-overlapping themes emerged: 

o Visual Clarity and Contrast 

o Inconsistent Design Elements 

o Navigation and Control Issues 

o Inadequate Feedback and Error Prevention 

o Aesthetic Overload in Dark Interfaces 

o Help and Documentation Gaps 

5. Defining and naming themes 

Each theme was then clearly defined, with supporting examples and rationale 
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documented. This formed the basis for Chapter 4. Definitions are presented in 

Appendix C, along with illustrative quotations. 

6. Producing the report 

Final coded excerpts were mapped to the six themes and reported with associated 

frequency, affected apps, and violated heuristics. This was presented using 

summary tables and rich visualizations (see Chapter 4: Findings). 

Trust and Transparency of Analysis 

The researcher upheld the trail of audit coding choices and changes of theme within Taguette 

to boost the credibility of the analysis. A second researcher with a comprehension of usability 

research also saw the codes and themes to minimize subjective bias. The use of a digital tool 

(Taguette) ensured traceability and reproducibility, as every coded quote was linked back to 

its original evaluator input. 

 

3.5  Ethical Considerations 

 

Practicing ethics is necessary in this research because it involves human evaluators rating 

the usability features found in education mobile applications. Since neither students nor their 

data appear directly in the study, extra ethics precautions are in place to protect the research. 

All experts involved in doing heuristic evaluation have willingly volunteered for the process. 

All evaluators will get a clear consent form and a document describing the study’s objectives, 

their particular role and guidelines for handling study data before they get involved. Experts 

may leave the programme whenever they choose with no consequences. All data in the study 

is anonymized and contains no sensitive personal information. 

Everyone’s comments will be kept confidential by hiding their names. Evaluator inputs will 

be coded using general identifiers (e.g., Reviewer 1, Reviewer 2), and no information will 

be published that could be linked back to any individual. Also, because the apps being 

evaluated are out in the public domain, the analysis avoids making negative or protected 

business-related claims about them. Important topics are still centered around general design 

patterns and usability. 
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All data collected is securely kept and can only be used for academic work. Research for the 

study meets institutional ethics guidelines and it will apply formal clearance from a 

university review board when fitting. 

In addition, evaluations are carried out following the terms set by the applications. No user 

can perform reverse engineering, extract data in a way not authorized by the app or treat app 

environments wrongly. All tests are done using the official app versions and following 

ordinary user routes. 

Using the best ethical practices, this study preserves the rights and dignity of the experts and 

makes sure the data and study remain transparent, confidential, and responsible. 

 

3.6  Trustworthiness and Validity 

 

Trusting all participants in qualitative research is needed to ensure the results are valid and 

reliable. During this research, multiple methods were used to keep the process rigorous, since 

heuristic evaluations and thematic analysis require a flexible approach. 

Credibility 

The word credibility is used when talking about believing in the accuracy of the data and its 

interpretation. To ensure reliability, we had evaluators who have professional background in 

usability to perform heuristic evaluations in this study. Because of their experience, they can 

ensure that the observations are purposeful, organized and meet common usability criteria. 

In addition, evaluators are given a unified protocol to guarantee fairness in every app review. 

Transferability 

Transferability means considering if the results from a study can be used elsewhere. While 

this study focuses on five specific educational apps, the use of purposeful sampling criteria 

(e.g., dark mode availability, educational relevance, popularity) makes the findings 

applicable to a broad range of learning platforms. There is a clear explanation of each feature, 

how the interface is used, and the development of the theme for application in real situations. 

Dependability 
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Dependability refers to how stable and transparent the study process is. The approach used 

for both heuristic evaluation and thematic analysis is planned and documented. Taguette 

allows you to easily track the process from the original observer feedback to the themed 

results. 

Confirmability 

To remain objective, the process keeps the analysis directed at professional data instead of 

what the researcher believes. Multiple coders or peer validation (where feasible) can also be 

introduced in future extensions to further strengthen confirmability. 

 

4  Findings and Thematic Analysis 

 

This chapter presents the key findings of the study, which investigated the usability 

challenges of dark mode in educational mobile applications through a user-centered design 

(UCD) lens. The research aimed to spot any problems users might encounter when apps 

apply dark mode, as well as examine how the problems influence user experience, 

accessibility, and how people interact with learning content. The research aimed to help 

improve future user interfaces by spotting how learners struggle and what it means for 

educational technology. 

This research used a qualitative heuristic evaluation method supported by Nielsen’s 10 

usability heuristics. Dark mode was switched on as five popular educational apps, Duolingo, 

Khan Academy, Quizlet, Brilliant, and edX, were evaluated by a group of experts. Their 

structured feedback was collected, reviewed, and subjected to thematic analysis using Braun 

and Clarke’s (2006) approach. It allowed for the identification of common design patterns 

that appear when many individual usability issues are evaluated. 

This chapter serves to explain those findings in a clear and organized way. First, there is a 

review of commonly found usability problems, with charts and tables showing the types and 

frequencies. After that, the chapter looks closely at six major themes that were identified 

based on the experts’ feedback. Every theme is explained using learning examples, notes on 

usage, and detailed comparisons among various programs. 
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With the help of detailed tables, thoughtful explanations, and illustrative charts, the findings 

in this chapter are both correct and straightforward to put into practice. The findings 

presented here form the basis for the discussion and recommendations found in Chapter 5. 

