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Abstract 

 Education is essential for societal progress. Therefore, increasing performance in 

learning has become a popular research topic. However, determining this has proven 

difficult as all humans learn differently.  

 The Universal Design for Learning (UDL) has focused on providing a set of 

intuitive teaching and course design guidelines that can increase learning (CAST, 2018; 

Meyer, Rose, & Gordon, 2014). UDL concepts have been implemented in K-12 education 

levels with successful outputs. However, these techniques effectiveness have been sparsely 

tested  in higher education coursework. A study was conducted for this thesis that strived 

to determine the effectiveness of the UDL framework when applied in the higher education 

(HE).  

 A set of slides implementing the UDL principles were created for this experiment 

from an existing aviation course. Thirty-six students from the University of Oklahoma 

participated in studying sample slides from either the UDL inspired content or Original 

course content. The subjects’ eye movement fixation duration, eye fixation count, pupil 

size and quiz results, were statistically analyzed to determine significance. The analyzed 

measures provided a way to quantify students engagement. This served to compare if 

enhancements using UDL were effective when applied to contents found in higher 

education. Additionally, a brief exit survey was conducted to further validate engagement 

and interest from the participants 

 The results revealed an improvement when UDL contents are applied. Quiz result 

significantly improved with the UDL inspired contents. Eye movement fixation duration 
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and eye fixation counts were higher for the UDL contents. Participants that had UDL 

enhanced contents had slightly higher pupil dilation which could be linked to greater focus. 

Finally UDL participants expressed higher levels of satisfaction and interest in the exit 

survey. 

 Results indicated that when UDL contents were applied to learning materials 

students’ scores improved overall; additionally the longer eye fixation duration and eye 

fixation counts associates to an increase in attention. Therefore, implementing UDL into 

the higher education learning process shows promise in enhancing students’ scores and 

overall attentiveness. 

 

Keywords: Universal Design for Learning (UDL), Eye Tracking, Higher Education        
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CHAPTER 1: Introduction 

1.1 Summary 

In most aspects of our life technology has been a facilitator. It has generally freed us of 

the burden of mundane tasks, like hand washing clothes, doing dishes, walking to the store, 

having to buy the multiple volumes of Encyclopedia Britannica to do homework, etc. 

However, akin to most wonderful things, technology is not without its downfalls.  

In education students have transitioned into a new breed of learner. A learner that is 

increasingly more distracted and thrives on instant gratification, rather than hard work and 

perseverance. Thus, educators must find a way to get through to this new kind of students; 

bypassing all distractions and internet cat pictures in order to create a well-rounded 

functional learner that will go out and contribute to society.  

Education has changed significantly during the past century. Well educated individuals, 

that came from families without means, can thrive in today’s modern society. With 

technological advances like the internet, knowledge can be acquired with the press of a 

button. A formal education can now be obtained online without ever setting foot in the 

classroom. Therefore, educators must evolve and adapt to today’s high technological 

society while still providing the advantages of a classroom setting.  

This introduction (Chapter 1) will form the foundation of this thesis by discussing 

certain aspects of education and the UDL methodology that can be applied in the hopes of 

increasing focus and creating an equal opportunity environment for students. Specifically, 

students that are pursuing higher education. Chapter 2 provides a literature review of 

relevant works. It gives some background as to what UDL is and how it has been used in 
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the past. Chapter 3: Problem Definition, explains in a succinct way the experimental 

objective and its constraints. Chapter 4 presents the methodology in which this experiment 

was conducted; in this chapter the experimental procedures that aided in the collection of 

data for the UDL experiment will be highlighted. Results and the discussion of the results 

of the experiment can be found in Chapter 5. This thesis ends by providing this study’s 

limitations and some ideas into what future research could be done in Chapter 6 and some 

brief concluding remarks in Chapter 7. 

 

1.2  Human Factors, UDL and Education 

Though UDL is not explicitly a Human Factors approach it aligns with it in many ways. 

Human Factors can be defined as: “Ergonomics (or human factors) is the scientific 

discipline concerned with the understanding of interactions among humans and other 

elements of a system, and the profession that applies theory, principles, data and methods 

to design in order to optimize human well-being and overall system performance. 

Practitioners of ergonomics and ergonomists contribute to the design and evaluation of 

tasks, jobs, products, environments and systems in order to make them compatible with the 

needs, abilities and limitations of people.”(IEA, n.d.). In other words: Human Factors 

influences the way interactions of humans with systems occur, by enhancing their designs. 

Thus, there can be ways in which we can use methods and principles, that align with those 

taught in human factors, and are applicable to education. UDL has the potential to reshape 

the education system by providing a structured methodology that focuses on reaching a 
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broader audience by improving course design. Education as a system could be re-designed 

with the goal of increasing student’s attentiveness and overall satisfaction. 

 

1.3 Universal Design for Learning 

The “how” in learning varies from student to student. The Universal Design for 

Learning(UDL) strives to create/ design and all-inclusive learning curriculum that aids 

students by providing multiple means of learning the concepts provided (CAST, 2018). 

UDL is not a new concept, its origins date back to before the 1990’s (Meyer et al., 2014; 

Tobin, 2018). Even though UDL is around 30 years old, it has still not been fully adopted 

at a higher educational level. The slow application of the concepts taught in UDL could be 

due to its initial branding as being focused on students with learning disabilities; however 

the UDL framework is universal in providing scaffolding and focused on improving the 

contents of an institution to offer options for diverse learning. UDL is based on CAST's 

(Center for Applied Special Technology) research related to three primary brain networks 

(recognition network, strategic network, and affective network) and the roles they play in 

understanding new learning material. The framework was developed on the basis of 

neuroscience, to stimulate different areas of the brain that could potentially enhance 

learning and education. 

With the rise of the digital age, information is readily accessible; UDL recognizes this 

as an advantage. For UDL learning is broken down into three parts. The three principles 

that make up the UDL framework are the following: Provide Multiple Means of 

Representation (the “what” of learning), Provide Multiple Means of Action and Expression 
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(the “how” of learning) and Provide Multiple Means of Engagement (the “why” of 

learning). All the principles and their corresponding features can be found in Figure 1. The 

principle implemented into the contents for this experiment was Provide Multiple Means 

of Representation. This was due to the nature of the experiment, as the slide sets were 

modified to conform with said principle. The two other principles were determined not 

applicable for a highly controlled experimental environment. Nevertheless, they are 

summarized below due to the added value they can provide for a full course 

implementation. 

 

Figure 1. CAST (2018). Universal design for learning guidelines version 2.2 

[graphic organizer]. 
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1.3.1 Provide Multiple Means of Representation 

When multiple representations are used students can make connections within 

concepts, enhancing their learning (Meyer et al., 2014). The way information is perceived 

and comprehended varies from person to person. Therefore, there is no ‘representation’ 

that will be optimal for all learners; providing options for representation is essential. When 

only visual pathways are presented some students struggle to interpret text and understand 

the learning material. This is the principle that can be easier for instructors to directly 

implement into course. It focuses on enhancing the content provided for the students to 

learn the concept taught (e.g. Pdfs, Word documents, Power Point slides, etc.). This is the 

main UDL principle was used in this experiment. Specifically, the following concepts, 

found within the principle, were used as guidelines to enhance the aviation course slide set: 

illustrate through multiple media (e.g. providing additional visual guidance, table, 

diagrams, charts, etc.),offering alternatives for visual information (e.g. Voice over/Text to 

Speech), provide descriptions (text or spoken), make relationships between elements 

explicit (e.g. highlight or emphasize key elements in text, graphics, diagrams, formulas, 

etc.), Use examples to emphasize elements (Activate or supply background knowledge) 

and guide information processing and visualization (e.g. “Chunk” information into smaller 

elements).  

 

1.3.2 Provide Multiple Means of Action and Expression 

Navigating a learning environment and expressing what is known is different for each 

learner.  Some may be able to express themselves in written text but not speech, and vice 



 

6 

 

versa.  This principle focuses primarily of what physical hardware, programs and tools can 

be provided to enhance the learning environment. It also provides strategies for goal 

setting , planning and strategy development for learning the contents taught. Moreover it 

states the importance of facilitating students with resources to manage information and 

monitor their progress. For this experiment this principle could not be integrated into the 

enhanced contents. Nevertheless it is an important principle to consider when 

implementing this methodology in a real learning environment.  

