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ABSTRACT 

 

Learning Management Systems (LMS) are software applications that deliver 

educational technology or training programs that also handle the facilitation of the 

learning process. This is done through the delivery and management of instructional 

materials while tracking and assessing progress towards achievement goals. In simple 

terms, LMS applications deliver content to students and track their progress and report 

this to related parties. LMS applications have various problems, but the main problem 

that the software discussed in this thesis attempts to help solve is creating an 

assessment that is more indicative of student progression. Specifically, students 

learning non-linear disciplines are difficult to assess with respect to whether they are 

actually understanding the materials. The software discussed in this thesis uses a 

special form of assignments combined with a labelling system to make a continual 

concept map for individual students which can be used to help assess their 

understanding through time. 
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CHAPTER 1 

INTRODUCTION 

 

LINK, an acronym for Learning in Networks of Knowledge, is a project 

sponsored by the National Endowment for the Humanities (HD-51431) that has been 

ongoing since 2008. The LINK software system has been in development since 2011 

and at its core can be considered a course/learning management system on a 

fundamental level. It can be thought of in a similar fashion to other systems such as 

Blackboard, Sakai and Cornell University’s own CMS that is primarily used by the 

Computer Science department. 

 

The primary goal of LINK is to explore and research the conceptual network of 

connections that students make during the progression and at the conclusion of a 

learning course. So far LINK (in its current and prior versions) has been used in a 

handful of introductory courses through 2016 at Ithaca College and has produced 

interesting data and visual artifacts as well as actionable feedback from participants 

after each iteration which has continued to lead to further iterations. The primary and 

differentiating component of the LINK system is that it allows for the visualization 

and analysis of the conceptual network of connections that students are making while 

completing assignments for their learning course. 

 

Ultimately, the long term objective is to continue with the development of the 

LINK software to acquire data and assessment feedback that will hopefully allow for 
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multiple avenues of exploration in trying to improve as well as quantify and 

understand the process of student learning and understanding of content taught in 

courses. 

 

While the LINK software has gone through numerous iterations (and even a 

name change), the core objective and concept has been the same throughout, but the 

approach taken has been fluid. In the beginning of this project, out of the box software 

and tools such as MediaWiki1 and Luminotes2 were used and the artifacts created by 

students were analyzed externally to explore the idea and questions further. At that 

time, attempts were made to fully engage students into directly representing their 

knowledge structure, but after learning through our testing and receiving feedback it 

was decided that a custom application should be made (which eventually become 

known as LINK). 

 

The LINK system in its current state does not attempt to have students form 

their own wikis or knowledge structures, but to instead derive them through the 

process of using a labelling and justification system. The system allows for instructors 

to create and invite students their course(s), each of which have their own set of 

resources (analogous to homework) and labels which are used to define the intellectual 

concept space of the course for the students to use as they make progress. By having 

students apply labels to resources along with their justifications, multiple implied 

                                                 
1 Refer to https://www.mediawiki.org/wiki/MediaWiki for more information about MediaWiki. 
2 Luminotes has been shut down at the time of this writing. Refer to http://luminotes.com/tour/ for a 
historical tour of what it was like. 

https://www.mediawiki.org/wiki/MediaWiki
http://luminotes.com/tour/
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networks are able to be formed as described in table 1.1. An example of student 

networks using the view described last in table 1.1 are shown in figures 1.1 through 

1.4. 

 

Table 1.1: Variants of implied networks. 

Nodes Edges Description 

Resources Labels Allows the connectivity of resources to be more 
easily shown by only allowing edges for 
resources with similar labels. 

Labels Resources Allows the connectivity of resources to be more 
easily shown by only allowing edges for 
resources with similar labels. 

Resources and Labels Neither Shows the connectivity of all resources and 
labels by forcing every connection to be shown. 

 

 

Figure 1.1: Student network visualization #1. 
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Figure 1.2: Student network visualization #2. 

 

Figure 1.3: Student network visualization #3. 