 

4.1  Overview of Heuristic Evaluation Results 

The results of five mobile applications using dark mode are presented in this section, all 

from a heuristic evaluation. Ten usability heuristics developed by Nielsen functioned as 

guidebooks for our evaluation to highlight possible design and interface problems that could 

stop the user from effectively learning or using the system. The formula applied was heuristic 

severity rating analysis, as introduced by Jakob Nielsen (1994), who proposed to use the 

Arithmetic mean to calculate average severity ratings for each heuristic category. 

Average Severity = Sum of severity ratings under given heuristic / Total number of 

problems 

The expert evaluators captured 20 usability issues in their report. These issues were 

categorized based on the violated heuristic and assigned a severity score ranging from 0 (no 

issue) to 4 (usability catastrophe). Table 2 gives the recorded number of times that heuristics 

were violated as well as the average severity of the issues found. 

Table 2: Heuristic Frequency and Severity Summary 

Heuristic Frequency Average Severity 

Visibility of System Status 4 3.00 

Aesthetic and Minimalist Design 3 2.33 

User Control and Freedom 2 4.00 

Recognition Rather than Recall 2 2.00 

Consistency and Standards 2 2.00 

Match Between the System and the World 2 2.50 

Error Prevention 2 3.50 

Help and Documentation 2 2.50 
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Help Users Recover from Errors 1 3.00 

Flexibility and Efficiency of Use 1 2.00 

The most frequently violated heuristics were: 

• Visibility of System Status (4 occurrences), 

• Aesthetic and Minimalist Design (3), 

• User Control and Freedom (2), 

• Recognition Rather than Recall (2), 

• Consistency and Standards (2). 

Additionally, Error Prevention, Help and Documentation, and Match Between System and 

the Real World were recognized as important heuristics, but were mentioned less often. On 

the other hand, the heuristic Help Users Recover from Errors appeared just once. It looks 

like; despite encountering errors, dark mode wasn’t providing good support for users to fix 

the problems. 

In terms of severity, User Control and Freedom and Error Prevention received the highest 

average scores (3.5+), indicating critical usability concerns. Problems such as not being able 

to undo actions, navigation gestures that refuse to respond, and missing alerts when mistakes 

are made show how dark mode sometimes makes things less intuitive and harder to learn. 

For a clear graphic representation of these issues, Figure :1 shows a bar graph of the number 

of problems in each heuristic category. 
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Figure 1: Frequency of Usability Issues by Heuristic 

This analysis shows which usability principles are typically broken in dark mode designs. 

Such notes form the basis for the detailed study of key aspects and design issues we will 

carry out using a user-centered approach. 

Table 3: Summary of Issues by App 

App Name Total Usability Issues 

Brilliant 4 

Duolingo 4 

Khan Academy 4 

Quizlet 4 

edX 4 
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4.2  Thematic Analysis of Usability Challenges 

The qualitative data collected through expert heuristic evaluations were subjected to a 

systematic thematic analysis based on Braun and Clarke’s (2006) framework. The process 

involved open coding of usability issue descriptions, followed by categorization into higher-

order usability themes. Six core themes were identified, each representing a recurring pattern 

across multiple applications. 

 

Figure 2: Prevalence of Usability Themes Across Apps 

 

Theme 1: Visual Clarity and Contrast 

Definition: Refers to how well interface elements are distinguishable in dark mode, 

especially text, icons, and feedback indicators. 

Rationale: Poor contrast compromises readability and visual guidance, critical for 

educational engagement. 

Evaluator Insight: 

“Progress bars and hint texts in Duolingo nearly disappear in dark backgrounds.” 
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Table 4: Visual Clarity Issues by App 

App Issue Description 

Duolingo Grammar hint buttons are hard to see. 

Brilliant Course progress indicators are too dim to track. 

Khan Academy Buffering symbols are almost invisible in video player. 

 

Literature Comparison: 

This finding confirms earlier research by Rello and Baeza-Yates (2017), who observed that 

low contrast in dark UIs hampers readability, particularly for users with dyslexia or visual 

impairments. Similarly, Lin et al. (2021) found that prolonged reading on dark backgrounds 

increases visual strain in educational contexts. 

 

Theme 2: Inconsistent Design Elements 

Definition: Occurs when dark mode introduces inconsistencies in icons, typography, or 

element placement compared to light mode. 

Rationale: Inconsistencies reduce learnability and user trust. 

Evaluator Insight: 

“The same function button shifts position between modes in Khan Academy.” 

Table 5: Inconsistent Design Elements by App 

App Issue Description 

Khan Academy Button icon layout changes in dark mode. 

Brilliant Typography alignment shifts subtly between modes. 

edX Language setting feedback is inconsistent when toggled. 
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Literature Comparison: 

 

These inconsistencies mirror findings by Gupta et al. (2021), who highlighted that lack of 

design uniformity in adaptive UI themes undermines user predictability and interface trust. 

This issue is especially critical in educational apps, where consistent navigation reinforces 

cognitive flow. 

 

Theme 3: Navigation and Control Issues 

Definition: Problems that hinder the user’s ability to easily move through the app or recover 

from unintended actions. 

Rationale: Navigation errors break flow and frustrate learning progression. 

Evaluator Insight: 

“You can’t undo flashcard deletions on Quizlet in dark mode.” 

Table 6: Navigation and Control Issues by App 

App Issue Description 

Quizlet No undo for deleted flashcards. 

edX ‘Back’ gesture is unresponsive in dark layout. 