 

1.3.3 Provide Multiple Means of Engagement 

Students differ in the ways in which they can be engaged or motivated to learn.  Many 

sources can influence variation including neurology, culture, personal relevance, 

subjectivity, and background knowledge. This principle focuses on providing an 

environment focused on feedback to the student and providing them with tools to gather 

important information effectively. For example: some learners might like to work alone, 

while others prefer groups; thus providing an option for both would be ideal. This principle 

recommends recruiting learner attention by providing information and activities that are 

relevant and valuable to their interests and goals. Since a controlled environment was 

created in this experiment there was no risk of distractions that could affect the learning 

environment. Furthermore, the subject’s goals would be to complete the experiment thus 

the effectiveness of this principle was not tested within the constraints of this experiment. 

It is worth noting that though our subjects would be properly engaged due to the nature of 
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the experiment, this is a very important principle that should be implemented in higher 

educational environments to scaffold pedagogy.  

 

1.4 Objective 

Materials enhanced with Universal Design for Learning concepts were presented to 

university students. To validate an increase in learning, students’ performance was 

measured by analyzing quiz scores(i.e. number of correct responses); additionally 

engagement (i.e. eye tracking measures) and verbalized interest (i.e. exit survey) were 

evaluated. The statistically analyzed measurements of eye fixation count, eye fixation 

duration, pupil dilation and quiz results were used to determine the effectiveness of the 

UDL framework when applied to higher education (HE).  
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CHAPTER 2: Background 

Summary 

In Chapter 2 a literature review was conducted to verify existing literature and 

technologies with applied UDL methodology. We begin with a look at UDL, its origins 

and how it has positively affected education. We then continue with a summarized table of 

the benchmarking of UDL applications performed prior to conducting the experiment. 

Finally, we conclude this literature with a brief  background into eye tracking measures, 

and how these measurements have been used in the past for experimental validation in 

other fields.  

 

2.1 Universal Design for Learning 

2.1.1 Background into UDL and Higher Education 

The concept of “universal design” can be traced back 1950’s architecture, when houses 

began to be designed so that the aging population could use their home as long as possible 

(Tobin, 2018). There are four essential qualities in a product design that qualify it as an 

universal design: supportive, adaptable, accessible and safety oriented (Null, 2013). 

Universal Design reduces the need of accommodation by integrating these qualities into 

the design itself that way making the adjustability available to anyone instead of modifying 

it for a specific case as needed. The Center for Applied Special Technology (CAST) 

restructured their methods around 1996 by shifting their focus from the individual learner 

to classroom, course design and the education system that could benefit all; therein coining 

the term Universal Design for Learning (i.e. UDL) (CAST, 2018). 
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When developing course materials, it’s important to consider how they are designed. 

How course contents are designed could potentially impact the learning and material 

retention of students. A way to potentially increase learning is to provide multiple options 

to study said materials; engaging students and creating a flexible education environment. 

There are multiple strategies that have been developed through the years on the premise of 

improving aspects of education to benefit the learner (e.g. learning styles, Blooms’ 

taxonomy, situational interest, etc.). Blooms’ taxonomy similar to that of UDL categorizes 

learning and  educational objectives into three main categories cognitive, psychomotor, 

and affective (Meyer et al., 2014). However, although many learning strategies exist, UDL 

possesses a robust platform geared towards designing course contents to accommodate 

each and every learner. The UDL methodology has the potential to greatly benefit 

environments like conferences, universities and organizational certifications; where a 

diverse group of individuals are all expected to benefit from receiving the same contents. 

UDL for higher education has been scarcely implemented, with a 10% adoption rate 

from faculty (Murray, Lombardi, Wren, & Keys, 2009; Tobin, 2018) Tobin (2018) 

expressed that extensive research has been conducted related to accommodation in higher 

education and faculty reception has been negative. This could be due to UDL being 

primarily associated with disability and accommodation. From the surveyed literature it is 

evident that most of the research conducted about UDL to this day centers around how its 

benefits students with learning challenges and in need of special accommodation due to 

disability (Coyne, Pisha, Dalton, Zeph, & Smith, 2012; Cunningham & Murphy, 2018; 

Goforth-Melroy, 2014; Gravel, 2017; Hall, Meyer, & Rose, 2012; Lohmann, Boothe, 



 

10 

 

Hathcote, & Turpin, 2018; Marino et al., 2014; Messinger-Willman & Marino, 2010; 

Meyer et al., 2014; Mundorf, 2014; Murawski & Scott, 2019; Novak & Rose, 2016; Parker, 

2013; Rappolt-Schlichtmann et al., 2013; Rose, 2002; Vie, 2018; Webb & Hoover, 2015). 

Thinking of UDL as only a resource for the disabled is a misconstruction. This 

universal design could help bridge the gap that has been created in today’s higher education 

learning environment. Inclusivity and accessibility do not solely benefit the disabled. 

Students today require different teaching strategies than those of 20 years ago. Keeping the 

students engaged and focused on the lecture at hand should be a priority for higher 

education instructors. Some college students could have difficulty focusing or an invisible 

illness (e.g. ADD, ADHD, depression, addiction, anxiety, etc.). It’s estimated that about 

15% of university students have some form of mental illness (Brockelman & Scheyett, 

2015).  

Additional distractions now occur in classrooms. Ninety four percent(94%) of people 

eighteen to twenty-four own a smartphone; 59% of people use their smartphone for 

personal use during normal working hours “very/fairly often” (Deloitte, 2018). Americans 

view their smartphone an average of 52 times per day. A Baylor study with 164 college 

participants found that college girls spend 10 hours daily on their phone and boys spend 

around 8 hours (Roberts, Yaya, & Manolis, 2014). With the previously mentioned statistics 

is very easy to see how students can get distracted during non-engaging lectures.  

The Universal design for learning is focused and correlated to three primary brain 

networks (recognition network, strategic network, and affective network) and their role in 

the understanding of new material (CAST, 2018; Meyer et al., 2014). The three main 
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classifications (i.e. Provide Multiple Means of Representation, Provide Multiple Means of 

Action and Expression, and Provide Multiple Means of Engagement) are internally 

subdivided into 3 major categories for accessing, building  and internalizing the concepts 

for the benefit of all learners (Cast, 2018; Meyer et al., 2014).  

 

2.1.2  UDL Framework Implementation and Studies 

UDL has been thoroughly used and investigated in school classrooms with learning 

disabled students with overall successful outcomes (Coyne et al., 2012; Gravel, 2017; 

Marino et al., 2014; Messinger-Willman & Marino, 2010). Marino et al. (2014) applied the 

UDL guidelines by using virtual games on a middle school science classroom; though no 

statistical difference was determined, the UDL concepts proved effective in producing 

higher levels of engagement and satisfaction. In a study done by Lohmann et al. (2018) a 

set of UDL recommendations were applied on an online teacher preparation course.  The 

authors stated that the implementation was effective, and the participants felt more 

connected to their teachers and other students in the course. 

Applying UDL for the learning disabled has also been researched in universities with 

positive results. UDL creates learning environments where all learners can be successful 

regardless of learning style, visible disability, or hidden disability (Parker, 2013). The 

universal design for learning  has a variety of uses and applications including scaffolding 

social media in online courses (Vie, 2018). Colleges, like the University of New 

Hampshire, have applied UDL concepts to some courses; stating that they try to add a 

strategy each time the course is taught to evaluate its effectiveness (Tobin, 2018). Research 
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by Spooner, Baker, Harris, Ahlgrim-Delzell, and Browder (2007) suggests that introducing 

UDL in designing a lesson plan in college level courses can make it accessible to all types 

of students. 

