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Abstract 

Through the lenses of constructivism and cognitive load theory, this case study 

interviewed college-level programming instructors that teach JavaScript, and surveyed students 

and graduates of a post-graduate web programming course in an effort to discover metaphors for 

the web programming interface known as the Document Object Model (DOM), taking the 

position that the popular DOM tree visualization is an ineffective mental model for novices.  

Prior to involving participants, this research reviewed current literature for academic articles 

concerning JavaScript instruction, model-based learning, and technology-enhanced model based 

instruction to identify key affordances and caveats.  The objective of this strategy was to identify 

a mental model or analogy that, if appropriate, could be recreated as an interactive digital 

simulation to facilitate DOM instruction and support learners, instructors, and instructional 

designers of web programming.  This study found that confusion regarding the DOM persisted 

across all participants in the research, and that prior domain knowledge should include 

comprehension of HTML, CSS, and basic JavaScript techniques, specifically, objects and 

rudimentary object oriented programming knowledge.  From these findings, a DOM 

comprehension benchmarking tool has been put forward, recommendations have been provided 

for a “layers of technology” digital interactive application, and the need for more research in the 

underserved field of JavaScript instruction has been identified.   

Keywords: JavaScript instruction, Document Object Model, computer science instruction, 

technology-enhanced model based instruction, instructional technology, web development 
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Chapter 1: Introduction 

Introduction 

Across Canada, teaching computer programming skills has become a greater priority for 

Ministries of Education, with some provinces making computer programming a compulsory 

element of the curriculum (Julie, 2017).  Nova Scotia made programming skills mandatory for 

the Primary to Grade 6 curriculum in 2017, and New Brunswick makes programming instruction 

mandatory for Grades 6 to 8 (Julie, 2017).  British Columbia includes programming skills as part 

of the Applied Design, Skills, and Technologies curriculum starting in Grade 6 (Province of 

British Columbia, 2019).  Beyond the increase in industrial demand for technical skills by 

Canada’s technology sector (Julie, 2017), the integration of computer programming into the 

Grades 1 to 8 curriculum is believed to improve “skills and competencies across a variety of 

strands including Oral Communication, Reading, Writing, and Media Literacy” (Floyd, 2018, 

para. 2).  UNESCO’s YouthMobile initiative goes further, stating that learning programming 

skills “promotes the creation of inclusive digital societies and it strives to unlock the potential of 

women in ICT, fostering gender equality” (UNESCO, n.d., para. 2).  Through these 

developments in the popularity and perceived importance of teaching programming skills, the 

significance of identifying effective methods of computer science instruction for learners without 

prior experience in computer science can be inferred. 

In teaching computer programming skills to the K-12 sector, there are numerous 

strategies and teaching tools available to help primary and secondary school students with 

programming basics, including board games (Slavin, 2015), and interactive applications (Beanz, 

n.d.).  For example, the Lifelong Kindergarten Group at the Massachusetts Institute of 

Technology (MIT) created Scratch, an online digital application that allows users to drag-and-
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drop programming structures represented as graphical symbols (MIT Media Lab, n.d.).  

However, at the post-secondary education level, a deeper understanding of more sophisticated 

programming techniques is required, as students prepare to meet industry expectations in order to 

find employment creating complex, enterprise-level applications (Canada. Department of 

Employment and Social Development, 2018).  These techniques lie beyond the limitations of 

snap-together, drag-and-drop interfaces, and require post-secondary students to program by 

hand, using structures and standardized syntax expected by industry.  For this reason, post-

secondary learners without prior experience in computer programming face significant barriers 

to comprehending intermediate to advanced theory and technique without aids such as those 

described for programming basics.  In the web development branch of computer science, the 

JavaScript web programming language provides numerous techniques and theoretical concepts 

that must be understood and mastered. 

The theoretical concept this study will focus on is the Document Object Model (DOM).  

The DOM is the interface through which programmers are able to create interactions between the 

web page (the HTML document), and the programming logic (the JavaScript document).  In 

creating the Document Object Model, the browser converts the HTML document and the 

document’s content into a programming object.  In computer science, an object is a variable that 

represents multiple related values.  For example, a customer object might hold the username, 

account number, and shopping cart items belonging to an individual customer.  Inside the 

shopping cart object belonging to the customer object, each item might be an item object, 

holding values for properties of that object, such as colour, size, weight, and price.  These objects 

act as metaphors for elements in the programming logic.  Objects are also able to have actions.  

A customer object should, for example, be able to add an item to its cart, make a payment, and so 
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forth.  These actions are referred to as methods of the object.  To parallel these concepts with 

elements of English grammar, properties of an object are like adjectives, because they describe 

and differentiate the object; methods are akin to verbs, as they are the actions that an object can 

perform.  Creating objects to interact with each other in a program follows an approach known as 

object oriented programming (Mozilla, n.d.).  In a line of JavaScript programming, the properties 

and methods of an object are easily accessed through dot notation syntax, where the desired 

object is first specified, followed by a period, followed by the name of the property or method 

belonging to that object that we wish to access (Morelli, 2017).  Thus, the account number of the 

customer object would be accessed as follows: customer.account. 

Returning to the context of the DOM, by converting the HTML document into an object, 

the web page is assigned its own properties and methods which can now be interacted with by 

JavaScript through the document object as easily as any other programmed object, such as our 

customer object.  In the following line of JavaScript code, the DOM is accessed through the 

document object; the main heading element (<h1>) is selected by the querySelector method; and 

the text inside of it is overwritten through the innerText property: 

document.querySelector("h1").innerText = "My New Heading, modified through JavaScript"; 

It is through the properties and methods such as those demonstrated here, that bi-directional 

access to the DOM (and therefore, the web page) is effected in the JavaScript logic 

programming.  Understanding objects, and putting DOM techniques into practice are therefore 

critical skills that web developers need to master in order to create interactive web pages.  

The gap for novices (as I perceive it) is in the lack of a mental model that allows 

programmers to “see” the JavaScript line of programming “go to” the document and “get” (or 

“set”) values in the DOM generated from the HTML file.  Whereas, in the case of the customer 
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object, the novice programmer would have created the customer object earlier on in the code, 

and they could simply scroll up and see it, however, the document object is not in their code, it is 

created by the browser.  This unseen action happening “behind the scenes” represents what I 

believe to be the gap that acts as a barrier for novice programmers. 

In my teaching practice as a web development professor for a post-graduate program at 

an Ontario college (Humber College Institute of Technology and Advanced Learning), my 

students are adult learners (defined here as being aged 21 and older, and hold a degree or 

graduate certificate in another post-secondary program), and may have returned from the work 

force in fields unrelated to web development.  The Humber College web development post-

graduate program does not require applicants to possess prior computer science or web 

development experience, and each cohort provides a broad spectrum of lenses through which the 

challenges of web development are viewed, including philosophy, marketing, music, graphic 

design, project management, and fitness instruction.  In a situation such as my classroom, where 

a student may be new to programming and computer science concepts, making meaning of 

theoretical concepts such as the DOM may not be facilitated through their existing mental 

models, and I continue to observe the struggles my students experience in an effort to make 

meaning of the DOM interaction concepts.  For the purposes of this research, Craik’s definition 

of a mental model will be used, which states that a mental model is when one “carries a ‘small-

scale model’ of external reality and of its own possible actions within its head” allowing one to 

“try out various alternatives, conclude which is the best of them, react to future situations before 

they arise” and “utilize the knowledge of past events in dealing with the present and the future” 

(Craik, 1967, p. 61).  The predominant explanations for DOM instruction utilize an organization 

chart to represent the document object, often referred to as the DOM “tree” (see Figure 1) (W3C, 
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2000).  This tree depicts the interconnection and hierarchy of the HTML elements and their 

content (all referred to as nodes), and provides a family tree metaphor, referring to a node within 

another node as a “child” of the containing “parent” node, along with similar familial terms such 

as “siblings”, “ancestors”, and “descendants” (W3C, 2015, p. 2.1). 

 

Figure 1. The Document Object Model (DOM) Tree (Eriksson, 2012). This type of image is 

commonly used to explain the DOM tree, representing the hierarchy and relationship of the 

HTML document and its elements.  Sample DOM tree by Birger Eriksson is licensed under the 

Creative Commons Attribution-Share Alike 3.0 Unported license. 

Most books and tutorials (even resources that promise alternative “smarter” explanations) 

default back to a similar DOM tree to represent this hidden mechanic (Myers, 2015, p. 158).  The 
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DOM tree explanations, while being visual, do not convey how the DOM works, that is, learners 

are not able to see the DOM in action.  Imagine getting into a car for a driver’s education lesson, 

and being handed a technical schematic for the vehicle.  The limitations of the schematic to make 

you a competent operator of the vehicle analogize the limitations of the DOM tree to make 

competent web developers.  The previously mentioned Scratch programming interface (and 

others similar to it) provide an excellent means of visualizing how basic computing structures fit 

together, but they do not include a demonstration of the DOM, limiting their usefulness in 

training web developers in general.  An interactive node tree application called, the Live DOM 

Viewer exists (see Figure 2) that allows users to type HTML elements into one window, see the 

effects on the node tree in a second window, and the resulting web page in a third window 

(Hickson, 2016).   However, while this application allows users to experiment with the DOM 

node tree, it does not provide visuals of DOM interactions, such as accessing and modifying the 

node tree through JavaScript. 
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Figure 2. Live DOM Viewer Web Application (Hickson, 2016).  Figure 2 is a screen capture of 

the application taking the HTML markup in the first window (entered by the author), displaying 

a DOM tree representation of the markup in the second window, and displaying what the markup 

would look like as a web page in the third window.  Reprinted with permission. 
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In considering possible alternatives for instructing the theoretical concept of DOM 

interactions, there have been numerous studies in which a digital mental model was created to 

assist with the understanding of theoretical concepts in other areas of STEM curricula 

(Kozhevnikov, Gurlitt, & Kozhevnikov, 2013; Salinas & González-Mendívil, 2017; Yoon, 

Anderson, Lin, & Elinich, 2017).  Extrapolating from the results of research utilizing digital 

interactions to teach theoretical concepts, an interactive representation of the DOM may serve to 

support learners of DOM theoretical concepts by creating a digital mental model of how the 

DOM operates that learners could “play” with, and through which, they may observe its unseen 

functionality in a manner that is not afforded by any current instructional resource. 

Research Questions 

To further the objective of developing new approaches to teaching the theoretical 

concepts of the JavaScript Document Object Model (DOM), this study asked: In what ways may 

a digital mental model contribute to the learning of the Document Object Model?  To answer this 

over-arching question, this study investigated two sub-questions: 

• Which aspects of the DOM are the most problematic for learners new to JavaScript? 

• Are there common metaphors or mental models that may map to the interactive 

behaviours of the DOM? 

By identifying the aspects of the DOM that are problematic, this study aimed to identify 

opportunities where the learning experience may be supported by the unique affordances of an 

interactive simulation.  Through the exploration of existing mental models used to understand the 

DOM, this study sought potential alternative strategies for DOM instruction.  Finally, as some of 

the research participants had no previous training in computer programming prior to attending 

the web development program, the findings of this study may be of interest outside of a post-
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secondary context, such as instructional designers of primary or secondary students, or in the 

retraining of adult learners that have no prior computer science background. 

Definitions of Key Terms 

Although many of the terms below may be familiar in general, definitions specific to the 

context of this research have been provided. 

Augmented Reality (AR) 

“Augmented reality technology allows the combination of virtual and real environments; 

through AR the perception of a virtual object in a real place and time is possible” (Salinas & 

González-Mendívil, 2017, p. 32). 

Browser 

A computer application used for accessing the internet and websites, it is the web 

browser that interprets and presents the HTML and CSS files, and executes the JavaScript 

programming (Henry & Education Outreach Working Group, n.d.).  Google Chrome, Mozilla 

Firefox, and Microsoft’s Internet Explorer are examples of web browsers. 

CSS 

“Cascading Style Sheets (CSS) is a simple mechanism for adding style (e.g., fonts, 

colors, spacing) to Web documents” (Bos, 2018). 

Document Object Model (DOM) 

The Document Object Model is a computer programming mechanism that provides an 

interface for accessing and modifying web pages with logic programming (W3C, 2015).  

HTML 

Hyper Text Markup Language (HTML) is the main language and file type of webpages.  

The various markup elements that belong to the HTML specification are used to structure and 
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describe the content of a website (Lane, 2014). 

JavaScript 

A programming language that facilitates interactive behaviours for websites (Lane, 

2014). 

Models 

In this research there are three contexts that refer to models.  The Document Object 

Model refers to the data model representing the HTML document that is created by the web 

browser (W3C, 2015).  A mental model refers to a simplified model of real-world phenomenon 

that we utilize in our minds to make meaning of the phenomenon and related phenomenon 

(Craik, 1967).  The models described in model-based learning and technology-enhanced model 

based instruction refer to functional models that are visualizations representing a phenomenon, 

and not a data model which “organizes data elements and standardizes how the data elements 

relate to one another” (Princeton University, 2019). 

Object-oriented programming 

A computer programming strategy whereby elements of informational models are defined 

as objects that have properties and methods, which can interact with the properties and methods 

of other objects within the same model (Mozilla, n.d.). 

Web developer 

A computer programmer specializing in technologies that create websites and online 

applications (also known as, “apps”) (Canada. Department of Employment and Social 

Development, 2018).  Web developers are also referred to as webmasters, or web designers. 
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Theoretical Frameworks 

In selecting the theoretical frameworks through which to view this research, it was 

important to consider the characteristics of both the learners, and of the learning objectives in 

order to best understand whether a digital mental model would be an appropriate instructional 

tool in their learning environment (Ertmer & Newby, 2013).  In the context of this research, the 

learners are post-secondary web development students–many of whom have little to no prior 

domain knowledge–learning advanced website building techniques for the commonly ill-defined 

requirements of web programming (Stepanek, 2005).  To answer the research questions focused 

on how these learners make meaning in this learning context, the constructivist learning theory 

supported by cognitive load theory were selected as the most appropriate match. 

Constructivism. 

A constructivist perspective asserts that the learning process is not a matter of 

discovering phenomena that exist in the world and acquiring that knowledge, but rather that 

knowledge itself is constructed by an individual based on their experiences in the world (Gordon, 

2008).  Differentiating itself from behaviourist or cognitivist learning strategies, it is argued that 

constructionist learning environments are better suited for acquiring advanced levels of 

knowledge, and are better able to provide learners with “the conceptual power needed to deal 

with complex and ill-structured problems” (Ertmer & Newby, 2013, p. 57).  Such critical 

thinking and problem solving skills are requirements for web developers (Canada. Department of 

Employment and Social Development., 2019).  Based on the alignment of constructivism with 

the learners and the learning context of this study, and the alignment in general with the research 

objectives exploring an individual’s processes for making meaning, constructivism was selected 

as the primary theoretical framework. 
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Cognitive load theory. 