5 

 

 

Figure 1.4: Student network visualization #4. 
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These student visualizations are taken from various students during the same 

point in time during a semester from a history course that was participating in using 

the LINK software. While nothing could be conclusively stated from these networks, 

they are quite interesting to look at and discuss which provided further insight on how 

to proceed with iterations. From the very dense and interconnected network (figure 

1.1) to the still well connected but jagged structure of another network (figure 1.2), 

multiple ideas may come to mind about how or why these students have formed 

networks in these different ways. Perhaps there are obvious answers as to why or 

perhaps there aren’t any, and that is what makes this an interesting topic to explore.
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CHAPTER 2 

MOTIVATION  

 

2.1 Background 
 

My involvement in this project began in fall 2012 but the project itself actually 

began some years prior in 2008 when the principal investigator, Ali Erkan (Associate 

Professor of Computer Science at Ithaca College), contemplated the ways in which 

wikis could enhance learning in humanistic disciplines. When he was able to confirm 

the collaborative advantages of using wikis in group projects the interest shifted to the 

possibility of finding meaning hidden in the structures of these student wikis. Here, the 

word “structure” is used to refer to the set of interconnections students create between 

the pages of their wiki. With structure, the focus is exclusively on the network/web 

view that emerges when pages are seen as dots and links are seen as connections 

between these dots; Please refer to figure 2.1 for a simple illustration. The “meaning in 

the structure of a wiki” refers to whether these structures could in some capacity serve 

as proxies for the students’ cognitive arrangement of concepts. 

 

The first iteration/test of this project was in the form of an actual wiki platform 

used in the context of an introductory history course at Ithaca College. During this 

point in time, most if not all of Professor Erkan’s historian colleagues at Ithaca 

College were skeptical that the claimed educational benefits and crowd sourced 

knowledge from digital tools would advance the understanding of history or improve 
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student learning outcomes. Despite this, it was also acknowledged that student 

engagement would require adaptation by professors to suit the digital environment 

which the students inhabited [1]. Additionally, a recent MIT report (at the time) 

argued that “the future of learning institutions demands a deep, epistemological 

appreciation of the profundity of what the Internet offers humanity as a model of a 

learning institution” [2]. 

 

Figure 2.1: An illustration of the web view that emerges from a wiki structure. 

 

The purpose of this project is to identify, visualize, and study the structure of 

interconnections students make between different concepts during the progression and 
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at the conclusion of a course. In an earlier stage of this research project, wikis were 

used to draw out the necessary information. Since that time it became known that the 

very process of making students aware and in control of explicit conceptual links 

contaminates the data-purity of the inquiry. Therefore, a shift in the way in which 

conceptual links were captured needed to be changed to address this concern. This 

resulted in the creation of software that provides a tag/label based mechanism to 

respond to reading assignments; these tag/label selections subsequently allow us to 

indirectly create the network representations which we had before from wikis. 

 

2.2 Wikis and Structure 

 

This work was primarily initiated by the questions “what would we understand 

about our students if we asked them to create wikis instead of write papers?” and 

“what would the structures of these wikis reveal about our students’ understanding?” 

The two key terms in these questions are “wikis” and “structure”. Therefore, it is 

critical to define them even though you may already have at least some familiarity 

with both of these terms. 

 

The general notion of a wiki is analogous to communal word processing for the 

World Wide Web. It is a technology that simplifies the creation and collaborative 

modification of interconnected pages accessible from anywhere. A wiki system is a 

specific instance of this technology, analogous to, for example, Microsoft Word. A 

particular wiki is a set of web pages created with a wiki system, analogous to one 
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specific document. For example, Wikipedia has been created with MediaWiki. Users 

move from one page of a wiki to another page of the same wiki by clicking on internal 

links. External links, on the other hand, take the user from a wiki page to some other 

site/location on the web. The structure of a wiki emerges from the high level 

perspective of representing each page as a dot and each link from page A to page B as 

an arrow between the dots corresponding to the pages of A and B respectively. At this 

scale, we do not look at the content of the individual pages; Instead, we focus solely 

on interconnections. Refer to the previously shown figure 1.1 for a visualization of 

this. 

 

Wikis have been used as tools for facilitating learning since the last century [3, 

4]. One of the most basic reasons for this is that their use requires modest technical 

knowledge; “Wiki” is, in fact, a Hawaiian word meaning “quick” implying the 

“quickness” of creating pages. Wikis are typically called upon for the ways they can 

facilitate collaboration [5]. 

 

“Structure”, with respect to this project, is an abstraction of the page-link 

arrangement present in wikis as described above. The question posed earlier “what 

would we understand about our students if we asked them to create wikis instead of 

write papers?” and “what would the structures of these wikis reveal about students’ 

understanding?” were to create an academic context to explore this question as well as 

see if the structures observed in student created wikis (of nontrivial numbers of pages) 
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can somehow be connected with how they learn, what they learn, and whether this 

whether these structures can be proxies to the conceptual arrangements in their minds. 