The concepts highlighted by UDL can perhaps be used to augment learning in higher 

education. Higher education students now have technological skills and awareness of 

digital assistive technology. UDL provides useful guidelines that a course designer can 

implement to enhance their content when developing courses (CAST, 2018; Meyer et al., 

2014).  The UDL principles, when followed correctly, will ensure that the student has the 

options to choose between different modalities of learning, thus enhancing their reception  

(Bienkowski et al., 2015; Cunningham & Murphy, 2018; Edyburn, 2010; Hollingshead, 

2018; Z Kang, Dragoo, Yeagle, & ... 2018; Rogers-Shaw, Carr-Chellman, & Choi, 2018; 

Rose, 2002) 

Enhancing a whole course with the UDL framework is a lengthy process that should 

be done in small steps (Novak & Rose, 2016). Hence, for this experiment a small sample 

of slides form an existing aviation course were taken to apply relevant UDL principles and 

test for effectiveness. Many of the current studies done with UDL focus on qualitative 

analysis, this research will use statistical analysis and eye tracking software to determine 

UDL’s effectiveness.  

This thesis emphasis was on testing the results of applying UDL to higher learning 

material (i.e. aviation concepts). This was done by measuring several metrics and 

comparing outputs of the UDL group to the control group (i.e. original, non-enhanced 

content). Its hypothesized that an improvement in learning will occur when enhancing 
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higher level contents with UDL principles, thus increasing engagement and interest. 

Specifically, that eye fixation count, quiz result and eye fixation duration will increase for 

the UDL materials.  

 

2.1.3 UDL Benchmarking for Feature Implementation 

The Table below (Table 1) provides the information gathered from a preliminary UDL 

feature Benchmarking created to evaluate the possibility of, not only implementing the 

principles into the experiment but general implementation to provide scaffolding in higher 

education classroom.  

Table 1  UDL features benchmarking summary  

FEATURE WHY? APPROACHES 
PROPOSED 

IMPLEMENTATION 

2.1.3.1  
Text to Speech 

Software 

 

UDL Principle: 

Provide Multiple 

Means of 

Representation 

This feature provides 

information in both visual and 

auditory pathways. It reiterates 

the information and connects 

the visual processing to the 

verbal response. It’s a very 

useful function for students 

struggling with dyslexia. 

-Read words/phrases 

with adjustable 

speed (Hall et al, 

2012) 

 

-Highlight passages 

and change font: 

size, and color (Hall 

et al, 2012) 

- Power point provides a text to 

speech function that can be 

added to the quick access 

toolbar. If slides are provided 

in pdf format 

- Adobe Acrobat Reader has a 

“Read Aloud” function in the 

view bar. 

2.1.3.2  
Online Text & 

Word Definition 

Hyperlink 

 
UDL Principle: 

Provide Multiple 

Means of 

Representation 

This feature uses multiple visual 

representations with photos and 

text.  This would reinforce the 

application of the phrases and, 

give students an example 

providing context for better 

understanding This would prove 

useful to students who struggle 

with the meaning of a word and 

can help clarify 

misunderstandings. 

-Provide definitions 

and context of words 

(Hall et al, 2012) 

 

-Give translations to 

other languages for 

students that don’t 

speak English as a 

first language (Hall 

et al, 2012) 

-Phraseology can be linked 

back to the manuals, textbooks 

or to examples. 

 

-Definition of terminology can 

be scaffolded with images of 

what the word means. 

 

-Offer alternative forms of the 

same information be it: 

diagrams, photographs or 

multimedia. 
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FEATURE WHY? APPROACHES 
PROPOSED 

IMPLEMENTATION 

2.1.3.3 Video 

Examples 

 
UDL Principle: 

Provide Multiple 

Means of 

Representation 

Videos can be useful to students 

when trying to explain and 

perform a task. It gives them the 

ability to mimic the person in 

the video and understand the 

motion they will have to 

perform. Adding additional 

videos will give students 

another medium to connect to 

the course contents. 

- Hall et al. (2012) 

Provide video 

examples or 

photographs of 

tasks. Teachers in a 

science classroom 

found that providing 

video examples to 

be a useful tool 

when explaining 

science experiments. 

-The curriculum contents can 

feature videos for confusing 

concepts. 

 

- Videos can be created to 

model multiple ways of 

problem solving using the 

previously learned skills. 

- Videos on platforms such as 

YouTube, Lynda or similar 

services could be implemented 

to scaffold learning 

2.1.3.4  
Customization of 

Displays  

 

UDL Principle: 

Provide Multiple 

Means of 

Representation 

These features help struggling 

readers select a display or 

function that can help them to 

better access and comprehend 

text. Display adjustability is 

particularly important for those 

with vision disabilities. 

AEM Explorer: 

Magnification, text 

and background 

color adjustment, 

customizable layout 

These features are in 

accordance to 

ergonomic practices 

and ease of access 

principles.("AEM 

Explorer," 2018) 

-Information of software’s as 

tools for studying the material 

can benefit students by 

providing an alternate 

representation in which the 

material could be learned. 

2.1.3.5   
Clarify 

Vocabulary and 

Symbols in 

Learning Material 

 

UDL Principle: 

Provide Multiple 

Means of 

Representation 

It’s important to, not only 

provide multiple forms of 

representation, but to also 

provide clarity and ensure that 

all learners are able to 

comprehend lessons and  

vocabulary without struggling. 

This can prove beneficial 

especially in courses with high 

levels of complexity and where 

proper terminology is critical 

Text-based 

dictionaries with 

visual 

representations and 

real-world 

applications 

(e.g.("Visual 

Dictionary 

Online,")) 

Provide multimedia 

glossary using 

hyperlinks within 

the contents to offer 

additional 

information (CAST, 

2018)- 

- It is beneficial to provide 

hyperlinks embedded within 

course content so that students 

can acquire information when 

they need it. 

- Another alternative is to 

provide a glossary of all 

relevant terms at the end of the 

content. 

- Provide definitions with 

additional. visual or audio 

features to improve the clarity 

of the terms. 

http://aem.cast.org/navigating/aim-explorer.html
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FEATURE WHY? APPROACHES 
PROPOSED 

IMPLEMENTATION 

2.1.3.6   
Supplying 

Background 

Knowledge 

 

UDL Principle: 

Provide Multiple 

Means of 

Representation 

It is crucial for students with 

each learning preference to both 

understand pre-requisite 

information and know its 

relevance to the lesson. New 

knowledge is more likely to be 

retained when content is 

presented in a way that triggers 

a student’s background 

knowledge. 

 

- Test knowledge of 

prior lessons before 

beginning a new 

lesson 

- Provide answers 

and additional 

information when an 

online quiz question 

is answered 

incorrectly 

-Create Activities to 

Activate 

Background 

Knowledge: Allow 

students the chance 

to illustrate through 

pictures or writing 

everything that they 

already know 

(CAST, 2018) 

- Course materials tend to build 

on each other. As a new topic 

is started; encourage students 

to refresh their memory (via: 

summary slide, Quiz, Open 

Questions, etc.) of what has 

been learned and create an 

open discussion. This will help 

them better understand new 

content, and will provide 

instructors with a mechanism 

for gauging how effective the 

teaching materials have been 

thus far 

 

2.1.3.7   
Questions for 

Review and 

Activity Adjusting 

to Enhance 

Comprehension 

 

UDL Principle: 

Provide Multiple 

Means of Action 

and Expression 

Students may struggle to form 

reflections and responses to the 

text they read. This is therefore 

important to confirm 

comprehension of the reading 

material. Tools put in place that 

scaffold understanding of the 

text and can be used to help 

students review for exams. 

 

A Text Help toolbar 

was applied in the 

classroom to assist 

students in their 

reading ability. The 

toolbar gave 

students the 

opportunity to 

reflect on the text 

and ensure 

comprehension. This 

is used to support 

reading (Hall et al., 

2012 

- Providing an extensive 

review at the end of the 

presentation or concept studied 

in the section, is useful to 

students when they’re studying 

for an exam. - - Include 

multiple tools of composition 

when evaluating an activity 

(e.g. drawing a diagram, 

writing a description, providing 

a verbal explanation, etc.). 