Whereas constructivism is a learning theory focused generally on an individual’s process 

for making meaning of reality, cognitive load theory is an instructional design theory developed 

by John Sweller based upon an understanding of human cognitive architecture and the 

mechanical phenomenon of making meaning from new information (Sweller, Ayres, & Kalyuga, 

2011).  Cognitive load theory assumes: 

when processing...information, human cognition includes a working memory that is 

limited in capacity and duration if dealing with novel information but unlimited in 

capacity and duration if dealing with familiar information previously stored in a very 

large long term  memory.  (Sweller, Ayres, & Kalyuga, 2011, p. vii)   

This increased efficiency attributed to previously stored information is due in part to the transfer 

process whereby multiple related informational items can be stored and retrieved as one item, 

referred to as a schema (Sweller, Ayres, & Kalyuga, 2011; Huh, Kim, & Jo, 2019).  The ability 

to create or modify schemas is limited by the capacity of working memory and the cognitive 

loads placed upon it: the intrinsic cognitive load (the difficulty of the learning material itself), 

and the extraneous cognitive load (the load on working memory occupied by the instructional 

materials or delivery) (Sweller, Ayres, & Kalyuga, 2011).  The objective of cognitive load theory 

is to manage the limitations of working memory and to facilitate schema acquisition into long 

term memory (Sweller, Ayres, & Kalyuga, 2011).  Skill acquisition and expertise are gained over 

a period of time through this process of generating and reforming schemas (Sweller, 2019).  

In the context of this study which explores the learning process and transfer of DOM 

techniques into long term memory for students with varying degrees of experience in computer 

science, cognitive load theory is an appropriate pairing for this study.  First, regarding the 
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learners and their range of programming experience, cognitive load theory provides guidance for 

managing a range of expertise, specifically, the theory identifies cognitive load effects that signal 

the need for differentiated instructional techniques based on the experience of the learner 

(Sweller, 2019).  For instance, worked examples are effective for novices, however, the expertise 

reversal effect occurs when worked examples are implemented with more advanced learners, and 

“information that is essential for novices becomes redundant for more expert learners, decreasing 

learning” (Sweller, 2019, p. 10).  This ability of cognitive load theory to respond to the varying 

experience of the learners positions it as a suitable option that will support the participants of this 

research.  Second, a summary of Sweller’s theories states that they are “best applied in the area 

of instructional design of cognitively complex or technically challenging material” (Soloman, 

n.d., Application section, para. 1).  As previously noted, DOM interactions are a complex facet 

of interactive technology, making cognitive load theory a suitable match for the domain content 

of this study.  Finally, as this research assesses opportunities for implementing a digital 

interactive model as an instructional tool, the selection of cognitive load theory for this study is 

supported by Sweller (2019): “Cognitive load theory is directly applicable to technology-assisted 

learning.” (p. 14).  Sweller (2019) further states: “Technology-based instruction used without 

reference to the instructional design principles that flow from human cognition is likely to be 

random in its effectiveness” (p. 1).  Thus, in cognitive load theory, there is a match to the 

instructional content of this study, to the spectrum of experience of its participants, and to the 

primary research question of implementing an interactive digital model to instruct techniques of 

the DOM. 
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Chapter 2: Literature Review 

To explore my research questions through a constructivist perspective, I wanted to 

examine: how these learners and instructors made meaning of the DOM; what, if any, mental 

models were utilized to support schema acquisition or activation; and, could these mental models 

be reproduced as a digital model that would offer unique affordances as an instructional 

resource.  These objectives led me to review literature reporting on JavaScript instructional 

strategies, model-based learning, and technology-enhanced model based instruction. 

Instructing JavaScript 

Beginning with the authority on the DOM, the World Wide Web Consortium (W3C) is 

the international organization led by the inventor of the World Wide Web, Tim Berners-Lee, and 

is devoted to developing and specifying standards for web technologies including the Document 

Object Model (W3C, n.d.).  In their description of the DOM, the W3C states that the DOM 

“defines the logical structure of [HTML] documents and the way a document is accessed and 

manipulated”, and is intended to provide a standard language-independent interface across a 

spectrum of application environments (Robie, n.d.). 

Explorations into academic literature investigating DOM instruction revealed a dearth of 

research on the subject. During my search in July of 2018 (and rechecked in January 2020) using 

the search terms “teaching JavaScript to adult learners”, “teaching JavaScript”, “JavaScript 

training”, “JavaScript instruction”, and “JavaScript DOM”, I conducted a search of the Applied 

Science & Technology Source Ultimate, Education Research Complete, Educator's Reference 

Complete, ERIC, IEEE Xplore, Sage Premiere, Science Database, and, ScienceDirect databases, 

as well as Google Scholar to look for relevant, peer-reviewed literature.  With “peer reviewed” 

as the only filter applied to my searches (where available), the search results were predominantly 
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articles on teaching and learning with technology (or web-based learning), along with JavaScript 

textbooks or guides; and JavaScript tools, techniques, and security issues that did not involve the 

instruction of JavaScript.  By applying my own criteria to these results (constraining the 

selections to articles concerning the instructing of JavaScript that were neither textbooks nor web 

tutorials), I identified four relevant articles.  The first article involved teaching programming 

fundamentals (with JavaScript) to business students using graphical representations to create 

mental models, however, the DOM was neither mentioned in nor could be inferred from the 

described course content, and so, fell short of addressing the second sub-question of my research 

(Roussev, 2003).  The second article discussed an interactive application for learning JavaScript, 

however it, too, focused on basic JavaScript programming syntax and composition without any 

indication that it advanced to DOM instruction (Karkalas & Gutiérrez-Santos, 2014).  The third 

article studied university students in a website design and development course, and found “no 

statistically significant evidence” that students with prior domain knowledge scored better in that 

course than students with no background in web programming (Wall & Knapp, 2014, p. 256).  

Unfortunately, this research focused on how these students managed perceived difficulty, and did 

not identify any particular aspects of HTML, CSS, or JavaScript that the students found to be 

difficult, and therefore, was unable to address my first sub-question (Wall & Knapp, 2014). 

In the most relevant research that I could find, Alston, Walsh and Westhead (2015) 

acknowledge this lack of literature in their small (N = 9) exploration to identify threshold 

concepts in web development.  A threshold concept was defined as, a “core idea that’s 

conceptually challenging for students, who struggle to grasp it—but once grasped, it radically 

transforms the students’ perception of the subject” (Kent, 2016).  Their research asked web 

development instructors to identify aspects that their learners found challenging, and while the 
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Document Object Model was not named explicitly as a threshold concept, they describe its 

nature in their findings, and through their ultimate summary (the common theme of 

interoperability in the identified threshold concepts) the interactive mechanism of the DOM can 

be inferred (Alston, Walsh, & Westhead, 2015).  Distinguished in their interview data, one quote 

from an instructor identifies an instructional gap which addresses the first sub-question of my 

research: “A lot of it is hidden from the students, behind what the browser does and there is an 

issue there because of the simple reason it takes [time for] some students to understand what 

goes on behind the scenes as much as anything else” (Alston, Walsh, & Westhead, 2015, p. 2:9).  

These findings evidence the gap in literature concerning the instruction of JavaScript, and 

support the orientation of this research and its core premise, which is that the interoperation of 

web files can be problematic for learners, and that the inability of the students to observe how it 

operates may represent a barrier for learning. 

Model-Based Learning 

Model-based learning (MBL) is an approach that supports a constructivist viewpoint, and 

may provide a meaning making structure for web development students studying the DOM.  

Although model-based learning  predates constructivism, through the 1980’s an approach that 

made use of mental models “as a central theoretical construct to capture situated cognition and 

pragamatic [sic] reasoning” is now recognized as belonging to a constructivist perspective (Seel, 

2017, p. 956).  It is important to differentiate the term model used in this context as referring to a 

functional model (providing an analogue to a parallel phenomenon (Seel, 2017)), and not a data 

model which “organizes data elements and standardizes how the data elements relate to one 

another” (Princeton University, 2019).  Seel’s (2017) synthesis of model-based learning theory 

and research indicates that, while research for traditional mental models has waned in general 
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(having peaked over a decade ago), STEM related model-based learning research has continued 

on a sharp, upward trajectory (with 2016 being the last year of reported data) (p. 939).  This 

suggests that the current research study aligns with a trend in this area of model-based learning 

research.  From the reviewed literature, mental models have shown to be effective in providing 

learners with improved comprehension and outcome prediction (Seel, 2017), which validates 

MBL as an appropriate foundation for addressing the research questions of this study.  However, 

Seel (2017) observed that care must be taken in their design, as oversimplification of a 

phenomenon may act as an impediment to learning.  Additionally, while recognizing the 

“quantity and high quality of recent educational research on model-based learning”, Seel (2017) 

regrets the absence of an integrative theory of model-oriented instruction, fearing the lack thereof 

may be leading to weaker assumptions regarding technological and instructional support for 

MBL, and curtail the development of instructional systems that facilitate MBL (p. 957).  

Therefore, while a significant amount of research has been conducted in the area of model-based 

learning, the hazards of oversimplification in the model, and the lack of a theory for applying it 

as an instructional tool should prompt careful consideration in designing a model of the DOM, 

and its application as an intervention with web development students.  Overall, with its 

alignment to constructivism, and a strong community of support for its application in STEM 

subjects (which web development belongs to), the reviewed literature on model-based learning 

provides support for its selection as a foundational framework for the challenge of implementing 

mental models in the STEM subject of web development.  To address the primary purpose of the 

current study, the question now arises: how may model-based learning be applied in a digital 

interactive environment? 
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Technology-enhanced Model-Based Instruction 

Technology-enhanced model-based instruction (TMBI) builds on the contributions of 

model-based reasoning, wherein “models are explained as idealized, perspectival, and conceptual 

representations of real objects/systems and processes” (Develaki, 2017, p. 1006).  While 

modeling-based instruction (MBI) may utilize physical models, digital models, or even human 

role-play, TMBI specifies the use of digital computer simulations to provide the models and 

instructional platform (Shen, Lei, Chang, & Namdar, 2014).  A computer simulation is defined 

here as “a type of computer-based environment that is well suited for discovery learning, the 

main task of the learner being to infer, through experimentation, characteristics of the model 

underlying the simulation” (de Jong & van Joolingen, 1998, p. 180).  Through these computer 

simulations, students are able to interact with scientific models that cannot be seen in the natural 

world, such as heat exchange between two objects, or a computer accessing a website (Shen, Lei, 

Chang, & Namdar, 2014).  Such interactive models currently exist online for wide ranging 

science subjects including, physics, biology, chemistry and math; and include the spectrum of 

learners from elementary to university levels (University of Colorado, n.d.).  However, no 

models of JavaScript DOM interactions—other than the insufficient Live Dom Viewer 

mentioned in the introduction—could be found at the time of this writing. 

The reviewed TMBI literature provides evidence suggesting that using computer 

simulations with model-based instruction improves learning outcomes for students learning 

science-based content (de Jong & van Joolingen, 1998; Develaki, 2017; Mulder, Lazonder, & de 

Jong, 2015; Shen, Lei, Chang, & Namdar, 2014).  Benefits and affordances of this style of 

intervention were identified as being the ability of computers to model unseen or abstract 

behaviours (Shen, Lei, Chang, & Namdar, 2014); and the ability to represent complex models 
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(Develaki, 2017).  The digital interaction also affords a self-directed environment, providing 

feedback or additional learning support as required, which serves to individualize the learning 

experience, and minimize the cognitive load (Develaki, 2017; Shen, Lei, Chang, & Namdar, 

2014; Sweller, Ayres, & Kalyuga, 2011).  More specifically, these simulations can provide 

scaffolding (identified as “cognitive and procedural supports”) for the learning environment, and 

automated feedback (Shen, Lei, Chang, & Namdar, 2014, p. 536).  Scaffolding strategies are 

recognized by Sweller (2011) and are acknowledged in the isolated elements effect of cognitive 

load theory.  Hannafin and Land (as cited in Shen, Lei, Chang & Namdar, 2014) found that 

scaffolded simulations can provide a learner-centred, self-directed learning experience for the 

participants that distribute the cognitive load.  Lehrer & Schauble (as cited in Shen, Lei, Chang 

& Namdar, 2014) showed this to make learning more successful, and improve analogical 

reasoning.  Additionally, researchers found that the interactive nature of TMBI reflected a 

scientific mindset (where the experimenter is adjusting variables and observing the results), and 

supported the development of systems thinking (Shen, Lei, Chang, & Namdar, 2014), and 

model-based reasoning (Develaki, 2017; Mulder, Lazonder, & de Jong, 2015; de Jong & van 

Joolingen, 1998).  The affordances identified in TMBI literature map to some of the specific 

challenges encountered by the learners that are the focus of this current study:  DOM interactions 

are complex, unseen behaviour, and TMBI has the ability to represent complex, unseen 

behaviour (Develaki, 2017; Shen, Lei, Chang, & Namdar, 2014); TMBI has shown to support the 

development of systems thinking (Shen, Lei, Chang, & Namdar, 2014), and web development 

students are challenged to understand the integration of HTML, CSS, and JavaScript; the 

described learning context consists of students with varying degrees of ability, and TMBI can 

provide a self-directed, learner-centric experience (Shen, Lei, Chang, & Namdar, 2014). 
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Before proceeding, it is important to know that the benefits have not shown to be 

universal, nor unqualified. Research has revealed that students have difficulty in designing their 

experiments, executing efficient processes, and interpreting the feedback data (de Jong & van 

Joolingen, 1998; Mulder, Lazonder, & de Jong, 2015).  To manage these factors, the inclusion of 

contextual support mechanisms within the digital environment to prompt or respond to learners 

within the context of the interaction has been recommended (de Jong & van Joolingen, 1998; 

Mulder, Lazonder, & de Jong, 2015; Shen, Lei, Chang, & Namdar, 2014).  Mulder et al. (2015) 

found that insufficient prior domain knowledge had a negative effect for students engaging in a 

digital model, and recommends that “a recapitulation of prior knowledge might help students to 

take more advantage of the support they receive” (p. 337).  The caveats highlighted by de Jong 

and van Joolingen (1998), Mulder, Lazonder, and de Jong (2015), and Shen, Lei, Chang, and 

Namdar (2014) each note the importance of ensuring a model is analyzed and divided into 

systems, or facets to support learning.  Furthermore, Mulder et al. (2015) notes that the timing of 

the intervention needs to coincide with sufficient domain knowledge acquired by the students. 

Augmented reality and virtual reality. 

Literature regarding the instructional use of augmented reality (AR) and virtual reality 

(VR) provides an additional sub-category of research that further informs TMBI in that they are 

all computer generated models that learners interact with in a self-directed process, and 

therefore, should be considered as options for the potential instructional digital model that this 

research is exploring.  The key difference between the interactions through TMBI and those 

typical of AR/VR is that the latter environments are described as being “immersive” 

environments of 3D spaces, that require “egocentric navigation (the learner is surrounded by the 

environment) rather than exocentric navigation (also referred to as a fishbowl virtual 
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environment)” (Kozhevnikov, Gurlitt, & Kozhevnikov, 2013, p. 953).  Within the AR/VR 

research, we see additional examples of improved learning results of STEM subject matter 

through these enhanced virtual environments: 

Salinas and González-Mendívil (2017) provided mathematics students the ability to interact with 

solids of revolution through an augmented reality application; Kozhevnikov, Gurlitt, and 

Kozhevnikov (2013) created a virtual model of relative motion concepts that was shown to 

improve student results on a post-intervention questionnaire, in addition to “a significant shift 

toward a scientific understanding in their conceptual understanding and epistemological beliefs 

about the nature of relative motion” (p. 959); and researchers created a visual representation of 

Bernoulli’s principle using augmented reality which allowed students to interact with the virtual 

model and visually see its effects and make observations (Yoon, Anderson, Lin, & Elinich, 

2017). Findings from this last study indicated “significantly greater gains” through the use of the 

simulation by their learners (Yoon, Anderson, Lin, & Elinich, 2017, p. 156).  Of perhaps greater 

significance in the latter case, is in appreciating that the Bernoulli principle acts 

counterintuitively to what a novice would expect, suggesting that digital simulations may have 

the ability to overwrite existing mental models in the learner (Yoon, Anderson, Lin, & Elinich, 

2017, p. 156).  In investigating the examples and work in the field of augmented reality, 

Kozhevnikov, Gurlitt, and Kozhevnikov (2013); Salinas and González-Mendívil (2017); and 

Yoon, Anderson, Lin, and Elinich (2017) have  provided further evidence that creating digital 

interactive models of theoretical concepts in virtual environments can be engaging and effective 

modalities for STEM instruction, offering their own unique affordances.  Lai, Chen, and Lee’s 

(2019) study structured from a cognitive load theory perspective, found similar results with grade 

5 natural science students, and identified a significant reduction in extraneous cognitive load for 
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the students utilizing the AR technology versus the control group learning through a 

conventional method.  Beyond delivering these STEM theoretical fundamentals, AR and VR 

simulations are being implemented as training devices at a much more profound level, such as 

the cochlear implant surgical simulator, which has allowed trainees for this delicate procedure to 

“repeatedly practice...in a safe, controlled environment, with costs that did not increase with 

usage”, and receive quantitative feedback that they would not otherwise receive (Jones, et al., 

2019, p. 255).  An implementation such as this one utilized for the training of surgeons validates 

the instructional use of AR/VR technologies as a significant modality for a great spectrum of 

learners. 