 

Literature Comparison: 

These findings are consistent with Ehmke and Wilson (2007), who stressed that navigational 

fluidity is central to maintaining user satisfaction and reducing drop-off rates. Lack of undo 

options contradicts Nielsen’s (1994) principle of user control and freedom, especially in 

learning contexts where error recovery is crucial. 

Theme 4: Inadequate Feedback and Error Prevention 

Definition: Refers to the lack of helpful warnings, system responses, or error-prevention 

mechanisms. 
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Rationale: Users are more likely to make and repeat errors without system support. 

Evaluator Insight: 

“There was no warning when I accidentally closed a lesson midway.” 

Table 7: Inadequate Feedback and Error Prevention Issues by App 

App Issue Description 

Duolingo Exiting a lesson doesn't trigger confirmation in dark mode. 

Quizlet The submit button cannot be reversed. 

Khan Academy No feedback for login failures. 

 

 Literature Comparison: 

This theme confirms Tsai et al. (2021), who argued that educational applications must 

prioritize proactive feedback systems, especially in autonomous learning environments. 

Error prevention mechanisms are vital in supporting user confidence and reducing 

frustration. 

Theme 5: Aesthetic Overload in Dark Interfaces 

Definition: Overuse of visual effects (shadows, gradients) that clutter the UI in dark settings. 

Rationale: Reduces user focus and readability. 

Evaluator Insight: 

“Dark gradients behind every lesson card just overwhelm the layout.” 

Table 8: Aesthetic Overload in Dark Interfaces Issues by App 

App Issue Description 

Duolingo Dark background gradients draw attention away from content. 

Brilliant Shadow layering makes home screen feel congested. 
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Literature Comparison: 

This theme extends findings by Milosevic et al. (2022), who emphasized that visual overload 

in dark UI schemes can hinder user focus and task efficiency. The negative impact on 

cognitive load was particularly notable in dense learning interfaces. 

 

Theme 6: Help and Documentation Gaps 

Definition: Help sections are not optimized for dark mode or are inconsistent with the rest 

of the UI. 

Rationale: Hinders learning support and breaks theme consistency. 

Evaluator Insight: 

“Help articles open in a blinding light theme while the app stays dark.” 

Table 9: Help and Documentation Gaps by App 

App Issue Description 

edX Help section opens in light mode while app remains dark. 

Brilliant Text in support content lacks sufficient contrast for legibility. 

 

Literature Comparison: 

These issues are consistent with Anderson et al. (2021), who found that auxiliary support 

systems in dark interfaces often lack theme integration, breaking immersion and usability. 

Documentation must be thematically aligned to ensure seamless user experience in 

educational apps. 
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4.3  Cross-App Comparison of Key Issues 

 

In this section, the themes of usability are examined across the five educational applications: 

Duolingo, Khan Academy, Quizlet, Brilliant, and edX. Matching every app’s usability 

problem with the six themes from the heuristic evaluation allows you to see the main areas 

where problems come up and distinguishes them by platform. 

 

Table 10: Cross-App theme Severity Matrix 

Usability Theme Duolingo Khan 

Academy 

Quizlet Brilliant edX 

Visual Clarity and Contrast 3 1 0 1 0 

Inconsistent Design Elements 1 2 0 1 1 

Navigation and Control Issues 0 0 1 0 1 

Inadequate Feedback and Error 

Prevention 

1 1 2 0 0 

Aesthetic Overload in Dark 

Interfaces 

1 0 0 2 0 

Help and Documentation Gaps 0 1 0 1 1 

 

Key Observations: 

Applying design elements throughout an app in a consistent manner was the greatest 

challenge found in all five apps. Khan Academy had the most problems, including conflict 

with icon changes, misaligned layouts and inconsistent behaviors in the dark and light mode 

UI. As a result, dark mode is occasionally added on top without much change to the ways 

people interact, mainly in platforms that have a lot of information. 

Duolingo, Brilliant and Khan Academy suffered from many problems with visual clarity and 

contrast. The problems involved dim showings about progress, unclear signs of feedback, 
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and items or buttons that were challenging to tell apart. Having these limitations prevents 

users from fully understanding information, which is quite risky in educational environments 

that rely on good visual instruction. 

In both Quizlet and edX, many users encountered problems in the dark mode because the 

controls were not user-friendly. Quizlet lacked an undo option, while edX experienced 

difficulties in using gestures and navigation, which sometimes made learning complicated 

for anyone not following a defined course. 

The study indicated that there was a lot of Aesthetic Overload present in Dark Interfaces 

within Duolingo, Brilliant, and edX. Even though shadows and gradients are meant to 

improve the look, they frequently make the game tougher to play in the dark. 

Duolingo, Khan Academy and Quizlet all struggled with Error Prevention and Feedback 

regularly, as they did not confirm users leaving the programs and allowed mistakes made on 

answers. They prove that dark mode could put interaction cues too low on users’ radar. 

In edX and Brilliant, there was not much need for help, but when offered it did not match 

the dark theme or had contrast issues. 

 

Implications: 

According to the test results, all of the apps struggled with usability in dark mode. Whatever 

the problem was, all apps seemed to favor one over the other: looks or usability. Such 

patterns justify the use of user-centered design in changing educational interfaces for those 

using dark surroundings. It becomes clear from the comparison that cross-platform 

educational software rarely has formal design standards for dark mode implementation. 