- Use prompts in the 

presentations to promote 

reflection about the concepts 

and processes being learned 
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FEATURE WHY? APPROACHES 
PROPOSED 

IMPLEMENTATION 

2.1.3.8  
Simulations 

 

UDL Principle: 

Provide Multiple 

Means of Action 

and Expression 

Simulations give students 

opportunities to practice the 

skills they are learning in class. 

It provides context for the 

materials as students can see 

how these concepts are applied. 

Adding simulations would give 

students another opportunity to 

practice and improve problem-

solving skills for class 

assessments. 

 

- Simulations were 

effective in science 

classrooms to 

further represent 

experiments 

performed in class. 

Thus, giving 

students another 

chance to practice 

the procedure and 

provided a safe way 

for students to work 

without supervision. 

(Hall et al., 2012) 

- Online simulations 

gave students the 

ability to practice 

new skills. (Hall et 

al,2012) 

 

A software or simulation that 

could be run on a student’s 

computer or phone that would 

allow them to practice outside 

of class hours would provide 

additional support for students 

to really grasp a concept and 

have fluidity when performing 

the task. 

- Informing the students about 

the university’s accessibility 

options like VPN, Remote 

desktop connectivity, free 

software’s, etc. as students may 

not know these options are 

available 

2.1.3.9   
Applying 

Examples and 

Concepts to Real 

World Scenarios 

 

UDL Principle: 

Provide Multiple 

Means of 

Engagement 

Helps students understand the 

purpose for the things they are 

studying and learning about 

during class. 

- Students view 

photographs of the 

topics they study 

(Hall et al., 2012) 

 

- Students are 

connected to other 

websites with 

relevant information 

or other useful 

resources 

- Providing context into a real-

life scenario or example 

regarding the concept would 

give students a familiar case of 

something they are more likely 

to see in real life. 

- Create examples that 

motivates students by forming 

an emotional engagement 

- Make the purpose of a task or 

exercise preformed explicit so 

that students can see the 

relevance and importance. 
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FEATURE WHY? APPROACHES 
PROPOSED 

IMPLEMENTATION 

2.1.3.10  
Collaborative 

Feedback and 

Learner Support 

 

UDL Principle: 

Provide Multiple 

Means of 

Engagement 

Students can receive feedback 

on assignments from peers and 

professors to better understand 

the ways they can improve their 

studies 

This method provides students 

different ways to approach 

problem and improves problem-

solving skills. 

 

- Providing samples 

of writing from past 

students (Hall et al., 

2012) 

- A checklist is used 

to remind students 

of items to look for 

in their draft, such as 

edits to make, 

grammar rules, and 

other writing 

components 

- Students post work 

to collaborative 

workspace for 

feedback from peers 

and professors 

(e.g.("CAST Science 

Writer,")) 

- Give students opportunities to 

work together and receive 

feedback from the instructor 

while running through 

scenarios. 

- Guide students through 

sequences and prioritization 

related to the concepts learned. 

For example: “Pay close 

attention to the following 

slide...” 

- Offer students solutions to 

manage the information 

learned. For example: 

timelines, to-do lists, learning 

summaries, etc. 

- Monitor progress by giving 

low stake assessments this way 

gathering information of the 

areas where students are 

struggling (e.g. Quizzes). 

- Set learning strategies at the 

beginning of the lesson. 

Provided what will be 

discussed and what are key 

concepts to be observed. 

2.1.3.11   
Have a Clearly 

Defined set of 

Goals 

 

UDL Principle:  

Provide Multiple 

Means of 

Representation, 

Action and 

Expression, and 

Engagement 

Educators and learners need to 

be aware of the intended 

learning goals so that they can 

begin to build connections, 

connect to background 

knowledge, and practice for 

expertise. (Cast, 2018) It is 

important for educators to make 

learning goals and desired 

outcomes explicit to the learner 

so that they can define a target, 

develop and idea of how to 

achieve said target and know 

when this has been achieved. 

At all stage’s 

students benefit 

from being informed 

of the instructors 

and institution goals, 

and their own goals. 

(Simon, 2009) 

Having a clear 

learning goal in 

mind increases 

motivation in 

students and 

provides a more 

focused learning 

session. Our nervous 

system is driven by 

clear goals and 

therefore motivation 

comes from this. 

(CAST, 2018) 

 

- Write a slide at the beginning 

of each presentation that 

clearly states the key points 

that the students should master 

at the end of the lesson. For 

example: “By the end of this 

lesson you should be able to 

understand the following key 

concepts: …” 

- Consider providing a learning 

guide for each week or lesson 

unit. This guide would outline 

the specific learning objectives 

for that week and how they 

relate to the assignments, 

specific due dates, additional 

learning resources, etc. 

- Goals need to be relevant to 

students (How are they going 

to use what is being 

taught?). Its’s important to 

state why this is the desired 

goal. 
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FEATURE WHY? APPROACHES 
PROPOSED 

IMPLEMENTATION 

2.1.3.12   
Provide Multiple: 

Ways to Solve a 

Problem, 

Examples, 

Counter Examples 

and Give 

Numerous 

Opportunities to 

Practice 

 

UDL Principle:  

Provide Multiple 

Means of 

Representation, 

Action and 

Expression 

Giving students multiple types 

of examples helps form patterns 

of recognition that are useful 

when the student is solving 

problems without support. 

Examples provide support for 

all learning types and help 

reinforce methodologies and 

techniques to solve problems. 

 

Hall et al. (2012) 

Give students 

multiple ways to 

solve a problem 

Rose and Meyer 

(2002): Give 

examples and 

counterexamples of 

a problem 

Give students 

multiple 

opportunities to 

practice a problem 

so that they can 

perform the problem 

automatically on 

their own 

 

- Adding more examples 

within the course content, 

would increase students’ ability 

to recognize different types of 

problems and develop 

problem-solving strategies. 
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2.2 Eye Tracking Background  

The earliest experiments of trying to track eye movements began as early as the 1800s 

(Bergstrom & Schall, 2014). In 1879 Louis Émile Javal noticed how eyes when reading 

make quick movements(i.e. saccades) and short pauses(i.e. fixations). Edmund Huey built 

a device at the start of the twentieth century to track eye movements in reading; this could 

be regarded as the first eye tracker (Huey, 1908). Huey (1908) mentions in his book: “As 

a beginning of such analysis of reading it seemed important to obtain a definite description 

of the work of the eye”. He fashioned a wearable lens out of plaster to fit the cornea with 

a small opening and a light lever attached to a pointer that would change positions with eye 

movement; Holocaine or Cocaine was administered so that no inconvenience was felt. 

Thankfully, current eye trackers provide researchers with a virtually unobtrusive way to 

collect vast amounts of data.  

Eye tracking technologies have been used in the past for studying visual stimuli,  

pattern prediction, in the medical field, human factors, consumer behavior, marketing, 

driving, etc. In the medical field eye tracking has been used to study the scanpaths of 

specialized experienced doctors to train medical students in diagnosis and treatment 

(Ashraf et al., 2018; Kok & Jarodzka, 2017). Eye tracking scanpaths have been analyzed 

similarly in aviation to improve detection of aircraft coalition by analyzing performance 

data with multiple moving targets from expert air traffic controllers (Ziho Kang & Landry, 

2010; Ziho & Landry, 2015). In a recent study Parikh (2017) used eye tracking measures 

to develop a predictive model(91% accuracy) that evaluates content difficulty for words in 

real time for e-learning application. Eye tracking data has been used as a measure for 
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situational awareness in diverse fields like aviation, health services, distracted driving, 

construction industry, etc.(Hasanzadeh, Esmaeili, & Dodd, 2018; Jeon, 2018; Mayu, 

Guangyi, & Hiroaki, 2015; Muehlethaler & Knecht, 2016; Williams, Quested, & Cooper, 

2013).   