Scratch. 

Scratch is an interactive application created by the Lifelong Kindergarten research group 

at the Massachusetts Institute of Technology’s Media Lab that provides shapes representing 

various programming structures which users can drag-and-drop, allowing them to “program with 

a mouse,” by snapping together programming logic blocks the way one might work with Lego 

bricks (Malan & Leitner, 2007, p. 223).  Through this interface, users can create simple, 

executable programs, and more complex animations and games, using the visual representations 

of fundamental computer programming aspects that conditionally interconnect in a manner 

similar to puzzle pieces (MIT Media Lab, n.d.).  By abstracting the underlying code into these 

puzzle pieces, the creators propose that “this environment allows students not only to master 

programmatic constructs before syntax but also to focus on problems of logic before syntax” 

(Malan & Leitner, 2007, p. 223).  Originally designed for children (8-16), Scratch is currently 

being used in over 150 countries and available in more than 40 languages, and at all levels of 

education (elementary to post-secondary) (MIT Media Lab, n.d.).  Beyond the originally targeted 
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age group, the Scratch team believes that it is also a useful tool for novice programmers at post-

secondary levels (Malan & Leitner, 2007).  Their own initial research showed that the majority 

of participants (76%) found the use of Scratch in the early classes had a positive influence 

towards their introduction to the Java programming language (Malan & Leitner, 2007, p. 226).  

Although the results of this “in-house” small sampling of summer school students (N = 25) 

should be viewed with a critical eye, a subsequent study by Armoni, Meerbaum-Salant, and Ben-

Ari (2015) found similar results when using Scratch as an introductory tool for gaining computer 

science concepts in middle school before learning advanced programming languages at the 

secondary level.  In exploring why this application may provide these benefits, Saltan and Kara 

(2016) focused on the standard technology acceptance criteria of the perceived usefulness and 

ease of use.  Categorizing Scratch as “algorithm visualization software”, their results showed that 

participants identified the engaging visual interface, the embedded pedagogical supports, and the 

facilitation of computational thinking as the main factors in perceived usefulness (Saltan & Kara, 

2016).  The major reported elements contributing to perceived ease of use were: an interface 

familiar to users in general style; the colour-coding of blocks; and the drag-and-drop interactive 

mechanism (Saltan & Kara, 2016).  Additionally, the researchers found that gender, 

programming background, and years of experience did not play a significant role in acceptance 

scores (Saltan & Kara, 2016).  Regarding the significance of these observations as they pertain to 

this study, the Scratch application provides evidence that an interactive digital model can be used 

effectively in the field of computer science (Armoni, Meerbaum-Salant, & Ben-Ari, 2015; Malan 

& Leitner, 2007; Saltan & Kara, 2016). 
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Summary 

Based on the literature reviewed as part of this study, it would appear that there is an 

absence of research literature on JavaScript instruction and teaching the DOM.  The most 

relevant JavaScript research shows that the DOM represents a problematic theoretical concept 

for learners, addressing the first sub-question of this research, and serves to generally validate the 

lived experience of the researcher in this study as a professor of web development (Alston, 

Walsh, & Westhead, 2015).  Through the model-based learning (MBL) literature, the second 

research sub-question found support in finding an approach that is appropriate (and popular) for 

assisting learners of STEM related subjects (Seel, 2017).  Heeding the caution of Seel (2017), 

this research study reviews any identified or proposed mental models of the DOM that were 

found as part of the data collection, not merely to answer sub-question two, but also to evaluate 

the balance of simplification without oversimplification of the DOM phenomenon, and examine 

whether the mental models of the research participants may have been negatively impacted by an 

oversimplified mental model.  Technology-enhanced model based instruction (TMBI) literature 

showed that digital simulations may lead to improved learning outcomes with a properly timed 

intervention that requires a degree of domain knowledge (Mulder, Lazonder, & de Jong, 2015), 

and by providing proper support for self-directed learning (de Jong & van Joolingen, 1998; 

Mulder, Lazonder, & de Jong, 2015; Shen, Lei, Chang, & Namdar, 2014).  Additional benefits 

such as the promotion of systems thinking and of a scientific mindset (Kozhevnikov, Gurlitt, & 

Kozhevnikov, 2013; Shen, Lei, Chang, & Namdar, 2014) may accompany the unique 

affordances of this modality.  These benefits are in line with the qualities expected by industry of 

my learners (Canada. Department of Employment and Social Development., 2019).  If the 

unseen mechanisms of the DOM are identified by the research participants in this current study 
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as a barrier to their learning, digital simulations may be an appropriate support for their learning 

(de Jong & van Joolingen, 1998; Develaki, 2017; Mulder, Lazonder, & de Jong, 2015; Shen, Lei, 

Chang, & Namdar, 2014).  The limited literature regarding JavaScript instruction offered no 

solutions to the research questions of this study, it merely served to confirm the positon of this 

study, however, the literature reporting on model-based learning and technology-enhanced model 

based instruction offers transferable benefits and affordances that address the challenges 

encountered by the web development students participating in this current study.  
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Chapter 3: Methodology 

Methods 

This research used an exploratory case study methodology, specifically the TYPE 2 

(single-case embedded) approach as described by Yin (2018).  Before arriving at selecting this 

specific methodology, the stated intention of striving to generate an understanding based on the 

collected data indicated that the “bottom-up” approach of an exploratory method would align 

with the general objectives of this research (Johnson & Christensen, 2014, pp. 7-8).  As case 

studies are a “preferred strategy” for answering “how” and “why” questions, a case study was 

selected as a fitting methodology for investigating how a digital mental model may support 

learners, and why the DOM can be problematic for novices (Yin, 2018, p. 2).  Additionally, the 

research study did not require control over behavioural events, and the focus of my research was 

on a contemporary issue, which further confirmed my selection of the case study as the most 

suitable methodology (Yin, 2018).  Apart from the logistical restrictions preventing me from 

engaging in a multiple-case design, the rationale for selecting a single-case design was that there 

is a paucity of research concerning this topic directly.  As a result, this research could qualify as 

a revelatory case, or perhaps as a pilot case, which are both rationales legitimizing the use of a 

single-case methodology (Yin, 2018).  To triangulate the investigations into the research 

questions, three separate sub-groups were examined in my sample.  Yin (2018) characterizes the 

examination of subunits to the phenomenon as an embedded case study.  Ultimately, through the 

aforementioned considerations, it was concluded that an exploratory single-case embedded case 

study would be the most appropriate option for this research. 

To acquire the data, the study utilized a mixed methods approach with an emphasis on 

qualitative methods to answer the main research question and sub-questions, along with 
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quantitative methods for capturing demographic data.  Johnson and Christensen’s (2014) 

definition of quantitative, qualitative and mixed research informed this research where 

quantitative research follows a confirmatory scientific method, collecting numerical type data to 

test a theory; qualitative research follows an exploratory scientific method, collecting non-

numerical data (such as words and images) to generate a theory; and mixed research utilizes a 

combination of quantitative and qualitative methods to provide a richer understanding of a 

phenomenon (p. 2). 

Strategy and design.  

To investigate the questions posed by this research, this study explored the current mental 

models used to understand the DOM by web development instructors at a post-secondary 

college, by current students of a post-graduate, college-level web development program, and by 

recent graduates from the same web development program.  Data was collected using surveys or 

interviews with these three distinct groups, each with a specialized perspective on a “don’t know 

the DOM” to “know the DOM” continuum.  Through participant surveys and interviews, barriers 

and enabling factors to DOM comprehension were identified, coded and categorized, and 

ultimately led to new possibilities for the design of a mental model intended to facilitate the 

understanding of the JavaScript DOM. This is further described in the related sections that 

follow.   

Sample and sampling.  

The full sample for this research consisted of eleven participants (N = 11) selected 

through a purposive sampling approach (Luborsky & Rubinstein, 1995).  To establish an internal 

validity, three sub-groups were examined as part of this research, each with their particular level 

of DOM knowledge: current web development students, recent graduates of the same web 
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development program, and web programming instructors from other programs (Yin, 2018).  The 

rationale for selecting these three groups was that they covered the continua of expertise in 

JavaScript, as well as “expertise” in the learning pains of the DOM, and would therefore provide 

a full spectrum of perspectives.  To allow future research to investigate the possible impact of 

gender, age, previous computer programming experience, or of not having English as a first 

language, specific efforts were made to include a balance of participants belonging to these 

categories in this research.  Table 1 illustrates the unique affordances and limitations of the three 

groups regarding the information collected, the data collection method, and the number of 

participants for each group.  It should be noted that the “DOM Knowledge” descriptions are 

generalizations based on my experiences as an instructor for the course in question for the past 

four years, and that each year a small percentage of students and graduates (2 - 8%) possess 

advanced to expert DOM knowledge. 

Table 1 

General Characteristics of the Sample Sub-groups 

Sub-group Expected 

DOM 

Knowledge 

Expected Benefits 

to this Research 

Potential 

Limitations 

Data 

Collection 

Method 

Number 

Instructors Advanced to 

Expert 

May already hold 

the mental model 

sought by this 

research 

Are furthest from 

the perspective of 

being new to the 

DOM 

Interview n = 2 

Recent 

Graduates 

Intermediate 

to Advanced 

Have recently 

overcome the 

challenges of 

learning the DOM 

May have an 

incomplete or 

inaccurate 

understanding of the 

DOM 

Survey n = 2 
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Current 

Students 

Novice to 

Intermediate 

Are the target 

group of the results 

of this research, 

and may provide 

the keenest insight 

into the barriers for 

learning the DOM 

May have an 

incomplete or 

inaccurate 

understanding of the 

DOM 

Survey n = 7 

 

Recruitment. 

A third party was engaged to act as participant coordinator and manage communications 

with candidates during the recruitment process on behalf of the principle investigator.  For the 

current student sub-group, the participant coordinator invited all of my current students (N = 48) 

to participate in the research through two rounds of invitation-to-participate emails, and an in-

class recruitment presentation.  To create a graduate sub-group, I generated a list of 12 

candidates (with the aim of finding six participants) from my most recent graduates based on: 

their final mark in my class being 78% or higher; their participation in my class, and my 

recollections of their ability to articulate their thoughts and questions; and with the objective of 

creating a balanced spectrum of gender, prior programming experience, and having English as a 

first language.  This list was given to the participant coordinator who contacted the candidates 

through two rounds of invitation-to-participate emails.  From this list of 12 potential candidates, 

three recipients responded, and two completed and returned the survey.  The instructors invited 

to participate were colleagues working for the School of Media Studies & Information 

Technology at the Humber College Institute of Advanced Learning, with a minimum of five 

years of experience in teaching JavaScript.  Inclusion criteria in the purposeful sample included a 

diversity both in gender, and in having English as a first language.  These instructors were 

invited to participate by way of two rounds of invitational emails sent out by the participant 

coordinator.  Of the four candidates invited to participate, two agreed to participate, one 
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candidate responded that she no longer had time to participate, and one candidate did not respond 

to the invitation.  Instructor IN-01 (“Alan”) was selected because I had discovered in a past 

conversation with him (unrelated to this research) that he used the DOM tree in his instructional 

approach to teaching the DOM (Alan, personal communication, 2017).  Since his approach 

directly challenges the assertion of this study that this approach is problematic, I wanted to 

include him as a means of exploring a rival theory to this study.  Instructor IN-02 (“Bob”) was 

selected as a candidate for this research due to his numerous years of experience, and his 

innovative approach to computer programming instruction.  He uses programming board games, 

and programmable Lego robots in his classroom as instructional tools for computer programming 

skills.  Furthermore, he has completed research evaluating the efficacy of this approach in the 

classroom, which led me to expect academic and well-considered thoughts regarding JavaScript 

instruction. 

Data collection. 

The data collection process consisted of three distinct groups of interviews or surveys: 

instructor interviews (estimated to require 30 to 60 minutes), recent graduate surveys (estimated 

to require 30 minutes), and current student surveys (having questions identical to the graduate 

surveys, and estimated to require 30 minutes).  The interviews and surveys were designed to 

explore the participants’ experience in learning or teaching the DOM, looking for problematic 

issues, and for possible solutions or mental models that have been constructed by the participant.  

Invitations to participate were sent out by the participant coordinator to all three sub-groups 

simultaneously, and data were collected in parallel as participants responded.  An initial table of 

questions and their objectives is listed in Appendix A, and an overview of the sub-groups is 

provided in Figure 3. 
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Figure 3. An Overview of Sub-Group Participants Including Number of Participants, Expertise, 

and Methods of Data Collection. 

Instructor interviews (see Appendix B) were conducted individually in person by the 

primary researcher, in a semi-structured style to facilitate a guided conversation intent on gaining 

the insights and reflections of these participants (Yin, 2018).  Interviews were recorded as audio, 

then transcribed by the primary researcher to serve as the main data artifacts for this sub-group.  

Additionally, the interviewer took notes during the session to record any visual contributions not 

otherwise captured by the audio recording.  Instructors were asked to describe: the problems for 

learners as they perceive them, their personal evolution as instructors regarding teaching of the 

DOM, and, which JavaScript concepts they believe need to be understood by students before 

learning about the DOM. 

Surveys were selected for the graduate sub-group to simplify access for this off-campus 

group, and to manage the scope for the execution of this research.  These surveys (along with 

consent forms) were emailed by the participant coordinator to respondents agreeing to 

participate.  Surveys were also used for the current student sub-group to manage scope, and to 
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create a lower barrier for entry for this sub-group that may have the greatest degree of perceived 

risk in participating.  Interested student candidates were invited to complete the survey and 

consent form at the on-campus offices of the participant coordinator.  Students and graduates 

were asked to describe:  what the DOM is and how it works; how they would teach it to someone 

else; what they believe a learner needs to know before encountering the DOM;  and were there 

any instructional techniques utilized by their instructor that were harmful or helpful towards their 

learning experience.  The survey questions for the recent graduates and current students were 

designed to explore the process of meaning making and of building mental models around the 

DOM, inviting the participants to reflect on their learning process, and to identify any perceived 

pathways or barriers to this process (see Appendix B).  The first qualitative survey question (Q6, 

see Appendix B) asked participants to describe the DOM to a novice.  The intent with this 

directive was to avoid a technical answer, and to tap into the mental model that the participant 

had synthesized for themselves, as well as to discover possible mental models that might provide 

insight into answering RQ3 of this research, i.e. are there metaphors that would be useful for 

DOM instruction to novices.   