 
2.3 Context within a History Course 

 

In addition to the important aspects mentioned prior, this project has been 

primarily applied to the context of a history course because the historical profession 

has been a leader in the development and implementation of digital tools for teaching 

and learning. As a result of the work of the Center for History and New Media 

(CHNM)3, Visible Knowledge Project of the Carnegie Foundation for the 

Advancement of Teaching4, Humanities Arts, Science, and Technology Advanced 

Collaboration (HASTAC)5, and others, almost every imaginable new media tool has 

been applied to the study of history from blogs and wikis to visualizations and virtual 

reality. Well-designed digital learning experiences (like well-designed conventional 

learning experiences) can lead to more engaged students, which in turn leads to more 

enduring learning. 

 

Perhaps most importantly though, the construction of historical knowledge 

lends itself well to an exploration of how students develop historical understanding. 

Historians understand that learning the past is much more than lining up facts in 

chronological order, yet that remains the dominant way most undergraduate students 

                                                 
3 https://chnm.gmu.edu/  
4 http://gallery.carnegiefoundation.org/collections/exhibits/vkp/index.htm  
5 https://www.hastac.org/  

https://chnm.gmu.edu/
http://gallery.carnegiefoundation.org/collections/exhibits/vkp/index.htm
https://www.hastac.org/
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of history (especially at the introductory level) perceive the study of the past, a 

perception unfortunately reinforced by dominant pedagogical approaches [6, 7, 8]. 

Historical knowledge is, in fact, far more like a web than a line, something that 

scholars readily recognize and that some of the new media representations of the past 

embody. By using a wiki, a teaching and learning tool that facilitates nonlinear, 

interconnected thinking about history, is it possible to inculcate more sophisticated 

historical thinking and to help students move through one of the most common 

bottlenecks for learning history [7]? 

 

This project seeks to do something novel in the long term: analyze student 

learning outcomes not only based on the artifacts created through digital historical 

inquiry but also on the network structures created “under the hood" of a new media 

tool. Through their linking mechanism wikis allow for a multidimensional 

arrangement of information. The belief is that when you are able to visually render the 

multiple dimensions of a wiki you end up with a concept map, a weblike structure that 

actually parallels the development of neuronal networks [9, 10, 11]. The interesting 

aspect of this is to see if the connections students make in their wikis have something 

important to tell us about both how and when they are making conceptual progress in 

learning how to think like a historian. As one of the theorists about connectivism puts 

it, “to learn is to emulate an entire organizational state and not merely to possess a 

simple set of facts.” [12] 
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Figure 2.2: The hypothetical progression and growth of a fictitious wiki. 

 

 

Figure 2.3: The hypothetical progression and growth of another fictitious wiki. 

 

 
The importance of structure (in the context of emergence from wikis) can best 

be illustrated by contrasting the structural growth of two fictitious wikis. Figure 2.2 

shows the growth of one wiki over a five-week period. As there is at least one new 

page added each week, we might argue that there is some indication of steady progress 

toward the final form we see in week 5. Figure 2.3 shows the growth of a second wiki 

over the same duration of time. As before, there is steady growth but the final structure 
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is now different. Specifically, while the pages of the first wiki are interconnected in a 

hierarchy, the second wiki has a web/network arrangement between its pages. 

Knowledge in general does not typically lend itself to a clean linear or hierarchical 

representation. Therefore, despite not knowing anything about its content, we may be 

able to speculate that authors of the second wiki may have a deeper understanding of 

the underlying concepts than those of the first. 
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CHAPTER 3 

USER INTERACTION AND FLOW  

 

3.1 Home and Registration 
 

Registration in the LINK web app is a straightforward process for both 

students and instructors and the only requirement is that they have a Google account 

as registration is used with Google authentication. The web app itself only has two 

pages when not logged in, shown in figures 3.1 and 3.2. The main application page, 

the home screen, is a typical splash page with the sign-up/login button (figure 3.1) 

while the other is the team page that shows the main contributors and those who have 

influenced the project throughout its development (figure 3.2). 

 

 

Figure 3.1: Snapshot of the home page. 
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Figure 3.2: Snapshot of the team page. 