Eyes give out a lot of measurable information. Pupil dilation, eye fixation duration and 

fixation count are some noted types of eye movement measures used to assess visual 

attention. Eye movements are a response to the vast amounts of visual stimuli . Rosa (2015) 

did a comprehensive and extensive literature revision on eye tracking origins and 

methodologies. Around 90% of viewing time is spent in eye fixations; this fixation allow 

information processing (Rosa, 2015). Saccades are rapid movements in between each of 

those fixations. The combination of fixations and saccades is known as a scan path.  

Fixations account for nearly half of the visual information sent to the brain and it’s the 

only  type of vision measurable by eye tracker(Bergstrom & Schall, 2014). The rest of our 

vision that’s not measurable are the parafoveal and peripheral vision. This two are 

considered residual evolutionary traits and allow the brain to make sense of its 

surroundings. Fixations interpretation varies depending on the framework of 

evaluation(Poole & Ball, 2006). Higher fixation duration can indicate greater interest and 

higher engagement, or it can also be indicative of higher complexity. As Andrew (2007) 

stated “Fixations naturally correspond to the desire to maintain one’s gaze on an object of 

interest”. Pupil dilation has been related to cognitive activity in response to a task(Marshall, 

2000). The principle being that the pupil will dilate when a cognitive stimulus engages the 

subject. Evaluating the relationship of pupil dilation as a measure of cognitive activity is 
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the foundation of Kahneman's theory of attention (Kahneman, 1973). Pupil responses can 

have many explanations that depend on the frame of reference in which they are being 

analyzed, it’s is hard to tell whether the dilation is a measure of interest and stimulation or 

anxiety(Fong, 2012). Therefore, combining eye tracking with additional measures will help 

better understand experimental results and interpret data depending on the context.  A 

summary table of definitions is provided in Table 2 refer only to relevant metrics that are 

mentioned or analyzed in this thesis.    

Table 2  Eye movements definitions and measures 

 

  

Eye movements Definitions Measures 

Fixation The period of time when the 

retina is stabilized over an object 

of interest and new information 

is acquired from the visual 

array(Andrew, 2007; Rayner, 

2009) 

Fixation Duration 

Fixation Count 

Pupillary response The contraction of the pupil in 

response to light entering the 

eye (Merriam-Webster) 

Pupil Diameter 

Scanpath The eye movement pattern. It is 

a combination of fixation and 

saccades in the order which they 

were generated. 

Scanpath length 

Scanpath similarity 

Saccade Movements themselves. 

Usually, we do not obtain new 

visual information during 

saccades (Rayner, 2009) 

N/A 
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CHAPTER 3: Problem Scope and Contribution 

 

Studies done for testing UDL effectiveness with physiological responses such as eye 

tracking data were not found when researching existing literature for this thesis. This thesis 

will research how we can use the UDL methodology to scaffold pedagogy in a university 

level and higher education environment. Eye tracking measures will be used to analyze and 

reach conclusions about how UDL can be beneficial to post-secondary education. The 

effectiveness of applying this method will be measured by comparing data from a control 

group with the UDL group results obtained from the experiment (i.e. eye tracking data and 

quiz results). Findings and literature from this thesis are expected to provide a look into 

what UDL has to offer and how we can possibly improve higher education teaching by 

implementing its methodologies.   
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CHAPTER 4: Methodology 

4.1 Participants 

Thirty-six participants (Age mean: 25.5 years, Age S.D.: 6.6 years) were recruited from 

the University of Oklahoma, Gallogly College of Engineering. The study consisted of two 

groups: Original contents (control group) and UDL contents (treatment group). Participants 

were randomly assigned to either the controlled group(Original) or the treatment group 

(UDL), upon agreement of participation in the study. Of the thirty-six participants 18 

belonged to the treatment group and 18 to the control group. The control group reviewed 

digitally (i.e. via PowerPoint) a set of original learning content used by the FAA(Federal 

Aviation Administration). The treatment group received the same set of slide content but 

with UDL principles applied to them. Eye measurements, hard copy quiz and brief exit 

survey administered to both groups. 

 

4.2 Apparatus  

The experiment was conducted with the use of the Tobii Studio software and Tobii Pro 

TX300 eye tracker. The Tobii Studio software was used to assemble the experiment 

including instructions for the participants on how to navigate through the experiment 

successfully before starting the slide sets. Tobii Pro TX300 eye tracker used to gather the 

eye movements of the subjects whilst going through every step in the experiment process. 

The Tobii Studio software was also used to export the eye movement data (eye fixation 

duration, count and pupil size) collected from each participant and gather descriptive 

statistics. A quiz was given to the participants in hard copy to test them on the learned 
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material. MS Office PowerPoint was used to create the slide content for both the original 

and UDL-inspired slides presented to the participants.  

 

4.3 Scenarios 

Participants were recruited by expressing interest in investigating the effects of 

applying UDL principles to material contents in higher education. The participants were 

randomly assigned either to the UDL or Original group. Each of the groups went through 

the same two topics (Topic 1- Standardization in Basic Communication and Topic 2- Radar 

Arrival and Departures). The topics used were based on an aviation coursework for Air 

Traffic Controlling. These topics are not taught in engineering which is where most of our 

subjects’ educational background resides; mitigating the effect of previews knowledge in 

the experiment. However, the topic chosen are basic in aviation knowledge and could be 

learned by searching the internet or if the subject had previous familiarity with aviation. 

Examples of the differences from the UDL inspired contents and the Original contents in 

the slide sets are provided in Figure 2,Figure 3, Figure 4, Figure 5 and Figure 6. Additional 

examples that highlight the specific representations applied can be found in Appendix B. 
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Figure 2. Example of original contents for Topic 1-Standardization in Basic 

Communication 

 

  

Figure 3. Example of modified UDL inspired contents for Topic 1-Standardization in 

Basic Communication- The following UDL principles were applied : provide additional 

visual guidelines, provide audio/ text to speech, provide real life specific examples and 

highlight key concepts. 

 

 
Figure 4. Example of original contents for Topic 2-Radar Departures and Arrivals(IFR) 
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Figure 5. Example of modified UDL inspired contents Topic 2- Radar Departures and 

Arrivals(IFR) - The following UDL principles were applied: provide additional visual 

guidance, highlight key concepts, make relationship between elements explicit and revisit 

key ideas 

 

 

Figure 6. Example of modified UDL inspired contents Topic 2- Radar Departures and 

Arrivals(IFR) – Additional slide demonstration inverse relationship of the nearer and 

farther runways in relation to threshold stagger and the distance between the center lines 
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4.4 Tasks and Procedure 

Upon arrival participants were randomly assigned either to the UDL or the Original 

group. Participants were not informed of which of the groups they were assigned. After 

calibrating the eye tracker with the participants eye movements, participants followed the 

prompts given by the system to carry out the learning section of the experiment. Both 

groups (UDL and Original) received the same prompts by the system and had the same 

maximum amount of time to study the contents. They were given a maximum of 8 minutes 

to go through the first set of slides (Topic 1- Standardization in Basic Communication). 

After this, they were given 12 minutes to learn the second set of slides (Topic 2- Radar 

Arrival and Departure (IFR)). Upon learning the contents for each topic and exiting the eye 

tracking system, the participants had to perform a masking activity (build a paper airplane) 

for a maximum of 5 minutes. This was done to mitigate the effect of short-term learning 

when providing quiz answers (participants were not aware that the exercise was a masking 

activity).  Subsequently participants were given a quiz of the learned topics and asked to 

answer it to the best of their ability. The quiz consisted of open short answers; an example 

of the quiz format can be found in Appendix A. The quiz was given for a maximum of 15 

minutes. A brief optional survey was also conducted at the end of this experiment regarding 

satisfaction, previous familiarity with given topics, age and education level.   

 

4.5 Measurements 

The measures gathered and analyzed for this experiment were: Eye Fixation Duration, 

Eye Fixation Count, Average Pupil Size and Quiz Scores. Eye Fixation Duration, Eye 
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Fixation Count and Average Pupil Size are recorded by subject on the Tobii Pro TX300. 

Quiz Scores were manually graded with a double verification for correctness (two graders). 

Each of the parts within the topics had a total of 50 points each. The two topics and parts 

within the topics were individually tallied and each given corresponding percentages based 

on correct answers given. 