Due to the lack of existing research in this area of computer science, the instruments were 

of an ad-hoc nature (except where noted below) specific to the objectives of this research, and 

regrettably, were not piloted due to time constraints.  Each student and graduate survey began 

with a few questions to quantify the participant’s age range, gender, previous experience with 

JavaScript, previous experience with other programming languages, and ranking of English as a 

speaking language if it were not their mother tongue.  This section of the instrument was 

modelled after the demographics section of a survey instrument used by Saltan and Kara (2016) 

to evaluate the possible correlations of teacher participants between gender, years of 
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programming experience, programming background, “type” of high school they attended, and 

their acceptance of a technology-enhanced model based instructional tool (p. 153).  Regarding 

the gender classifications reported later in the participant summary tables, it should be noted for 

future reference that, while gender is described in these summaries as M (male) or F (female), 

these classifications were based on the responses from the participants.  The instrument (see 

Appendix B) simply asked participants to identify their gender, providing a blank space for their 

response with the intention of including gender identities that are non-binary. 

At the conclusion of the interview or survey, participants in all three sub-groups were 

asked to draw a visualization of how the DOM works (see Appendix C).  To ensure participant 

confidentiality, recorded data were anonymized, and all participants were assigned a unique 

participant number (Punch, 2016). 

Data analysis. 

As this research aimed to identify mental models, and not prove a theory, an overall 

inductive coding approach guided the data analysis process (Miller, 2013).  Each sub-group 

received two rounds of coding before a final round of coding that included all three sub-groups.  

The first round of the coding process for each sub-group was open coding where original codes 

(or codes created from the quotes of participants) were assigned to elements of the recorded data 

or contributed images (Gallicano, 2013).  The only two a priori terms were the high-level pre-

coded terms: “barriers” and “pathways”, referring to aspects of the DOM learning process 

identified by participants that either inhibit or facilitate the understanding of the DOM.  The 

second round of coding moved to axial coding, where connections among the codes were sought 

and established into categories or themes and sub-themes (Gallicano, 2013).  Once these two 

rounds of coding were completed for all three participant sub-groups, a final round of selective 



INVESTIGATING A NEW APPROACH FOR TEACHING THE JAVASCRIPT DOM  44 

 

 

coding was conducted incorporating codes from all three sub-groups identified themes across all 

participant data (Gallicano, 2013).  Through these phases and rounds, the data were analyzed 

through the code-to-categories-to-concept stages as described by Saldaña (2016) and completed 

the overall inductive coding process. 

Limitations and Delimitations 

In order to create a manageable scope suitable for the time limitations of this research, 

this initial investigation was constrained to investigating within: the 2018-2019 cohort of the 

post-graduate web development program that I teach for (with a target of eight participants); the 

most recent graduates from the 2017-2018 cohort (with a target of six participants); and faculty 

members that teach web programming for the School of Media Studies at my home college (with 

a target of three participants).  All students and graduates were aged 21 and up, with the majority 

reporting as 21-30 years of age.  Questions in the interviews were focused on learning to 

program interactions with the DOM using JavaScript, and did not make direct inquiries regarding 

other programming languages, nor into web programming in general.  As the students and 

graduate participants are all students and graduates of my class, the most obvious rival theory 

that must be kept in mind while reviewing the findings, is that student and graduate responses 

could be directly attributed to my influence as their instructor.  In order to prevent the possibility 

of content regurgitation, Question 6 challenged participants to explain the DOM to someone else.  

It was hoped that this approach would require the participant to position themselves in a place of 

empathy, and to re-think and reflect on what they know (or had been taught) in order to pass on 

the understanding to another novice.  Additionally, they were asked (Q10) about other resources 

they may have utilized, with the intention of examining possible alternative sources for their 

meaning making, and to identify other extant mental models that might be used. 
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Regrettably, due to unforeseen delays waiting for institutional approval before contacting 

participants, the research invitations were not sent out until the middle of the semester, 

coinciding with the Humber College Reading Week (a one week break from classes), then 

followed by mid-term exams, and cancelled classes due to inclement weather, which may have 

resulted in missing the targeted eight participants for the student sub-group.  One of my 

instructor candidates confirmed that she declined to participate due to her workload at that point 

in the semester (IN-03, personal communication, February 2019).  This does not explain the sub-

group with the poorest response, the recent graduates.  In reviewing the invitation email for this 

sub-group, I now recognize that the text of the invitation did not specify that intended candidates 

were part of a small select group being contacted for this research. Perhaps this lack of 

specificity made them perceive the email as a general email to all graduates and not specifically 

for a hand-picked short list of specially selected candidates, and consequently, was less 

motivating to respond to.  Regardless, with respect to the impact on this research, missing my 

targeted number of participants means that my original modest sample size was not met, and 

further lessens the likelihood that these results can be extrapolated with any meaningful 

significance. 

Another consideration in this exploratory study is the ad hoc nature of the instruments, 

which were not piloted before being administered.  Piloting could have clarified the gaps that the 

unpiloted instruments left unfilled. For example, the quantitative questions for the instructors 

asked them to evaluate how important DOM instruction was.  As noted above in my 

introduction, it is my position that the DOM represents perhaps the most important concept with 

regards to creating interactive web pages, however, neither respondent selected “most important” 
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for their answer.  Knowing that now, it would have been appropriate to ask the instructors to 

identify what they believed to be the most important aspects of working with the DOM. 

Overall, due to this relatively small case study and sample size from within the same 

program and institution, the results of this research cannot be taken as being representative of all 

students, graduates or instructors of JavaScript.  Additionally, due to the small sample size of 

participants that I am familiar with, it should be expected that I may be able to recognize 

participants based upon their responses, which must be considered to be an opportunity where 

bias may appear in reporting the research findings.  By investigating participants from three sub-

groups, it is hoped that the triangulation of data collected will provide an internal validity, and 

serve to mitigate this risk (Yin, 2018).  Regarding the data collection methods, since the research 

conducted asked participants to reflect on mental states and perceptions from the past, the 

resulting collected data is vulnerable to the inconsistencies, misperceptions, and interpretations 

inherent in self-reporting (Hoskin, 2012; Yin, 2018).  The flexible nature of the semi-structured 

interview strategy means that the results may not be replicable, and the inclusion of instruments 

that have not been tested externally should be kept in mind when reviewing the results, each as 

potential openings where researcher bias may appear.  Furthermore, as previously mentioned, the 

web development program accepts students with a range of prior experience in computer 

programming from complete novices through to those with degrees in computer science, 

therefore, corresponding extremes in results should not be surprising.  One final consideration is 

the possibility of inaccurate student survey transcriptions owing to a lack of domain knowledge 

by the research assistant that transcribed the student surveys.  Unfortunately, due to the COVID-

19 quarantine, I was unable to review the original surveys with the participant coordinator to 

confirm my suspicions.  In the two occurrences when I have adjusted the transcribed text to what 
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I believe to be the actual participant’s response, both instances are noted by […corrected term] in 

the text below. 

Ethical Considerations 

Punch (2016) notes that ethical considerations can be ill-defined, and subject to changes 

over time.  Within the sample of this research study are three distinct groups that each have their 

own ethical considerations and chronological situation to evaluate.  To manage these 

considerations, I will use two of the three perspectives identified by Punch (2016) based on 

historical branches of ethics, and through which we may address the requirements of a “complex 

research scenario” (p. 26).  The first perspective he identifies as deontological ethics, viewed 

through the lens of duty, and characterized by asking: what are the established rules, or, what is 

my duty to do in this situation (Punch, 2016, p. 27)?  The second perspective is the teleological 

ethical perspective, which focuses on the end result, and the anticipated balance between 

possible benefits, and potential harm for the participants and stakeholders (Punch, 2016, p. 28).  

The final ethical perspective, aretaic ethics, strives to act virtuously, that is, “in accordance with 

the traits, or dispositions, of the virtuous person” (Punch, 2016, p. 28).  For my proposed 

research, the deontological safeguard is provided and enforced by the Research Ethics Boards of 

two institutions and will provide the framework for institutional and procedural ethical integrity.  

Guiding the unique situational ethics of the research context, a teleological approach will be used 

to evaluate considerations of risk and benefit for each of the three sub-groups in the sample.  The 

aretaic perspective will not be used for this research, as the definition of a virtuous person is 

subjective in nature, and not otherwise helpful for this research.  Following the teleological 

perspective, I will now summarize my perceptions of the possible benefits and potential risks for 

the three sub-groups that make up the sample of my research. 
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As a starting point, I contacted a researcher at the Humber Centre for Teaching and 

Learning and requested that he act as a third-party participant coordinator to maintain the 

anonymity of all participants.  In this role, the participant coordinator emailed the invitations to 

all three sub-groups, presented an in-class invitation to the current students, and handled all 

communications for all three sub-groups.  The participant coordinator also administered and 

collected the surveys from the student and graduate sub-groups, and anonymized the participant 

data for the student and graduate sub-groups. 

Instructor participants. 

The ultimate outcome for this research is to explore alternative methods to improve the 

efficacy and accessibility of JavaScript instruction, which can certainly be perceived as a benefit 

for all instructors of JavaScript.  Additionally, it is anticipated that the interviews and findings of 

this research will benefit the community of practice for computer programming within my home 

institution.  Despite these intended benefits, it is possible that some colleagues may be afraid of 

having their best practices “stolen” and incorporated into an application over which they have no 

control (or credit).  Contrary to this perspective, Punch (2016) cautions that, in some cases, 

“participants may actually prefer to be named in the research report” (p. 36). To mitigate both of 

these perceived risks, I included text in the opening of the interview script, and on the consent 

form detailing what the intended use of data being collected during the interview was for, and 

that their contributions would be anonymized, and that they would be assigned a unique 

participant identification number to protect their anonymity.  Due to the low number of instructor 

participants, another issue for this sub-group is the possibility of being identified despite 

anonymization efforts.  To address this concern, both instructors were provided with an excerpt 

from this document which introduces and briefly describes them, along with the caution that 
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their identity may be deduced by colleagues. In both cases, the instructors approved their 

description, and acknowledged the warning of possible identification. 

Recent graduate participants. 

This is the group that I feel had the least vulnerability to potential harm, as they have 

graduated, and therefore neither they, nor myself, are beholden to the other.  While my 

perspective seems absolute, it should be noted that previous students of mine, when asked to 

participate in feedback sessions aimed at improving future cohorts, have occasionally voiced 

concerns that their participation would be helping their future “competition”.  Personally, I do 

not perceive this perspective as a legitimate concern, but I mention it here in the interest of 

providing full disclosure within a section intended to identify all possible risks.  Beyond this 

concern, the validity of the collected interview data, may be at risk due to the personal feelings 

of the participant towards me.  Criticism may be avoided or diffused for fear of hurting my 

feelings or damaging my professional reputation.  To mitigate this risk, the email invitation and 

the survey included text highlighting the importance of their honesty in helping me (and future 

generations) with this issue, and sought to make them feel comfortable to participate fully and 

honestly.  Additionally, candidates for this sub-group were invited to participate by an email sent 

through the participant coordinator who also handled all communications with them, and 

received the returned surveys.  The graduate sub-group participants were assigned unique 

participant identification numbers by the participant coordinator to anonymize their data before 

being handed over to the principal researcher. 

Current students. 

Students that participated in this research could benefit from a process that guided them 

to reflect upon their learning from the previous semester and their understanding of the DOM, 
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and perhaps identify any gaps in their learning that may have otherwise gone unaddressed 

without their participation in this research.  In terms of the possibility of risk of harm, I believed 

this group to be the most vulnerable, and deserving of extra effort and consideration regarding 

their participation in this research.  Students may conceivably have experienced psychological 

distress or negative self-perceptions by being made aware of their gaps in knowledge, or from 

fear of “letting me down”, or fear of showing my teaching to be ineffective.  While I anticipated 

that the possibility for this risk was minimal, I mitigated this risk by engaging the participant 

coordinator to act as a third-party to present an in-class invitation to contact him by email 

(should they wish to participate) and go to the Centre for Teaching and Learning to complete the 

survey.  I felt that this extra step safeguarded their anonymity from me, as well as from their 

fellow classmates.  In the student consent form I acknowledged the possible risks noted above, 

and provided contact information for a free tutoring resource should the student feel that extra 

support was required. Additionally, the invitation and the consent form clearly stated that their 

participation in (or withdrawal from) the study would be completely anonymous to me, and 

would have no bearing on their standing in the course.  Completed hand-written student surveys 

were assigned a participant identification number and transcribed to a digital file by a research 

assistant at the Centre for Teaching and Learning.  Any labels that the student created for their 

illustration (Q13) were transcribed to stickers by the research assistant, and placed over the 

handwriting, in order to anonymize the handwritten text and prevent the principle investigator 

(also their instructor) from recognizing the handwriting of the student.  With these strategies and 

safeguards in place and approved by both REBs, the research was ready to commence.  In the 

next chapter the data collected using these methods are described and analyzed. 
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Chapter 4: Findings and Analysis 

This chapter reviews and compares the interview and survey data collected from the three 

sub-groups, focusing first on each sub-group individually, followed by a summary of the 

collective findings.  All images generated as part of this research can be found in Appendix C. 

Findings: Instructors 

The two instructor candidates that agreed to participate were assigned unique participant 

identification numbers and pseudonyms to protect their identity (see Table 2), and participated in 

a one-on-one interview with the principal investigator.  The following chart represents the 

demographic data for these participants. 

Table 2 

Demographic Data for the Instructor Sub-group 

Unique Participant 

Identification 

Number 

Pseudonym 

Assigned 

Age Range Gender Number of Years 

Teaching 

JavaScript 

English 

Skills 

HTTP-19-IN-01 Alan > 40 years M ~ 10 years First 

language 

HTTP-19-IN-02 Bob 31-40 years M ~ 18 years First 

language 

In the quantitative section of the interview (Q2 and Q3), neither instructor selected the 

DOM as being the most important element of JavaScript comprehension, nor the most difficult 

element to learn, relative to the overall experience of learning JavaScript.  Rather than comparing 

the remaining interview responses from the instructor participants question-by-question, I 

believe that the research questions of this study would be more appropriately addressed by 

examining a summary of each instructor participant individually.  Through this approach I aim to 

provide a holistic portrait of each instructor and the perceptions and meaning-making strategies 



INVESTIGATING A NEW APPROACH FOR TEACHING THE JAVASCRIPT DOM  52 

 

 

that they shared in response to the interview questions.  The following are summaries of the data 

collected and impressions upon the interviewer gained through the interviews conducted with 

each instructor participant. 

Alan. 