 

4.4  Summary of Key Findings 

 

Analysis of heuristic evaluation data and the following thematic codification offered some 

important findings on the usability issues of dark mode in educational mobile applications. 

These results support certain established foundations of usability but also reveal several 

domain-specific problems in the context of learning and within the realm of dark UI 

interfaces. 
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Visual Clarity and Contrast being one of the most significant themes emerged in several apps 

and specifically in Duolingo and Brilliant. This confirms earlier studies (e.g., Lin et al., 2021) 

which emphasized that insufficient contrast in dark mode can significantly reduce readability 

and hinder task performance. Our results are consistent with this literature and put the effect 

in context in the educational environment where screen time matters and where exact 

understandings are necessary. In this respect, blurred icons, dark bars of progress and 

unreadable instructions are not just visual annoyances; they immediately interfere with the 

learning process and purpose. 

Inconsistent Design Elements was the second theme, which demonstrated the mismatch in 

the iconography, layout, and feedback of light and dark modes. While this issue has been 

recognized in prior interface research (Gupta et al., 2021), our findings extend it by showing 

how such inconsistencies interrupt user expectations and hinder the learnability of app 

features—especially for returning users. The most impressive of such mismatches became 

visible in Khan Academy and edX, where the users described erroneous changes in the 

positions of control or feedback. 

The third theme, Navigation and Control Issues, proved to be important in Quizlet and edX. 

It was marked that there were no undo functions or responding gestures in dark mode, which 

goes against Nielsen heuristic of user control and freedom. Though such issues are also of 

concern in other UX areas, we found their pedagogical implications (repetition of tasks by 

force; disruption of assessment flows). 

Equally troubling were the Feedback and Error Prevention shortcomings, in which users 

experienced silent failures, or there were no confirmations. This theme, recurrent across 

three apps, supports findings by Tsai et al. (2021) and reaffirms the need for proactive system 

feedback, particularly when users navigate complex learning modules. 

The last two themes, Aesthetic Overload and Help Documentation Gaps, present rather new 

ideas. In contrast to the above literature in which dark mode visual economy earned most 

commendation, our analysis revealed that extreme application gradients and decorative 

layers may distract clarity and cause visual clutter. Likewise, off-specification help text, 

which may not be a part of UI testing, interferes with the flow of continuity and ease of use 

of support. 

Overall, the results of this study provide a context-specific and education-oriented 

perspective on the usability of dark modes and add to the existing body of knowledge by 
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testing some of the earlier findings and expanding the scope of understanding through the 

User-Centered Design perspective. 

 

5  Discussion 

 

The study aimed to uncover how dark mode implementation affects usability in learning 

environments, specifically through the lens of User-Centered Design (UCD). Consistent 

with the findings relative to prior scholarly research and usability principles, the chapter not 

only confirms existing insights but also provides new opportunities regarding the idea of 

dark mode in pedagogical interfaces. The argument is thematically organized, and the paper 

ends with recommendations on how interfaces of the future should be designed and how 

educational apps might appear. 

 

5.2  Discussion of Key Findings by Theme 

 

In this section, a critical discussion of the results of evidence gathered during heuristic 

evaluation and the thematic analysis of five educational mobile applications in dark mode is 

presented.  

 

5.2.1  Visual Clarity and Contrast 

 

A frequent usability issue tested in many of the evaluated apps was minimal visual legibility, 

especially when displaying textual content, icons, and feedback cues. It was most prominent 

in both Duolingo and Brilliant, where evaluators already complained often about faded 

progress bars or buttons with weak contrast. These findings align with prior work by Lin et 

al. (2021), who emphasized that dark mode often reduces perceptual clarity, especially when 

interface designers fail to account for adequate color contrast. 
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In this work, however, the analysis is even more comprehensive since these clarity defects 

are placed in the realm of education. Here, poor contrast does not merely lead to visual 

discomfort it affects users' ability to follow instructions, interpret progress, and engage with 

feedback, thus compromising the core learning experience. In a UCD setting, failure to 

maintain visibility in a context-sensitive task is an indicator of deviating user needs and 

contextual use cases. 

 

5.2.2  Inconsistent Design Elements 

 

UI inconsistency between light and dark mode became a powerful secondary theme, 

especially in Khan Academy and edX. It was reported that under various modes, the same 

control buttons may be in a different style or location. This interfered with their capacity to 

build a mental model of the interface, which is fundamental to usability and learnability. 

These results resonate with Gupta et al. (2021), who found that inconsistent iconography and 

control behavior reduced user trust in digital banking apps. Within pedagogical apps, such 

inconsistency is more dangerous because students typically use interface predictability to 

facilitate locating content, providing answers, and accessing learning content. The article 

confirms consistency and standards of UCD principles with its recommendation of smooth 

use of both light and dark worlds that are essential in facilitating learning continuity and self-

assurance. 

 

5.2.3  Navigation and Control Issues 

 

Navigation and user control, namely the absence of undo functions or unresponsive gestures, 

was another great challenge. This issue had the most impact on Quizlet and edX. As another 

example, in Quizlet, after deleting a flashcard, this action could not be reversed, and the user 

would have to restart the set. 