 

4.6 Data Analysis 

To measure the time spent on the topics per parts, areas of interest (AOIs) were defined 

using the Tobii Studio software. The defined AOI’s for Topic 1-Standardizing Basic 

Communication were grouped by either: Part 1-Alphabet Pronunciation and Part 2-Word 

Meaning. Similarly, AOIs for Topic 2-Radar Arrival and Departure(IFR) were grouped 

under each part: Part 1-Figure Comprehension, and Part 2-Trend Understanding.  The eye 

fixation duration, eye fixation count and pupil size of the participants calculated by the 

software was exported for analysis using descriptive and inferential statistics.  The Quiz 

grading was out of a 100pts total for each topic (i.e. Topic 1-Standardizing Basic 

Communication and Topic 2-Radar Arrival and Departure(IFR)). After grading the quiz, 

de-identified scores were analyzed using SAS Software.  Normality for all analyzed data 

was checked using the Shapiro-Wilks test.  Based on these results parametric t-test were 

applied for fixation duration and fixation count in topics: Topic2.Part1 and Topic2.Part 2; 

for average pupil size normality was found for Topic1.Part1, Topic1.Part 2 and Topic2.Part 

2.  The non-parametric test Mann-Whitney U (Wilcoxon rank sum test) was applied for all 

quiz result topics, for fixation duration and count (Topic1.Part 1 and Topic1.Part 2) and 
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finally for average pupil size in Topic2.Part1. A one tailed p-value was considered for non-

normal distributions; we hypothesized and are interested in a positive difference for the 

UDL participants. The p-value corresponding to students t-distribution corresponds to a 2 

tailed probability.   
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CHAPTER 5: Results and Discussion 

5.1 Experimental Results 

.      Eye fixations durations, eye fixation count and pupil size for each participant were 

recorded throughout the experiment. This data was subsequently analyzed for differences 

in the UDL and Original group. For the case of Topic1.Part1-Alphabet Pronunciation the 

eye fixation duration means, standard deviation and standard error were �̅�=132s S.D.=53s 

S.E.=12s for UDL, and �̅�=120s S.D.=86s S.E.=20s for Original. Topic1.Part2- Word 

Meanings had a mean standard deviation and standard error of �̅�=56s S.D.=28s S.E.=7s 

for UDL, and �̅�=66s S.D.=37s S.E.=9s for Original.  The plots showing the means and 

standard error for each of the subtopics of Topic 1 can be found in Figure 7. For 

Topic2.Part1- Figure Comprehension the eye fixation duration means, standard deviation 

and standard error were �̅�=173s S=69s S.E.=16s for UDL and �̅�=168s S.D.=90s S.E.=21s 

for Original. Additionally, Topic2.Part2- Trend Understanding eye fixation duration mean 

standard deviation and standard error were �̅�=66s S.D.=29s S.E.=7s for UDL, and �̅�=42s 

S.D.=34s S.E.=8s for Original. The plots showing the means and standard error for each of 

the subtopic of  Topic 2 can be found in Figure 8 
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Figure 7. Eye Fixation duration – Boxplots  

for each subtopic of Topic 1-Standardization 

in Basic Communication for Original and 

UDL groups. 

 
Figure 8. Eye Fixation duration - Boxplots 

for each subtopic of Topic 2-Radar Arrival 

and Departure (IFR) for Original and 

UDL groups. 

 

Table 3 summarizes the results of the p-values obtained for each of the topics where 

eye fixation duration was evaluated. Significance was found for Topic 1 (Basic 

Communication)- Part1 (Alphabet Pronunciation) and Topic 2 (IFR)- Part 2 (Trend 

Understanding). 

Table 3  Eye Fixation Duration Results-  P-values and Statistic of Topics when 

comparing Original contents to UDL 

Topic Breakdown p-value Statistic  

Topic 1 (Basic Communication)- Part1 (Alphabet Pronunciation)-

Wilcoxon 

0.0254 395 

Topic 1 (Basic Communication)- Part2 (Word Meaning) -Wilcoxon 0.2606 312 

Topic2(IFR)- Part1 (Figure Comprehension)- T-test 0.86 -0.18 

Topic 2 (IFR)- Part 2 (Trend Understanding)- T-test 0.0263 -2.32 
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Eye fixation count was also analyzed per Topics in the experiment for significant 

differences between the UDL and Original group. In terms of descriptive statistics, 

Topic1.Part1-Alphabet Pronunciation had eye fixation count means, standard deviation 

and standard error of �̅�=593 S.D.=177 S.E.=42 for UDL, and �̅�=488 S.D.=316 S.E.=74 

for Original. Topic1.Part2- Word Meanings had a mean standard deviation and standard 

error of �̅�=273 S.D.=112 S.E.=26 for UDL, and �̅�=307 S.D.=178 S.E.=42 for Original.  

The plots showing the means and standard error for each of the subtopics of Topic 1 can 

be found in Figure 9 

For Topic2.Part1- Figure Comprehension the eye fixation count mean, standard 

deviation and standard error were �̅�=840 S.D.=288 S.E.=68 for UDL and �̅�=812 S.D.=429 

S.E.=101 for Original. Additionally, Topic2.Part2- Trend Understanding eye fixation 

count mean, standard deviation and standard error were �̅�=310 S.D.=110 S.E.=26 for UDL, 

and �̅�=196 S=148 S.E.=35 for Original. Plots showing the means and standard error for 

each of the subtopic of  Topic 2 can be found in Figure 10. 
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Figure 9. Eye Fixation Count – Boxplots  for 

each subtopic of Topic 1-Standardization in 

Basic Communication for Original and UDL 

groups. 

 
Figure 10. Eye Fixation Count - Boxplots 

for each subtopic of Topic 2-Radar Arrival 

and Departure (IFR) for Original and 

UDL groups. 

 

The table below (Table 4)  depicts the p-values for the eye fixation counts in each of 

the topics analyzed. In concurrence with eye fixation duration results Topic 1 (Basic 

Communication)- Part1 (Alphabet Pronunciation) and Topic 2 (IFR)- Part 2 (Trend 

Understanding) were also found to be significant for eye fixation count. 

 

Table 4  Eye Fixation Count Results-  P-values and Statistic of Topics when comparing 

Original contents to UDL 

Topic Breakdown p-value Statistic  

Topic 1 (Basic Communication)- Part1 (Alphabet Pronunciation)-Wilcoxon 0.0096 406.5 

Topic 1 (Basic Communication)- Part2 (Word Meaning) -Wilcoxon 0.46 330 

Topic2(IFR)- Part1 (Figure Comprehension)- T-test 0.81 -0.23 

Topic 2 (IFR)- Part 2 (Trend Understanding)- T-test 0.0129 -2.62 
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Pupil size was averaged (i.e. Left pupil and Right pupil) per participant and was 

subsequently analyzed per Topics in the experiment for significant differences between the 

UDL and Original group. Topic1.Part1-Alphabet Pronunciation had pupil size means, 

standard deviation and standard error of �̅�=3.11mm S.D.=0.51mm S.E.=0.12mm for UDL, 

and �̅�=3.04mm S.D.=0.36mm S.E.=0.08mm for Original. Topic1.Part2- Word Meanings 

had a mean standard deviation and standard error of �̅�=2.99mm S.D.=0.47mm 

S.E.=0.11mm for UDL, and �̅�=2.94mm S.D.=0.34mm S.E.=0.08mm for Original.  The 

plots showing the means and standard error for each of the subtopics of Topic 1 can be 

found in Figure 11. In Topic2.Part1- Figure Comprehension the pupil size mean, standard 

deviation, and standard error were �̅�=2.97mm S.D.=0.49mm S.E.=0.12mm for UDL and 

�̅�=2.93mm S.D.=0.30mm S.E.=0.07mm for Original. Additionally, Topic2.Part2- Trend 

Understanding pupil size mean, standard deviation and standard error were �̅�=2.99mm 

S.D.=0.50mm S.E.=0.12mm for UDL, and �̅�=3.03mm S.D.=0.35mm S.E.=0.08mm for 

Original. The plots showing the means and standard error for each of the subtopic of  Topic 

2 can be found in Figure 12. 
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Figure 11. Pupil Size – Boxplots  for each 

subtopic of Topic 1-Standardization in Basic 

Communication for Original and UDL groups. 