An energetic individual with experience teaching at other institutions, Alan selected “Top 

5 important” to represent how significant the DOM concept is, relative to other elements of the 

JavaScript programming language.  Regarding the difficulty of learning the DOM compared to 

the overall experience of learning JavaScript, Alan selected “Equally difficult”, then, “More 

difficult than most” to represent his perceptions.  After making this selection, clarifying that it 

was between the two options, he elaborated, “with HTML you need it [DOM interaction] to, to 

[sic] actually make anything really work”, but had observed that, “it can be difficult for people to 

wrap their heads around that kind of way of thinking” (Alan, personal communication, February 

26, 2019).  Alan introduces DOM concepts half-way along his critical path, after programming 

fundamentals, once the in-class discussion evolves to connecting and interacting with a web 

page.  Depending on the course objectives and the level of the learners, Alan might explore 

DOM manipulation the “easy” way utilizing jQuery (a JavaScript extension that simplifies DOM 

interactions), or the “hard” way teaching DOM access at the node tree level (Alan, personal 

communication, February 26, 2019).  Apart from coding knowledge, Alan believes that the better 

understanding one has of HTML elements and their attributes, the quicker the understanding one 

will have of the DOM.  When asked about specific approaches or strategies utilized for DOM 

instruction delivered to novices, Alan shared a preference for using digital tools that allow the 

user to see the DOM tree or elements of a website, and then manipulate the elements of a 

working example through a digital interface.  Specifically, he named the developer tools built in 
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to most web browsing applications that web developers use to analyze and debug a web page, 

and, additionally, generally referenced other similar digital tools.  Alan finds that the visual 

presentation of the website and the ability to “play” or “mess” with the DOM through such 

interactive models provides an effective instructional tool for novices as well as intermediate 

learners (Alan, personal communication, February 26, 2019).  Starting DOM instruction with the 

DOM tree can be problematic, he believes, stating that it can be “tough for most people, even 

for, for [sic] developers it is tough to start that way” (Alan, personal communication, February 

26, 2019).  When asked if his methodology for delivering DOM content had changed over time, 

Alan described how he moved away from using the DOM tree as his instructional approach, and 

towards incorporating the previously mentioned visual tools, attributing this change to the 

improvement of these tools since he first started teaching.  Alan recalled that the students “hated” 

the “node by node” approach, and cited seeing the frustration on his students’ faces as an 

additional motivating factor for modifying his methods (Alan, personal communication, 

February 26, 2019).  Furthermore, he had observed a shift towards seeing more designers 

enrolling in programming courses, and Alan modified his instruction for these learners away 

from comprehensive technical accuracy, towards a simplified and less technical working 

knowledge of the DOM.  The interview survey shifted towards exploring perceptions of the most 

difficult aspects of the DOM to teach, revealing that Alan believes that the DOM tree “node by 

node” approach is the most difficult part of teaching the DOM, opining that this approach should 

be reserved for learners who are “doing something almost so experimental or so different” that a 

novice understanding would not suffice (Alan, personal communication, February 26, 2019).  

Alan stated that the second most difficult aspect is convincing learners of why they need to 

understand how the DOM operates at that level.  Overall, Alan determines the depth of his 
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instruction based on the learning objectives for an individual course, saying that for learners 

building basic websites, “just having them understand the DOM’s there is enough.”, while those 

building sophisticated web applications would need a deeper understanding of the DOM (Alan, 

personal communication, February 26, 2019).  He notes, however, that memorizing everything is 

not a realistic objective, but having an understanding of how the DOM works at the node tree 

level could facilitate achievement of web applications with greater degrees of sophistication.  

The last question of the interview (Q 11) invites the instructors to draw a graphical 

representation of how the DOM works, and to label the parts of the drawing that they felt were 

important (all images generated as part of this research can be found in Appendix C).  Alan 

sketched a simple DOM tree (see Figure 4) showing the Document object at the top of the tree 

connecting down to the Window object, connecting down to the <html> element, connecting 

down to the <head> and <body> elements, connecting down to empty lines representing 

placeholders for any additional elements that might be desired.  At the bottom of the drawing, 

Alan added a line of JavaScript code as an example of how he would access the tree at the node 

level.  During the explanation of his illustration, he remarked that, “with students I don’t think 

this hierarchy works for them”, further clarifying that his depiction is, “the way I would have 

been taught it, [it] is the way I would think it, but not the way I would teach it” (Alan, personal 

communication, February 26, 2019). 
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Figure 4.  “Alan’s” representation of the DOM. 

Bob. 

The second instructor interviewee has a quiet cleverness that compels one to lean in and 

listen.  Paradoxically, Bob’s reputation in the faculty is for dynamic and engaging classroom 

activities, such as using board games and Lego robots to teach computer programming skills.  On 

the Likert survey of options, Bob selected that understanding the DOM was an “equally 

important” concept relative to other elements of the JavaScript programming language and, 

regarding the difficulty of learning the DOM relative to the overall experience of learning 

JavaScript, Bob selected “More difficult than most” to represent his perceptions.  Bob has only 

recently (in the last three or four years) dedicated a specific day in his critical path to explicit 

DOM instruction.  Prior to that, DOM concepts would be discussed inherently by covering topics 
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that utilized the DOM, such as events, and modifying web page content.  In tandem with our 

discussion of the evolution of his practice, Bob described how his approach to DOM instruction 

delivered to novices (as well as his approach in general to computer programming instruction) 

had shifted to providing numerous examples and “very guided in-class coding exercises” where 

each programmatic task is broken down into smaller discrete steps (Bob, personal 

communication, February 28, 2019).  The example he put forward in our interview was the 

challenge of creating a slideshow, saying that if he directly tasked his students with building a 

slideshow, he found that students would typically focus on building a slideshow as the problem 

to solve, which frequently led them to search for working slideshow examples to copy from.  

Whereas, if he breaks the larger task into smaller steps, the first problem to solve becomes: how 

to create a web page?  Bob believes that assigning these progressive problems to solve puts the 

focus on how to achieve the next step, rather than what is the next step, and that this scaffolded 

approach leads to a deeper understanding when students are writing their programming logic 

“line by line” (Bob, personal communication, February 28, 2019).  The second to last question of 

the survey (Q10) explored perceptions of the most difficult aspects of the DOM to teach.  Bob 

indicated that there are two JavaScript methods with very similar names but with very different 

outputs that are the source of the greatest misunderstandings that he has observed in his students.  

For his graphical representation of the DOM and how it functions (see Figure 5), Bob drew 

boxes to represent the nested elements, with a large box filling most of the page labeled, 

“HTML”.  Inside the top half of this box, he drew a box with the label, “HEAD”, representing 

the <head> element, and under that, an equally sized box labelled, “BODY” representing the 

<body> element.  Inside of the body box, Bob drew two boxes side by side, with the left box 
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labelled, “P”, representing a paragraph element containing text, and the right box labelled, 

“IMG”, representing an image element containing attributes. 

 

Figure 5. “Bob’s” representation of the DOM. 

Instructor Findings Summary. 

As noted above, neither instructor selected the DOM as being the most important element 

of JavaScript comprehension, nor the most difficult element.  Regrettably, this study did not 

discover from these instructors which elements would rate higher in these categories, or if their 
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selections were merely examples of central tendency bias, where participants in Likert surveys 

tend to avoid selecting extreme values (Douven, 2018).  Both instructors shared that a degree of 

prior domain knowledge in HTML, CSS and JavaScript techniques is required before DOM 

instruction can begin, though some DOM instruction can occur coincidentally as part of the 

instruction for other programming topics.  The instructor participants communicated their beliefs 

that the depth of DOM instruction should match the learning outcomes for the students, and that 

an understanding of DOM structures and relationships may be supported by dividing larger 

challenges into smaller guided steps, or through digital models that allow users to play with the 

DOM.  Both of these latter two approaches align with principles identified in cognitive load 

theory, where the scaffolded steps map to the isolated elements effect, and encouraging learners 

to play with the DOM could be considered to be activating the goal-free effect when a challenge 

excludes a means-ends requirement (Sweller, Ayres, & Kalyuga, 2011).  Neither instructor 

participant represented dynamic action or interactions in their drawings, nor provided a clear 

metaphor that would satisfactorily answer RQ3 directly.  Despite a specific prompt to Bob 

asking him to represent how the DOM works (after he had completed his drawing), Bob stated 

that he was not able to represent how it works on his drawing.  When asked during the interview 

about the use of metaphors in his classroom, Bob stated that he did not make use of any 

metaphors, but had heard someone reference Matryoshka (Russian nesting dolls) as a metaphor 

for how HTML elements can contain child elements, which can contain child elements and so 

forth.  In Alan’s response to whether his methodology had changed over time, he also referenced 

“those Russian dolls” when describing the phenomenon of nested elements (Alan, personal 

communication, February 26, 2019).  When asked about his use of metaphors in the classroom, 

Alan stated that he “sometimes” uses the tree metaphor and extends the analogy using terms such 
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as “branches”, “twigs” and “apples” to describe elements or content of the DOM tree (Alan, 

personal communication, February 26, 2019).  Although he did not describe the DOM modeling 

tools that he prefers as a metaphor for the DOM, Alan restated his preference for using the digital 

applications for letting students self-discover DOM mechanics, which may be considered a 

metaphor, or a digital model of the DOM. 

Findings: Recent Graduates 

This section will summarize and compare the survey data provided by the participants in 

the recent graduate sub-group.  Below, a chart shows the demographics and participant 

information for the two recent graduate participants, followed by a summary of their responses to 

the survey questions. 

Table 3 

Demographic Data for the Recent Graduate Sub-group 

Unique 

Participant 

Identification 

Number 

Pseudonym 

Assigned 

Age 

Range 

Gender Previous 

JavaScript 

Experience 

Other 

Programming 

Languages 

English 

Skills 

HTTP-19-GR-

01 

Cam 21-25 

years 

M 7-12 months C++, C#, 

PHP, Python, 

HTML, 

XML, Java, 

SQL 

First 

language 

HTTP-19-GR-

03 

Deb 26-30 

years 

F None None First 

language 

 

Cam. 

The younger of the two participants in this category, Cam possesses the greatest amount 

of prior programming experience before beginning the post-graduate web development program, 
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noting multiple diverse programming languages including seven to twelve months of JavaScript 

experience.  Cam felt that, before beginning DOM instruction, a novice programmer would need 

to have “basic HTML knowledge and a rough understanding of the HTML elements” (Cam, 

2019).  When asked how he would describe working with the DOM to a novice programmer, 

Cam simply described working with the DOM as being akin to, “pulling at a puppets [sic] 

strings” (Cam, 2019).  When the survey questions enquired as to perceived barriers or pathways 

to understanding the DOM, Cam stated that in-class worked examples, followed up shortly after 

with an opportunity to practice new skills through a lab exercise made it easier for him to 

“understand and retain the information” (Cam, 2019).  He recalled that the introduction of 

jQuery in a subsequent lesson was a confusing barrier to his DOM understanding, but noted that 

it was likely a jQuery syntax issue, and possibly a “common pain point” for novices when first 

introduced to jQuery (Cam, 2019).  Cam also admitted to being confused by a seeming ability to 

manipulate the DOM without requiring the proper technique taught in class.  This issue relates to 

a feature (now considered a flaw) in an early version of a browsing application, and is not related 

to how the DOM works according to specification (Smart, 2011).  Cam did not perceive any 

confusion regarding the DOM as being attributed to instructional methods, and did not feel the 

need to seek additional resources beyond those provided in class.  In his graphical depiction of 

the DOM (see Figure 6), Cam drew a box at the top of the page with text stating, “HTML DOC”.  

At the bottom centre of this box, an arrow led down to a similarly sized box labeled, 

“ELEMENT’.  From the bottom of this box, three arrows led down to three side-by-side boxes, 

all labeled, “ATTRIBUTE”.  From these, we can infer the document node connected to an 

element node, connecting to attribute nodes.  Underneath his drawing, Cam noted, “It’s been a 

while so I’m sure there is more, but this was the majority that I used it for” (Cam, 2019). 
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Figure 6. “Cam’s” representation of the DOM.  

Deb. 

Deb, a complete novice to computer programming when she started at Humber, described 

the DOM as a “collage of elements”, with a structure similar to a document, within which, 

manipulation of the document could occur (Deb, 2019).  She further described the collage as 

having “public facing elements (frontend)” and “elements hidden in ‘behind the scenes’ 

(backend)” (Deb, 2019).  When asked about what knowledge may be required before DOM 

instruction, Deb stated that it was “very important to know HTML before one can learn about the 

DOM” (Deb, 2019).  Regarding perceived pathways or barriers to DOM understanding, Deb 

admitted to feeling “often confused” during her studies, relating it to “how challenging it is to 

learn how to program in such a short period of time.”, and stated that the “different components 

and their unique functionalities” were the most difficult aspect of the DOM learning process for 

her (Deb, 2019).  Deb identified the use of metaphors as being an effective instructional device, 

specifically mentioning a Monopoly board game metaphor used to introduce the computer 

programming concept of objects.  She recalled “a big lightbulb moment” that she experienced 
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when a professor answered one of her questions utilizing a metaphor that mapped to her previous 

profession (Deb, 2019).  Deb described the resources provided to her by the program as “vast” 

and replied that she did not feel the need to seek supplementary resources (Deb, 2019).  For her 

visualisation (see Figure 7), Deb drew a three dimensional box, labeling the top layer with 

“DOM”, “FRONT-END”, along with <html> and <body> elements.  The back layer was labeled 

“BACK END”, and “AJAX”, which is a technology that facilitates the updating of a section of a 

web page.  Distinguishing herself from the illustrations of the three previously discussed 

participants, Deb indicated interaction between the web page and the logic.  She conveyed 

interaction between the layers by adding a pair of purple two-way arrows connecting the top 

layer to the bottom layer, labeled, “Event Handlers”. 
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Figure 7. “Deb’s” representation of the DOM. 

Recent Graduates Summary. 

The data from recent graduates indicated that there were no perceived barriers to 

understanding the DOM attributed to instructional techniques, to provided resources, or through 

the lack of provided resources.  This suggests an absence of overtly obvious extraneous cognitive 

load issues (Sweller, Ayres, & Kalyuga, 2011).  The use of metaphors, and in-class worked 

examples with the opportunity to practice the discussed techniques soon after, were identified as 

being instructional strategies that were perceived as effective.  Factors perceived as barriers to 

comprehending the DOM were: the introduction of jQuery syntax; inconsistent results due to 
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previous versions of web browsing applications; differentiating the components and functionality 

of the DOM; and, the general challenge of learning web programming in a short amount of time.  

When asked about what knowledge may be required before DOM instruction, both graduate 

participants stated that having knowledge of HTML and HTML elements was important, with 

Deb specifying that it was “very important” (Deb, 2019).  Metaphors extracted from this 

subgroup to possibly address RQ3 are: puppet master, a structured collage of elements, and, 

interacting front and back layers.   

Findings: Current Students 

In this section the data collected from the current student sub-group (n = 7) will be 

summarized.  To facilitate the discussion of the results, multiple tables have been created to 

highlight specific aspects of the participants and the survey responses.  The first table reports on 

the demographic information provided by the respondents, the second table will show survey 

responses regarding challenging concepts in JavaScript, the third table presents perceptions of 

barriers or pathways resulting from instructional methods or resources, and the fourth table 

summarizes metaphors provided by the participants.  The illustrations contributed by these 

participants can be found in Appendix C.  You will note that ST-05 (“Hera”) does not provide 

any responses after question 8.  The Participant Coordinator reported that this student had to 

leave before finishing the survey but did not return at a later date to complete it. 

Table 4 

Demographic Information for the Current Student Sub-group 

Unique 

Participant 

Pseudonym 

Assigned 

Age Range Gender Previous 

JavaScript 

Experience 

Other 

Programming 

Languages 

English 

Skills 
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Identification 

Number 

HTTP-19-ST-

01 

Eric 31-40 years M > 2 years C,C++, PHP 

[…corrected 

term] 

Strong 

HTTP-19-ST-

03 

Fay 21-25 years F < 6 months No response Very 

strong 

HTTP-19-ST-

04 

Guy 26-30 years M < 6 months Not answered Very 

strong 

HTTP-19-ST-

05 

Hera > 40 years F None No response Very 

strong 

HTTP-19-ST-

06 

Ian 26-30 years M None N/A N/A 

HTTP-19-ST-

07 

Jay 21-25 years M < 6 months HMTL and 

CSS 

Average 

HTTP-19-ST-

08 

Kal 26-30 years M None N/A Left blank 

 

The table above shows that five of the seven participants were under 30 years of age, and 

that all but one participant had fewer than six months of JavaScript experience. It is interesting to 

note that the 5:2 ratio of participants identifying as male versus participants identifying as female 

is not representative of the 50:50 ratio that has been seen in the classroom for the last five years.  