This aligns with Nielsen’s (1994) heuristic of user control and freedom, which advocates for 

mechanisms that allow users to recover from unintended actions. Although this principle 
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applies universally, its dodge proves even more harmful in learning applications, where the 

learners tend to move through trial and error. Navigational freedom is absent, which may be 

a downer to experimentation and diminish involvement especially with new users. In such a 

way, the existing results do not simply affirm the prior knowledge but emphasize the 

pedagogical consequences of the discussions of design mistakes in dark-themed learning 

environments. 

 

5.2.4  Inadequate Feedback and Error Prevention 

 

Many apps such as Duolingo and Khan Academy did not show a good feedback mechanism. 

An example is when I did not get a confirmation prompt when closing a lesson, and when I 

did an erroneous login, I was not made aware of that either. This confirms the findings of 

Tsai et al. (2021), who emphasized the importance of real-time system feedback in 

supporting user autonomy and reducing error repetition. 

Educational applications operate in environments where the effects of these acts of usability 

violation are aggravated. In the absence of effective feedback, learners are not able to 

ascertain, with certainty, the fact that their actions have been effectively performed or not. 

This, in a UCD perspective, is a bad forecast of the user behavior and complexity of tasks. 

These apps reduce the educational quality and usability integrity through the absence of solid 

feedback systems. 

 

5.2.5  Aesthetic Overload in Dark Interfaces 

 

More interestingly, the research also revealed a less-researched theme: aesthetic overload 

due to the excessive use of visual aids such as gradients and shadows in dark mode. Notable 

specifically was the fact that Brilliant would layer quite a few decorative elements on top of 

each other, and the result was to draw attention away from what was supposed to be the 

content. While dark mode is often praised for its minimalist appeal (Gupta et al., 2021), the 

findings here show that poor aesthetic decisions can have the opposite effect clutch the 

interface and reduce usability. 
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The given theme can build existing literature by offering the notion that dark mode aesthetics 

become counterintuitive when they get in the way of the desired objectives of clarity and 

focus. Educational apps must have a balance between the visual and the cognitive sides of 

simplicity. This can be attributed to the fact that overdesigning app interfaces (where in the 

case of dark mode the customization must not extend to elements such as the typing system) 

breaks the UCD principle of minimalism and task-focused interaction, causing higher 

cognitive load and user frustration. 

 

5.2.6  Help and Documentation Gaps 

 

Problems and help sections were constantly out of synch with dark themes. On edX and 

Brilliant, as an example, help documentation either opened in a light version or with low-

contrast text, interrupting the immersive experience and contradicting the consistency. This 

confirms the minor but important observations by Anderson et al. (2021), who noted that 

non-primary screens (like settings and help) are often excluded from theme testing. 

Our work extends this aspect by highlighting the pedagogical cost to such inconsistencies. 

Students relying on such assistance sections to work through a complicated task or to 

troubleshoot issues face not only disorientation but also interrupted cognitive flow when 

they find a sudden change in the format or legibility of the interface. In UCD terms, it is an 

instance of failing to comprehensively consider users’ needs in an entire system, rather than 

the principal area of learning. 

 

5.3  Contributions to Knowledge 

 

Both studies introduce new, bright knowledge to the dark mode usability and educational 

user experience intersection. Although technical and perceptual constraints of dark mode 

have been explored in the past, this study frames the former in the conceptual scheme of 

learning-focused user experience, cognitive usability, and task orientation-based navigation. 

Through this, it provides a fresh point of insight into the ways in which design choices made 

in dark interfaces can directly affect the performance in learning. 
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Also, a precedent is the methodological dual method approach a combination of heuristic 

evaluation and thematic analysis. Using structured assessments and qualitative coding, the 

study will allow recording not only expert views but also patterns that occur in the text, 

resulting in a reproducible and academically validated model that could be implemented in 

forthcoming research in UI/UX and educational technology. 

 

5.4  Design and Practical Implications 

 

The findings of this research have several implications for the designers and developers of 

educational applications. That is, dark mode must no longer be considered an aesthetic 

secondary solution, but rather, a chief design variation. All the screens, controls, and 

functionality, particularly help portions and feedback prompting, should be put to the test 

under both modes to be consistent. 

Second, need to emphasize contrast testing when implementing dark mode. Instead of 

defaulting on UI toolkits, one should ensure that they are user-testing and accessibility tools 

are used to ensure that everything can be rendered visible and readable in all light conditions. 

Third, an aesthetic restraint is required. Gradients and shadows can be helpful in creating 

visual interest, but not at the expense of readability of the content or focus of the instructional 

process. This is consistent with the UCD ideals of clarity, efficiency, and minimalism of task-

driven interfaces. 

Finally, app teams are urged to engage educators and learners in the design loop. Such an 

approach would make design features respond to the pragmatic needs of actual users, and 

learning tools not only are usable but also pedagogically appropriate. 

 

6  Conclusion and Recommendations 

 

This study explored the usability challenges of dark mode in educational mobile applications 

through a User-Centered Design (UCD) framework. As more designs use dark mode, 

especially for mobile device learning, it is now important to study how it affects the user 
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experience. The main objective was to determine if the dark mode options in educational 

apps are easy to use and if they enhance or hinder the process of learning. 

 

6.1  Conclusion 

 

Based on an examination of five leading educational apps Duolingo, Khan Academy, 

Brilliant, Quizlet and edX extracting and categorizing expert opinions, we identified that 

their main usability issues were related to visual design, design differences, trouble with 

controls and navigation, insecure areas, too much going on at once and incomplete help. The 

themes showed serious usability problems that could influence learners’ involvement, ability 

to grasp the lessons, and enjoyment of accessing the content. 