 
Figure 12. Pupil Size - Boxplots for each 

subtopic of Topic 2-Radar Arrival and 

Departure (IFR) for Original and UDL 

groups. 

 

  In Table 5 the p-value outputs for the average pupil size are portrayed. No difference 

was found in pupil size. It’s worth noting that although no significance was found, mean 

values obtained from the descriptive statistics tended to be slightly higher for UDL 

participants.  

 

Table 5  Pupil Size Results-  P-values and  Statistic of Topics when comparing Original 

contents to UDL 

Topic Breakdown p-value Statistic  

Topic 1 (Basic Communication)- Part1 (Alphabet Pronunciation)-Wilcoxon 0.63 -0.48 

Topic 1 (Basic Communication)- Part2 (Word Meaning) -Wilcoxon 0.73 -0.35 

Topic2(IFR)- Part1 (Figure Comprehension)- T-test 0.35 345 

Topic 2 (IFR)- Part 2 (Trend Understanding)- T-test 0.8 0.26 
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Scanning patterns for examples of original content versus UDL inspired contents are 

provided below in Figure 13 and Figure 14. The blue(Original Contents) and orange(UDL 

Content) circles in the figures represent the eye fixations, the size of the circle determines 

the duration of said fixation and the number the sequence of the fixations. These fixations 

are connected by a line (i.e. saccades) that link the fixations. From the scanpaths observed 

in Figure 13 and Figure 14 we can easily perceive the increase in eye fixation count and 

durations for the UDL inspired contents when compared to the Original.  

 

Figure 13. Scanpath Example Original Contents- Eye movements and fixations are  

space, occurring only on some data points.  

 

 

Figure 14. Scanpath Example UDL Contents- Eye fixations cover most of the data 

provided. Eye fixation transitions show active reading behavior. 
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The Quiz administered to the participants tested their knowledge on Topic 1- 

Standardization in Basic Communication and Topic 2- Radar Departures and 

Arrival(IFR). The questions were formulated as such that any subject would be able to 

answer them correctly regardless of the treatment received (Original, UDL). Each part for 

the administered topics was evaluated individually. Figure 15 demonstrates the results for 

Topic1.Part1-Alphabet Pronunciation and Figure 16 the results for Topic1.Part2-Word 

Meaning. The resulting means, standard deviation and standard error in Topic1.Part1-

Alphabet Pronunciation were: �̅� = 19.2  S = 18.2 S. E. = 4.3 for Original content, and 

�̅� = 25.2 S = 16.1 S. E. = 3.8  for UDL inspired content. The means, standard deviation 

and standard error for Topic1.Part2-Word Meaning were: �̅� = 32.4  S = 9.0 S. E. = 2.1 

for Original content and �̅� = 37.0 S = 6.5 S. E. = 1.5  for UDL inspired content. 

 
Figure 15. Quiz results- Box plots for 

Topic1.Part1- Alphabet Pronunciation 

 
Figure 16. Quiz results- Box plots for 

Topic1.Part2-Word Meaning 
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Figure 17 and Figure 18 portray the Boxplots of Topic2.Part1-Figure Comprehension 

and Topic2.Part2-Trend Understanding. The means, standard deviation and standard error 

for Topic2.Part1-Figure Comprehension were �̅� = 28.1  S = 20.3  S. E. = 4.8   for 

Original content and �̅� = 42.7 S = 9.2 S. E. = 2.2  for UDL inspired content. 

Topic2.Part2-Trend Understanding yields a �̅� = 34.7  S = 16.9 S. E. = 4.0  for Original 

content and �̅� = 43.8 S = 10.7 S. E. = 2.5   for UDL inspired content. 

  

 
Figure 17. Quiz results- Box plots for 

Topic2.Part1- Figure Comprehension 

 
Figure 18. Quiz results- Box plots for 

Topic2.Part2- Trend Understanding 

  

Table 6 shows the summarized p-value results for each of the parts within the topics. 

Additionally, it portrays the corresponding S Statistic per topic and part. From the table we 

can note that significance was found for Topic 2 (IFR)- Part 1 (Figure Comprehension). 

Marginal significance was found for: Topic 2 (IFR)- Part 2 (Trend Understanding) and 

Topic 1 (Basic Communication)- Part2 (Word Meaning). 
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Table 6  Quiz Results- P-values and S Statistic of Topics when comparing Original 

contents to UDL 

Topic Breakdown p-value Statistic S 

Topic 1 (Basic Communication)- Part1 (Alphabet 
Pronunciation) 

0.1162 295 

Topic 1 (Basic Communication)- Part2 (Word Meaning) 0.0647 286 

Topic 2 (IFR)- Part 1 (Figure Comprehension) 0.0141 266.5 

Topic 2 (IFR)- Part 2 (Trend Understanding) 0.0502 284 
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5.2 Discussion 

Data showed that introducing the UDL principles to the learning material increased eye 

fixation duration. A greater fixation duration is interpreted to the participants focusing and 

engaging for  longer time periods in the areas of interest. This concurs with the eye fixation 

count results, where counts were generally greater for the UDL participants. For both eye 

fixation duration and fixation count the means observed were higher for the UDL 

participant in three of the four topics evaluated. Standard errors were also consistently 

lower for UDL throughout all topics. Significance was found for both the eye fixation 

duration and count for Topic 1 (Basic Communication)- Part1 (Alphabet Pronunciation) 

and Topic 2 (IFR)- Part 2 (Trend Understanding). It’s important to highlight that these two 

topics are also where the majority of the UDL principles were applied. For example, in 

Figure 6 the trends and steps are clearly visible enabling the students to better understand 

and internalize the contents. We can interpret this significance as possible increased interest 

from the participant in relation to the topic. 

In Figure 13 and Figure 14 an example shows how the scanpath pattern between UDL 

and Original content differs greatly. When observing the pattern of the original contents 

there are noticeable areas when participants appears to skip and skim over the contents. 

There are short eye fixation durations and very few eye fixation counts. Whereas, when 

UDL contents are applied, there is thorough reading on behalf of the participant. The 

scanpath shows back and forth eye movements between the table and figure. We could 

stipulate from this that the subject was using all the means of representation provided to 

grasp the concept. Additionally, the participant is using all elements in the slide and cross 
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examining to understand how they relate. There is significantly denser pattern observed in 

the UDL example scanpath, this indicative of a very high level of engagement.  

Significance was not able to be determined for the averaged pupil size. However, pupil 

size was slightly larger for UDL participants in three out of the four topics; dilated pupil in 

this study is interpreted as an increase in engagement.  

Quiz Data Analysis showed a consistently higher mean, lower standard deviation and 

lower standard error for participants that received the UDL inspired contents for every 

question and topic. Therefore, the slides enhanced with UDL consistently produced a 

higher overall performance in the Quiz. Figure 15, Figure 16, Figure 17 and Figure 18 

represent this in a highly visual format; the spread (deviation) in the boxplots for UDL is 

consistently lower than that of the Original, the X (Mean) is consistently higher for UDL. 

Additionally, note how the 50% of the sample population line (median) for UDL is 

significantly higher than that of the Original. Once again, indicating that when 

implementing UDL the sampled population had consistently better results.  

A summary provided in Table 6 contains the corresponding p-values, and S-statistic 

for the topics and parts provided in the quiz. As expected, for Topic2. Part1-Figure 

comprehension yielded significant differences between using UDL enhanced material vs 

Original content material. For Topic 1. Part2-Word Meaning and Topic 2. Part2-Trend 

Understanding results showed marginal difference with a p-value of 0.0647 and 0.0502, 

respectively. Therefore, we stipulate that with a larger data set significance would be found. 