Despite a predominance of responses indicating that English was not their first language, five out 

of seven participants indicated that they possessed English skills at a ‘very strong’ level or as a 

first language (inferred from a non-response to Q5).  The next table provides insight regarding 

perceptions by current students of difficult concepts, and of what prior knowledge they believe a 

novice should possess before learning the DOM.  The top row of the table identifies which 

survey question the column corresponds to. 

Table 5 

Current Student Responses to Survey Questions 7, 11 & 12 Regarding JavaScript Concepts 
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Student Q7. Prior Knowledge 

Required 

Q11. Most Difficult 

Concepts 

Q12. Requires Further 

Clarification 

Eric Object oriented 

programming concepts 

The web page as an object Advanced JavaScript 

technique (web scraping) 

Fay JavaScript objects DOM tree relationships 

and methods 

DOM tree traversal; 

difference between 

document and window 

objects 

Guy Unable to answer What exactly does the 

DOM do? 

None. 

Hera HTML, CSS, 

JavaScript 

No response No response 

Ian HTML, basic 

JavaScript concepts 

(objects) 

The HTML markup as an 

object 

Exact nature of the DOM 

Jay Basic JavaScript 

concepts 

How the DOM interacts 

with the application 

Can’t recall anything 

Kal HTML How different technologies 

interact with the DOM 

Limitations of JavaScript to 

manipulate the DOM 

 

The participants that responded (n = 6) collectively felt that a novice should have an 

understanding of HTML, CSS and basic JavaScript before beginning DOM instruction, with half 

of the respondents specifying the need for an understanding of objects in JavaScript. The survey 

asked the participants what they felt were the most difficult aspects of the DOM to understand; 

their responses can be summarized by the following four questions: (a) How is the web page an 

object?; (b) What exactly does the DOM do?; (c) How does the DOM tree work?; and (d) How 

does the DOM interact with the application and other technologies? 

Regarding DOM concepts that continued to provide lingering confusion for these 

learners, the respondents expressed uncertainties around: the exact nature of the DOM; the 

difference between the document object and the window object; the limitations of JavaScript to 

manipulate the DOM; and the usage of the DOM for advanced data gathering techniques (by 
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Eric, the most experienced programmer).  Before departing from this topic, Guy’s response for 

Q7 of being unable to answer, but later responding in Q12 that he does not require additional 

clarification should be discussed further. Outside of his survey data shown in these tables, Guy’s 

responses to other survey questions included statements such as, “I often avoid mentioning the 

DOM explicitly in order to not feel dumb”, “I am shy about discussing”, and, “I feel how they 

work without knowing how to discuss them explicitly” (Guy, 2019).  While the response is 

recorded above as “Unable to answer”, I felt that the inclusion of the statements in the preceding 

sentence are warranted in the interest of completeness of reporting the survey results, and to 

provide insight into the struggles that a novice learner may experience that may not be cognitive 

in nature.  The next table highlights current student perceptions of barriers or pathways resulting 

from instructional methods or resources. 

Table 6 

Current Student Perceptions of Instructional Pathways or Barriers 

Student Q8. Instructor Pathways Q9. Instructor Barriers Q10. External Resources 

Eric Use of metaphor (Monopoly) None None 

Fay Provided good foundation; 

enthusiastic delivery 

Lack of clarity as to the 

nature of the DOM 

JavaScript techniques not 

taught in class 

Guy Visuals; repetition of core 

concepts 

None Googling & 

troubleshooting 

Hera Demonstrating DOM 

techniques 

No response No response 

Ian Clear and progressive 

delivery 

None Tutorial websites 

Jay Fun delivery with activities None Tutorial websites and 

videos; coding forums 

Kal Visuals Lack of visuals Recommended text book 

with visuals 
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In the results summarized above, several themes appear in the column reporting on 

pathways to understanding the DOM regarding instructional technique.  Most respondents 

indicated that visualizations (either stated directly, or indirectly as in the case of the Monopoly 

metaphor or fun activities) were beneficial in their learning process.  While adjectives such as 

fun are wildly subjective in nature (and perhaps seemingly unhelpful in this context), the student 

is recalling non-coding demonstrations delivered in the classroom that usually involved 

volunteers from the class and provided a metaphor for the topic to be discussed, hence, the 

feedback from this student can be considered a visualization and a metaphor.  Furthering the 

point of the perceived importance of visuals in supporting DOM instruction, Kal’s responses in 

particular, consistently articulate the significance of visuals.  Four respondents stated that the 

content delivery (through an appropriate amount of prior domain knowledge, or through the 

pacing and clarity of the demonstrations) was beneficial to their learning experience. 

Regarding perceived barriers, four of the six that responded did not experience any 

barriers to understanding the DOM as a result of instructional technique.  Although not listed in 

the table above, Guy and Ian’s open ended survey responses added that, while there were no 

perceived barriers due to their instructor, they were still not fully clear on what the DOM is and 

how it functions.  Expanding on her response to the barrier that she experienced, Fay wished that 

it had been made clear earlier that the DOM itself is not JavaScript, but is in actuality the 

programming interface that JavaScript utilizes, stating that she found it, “difficult to have that 

‘ah-ha’ moment when you are a new programmer (took me months to understand)” (Fay, 2019).  

Fay notes in response to Q10 that she overcame this confusion through her self-directed 

explorations of other advanced JavaScript applications and programming interfaces that were not 

covered in class.  Kal’s full response to Q9 may point to an optimal use of visuals stating that 
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having a visual before and after the application of a technique was the most beneficial, 

specifying, “When there was a code example that manipulates the DOM before I understood the 

visual model [it] made things a bit confusing. The visual before and after are important when 

using code to manipulate” (Kal, 2019).   Apart from the textbook used by Kal (the recommended 

textbook for the course), there were no external resources specifically identified by this sub-

group that were beneficial in learning the DOM.  The resources noted in the table above by the 

respondents were general references to resources utilized throughout the program.  In the final 

table summarizing current student responses, the attention is focused on discovering student 

generated analogies that represent the DOM. 

Table 7 

Analogies for the DOM Provided by the Current Student Sub-group 

Student Q6. DOM Analogy Q13. DOM Illustration 

Eric Real world objects Line of code accessing a web page 

Fay A control mechanism (modifiable document) DOM tree 

Guy A control mechanism (programmable robot) Layers of technology 

Hera A family tree No drawing submitted 

Ian A programming object Unsure of how to represent it 

graphically 

Jay No analogy provided Layers of technology (incorrect) 

Kal A family tree DOM tree 

 

When asked how they would describe the DOM to a novice, the responses (n = 6) fell 

into three categories.  Two participants felt that it was useful to map an understanding of 

programming objects to the document object.  While Eric specified “real world objects” in his 

response, he described them as having “properties and functions” which are terms used with 
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programming objects, which led me to categorize his response as being a programming object in 

nature (Eric, 2019).  Two participants (both having no prior computer programming experience) 

would use a family tree analogy to describe the DOM to novices.  Two participants described a 

control mechanism as the metaphor that they would utilize.  Guy’s control mechanism was an 

“eager robot” that he would teach to, “see it [the web page] the way I do” and to, “do things” 

(Guy, 2019).  Fay’s control mechanism was a live […corrected term] document.  Fay describes 

how one creates the foundation in HTML then, “through the DOM it becomes an organized 

thing” which, when modified, will reflect those changes in the web page (Fay, 2019).  In the 

final survey question where participants are asked to create illustrations that visualize how the 

DOM works (see Appendix C), two participants created representations of the DOM tree, and 

two participants represented the DOM as layers of technology, with labeled boxes representing 

the particular technology, and bi-directional arrows between boxes to indicate interactions 

between the layers.  Eric’s depiction (see Figure 8) showed a large box labeled, “DOCUMENT”, 

with a medium box and a small box inside of it. The medium box was labeled “FORM” 

(presumably representing a web form) with an arrow pointing to the smaller box labeled, 

“ID=FNAME” (presumably representing a form field which would ask for the user’s first name). 

Underneath the document box, Eric wrote a line of JavaScript code that would access the first 

name field through the DOM.  In Eric’s (the student with the most programming experience) 

representation alone, we see JavaScript accessing the web page through the DOM.  Ian did not 

provide an illustration, simply writing, “I am unsure of how I would graphically represent the 

DOM” (Ian, 2019). 
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Figure 8. “Eric’s” representation of the DOM. 

Current Students Summary. 

The current students indicated that it was important to have an understanding of HTML 

and CSS, as well as basic JavaScript concepts including objects prior to beginning DOM 

instruction.  The students struggled with: the idea that markup for a web page is transformed into 

a DOM tree of JavaScript objects, how the objects on the tree are related and accessed, and 

generally, what is the exact nature of the DOM.  Most students reported that they continued to 

experience confusion with these concepts at the time of this intervention.  No specific barriers or 

extraneous cognitive load issues due to instructional resources were identified by the students, 
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although one student wished for a more technical explanation of the DOM earlier on, and one 

student expressed a desire for more visuals to supplement the instruction.  Possible DOM 

metaphors shared from this sub-group include: a programming object, a control mechanism, a 

family tree/the DOM tree, and, layers of technology.  In additional to the cognitive challenges of 

creating mental models for the unseen interactions of the DOM, this sub-group of current 

students provided insight into other non-cognitive challenges that may act as barriers for novices 

through their DOM learning experience. 

Summary of Findings 

All three sub-groups agree that an understanding of HTML must be acquired before 

tackling the DOM, and the instructors and current students believe that comprehension of CSS, 

and basic JavaScript functions are also important prior to approaching the DOM.  The students 

reported that understanding how the web page becomes an object, and the general concept of 

what the DOM is and how it interacts with the page were the most difficult aspects of the DOM 

to understand.  A graduate found that understanding and differentiating the different methods and 

properties of the DOM to be the greatest challenge; one instructor expressed a similar opinion to 

this graduate, and one instructor felt that understanding why it is important to understand the 

DOM was perhaps one of the greatest DOM learning challenges. 

Generally, the graduates and students did not identify any barriers to DOM understanding 

due to instructional techniques or obvious extraneous cognitive load factors.  The exception to 

this was one current student that wished for a more technical explanation of the DOM earlier on.  

Regarding instructional techniques that provide pathways to understanding the DOM, the 

instructors believe that using digital tools that let the user play with the DOM, and staged 

examples will facilitate DOM instruction.  The student and graduate responses agreed that a 
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progressive approach with the opportunity to practice was a beneficial strategy, adding that the 

use of metaphors and visuals supported the DOM learning process.  Underneath the spectrum of 

DOM understanding explored through the surveys, uncertainty or malformed ideas regarding the 

nature of the DOM persist through the three sub-groups, and through the range of novice to 

expert participants.  Although not reported in the data charts above, several illustrations provided 

by the participants from all sub-groups contained inaccuracies or textual comments such as, “I’m 

sure there is more...” (Cam, 2019),   “I think this is the order?” (Fay, 2019), and, “Bear with me 

here” (Guy, 2019).  In the final chapter I will discuss what these findings suggest, and to what 

degree they answer the research questions of this study. 
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Chapter 5: Discussion and Recommendations 

This chapter addresses the initial research questions by synthesizing the study findings, 

reflecting on discoveries and new understandings brought about through the research, and by 

providing recommendations for future research and a proposed prototype for an interactive DOM 

simulator.   

A key finding from this research was a consistent uncertainty regarding the exact nature 

and function of the DOM across all sub-groups from novices through to experts.  Neither 

instructor was able to communicate how the DOM works with 100% accuracy, and several 

participants that communicated accurate representations expressed doubts that they were 

accurate.  This observation validates the position that the DOM can be a complex and confusing 

aspect of computer science worth examining and clarifying.  It is not an inaccessible concept as 

all participants appear to manage with a working knowledge of its functionality despite the 

absence of theoretical precision.  The student with the most programming experience (Eric) 

believes that comprehending the DOM will be “very easy” for someone with an understanding of 

Object Oriented Programming (Eric, 2019).  This comment reflects the situation that the DOM 

itself, as an aspect of computer science, is not a difficult concept, however it provides a 

significant challenge for those new to computer programming (Alston, Walsh, & Westhead, 

2015), and echoes Sweller’s (2019) observation: “information that is impossibly complex for one 

person may be trivially simple for someone else, depending on knowledge held in long-term 

memory” (p. 8).  Eric’s statement also supports the viewpoint that a clear mental model (or 

sufficient schema acquisition) is required to support the DOM learning process (Seel, 2017; 

Sweller, Ayres, & Kalyuga, 2011). 
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 Regarding the use of the DOM tree as an instructional tool, this research initially took 

the position that it was an ineffective approach for instructing novices.  The research data neither 

supports nor dismisses the claim that the DOM tree is an ineffective instructional tool for 

instructing novices. As evidenced in the interview with the instructor that used that approach, it 

was shared that he no longer uses it for novices, calling it the “hard” way. The instructor that did 

not teach the DOM explicitly, evolved his strategy to include it.  Similarly, two novices to 

computer programming reported that they would reference the family tree metaphor when 

describing the DOM to another novice, which suggests that it may be a clear and appropriate 

metaphor for beginners and should not be discarded.  So, where does this leave us?  This 

phenomenon of extended, working uncertainty may be evidence of liminality and identify the 

DOM tree (or the DOM itself) as a threshold concept.  Liminality has been defined as “the 

transitional period in which a learner occupies until they have mastered a threshold concept”, 

where learners, “may occupy a liminal space for many years until they have understood the 

threshold concept” (Alston, Walsh, & Westhead, 2015).  Accordingly, web development 

instruction would benefit from further explorations into threshold concepts as an approach to this 

issue. 

In considering the inclusion or exclusion of the DOM tree as an instructional tool, 

through the interviews conducted by this research, and the examination of the W3C 

specification, it would appear that understanding the DOM as a node tree represents the mature 

comprehension of the DOM for the expert web programmer.  It is not merely a mental model, 

but the working specification and the domain knowledge that permits a deeper understanding of 

the technology, facilitating the creation of web applications with a greater complexity.  

Therefore, its use as an instructional tool should not be eliminated from the process entirely, 
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however, based on responses from the instructors, and the reported experiences of students, using 

it on novices can be confounding and may frustrate the DOM learning process.  This suggests 

that the node tree should be introduced further along a critical path (perhaps once a working 

knowledge of introductory DOM methods and related schema have been acquired), and should 

depend upon the learning outcomes for that course.  Do the learners just need to make it work, or 

are their intentions to develop expertise?  These objectives should inform the depth of DOM 

instruction, and at what point (or if) inclusion of the DOM tree should occur.  The next three 

sections will directly address the research questions of this study, followed by recommendations 

based on the collected data. 

Which Aspects of the DOM are the Most Problematic for Learners New to JavaScript? 