Many apps, according to the study, are not designed to use dark mode as much as a style 

element rather than a functional aspect. This process often results in the violation of key 

parts of Usability Engineering, for example, consistency, preventing mistakes, and keeping 

the user informed. It also does not work well for users who have sight or thinking challenges. 

By pointing out these problems, the research supports a growing understanding that design 

in education should be focused on users’ needs. It points out that real dark mode effectiveness 

lies in user choice, consistency in display and how it responds in all educational uses. 

Overall, it is clear from the results that usability and accessibility should keep their leading 

roles in interface creation for educational purposes. With an approach that focuses on users’ 

needs and habits, dark mode can actually make learning easier instead of difficult. 

 

6.2  Recommendations 

 

Based on the results, some tips are offered to developers, UI/UX designers and product teams 

engaged in making or improving educational mobile applications using dark mode 

interfaces. 

First of all, making the design easy to see with good contrast should be a main design goal. 

In most cases, problems found by the heuristic evaluations were tied to the buttons, 
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indicators and text being too faint in dark mode. Designers must rigorously test color 

combinations using accessibility contrast checkers and adhere to WCAG (Web Content 

Accessibility Guidelines) standards to ensure that text, icons, and interactive elements 

remain readable in all lighting conditions. 

In the same way, developers should test how well dark mode works rather than expecting 

things to work the same as light mode. Using dark mode should be validated by observing 

how it works for real users in various environments. Planning for heuristic evaluations, 

running A/B tests and conducting user walkthroughs can be valuable at this stage. 

Another suggestion is to ensure themes are used consistently throughout the organization. If 

users switch between light and dark modes, they should find that navigation, icons and layout 

remain the same. When inconsistencies occur, users may not understand, and the flow of 

learning can be broken for those who study for many hours or at different times of day. 

Applications should also give users the ability to take charge, get information and avoid 

problems. For example, this means you should use an undo button, deliver feedback from 

the system and give warning messages before any actions that can’t be reversed. Some of 

the main problems occurred because of missed exits or ambiguous user information, both of 

which are contrary to UCD main values. 

Inclusive and accessible design practices are encouraged among design teams. It is important 

that dark mode help all audience types, including individuals with vision, learning or brain 

fatigue issues, by including large, alternative and assistive design elements. 

They should use heuristic evaluation and user-testing all along development and after 

deployment, not just when the product is ready to go live. Working in iterations helps 

designers make UIs suited to how people actually use them and what they now expect. 

The recommendations together seek to develop faint, attractive designs that are user-friendly, 

accessible and engaging. 

 

6.3  Future Research Directions 

 

The research gives a clear overview of the usability problems of dark mode in educational 

apps, but it also leads to new topics that can be further studied. 
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One topic that needs to be addressed is understanding what matters most to students in many 

different learning contexts. This research primarily involved analysts using principles to 

assess usability. However, more work could involve interviews with students, gathering 

thoughts from people of various ages, experience backgrounds, and disability needs. 

Watching actual users carrying out reading, exercise, or test exercises in dark mode may 

surface problems that might be invisible to an evaluation. 

Longitudinal research could look at whether the use of dark mode affects people’s mental 

and work processes over time. Is using a dark interface for a long time better or worse for 

learning retention, concentration, or satisfaction as opposed to using light mode? Results 

from such impact studies would add more information to current knowledge and guide work 

on designs. 

Looking at how dark mode performs across gadgets and teaching environments is a 

worthwhile path in this research. Because laptops, tablets, and mobile phones have their own 

interface layouts and because users are in different light conditions at home, at school, and 

in public, the interface needs to change based on those factors. Seeing how dark mode adjusts 

in diverse situations can help create interfaces that are both adaptable and open to people 

from different backgrounds. 

Next, future studies should create user interfaces that fit the needs of individuals with 

different abilities. One design for dark mode cannot fulfill the needs of all students. If more 

is researched into adjustable UI parts, various methods of communicating and supporting 

layers, it might make digital education fairer for all learners. Overall, these guidelines allow 

for a more thorough study of dark mode suitability in education, resulting in future designs 

that are not only user-friendly but also support teaching. 
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Appendices 

 

Appendix A – Heuristic Evaluation Form 

Title: Usability Heuristics Evaluation Template (Based on Nielsen's 10 Heuristics) 

Instructions: For each app interface evaluated in dark mode, assess whether each heuristic 

is respected or violated. Provide a brief description of the issue (if any), and assign a severity 

rating using the following scale: 

• 0 = No Problem 

• 1 = Cosmetic Problem 

• 2 = Minor Usability Problem 

• 3 = Major Usability Problem 

• 4 = Usability Catastrophe 

 

# Heuristic Issue 

Observed 

Severity 

(0–4) 

Comments or 

Examples 

1 Visibility of System Status 
   

2 Match Between System and the 

Real World 

   

https://doi.org/10.1007/s11423-021-10014-7
https://www.w3.org/TR/WCAG21/
https://doi.org/10.1145/3460317
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3 User Control and Freedom 
   

4 Consistency and Standards 
   

5 Error Prevention 
   

6 Recognition Rather Than Recall 
   

7 Flexibility and Efficiency of 

Use 

   

8 Aesthetic and Minimalist 

Design 

   

9 Help Users Recognize, 

Diagnose, and Recover 

   

10 Help and Documentation 
   

 