For Topic1.Part1-Alphabet Pronunciation a p-value of p=0.116 was obtained. A possible 

reason we were not able to determine significance can be due to some of the Original 
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content’s subjects being extremely familiar with the topic, and thus creating outliers in the 

data. It’s worth noting that when excluding subjects that identified themselves as ‘very 

familiar’ with Topic 1.1 from both the UDL and Original quiz results, a significance is 

obtained in favor of UDL(p=0.035).  Thus, it can be inferred that a larger dataset or 

exclusion of outliers can produce significance for this topic.  

In a small survey conducted at the end of the experiment the participants that received 

the enhanced contents had a higher level of satisfaction that those who did not. For example 

the participants were asked if the slides stimulated their interest in the given topics 61% of 

participants given UDL slides strongly agreed or agreed with this statement, compared to 

only 17% of participants given the original materials. . Participants were also asked if the 

slides were easy to understand; 83% of the UDL group agreed compared to 56% in the 

Original group. When asked if the slides were effective in highlighting the main concepts 

94% of UDL participants either agreed or strongly agreed, whereas only 50% of the 

Original content participants agreed. Finally when asked if they would have benefitted 

from additional examples an overwhelming 83% that received the Original contents agreed 

compared to only 28% of UDL participants. UDL participants unanimously agreed, when 

asked in a separate set of questions designed specifically for them, that concepts like audio 

clips, highlighting key materials, dividing the information in “Chunks”, use of colors to 

differentiate concepts, revisiting concepts via graphs, texts and side by side comparisons 

facilitated their understanding of the material. 

It’s important to note that the concepts chosen for this experiment were from an existing 

aviation course and that the slides are not inherently bad at displaying the contents. The 
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original materials are not displayed in an inconvenient format. For example in Figure 2 and 

Figure 4 you can see how the original contents are formatted in a table; tables are excellent 

ways to summarize information. However, they are not the only way to display information 

or stimulate learning and can benefit from additional examples and representation of the 

materials.  

This research used statistical analysis of eye tracking software, quiz results and with a 

brief exit survey to determine UDL’s effectiveness. Similar to Marino et al. (2014), UDL 

participants expressed higher levels of satisfaction when asked about the contents given 

and were more interested in the topics by the end of the experiment. Based on the reviewed 

literature and the experimental results highlighted in this thesis it is evident there is a 

positive impact when applying UDL to learning materials in higher education. Therefore, 

when designing or updating courses it’s important to consider ways in which the contents 

can improve by applying methods like the UDL framework. 
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CHAPTER 6: Limitations and Future Research 

 The current study only considered the overall effect of the all the UDL principles 

applied to the slides. The effectiveness of each individual UDL principle was not 

investigated.  Continuing the investigation of the effect of each UDL principle is important; 

some might be more effective that others, whereas some may yield no effect.  This would 

allow us to determine the effect of each of the applied UDL principles on learning. This 

UDL implementation experiment was tested on aviation topics, thus investigating how the 

UDL contents work throughout different topics in higher education should be considered. 

Additional eye movement measures can be evaluated, like investigating movement 

transitions (i.e. saccades) to analyze for visual entropy.  

Certain confounding effects could later be mitigated when statistically analyzing this 

type data. For example: having previous knowledge of the material, English as a first 

language, and the participants level of education. Experiment participants with significant 

prior knowledge of Topic1-Part1 were identified for the Original content group (2 

participants). Demographic data collected showed that a higher percentage of people (19%) 

that took the Original contents were pursuing higher education (master’s and doctorates). 

Although post-hoc testing determined no significant effect from the previously mentioned, 

balancing of the data could ensure that no additional factors influence the results. 

Performing a brief demographic survey before the experiment can be used to better 

distribute participants between the groups, thus mitigating any effect. For posterity, 

performing the experiment on a larger sample size can better define results that were 

determined as marginally significant. Having a larger sample size also has the potential to 
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normalize the data so that additional analysis could be performed (e.g. MANOVA 

Analysis).  

Combining UDL with other learning methods can also be investigated. Measuring 

situational interest after applying the UDL methods to higher learning could yield 

promising results as both methods focus on enhancing contents to stimulate learning. Some 

brief insight into situational interest is described below.   

6.1 Situational Interest 

Situational Interest can be defined as “focused attention and an affective reaction 

that is triggered in the moment by environmental stimuli, which may or may not last 

over time” (S Hidi & Renninger, 2006; Rotgans & Schmidt, 2011). Research that has 

focused on interest in a learning environment has tried to capture what characteristics 

spark interest in individuals (Suzanne Hidi, 1990; Krapp, Hidi, & Renninger, 1992). 

Individual interest is stable in the individual; however, situational interest are 

influenced and generated by stimulus (Krapp et al., 1992). This can mean that 

situational interest can be manipulated, enhanced by a change in the environment 

evaluated. For reading English literature interest in the information has been suggested 

to require less effort (Suzanne Hidi, 1990). Rotgans and Schmidt (2014) argued in their 

study that prior knowledge determines the extent of situational interest; concluding that 

there needs to be a gap into the known and the unknown to stimulate situational interest. 

In Chen, Darst, and Pangrazi (2001) they evaluated situational interest with five 

dimensional sources: novelty, challenge, attention, demand, exploration intention and 

instant enjoyment. They experiment was conducted in physical education on 472 
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middle school students and used a situational interest scale (Chen, Darst, & Pangrazi, 

1999). The data was gathered via a survey of 24 items and they were evaluated using a 

5-point Likert scale to measure levels of student feelings about the activity Their results 

found that total interest highly correlates to the feeling of enjoyment the activity 

generates (Chen et al., 2001).  

Not unlike UDL, situational interest under the instructor’s control and can be 

manipulated by the material given. Situational interest measures could be used to 

determine if the UDL framework increases students’ feeling of enjoyment and 

engagement based on how the material is presented to them. Now, more than ever, 

there is a necessity for employing techniques that will still motivate the student to 

interact and regulate their learning with limited supervision. Courses now days are at 

least partially online. Professors use slides to scaffold their teachings and universities 

have platforms like canvas to post class contents, give quizzes, etc. It is important to 

keep investigating and combine techniques from multiple fields like psychology, 

human factors, education, science, etc. to enhance interest in learning for todays absent-

minded learner. 
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CHAPTER 7: Conclusion 

     Overall experiment results showed favorable outcomes when applying UDL. 

Subjects tended to be more thorough in their scan pattern when given UDL inspired 

contents; whereas, subjects in the original contents tended to skim over the material. The 

means of quiz results for UDL were higher and yielded smaller standard deviations when 

compared to the Original content participants. Engagement with the contents (i.e. Eye 

fixation count, eye fixation duration) was longer for UDL participants, and 

satisfaction/interest levels (i.e. survey results) were higher. Therefore, it can be stipulated 

that adding the principles within the contents had a positive effect for learning and 

increasing focus for higher education courses. Education classes are generally not required 

for teaching in higher education. Thus having professors apply UDL to their courses could 

help students grasp complex concepts and struggle less in comprehending. This in turn has 

the potential to improve students’ grades, attitudes towards learning and readiness when 

joining the workforce. It can be stipulated that adding the UDL principles a positive effect 

in learning and shows promise for increasing focus for the average university student. 

 

“Do not confine your children to your own learning, for they were born in another time.” 

(Hebrew Proverb) 

“Tell me and I will forget; show me and I may remember; involve me and I will 

understand”( Xun Kuang,312-230 BC) 

“Education is the passport to the future, for tomorrow belongs to those who prepare for it 

today” (Malcolm X, 1964) 
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7.1 Key Points 

 

• UDL enhanced contents related to aviation coursework were presented to 

university level students 

• The group given UDL enhanced contents had better quiz results, eye fixation 

duration and eye fixation count overall.  

• No significant difference in pupil dilation was detected among the groups  

• The group given UDL enhanced contents thoroughly revised the materials 

given to them, whereas the group given the original contents glazed over the 

material presented to them. 

• UDL participants expressed higher levels of satisfaction when asked about the 

contents given and were more interested in the topics by the end of the 

experiment.  
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Appendix B: UDL Features Applied to Modified Slides 
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