The clearest feedback identifying confusing aspects of the DOM came from the students 

regarding the exact nature of the DOM: What/where is it? How does the HTML become a 

JavaScript object? How does it interact with JavaScript?  These are the questions that should be 

addressed earliest in DOM instruction and prepared for in advance with relevant schema 

strategies.  Consistent with the data collected, the latter two questions can be answered (or pre-

empted) with prior domain knowledge of Object Oriented Programming fundamentals. There are 

also lingering confusions for the intermediate to expert participants that need to be discussed in 

the interest of alerting instructional designers to misunderstandings that may be prevented earlier 

on for learners—perhaps by creating a metaphor that supports or reinforces the accurate 

information.  The confusion seen in the advanced (or more experienced) sub-groups regards 

differentiating the Browser Object Model (BOM, representing the browser window object) and 

the Document Object Model (representing the document object), and clarifying that the DOM is 

a property of the BOM (Geske, 2011).  Clarifying this aspect early on will additionally address 
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the first question listed above from the students: What/where is it?  Lastly, while not a technical 

aspect of the DOM, this study discovered that student engagement and other emotional 

challenges may act as factors affecting DOM instruction and should not be discounted when 

planning a web development course. 

Are There Common Metaphors or Mental Models that May Map to the Interactive 

Behaviours of the DOM? 

While instructors mentioned Matryoshka (Russian nesting dolls) as a metaphor for the 

DOM, neither instructor actually uses this metaphor in the classroom, as the analogy is limited to 

describing the nesting behaviour of HTML elements, and does not support a metaphor for the 

interactive DOM behaviours, making it an incomplete analogy.  While these charming dolls 

would make for an appealing visual, Seel (2017)  cautions against oversimplified models, 

believing that they may impede the learning process.  A similar impairment effect is identified in 

cognitive load theory when an inappropriate schema is utilized (Sweller, Ayres, & Kalyuga, 

2011).  Both instructors referenced the tree metaphor, either verbally or visually through the final 

illustration, however, only one graduate and three students referenced the DOM tree in their 

surveys, which reinforces the position that it is not effective as a teaching metaphor, even if it 

should be included in the content.  The control mechanism analogies provided by students 

(puppet master, modifiable document, programmable robot) are appealing as they imply one 

resource that operates a control mechanism to manipulate output through a final resource, which 

is in line with most of the purpose of a programming interface.  The missing piece for this 

category is the affordance of bi-directional access which is facilitated through the DOM, that is 

to say that JavaScript programming can get values from the web page through the DOM as well 

as send values to the web page (W3C, 2015).  With this in mind, it would appear that the 
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strongest metaphor collected from the participants of this research is the mental model of 

programming layers or levels that are interconnected.  This mental model aligns with existing 

mental models used in computer science to describe how programming functions may be 

separated into different files (or programming languages) according to their function in the 

application.  The term front end is used generally in the web programming industry to describe 

aspects of the application that the user can see (typically the HTML and CSS), and the term back 

end is often used to describe the logic programming that the user might not be able to directly see 

or interact with.  Microsoft (2019) refers to the ASP.NET technology as having a code-behind, 

while other strategies employ similar “layers” of programming separation, such as the Model-

View-Controller (MVC) approach, with Model representing the data set, the View being what 

the user can see, and Controller describing the logic programming that connects the data model 

to the viewport (Christensson, 2018).  Although all of these files described here could be in the 

same folder (and not literally stacked in layers), their functional descriptions map them to the 

mental model of layers of technology.  In addition to this mental model mapping to extant mental 

models held by industry, other non-computer-science bi-directional mental models map to this 

analogy. For example, if you consider the act of turning on a light in a room:  you can see the 

light and the light switch, you interact with the switch, the switch is connected to wires hidden 

behind the wall, the wires in the wall lead to the light and to the breaker box, the breaker box 

leads out of the house to the main power line for the neighbourhood, and when you flip the 

switch, the wires direct power from the main line to the light bulb. Other metaphors include 

plumbing in a house, and the human central nervous system.  This accessibility to real world 

mental models in addition to industry models represents an optimal situation for facilitating 

meaning making for novices that map naturally to industry mental models (Craik 1943, as cited 
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in Seel, 2017) and are more likely to be supported by existing schema that is already “familiar” 

to the learner (Sweller, Ayres, & Kalyuga, 2011, p. 18).  Therefore, a mental model of layers of 

programming is a promising possibility for use as a digital mental model. 

In What Ways May a Digital Mental Model Contribute to the Learning of the Document 

Object Model? 

If we accept the layers metaphor as the most viable analogy to arise from this research, 

the challenge becomes, how do we represent interactive layers for learners?  A website may have 

HTML markup in one file, CSS styling in another file, and JavaScript logic in a third separate 

file; how do we convey interactivity between these “layers”?  In the classroom, it is common to 

switch between these files in separate windows, which has a negative impact on extraneous 

cognitive load known as the split-attention effect (Sweller, 2019).  Additionally, the literature 

review and findings of this research showed that the unseen phenomenon of DOM interactions 

can be problematic for novices (Alston, Walsh, & Westhead, 2015).  An interactive digital model 

will address both of these issues through its ability to represent unseen behaviours such as DOM 

interactions (Shen, Lei, Chang, & Namdar, 2014), and provide a perception of depth for multiple 

technology layers all on one screen (Jones, et al., 2019).  Furthermore, the interview data 

collected as part of this research study indicate that the complexity of these layers prevented 

experts from fully mastering the intricacies of DOM interactions.  A digital model affords the 

ability to represent complex models (Develaki, 2017).   

Instructors also identified that step-by-step delivery of content and a self-directed, playful 

environment were beneficial strategies for their learners.  These strategies are supported through 

scaffolding in cognitive load theory (Sweller, Ayres, & Kalyuga, 2011).  An interactive digital 

simulation can provide a self-directed, interactive learning environment that manages the 
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delivery of scaffolded content, and supports the learner through contextual feedback at an 

individual level (Develaki, 2017; Shen, Lei, Chang, & Namdar, 2014).  As a result, it would 

appear that an interactive digital mental model would be an appropriate and well-matched 

instructional tool to manage cognitive load, and to support meaning making for learners of the 

DOM.  

Recommendations 

Based on the findings of this study, I have generated three general recommendations to 

further the objectives of advancing JavaScript DOM instruction, and providing support for 

meaning making and schema acquisition for its learners: (a) implement a DOM benchmarking 

tool, (b) prototype and test an interactive digital model of the DOM designed to represent a 

layers of code analogy, and, (c) conduct more research. 

Implement a DOM benchmarking tool. 

Owing to the degree of misunderstanding that inhibits new learners and persists for 

experts, and in furtherance of the research recommended above, I am putting forward a DOM 

comprehension benchmarking tool created from the knowledge gained through the process of 

this study (see Appendix D).  Based on my experiences through this research and a review of the 

W3C specification for the DOM, this tool highlights what I understand to be the key concepts 

one must possess to demonstrate a successful understanding of the DOM and how it operates 

(W3C, 2015).  I believe this tool will provide a useful measuring standard with which to evaluate 

learners or course content in future research.  This tool should be peer-reviewed before being 

considered as an instrument for research. 

Prototype and test a digital interactive model of the DOM. 

 To maximize its potential as a support mechanism for learners and their meaning making 
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process of the DOM, this research has identified key features and concerns that a digital 

interactive model of the DOM should address: 

• Prior domain knowledge:  Lack of prior domain knowledge can have a negative impact on 

learners engaging with a digital model (Mulder, Lazonder, & de Jong, 2015).  From the data 

collected in this study, learners utilizing a digital interactive model of the DOM should first 

have acquired schemas for (a) HTML elements and structure, including attributes; (b) CSS 

techniques for the selection of HTML elements by attribute values (id and class); (c) 

JavaScript fundamentals including variables, functions, arrays and objects; and (d) core 

techniques of object oriented programming, including accessing methods and properties of an 

object through dot notation, and the interaction of objects with other objects.  One student 

indicated that a prior understanding of an application programming interface (API) would 

have been helpful for her.  This is a perspective that I have never heard prior to this research, 

but I believe it is a valid one that deserves further consideration. 

• Components of the model: each layer of the interactive model should be carefully analyzed 

and thoughtfully separated into systems (de Jong & van Joolingen, 1998; Mulder, Lazonder, 

& de Jong, 2015; Shen, Lei, Chang, & Namdar, 2014).  Research should be conducted to 

determine the most effective analogy: systems of code (HTML, CSS, and JavaScript); front 

end and back end; browser window, markup, and logic; or a model, view, controller set.  

Perhaps a progression through some or all of these options would guide a novice through to 

an industrial level of understanding. 

• Progress: the learning content should be structured in progressive stages with contextual 

feedback mechanisms to support learners through each step (de Jong & van Joolingen, 1998; 

Mulder, Lazonder, & de Jong, 2015; Shen, Lei, Chang, & Namdar, 2014).  Following the 
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principles of cognitive load theory, novices should be supported with worked examples, 

which should be replaced with problem-solving activities as the learner progresses in 

expertise (Sweller, 2019). 

• Content: The process should communicate that the DOM operates in a web browser, acting 

as a programming interface by converting the HTML markup into a family-tree-like structure 

of object nodes (with special properties and methods) which facilitates the access and 

manipulation of the web page through JavaScript programming. 

• Scope: the model should include and support DOM tree content culminating with advanced 

interactions at the node level. 

• Design: the model should implement an interface generally familiar with users and contain 

colour-themed blocks of programming syntax that interact in a drag-and-drop fashion (Saltan 

& Kara, 2016).  Through this model, the learner should be able to see these interactions 

operating.  Awareness of instructional effects as outlined in cognitive load theory should 

guide design decisions to maximize the working memory of the learners (Sweller, 2019). 

Conduct more research. 

Considering the small sample size of this research, further research should be conducted 

with a greater number of instructors from other educational institutions (and with a greater 

number of learners in different learning contexts) to support or refute the findings of this study.  

Additionally, expanding this research may identify extant models or tools, or existing pathways 

of domain knowledge that support learning or schema acquisition of the DOM.  With a larger 

sample size, perhaps evaluation of the demographic data would provide useful insights, though 

no obvious correlations appeared through this research.  Before expanding on this research, if the 
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instruments from this study are intended to be used, they should be piloted to expose flaws, 

refine questions, and guide metaphors or illustrations that represent interactions of the DOM.   

Generally speaking, further research should be conducted in this underserved area of 

computer science to establish strategies for instructing JavaScript. This may assist instructional 

designers with ordering supportive content based upon the needs and requirements of the 

learners in multiple diverse learning contexts.  Furthermore, continuing to monitor future 

research in the fields of computer programming instruction, mental models, and instructional 

technology will be worthwhile, as perhaps would a concerted effort to organize and identify the 

speciality of instructing JavaScript.  In particular, the research offered by Alston, Walsh, and 

Westhead (2015) identified concepts in web development that they considered to be threshold 

concepts. The collected data from this study provided evidence that the DOM may represent a 

threshold concept.  Accordingly, further research should be carried out exploring the relevance 

of threshold concept research to JavaScript instruction, and the potential opportunities for 

applying instructional strategies that have shown to benefit the teaching of threshold concepts 

and facilitate their transition into long-term memory.   

Finally, other interactive applications such as the Live DOM Viewer application 

mentioned in this study, and the browser developer tool that allows the user to play with the 

DOM should be studied to determine what prior domain knowledge would be required before 

including these useful tools, and at which point in a critical path they would best support 

learners. 

Thesis Contributions and Impact 

Regarding my ongoing development as an instructor, this research process has had a 

profound impact on my teaching practice.  I will be reviewing my course content for the 
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upcoming cohort through the lens of the proposed DOM benchmarking tool, and the deeper dive 

into cognitive load theory brought about due to this research led me to implement strategies 

belonging to this theory that will more specifically support the spectrum of programming 

experience found in my learners.  Additionally, my research has revealed confusing DOM 

concepts that may remain unclear despite one possessing a working knowledge of them.  To 

address this issue, I will intentionally seek opportunities to support these concepts with relevant 

schemas from the beginning of instruction, including the provision of a pathway for the DOM 

tree, as I now understand that it is appropriate for the learning objectives of web developers in a 

post-graduate context.  Furthermore, through my inquiries and discussions with my colleagues, 

and through the final reporting on my findings, this research will contribute to the knowledge 

base of my institutional community. 

In the broader community of web programming instruction, I believe this research 

contributes to a desperately underrepresented area of computer science, in particular by 

exploring the meaning making methods of novice programmers who may not possess prior 

computer science schemas.  Notwithstanding the limitations of this small study, I believe these 

explorations will benefit learning contexts such as mine where adult learners are retraining in 

web development, and may also prove useful at lower levels of post-secondary education, such 

as undergraduate elective courses in web programming, or in other less formal training contexts 

such as the so-called coding boot camps.  Similarly, this line of research may provide useful 

insights into web development instructional strategies for K-12 sectors of education.  While the 

degree of prior domain knowledge required by my recommended digital interactive DOM may 

be prohibitive for K-12 sectors of learners, further research along these lines could discover 

alternative metaphors and schemas extant in these younger minds that would be more effective.  
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Perhaps this general line of inquiry could be furthered by challenging teams of novice web 

students from all sectors to co-create their own interactive representations of the DOM? 

Conclusion 

This study began as an exploration into how a digital interactive model may be used to 

support the learning of the Document Object Model by web development students.  Specifically, 

what confusions exist regarding the DOM that an interactive model could address, and are there 

extant analogies for the DOM that may be utilized to represent the DOM in a digital 

environment?  The literature review revealed a dearth of academic investigations into this branch 

of computer science in general, and a complete absence on this particular subject of DOM 

instructional strategies.  Through interviews and surveys with web development instructors, 

students and recent graduates, this research study identified the lack of a consistent, accurate 

metaphor among participants, and that confusion and doubt existed (and persisted) through all 

categories and experience levels of the participants.  These discoveries indicate the need for a 

clear mental model that provides a visualization for the unseen complex phenomena of DOM 

interactions.  Based on the literature review of TMBI, a digital model offers affordances that 

would support the learning of unseen phenomenon for STEM subjects such as the DOM, and 

could implement the instructional strategies that the interviewed instructors found to be 

successful.  Generated from the research findings, a mental model of programming layers was 

proposed, recommendations for the application of this analogy through an interactive digital 

model were provided, and a benchmarking table of core DOM concepts has been put forward for 

consideration, testing, and implementation.  A digital interactive model may be the missing 

DOM instructional tool through which a learner could achieve the critical web development 
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skills of DOM interactions.  Properly designed, this application could benefit instructors and 

students through the spectrum of learning contexts, from novice to expert. 
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Appendix A  

Survey and Interview Questions for each Sub-group 

Sub-group Question Objective RQ addressed 

Instructors Where, in relation to your 

critical path, is the first 

DOM lesson? 

Identify required 

domain knowledge 

RQ1:In what ways may a 

digital mental model 

contribute to the learning 

of the Document Object 

Model? 

 What approach or strategies 

do you employ when you 

teach the DOM to novice 

learners? 

Identify barriers for 

novices 

RQ2:Which aspects of 

the DOM are the most 

problematic for learners 

new to JavaScript? 

 Do you use any metaphors or 

analogies when teaching the 

DOM?  If so, answer 

“Working with the DOM is 

like...” 

Identify mental 

models tested in a 

classroom. 

RQ3:Are there common 

metaphors or mental 

models that may map to 

the interactive 

behaviours of the DOM? 

 Has your methodology for 

delivering DOM content 

changed over time?  If so, 

how? 

Explore instructor’s 

evolution of 

understanding of the 

challenges for 

learners 

RQ2:Which aspects of 

the DOM are the most 

problematic for learners 

new to JavaScript? 

 Do you teach elements of 

DOM interactions before 

discussing the DOM 

explicitly? If so, what are 

they? 

Identify efforts to 

provide scaffolding. 

RQ1:In what ways may a 

digital mental model 

contribute to the learning 

of the Document Object 

Model? 

 What are the most difficult 

aspects of the DOM to 

teach? 