Appendix B – Raw Evaluation Data 

Complete Dataset of Heuristic Violations (Across All Evaluated Apps) 

Evaluator 

ID 

App 

Name 

Heuristic Violated Issue Description Severity 

Rating (0–

4) 

1 Duolingo Visibility of System 

Status 

Progress indicators 

are too dim in dark 

mode 

3 

1 Duolingo Aesthetic and 

Minimalist Design 

Too many shadows 

and visual clutter 

2 

1 Duolingo Error Prevention No confirmation 

when exiting lesson 

4 

2 Khan 

Academy 

Match Between System 

and the Real World 

Icons differ from 

light mode 

3 
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2 Khan 

Academy 

Consistency and 

Standards 

Menu layout 

changes in dark 

mode 

2 

2 Khan 

Academy 

Help Users Recover 

from Errors 

No undo option in 

exercises 

3 

3 Quizlet Recognition Rather 

Than Recall 

Hard to distinguish 

function of icons 

2 

3 Quizlet User Control and 

Freedom 

No undo for 

flashcard actions 

4 

3 Quizlet Flexibility and 

Efficiency of Use 

Limited gesture 

support 

2 

4 Brilliant Visibility of System 

Status 

Unclear loading 

animations 

3 

4 Brilliant Consistency and 

Standards 

Different icon colors 

from light mode 

2 

4 Brilliant Aesthetic and 

Minimalist Design 

Dense visual 

elements in dark 

mode 

3 

5 edX Match Between the 

System and the Real 

World 

Confusing icons in a 

dark interface 

2 

5 edX Help and 

Documentation 

The help text has 

poor contrast 

3 

5 edX User Control and 

Freedom 

Back gestures don’t 

work consistently 

4 
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Appendix C – Thematic Coding Framework 

 

Code 

ID 

Theme Code Name Definition Example Quote 

C01 Visual Clarity and 

Contrast 

Low contrast 

text 

Text is hard to read 

due to insufficient 

contrast. 

“Hint texts nearly 

disappear on 

Duolingo dark 

mode.” 

C02 Visual Clarity and 

Contrast 

Faint icons Icons appear too 

dim in dark mode. 

“Navigation icons 

on Brilliant are 

barely visible.” 

C03 Visual Clarity and 

Contrast 

Dim progress 

bars 

Progress bars 

blend with 

background. 

“Course progress 

bar fades into black 

background.” 

C04 Visual Clarity and 

Contrast 

Blurry symbols Symbols lack 

clarity in dark 

mode. 

“Buffering icon is 

blurred in Khan 

Academy videos.” 

C05 Visual Clarity and 

Contrast 

Invisible 

dividers 

Section dividers 

not visible. 

“List dividers blend 

in Quizlet 

flashcards.” 

C06 Visual Clarity and 

Contrast 

Hard to read 

links 

Hyperlinks not 

distinguishable. 

“No color 

differentiation for 

links in edX help.” 

C07 Visual Clarity and 

Contrast 

Overuse of 

black tones 

Excessive black 

tones reduce visual 

separation. 

“Duolingo’s lesson 

titles merge with 

background.” 

C08 Inconsistent 

Design Elements 

Icon 

misalignment 

Icons not aligned 

uniformly in dark 

mode. 

“Settings icon shifts 

slightly in Khan 

Academy.” 

C09 Inconsistent 

Design Elements 

Typography 

shift 

Font size or style 

changes between 

modes. 

“Quizlet headings 

appear thinner in 

dark mode.” 

C10 Inconsistent 

Design Elements 

Button 

reposition 

Buttons change 

position in dark 

mode. 

“Logout button 

moves from top to 

bottom in edX.” 

C11 Inconsistent 

Design Elements 

Color scheme 

mismatch 

Color palettes 

differ between 

modes. 

“Brilliant’s dark 

mode uses blue 

instead of green 

buttons.” 

C12 Inconsistent 

Design Elements 

Layout 

distortion 

Layout structure is 

misaligned in dark 

mode. 

“Lesson cards stack 

unevenly in Khan 

Academy dark 

mode.” 

C13 Navigation and 

Control Issues 

Missing undo No undo 

functionality for 

actions. 

“Deleted flashcards 

cannot be restored 

on Quizlet.” 
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C14 Navigation and 

Control Issues 

Unresponsive 

back gesture 

Back swipe fails in 

dark mode. 

“Back gesture does 

not work in edX 

lessons.” 

C15 Navigation and 

Control Issues 

Unclear 

navigation path 

Navigation 

pathways are not 

visible. 

“Breadcrumb trails 

hidden in Khan 

Academy dark 

mode.” 

C16 Navigation and 

Control Issues 

Misleading 

buttons 

Buttons lead to 

wrong screens. 

“Help icon opens 

settings in Brilliant 

dark mode.” 

C17 Navigation and 

Control Issues 

Non-standard 

gestures 

Gestures not 

matching platform 

standards. 

“Swipe left triggers 

no response in 

Duolingo dark 

mode.” 

C18 Navigation and 

Control Issues 

Overflow 

menu hidden 

Overflow menus 

invisible or cut off. 

“Quizlet’s three-dot 

menu invisible in 

dark theme.” 

C19 Inadequate 

Feedback and 

Error Prevention 

No error 

message 

Errors not 

communicated to 

user. 

“No message when 

login fails in Khan 

Academy.” 