Identify aspects that 

may be supported by 

unique affordances of 

TMBI 

RQ1:In what ways may a 

digital mental model 

contribute to the learning 

of the Document Object 

Model? 

 What does a learner need to 

understand before learning 

the DOM? 

Identify required 

domain knowledge 

RQ2:Which aspects of 

the DOM are the most 

problematic for learners 

new to JavaScript? 

 How difficult is learning the 

DOM relative to overall 

Identify other 

learning challenges, 

RQ2:Which aspects of 

the DOM are the most 
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experience of learning 

JavaScript? (not difficult to 

the most difficult) 

and their relativity to 

the challenges of 

learning the DOM 

problematic for learners 

new to JavaScript? 

 How important is 

understanding the DOM 

relative to other elements of 

JavaScript? (not, somewhat, 

same as others, top 10, most 

important concept) 

Gauge instructor’s 

perspective on the 

worthiness of a DOM 

simulator - is this a 

problem that needs to 

be solved? 

RQ1:In what ways may a 

digital mental model 

contribute to the learning 

of the Document Object 

Model? 

 Please draw a graphical 

representation of how the 

DOM works, and add labels 

to parts or aspects that you 

feel are important. 

Identify a mature and 

sophisticated mental 

model, and attach 

keywords to 

minimize 

interpretation. 

RQ3:Are there common 

metaphors or mental 

models that may map to 

the interactive 

behaviours of the DOM? 

Recent 

Graduates 

How would you explain the 

DOM to someone that 

wanted to learn about it?  

“Working with the DOM is 

like...” 

Identify their existing 

mental model 

RQ3:Are there common 

metaphors or mental 

models that may map to 

the interactive 

behaviours of the DOM? 

 Is there anything you need to 

know before learning the 

DOM? 

Identify perception of 

required domain 

knowledge 

RQ1:In what ways may a 

digital mental model 

contribute to the learning 

of the Document Object 

Model? 

 Was there anything that your 

teacher did that helped you 

understand the DOM?  If so, 

please describe. 

Identify instances of 

scaffolding or useful 

mental models. 

RQ1:In what ways may a 

digital mental model 

contribute to the learning 

of the Document Object 

Model? 

 Was there anything that your 

teacher did that confused you 

about the DOM? If so, please 

describe. 

 

Identify possible 

barriers created by 

the instructor. 

RQ2:Which aspects of 

the DOM are the most 

problematic for learners 

new to JavaScript? 

 Were there any other 

resources that you found 

outside of class that helped 

you understand the DOM?  If 

so, what were they and how 

did they help you? 

 

Identify extra-

curricular resources, 

supports, and mental 

models. 

RQ3:Are there common 

metaphors or mental 

models that may map to 

the interactive 

behaviours of the DOM? 
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 What is the most difficult 

aspect of the DOM to 

understand? 

Identify perceived 

barriers. 

RQ2:Which aspects of 

the DOM are the most 

problematic for learners 

new to JavaScript? 

 If there are aspects of 

working with the DOM that 

are still unclear to you, 

please list them. 

Identify gaps in 

current 

understanding. 

RQ2:Which aspects of 

the DOM are the most 

problematic for learners 

new to JavaScript? 

 Please draw a graphical 

representation of how the 

DOM works, and add labels 

to parts or aspects that you 

feel are important. 

Identify an 

intermediate mental 

model, and attach 

keywords to 

minimize 

interpretation. 

RQ3:Are there common 

metaphors or mental 

models that may map to 

the interactive 

behaviours of the DOM? 

Current 

Students 

How would you explain the 

DOM to someone that 

wanted to learn about it?  

“Working with the DOM is 

like...” 

Identify their existing 

mental model 

RQ3:Are there common 

metaphors or mental 

models that may map to 

the interactive 

behaviours of the DOM? 

 Is there anything you need to 

know before learning the 

DOM? 

Identify perception of 

required domain 

knowledge 

RQ1:In what ways may a 

digital mental model 

contribute to the learning 

of the Document Object 

Model? 

 Was there anything that your 

teacher did that helped you 

understand the DOM?  If so, 

please describe. 

Identify instances of 

scaffolding or useful 

mental models. 

RQ1:In what ways may a 

digital mental model 

contribute to the learning 

of the Document Object 

Model? 

 Was there anything that your 

teacher did that confused you 

about the DOM? If so, please 

describe. 

 

Identify possible 

barriers created by 

the instructor. 

RQ2:Which aspects of 

the DOM are the most 

problematic for learners 

new to JavaScript? 

 Were there any other 

resources that you found 

outside of class that helped 

you understand the DOM?  If 

so, what were they and how 

did they help you? 

 

Identify extra-

curricular resources, 

supports, and mental 

models. 

RQ3:Are there common 

metaphors or mental 

models that may map to 

the interactive 

behaviours of the DOM? 
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 What is the most difficult 

aspect of the DOM to 

understand? 

Identify perceived 

barriers. 

RQ2:Which aspects of 

the DOM are the most 

problematic for learners 

new to JavaScript? 

 If there are aspects of 

working with the DOM that 

are still unclear to you, 

please list them. 

Identify gaps in 

current 

understanding. 

RQ2:Which aspects of 

the DOM are the most 

problematic for learners 

new to JavaScript? 

 Please draw a graphical 

representation of how the 

DOM works, and add labels 

to parts or aspects that you 

feel are important. 

Identify a novice 

mental model, and 

attach keywords to 

minimize 

interpretation. 

RQ3:Are there common 

metaphors or mental 

models that may map to 

the interactive 

behaviours of the DOM? 
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Appendix B  

Interview & Survey Instruments 

Investigating a New Approach for Teaching the JavaScript DOM 

Instructor InterviewInstructor InterviewInstructor InterviewInstructor Interview    

Preamble: Thank you for taking the time to participate in this research. I am hoping that our 

conversation today will lead to some improved strategies for instructing JavaScript, in 

particular, the Document Object Model (also known as, The DOM). I will first ask you three 

questions to get a sense of your experience in teaching JavaScript, as well as your perception of 

the importance and difficulty of teaching the DOM. Following that, I will ask some open-ended 

questions about the approach and strategies that you have developed and employ in your 

classroom.  All told, this interview should take approximately 30-60 minutes.  With your 

permission, I will record this interview so that it may be transcribed.  As noted in the letter of 

consent, the recording will be deleted once transcription is completed.  Do you have any 

questions before we begin?  If not, once you have signed the letter of informed consent, I will 

start recording and we will begin the interview. 

Survey Questions 

1. How many years have you been teaching JavaScript? _______________________ 

2. How important is understanding the DOM relative to other elements of JavaScript?  

Not important      Somewhat important      Equally important      Top 5 important      Most important 

 

3. How difficult is learning the DOM relative to overall experience of learning JavaScript? 

Not as difficult  Equally difficult  More difficult than most The most difficult 

 

Interview Questions 

4. Where, in relation to your critical path, is the first DOM lesson? 

5. Do you teach elements of DOM interactions before discussing the DOM explicitly? If so, 

what are they? 

6. What does a learner need to understand before learning the DOM? 

7. What approach or strategies do you employ when you teach the DOM to novice 

learners? 

8. Do you use any metaphors or analogies when teaching the DOM?  If so...answer 

“Working with the DOM is like...” 
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9. Has your methodology for delivering DOM content changed over time?  If so, how? 

10. What are the most difficult aspects of the DOM to teach? 

11. On the provided sheet of paper, please draw a graphical representation of how the 

DOM works, and add labels to parts or aspects that you feel are important. 

Conclusion:  This concludes the interview.  Thank you again for taking the time to speak with 

me and for sharing your ideas about teaching the DOM, it is greatly appreciated.  If any relevant 

ideas occur to you following this interview, or if you think of anything else that you would like 

to add, please email me at sean.doyle@humber.ca. 
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Recent Graduate SurveyRecent Graduate SurveyRecent Graduate SurveyRecent Graduate Survey    

 

Preamble: Thank you for taking the time to participate in this research. I am hoping your 

feedback will lead to some improved strategies for instructing JavaScript, in particular, the 

Document Object Model (also known as, the DOM).  As noted in the letter of informed consent, 

you are free to withdraw from participation in this study without prejudice at any time by 

sending an email stating your intent to withdraw to the Participant Coordinator: 

senay.habtu@humber.ca. 

 

Demographic Questions (voluntary) 

1. What is your age range? 

21-25  26-30  31-40  > 40 

2. What is your gender? ____________________ 

3. How much experience with JavaScript did you have before attending the Humber 

College post-graduate web development program? 

None  < 6 months  7-12 months  13-24 months  > 2 years 

4. If you had previous experience (> 1 year) in other programming languages before 

attending the Humber College post-graduate web development program, please list 

them: __________________________________________________________________ 

5. If English is not your first language, please indicate how strong you feel your English 

speaking skills are: 

Very strong  Strong  Average Not very strong Weak 

 

Survey Questions 

6. How would you explain the DOM to someone that wanted to learn about it?  “Working 

with the DOM is like...” 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 
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7. Is there anything you need to know before learning the DOM?  If so, what is it? 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

8. Was there anything that your teacher did that helped you understand the DOM?  If so, 

please describe. 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 

9. Was there anything that your teacher did that confused you about the DOM? If so, 

please describe. 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 

10. Were there any other resources that you found outside of class that helped you 

understand the DOM?  If so, what were they and how did they help you? 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 

11. What is the most difficult aspect of the DOM to understand? 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 
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12. If there are aspects of working with the DOM that are still unclear to you, please list 

them. 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 

13. Below, please draw a graphical representation of how the DOM works, and add labels to 

parts or aspects that you feel are important. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Conclusion: Thank you again for taking the time to share your ideas about the DOM, it is greatly 

appreciated.  If any relevant ideas occur to you following this interview, or if you think of 

anything else that you would like to add, please send an email to  senay.habtu@humber.ca.  

Once you have completed this survey, please email this survey and your letter of consent to  

senay.habtu@humber.ca.  
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Current Student SurveyCurrent Student SurveyCurrent Student SurveyCurrent Student Survey    

Preamble: Thank you for taking the time to participate in this research.  As noted in the letter of 

informed consent, you are free to withdraw from participation in this study without prejudice 

at any time, and your participation (or withdrawal from participation) will have no bearing on 

your grades or standing in the web development program.  The Humber Centre for Teaching 

and Learning will ensure that your identity in this research remains confidential.  

 

Demographic Questions (voluntary) 

1. What is your age range? 

21-25  26-30  31-40  > 40 

2. What is your gender? ____________________ 

3. How much experience with JavaScript did you have before attending the Humber 

College post-graduate web development program? 

None  < 6 months  7-12 months  13-24 months  > 2 years 

4. If you had previous experience (> 1 year) in other programming languages before 

attending the Humber College post-graduate web development program, please list 

them: __________________________________________________________________ 

5. If English is not your first language, please indicate how strong you feel your English 

speaking skills are: 

Very strong  Strong  Average Not very strong Weak 

Survey Questions 

6. How would you explain the DOM to someone that wanted to learn about it?  “Working 

with the DOM is like...” 

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 

 

7. Is there anything you need to know before learning the DOM?  If so, what is it? 

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________
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________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

 

8. Was there anything that your teacher did that helped you understand the DOM?  If so, 

please describe. 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 

9. Was there anything that your teacher did that confused you about the DOM? If so, 

please describe. 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 

10. Were there any other resources that you found outside of class that helped you 

understand the DOM?  If so, what were they and how did they help you? 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 

11. What is the most difficult aspect of the DOM to understand? 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 

12. If there are aspects of working with the DOM that are still unclear to you, please list 

them. 
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______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 

13. Below, please draw a graphical representation of how the DOM works, and add labels to 

parts or aspects that you feel are important. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Conclusion: Once you have completed this survey, please return it to the CTL staff member that 

gave it to you.  Thank you again for taking the time to share your ideas about the DOM, it is 

greatly appreciated.  If any relevant ideas occur to you following this interview, or if you think 

of anything else that you would like to add, please send an email to senay.habtu@humber.ca.  

If participation in this study caused any distress regarding your understanding of the DOM, 

please speak with the CTL staff member, and they will connect you with a free tutoring session 

to ensure that you are confident in your understanding of DOM operation.  



INVESTIGATING A NEW APPROACH FOR TEACHING THE JAVASCRIPT DOM  108 

 

 

Appendix C  

Drawings Representing the DOM Provided by the Research Participants 

The final question of the interview or survey from this research asked participants to draw a 

graphical representation of how the DOM works, and to add labels to important parts or aspects 

(see Appendix B).  The following images are scans of the drawings provided by the participants. 

 

 

Instructor Participant HTTP-19-IN-01 (“Alan”) 
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Instructor Participant HTTP-19-IN-02 (“Bob”) 
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Recent Graduate Participant HTTP-19-GR-01 (“Cam”) 

 

 

Recent Graduate Participant HTTP-19-GR-03 (“Deb”) 
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Current Student Participant HTTP-19-ST-01 (“Eric”) 
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Current Student Participant HTTP-19-ST-03 (“Fay”) 
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Current Student Participant HTTP-19-ST-04 (“Guy”) 

 

 

Current Student Participant HTTP-19-ST-07 (“Jay”) 
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Current Student Participant HTTP-19-ST-08 (“Kal”) 
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Appendix D  

Benchmarking the Features of the DOM 

Core Features of the Document Object Model (DOM) 
(N.B., while the current recommended version of the DOM specification has expanded its definition of “document” 

to include “any markup-based resources”, this benchmark will focus on the DOM as it applies specifically to HTML 

documents only (W3C, 2015, p. 4.1). 

 

In order to create an instrument of comparison while evaluating learners with regards to their 

understanding of the Document Object Model, I have distilled the W3C specifications into the following 

summary of the core features of the DOM.  It is my position that possessing an understanding of these 

five features indicates a fundamental understanding of what the DOM is and how it works. 

The DOM is...  

Structural The DOM provides a hierarchical tree of node objects based on the content of an 

HTML document (W3C, 2015).  The Document node is the “root” node of this 

tree, and represents the HTML document itself, while the various elements and 

content from the HTML file become the branches and “leaves” of the tree (W3C, 

2015). 

Familial The relationship of one node to another on the node tree is described in familial 

terms, likening the node tree to a family tree, whereby a node that has another 

node inside of it is referred to as the “parent” node to the “child” node (W3C, 

2015). This terminology extends to “sibling” nodes (child nodes inside the same 

parent), “ancestor” nodes (further up the node tree than the parent node), and 

“descendant” nodes (child nodes of child nodes) (W3C, 2015). 

Accessible Through the structure of node objects created by the DOM, all nodes can be 

accessed programmatically by JavaScript; some nodes can be modified; and some 

nodes can be added or removed (W3C, 2004). 

Representational The DOM is a representation of the HTML document. The HTML document itself is 

not interacted with, and any modifications implemented in the DOM will not 

persist to the HTML document (W3C, 2004). 

Responsive The DOM provides an “event” and “event listener” response mechanism that can 

be programmed to wait for and detect various occurrences on the web page 

(either programmatic or user-initiated occurrences), and then modify the DOM 

based on an occurrence (W3C, 2015).  For example, instructions can be 

programmed with JavaScript to “listen” for when a form button is clicked, and 

then execute a designated sub-routine that will process the form, and update the 

web page with a confirmation message. 

 

References 

W3C. (2004, April 7). What is the Document Object Model? Retrieved May 4, 2020, from w3.org: 

https://www.w3.org/TR/DOM-Level-3-Core/introduction.html 

W3C. (2015, November 19). W3C DOM4. Retrieved May 4, 2020, from W3C: https://www.w3.org/TR/2015/REC-

dom-20151119/ 