C20 Inadequate 

Feedback and 

Error Prevention 

Missing 

confirmation 

No confirmation 

for destructive 

actions. 

“No confirm 

prompt when 

exiting lesson mid-

way.” 

C21 Inadequate 

Feedback and 

Error Prevention 

Delayed 

feedback 

Feedback appears 

too late. 

“Submit button 

feedback delayed in 

Brilliant.” 

C22 Inadequate 

Feedback and 

Error Prevention 

Feedback 

visibility issue 

Feedback text is 

not visible in dark 

mode. 

“Correct answer 

notification 

unreadable in edX.” 

C23 Inadequate 

Feedback and 

Error Prevention 

Error 

prevention 

lacking 

No preventive 

measures for user 

errors. 

“No warning before 

deleting flashcard 

set.” 

C24 Inadequate 

Feedback and 

Error Prevention 

Misleading 

success 

message 

Success messages 

appear despite 

failure. 

“Submission 

success shown 

when quiz failed to 

send.” 

C25 Aesthetic 

Overload in Dark 

Interfaces 

Excessive 

gradients 

Heavy gradient use 

causes clutter. 

“Dark gradients 

overwhelm 

Duolingo lesson 

cards.” 

C26 Aesthetic 

Overload in Dark 

Interfaces 

Overlapping 

shadows 

Shadow effects 

overlap 

unnecessarily. 

“Multiple shadows 

clutter Brilliant’s 

home screen.” 

C27 Aesthetic 

Overload in Dark 

Interfaces 

Busy 

backgrounds 

Background 

images interfere 

with readability. 

“Quizlet uses dark 

patterned 

background under 

flashcards.” 
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C28 Aesthetic 

Overload in Dark 

Interfaces 

Distracting 

animations 

Animations are too 

bright or fast. 

“Brilliant loading 

animation too 

intense in dark 

mode.” 

C29 Aesthetic 

Overload in Dark 

Interfaces 

Overuse of 

bold colors 

Bright colors 

overpower 

interface. 

“Bright red buttons 

in Duolingo dark 

mode distract 

focus.” 

C30 Aesthetic 

Overload in Dark 

Interfaces 

Non-uniform 

themes 

Mixed dark and 

light elements in 

UI. 

“Quizlet dark mode 

includes light 

themed ads.” 

C31 Help and 

Documentation 

Gaps 

Light themed 

help 

Help section opens 

in light mode. 

“edX help articles 

blind users in dark 

environment.” 

C32 Help and 

Documentation 

Gaps 

Low contrast 

help text 

Help text lacks 

sufficient contrast. 

“Brilliant’s support 

text unreadable in 

dark mode.” 

C33 Help and 

Documentation 

Gaps 

Missing FAQs FAQs not visible 

in dark mode. 

“Duolingo FAQ 

menu disappears in 

dark theme.” 

C34 Help and 

Documentation 

Gaps 

Poor help 

navigation 

Help section hard 

to navigate. 

“No back button 

within Khan 

Academy help 

pages.” 

C35 Help and 

Documentation 

Gaps 

Incomplete 

instructions 

Instructions 

truncated in dark 

mode. 

“Quizlet’s 

instructions cut off 

bottom lines.” 

C36 Visual Clarity and 

Contrast 

Small text size Text size too small 

for readability. 

“Brilliant’s footer 

links unreadable in 

dark mode.” 

C37 Visual Clarity and 

Contrast 

Color bleeding Colors blend with 

each other. 

“Green progress bar 

merges with 

background in 

Duolingo.” 

C38 Inconsistent 

Design Elements 

Mixed font 

families 

Fonts change 

inconsistently in 

dark mode. 

“Quizlet question 

fonts differ between 

modes.” 

C39 Navigation and 

Control Issues 

Disabled 

controls 

unclear 

Disabled controls 

not visually 

distinct. 

“Submit button 

appears enabled but 

is unresponsive.” 

C40 Navigation and 

Control Issues 

Navigation 

icons missing 

Icons missing in 

dark mode. 

“No back icon in 

edX video player 

dark mode.” 

C41 Inadequate 

Feedback and 

Error Prevention 

Duplicate 

notifications 

Multiple 

notifications stack 

unnecessarily. 

“Quizlet flashcard 

correct answer 

shows twice.” 

C42 Aesthetic 

Overload in Dark 

Interfaces 

Glow effects 

excessive 

Overuse of glow or 

neon effects. 

“Neon green glow 

distracts in Brilliant 

exercises.” 
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C43 Help and 

Documentation 

Gaps 

Broken links in 

help 

Help links do not 

open. 

“Duolingo help 

links unresponsive 

in dark mode.” 

C44 Inconsistent 

Design Elements 

Inverted icons Icons invert colors 

incorrectly. 

“Dark mode inverts 

logo colors in Khan 

Academy.” 

C45 Visual Clarity and 

Contrast 

Blurred images Images not 

rendered clearly in 

dark mode. 

“Brilliant diagrams 

blurred with dark 

overlay.” 

C46 Navigation and 

Control Issues 

Scroll bar 

invisible 

Scroll bar not 

visible in dark 

mode. 

“Cannot scroll help 

content in edX.” 

C47 Aesthetic 

Overload in Dark 

Interfaces 

Flash effects 

cause glare 

Bright flash 

animations cause 

discomfort. 

“Quizlet uses flash 

transitions in dark 

theme.” 

 

 

 

 