 

After a user completes authentication through Google they are asked for a few 

more details to complete their registration, shown in figure 3.3. Once registration is 

complete the user is automatically redirected to their dashboard shown in figure 3.4, 

note that there isn’t anything of interest to be shown yet. Once a user has reached this 

point of the process they can now enroll or create a course as described in the next 

section depending on the type of account they chose during registration. 
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Figure 3.3: Snapshot of the registration page. 

 

 

Figure 3.4: Snapshot of the dashboard page, currently empty. 
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3.2 Course Creation and Enrollment 

 

Once registration is complete the next step for an instructor is to create a 

course and the analogous step for a student is to enroll in a course. The steps to create 

a course is minimal and few details are needed to complete the process of creating or 

enrolling a course, shown in figures 3.5 and 3.6 respectively.  

 

 

Figure 3.5: Snapshot of the course creation form. 

 

When the course has been created, an instructor user may decide to allow 

student users to enroll immediately or to continue with establishing the content of the 

course before allowing them to do so. To allow students to enroll in the course the 

instructor user only needs to click on the “share” button in the course box seen in their 

dashboard as shown in figure 3.6. By following the instructions shown on the screen 
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the instructor will be provided with a code as well as a link that can be shared with 

students so that they can complete enrollment into the course. For student users, their 

dashboard shows them the ability to enroll in a course as opposed to creating a course 

which is available only to instructors. When choosing to enroll in a course they will be 

prompted for the code and once it has been entered and submitted (shown in figure 

3.7) they will have completed the enrollment process and can now enter the course 

page. 

 

 

Figure 3.6: Snapshot of the dashboard showing a course with a share button. 
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Figure 3.7: Snapshot of the enrollment form. 

 
3.3 Resources 

 
Resources are a fundamental piece of a course and are analogous to homework 

that one may have in an actual class in school. In LINK, resources only consist of a 

few pieces of information which include a name, short name, url, due date and 

description. The regular name is used in all places of the software except for when 

visualizing a student’s network. When a visual is produced the short name is used 

instead, this is because the regular name for a resource can be rather long and 

therefore make the visualization more difficult to view and comprehend. The form that 

needs to be completed to create a new resource for a course is shown in figure 3.8. 
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Figure 3.8: Snapshot of the resource creation form. 

 

Once a resource is created it is immediately viewable to students as the default 

behavior, but there are cases in which an instructor user may not want their students to 

see a resource yet. To hide or make a resource private from students, an instructor user 

may go to their list of resources, select the resource of interest and then choose to 

toggle the visibility by clicking on the appropriate button on the page as shown in 

figure 3.9. 
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Figure 3.9: Snapshot of the resource edit form, with visibility toggle. 

 

For students, resources automatically appear in the course page and can be 

completed by the due date. But when resources are by themselves they are not too 

useful, they would simply be like regular homework assignments in this situation. 

Only when there are perspectives and labels added can student networks be derived 

and viewed. Figures 3.10 and 3.11 show the resources available to a student and the 

form the student would complete to finalize the submission. Note that in this case 

there isn’t anything particularly interesting about this resource as there are no 

perspectives yet which will be discussed in the next section. 
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Figure 3.10: Snapshot of the resources viewable to a student. 

 

 

Figure 3.11: Snapshot of the response form a student would use to complete submission. 
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3.4 Perspectives 

 

As described earlier in chapter 1, labels are what help to define the intellectual 

concept space of a course. Instructors, being the experts of the topic they are teaching, 

can define and control this space to help guide students along the learning process. 

There are cases though in which a set of labels may set the stage for learning rather 

well, but the set of labels itself may be too cumbersome, expansive, or complex 

relative to the skill level or familiarity of students in a course among other issues. 

Thus it is necessary to be able to introduce some component of organization and 

control to the label space to alleviate these issues. An attempt to do this is through 

what is referred to as perspectives in LINK. 

 

 Each perspective is essentially a set of labels which together define one of 

possibly many ways to conceptually understand or map the content in a course 

(referred to as a concept space). By having multiple perspectives, it is possible to 

frame either an entire or partial section of a course in one mindset or possibly many 

others. This freedom of choice and variability still allows some kind of restriction into 

the global concept space but at the same time the separation of organization and 

variety of the perspectives gives (at least the perception) of more intellectual freedom 

to students. 
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Figure 3.12: Snapshot of the perspective edit form. 

 

Creating a new perspective along with the associated labels follows a very 

similar process compared to creating a new resource. The perspective itself only has a 

title and description, and once created, the labels can be added to the perspective as 

shown in figure 3.12. Each of the labels consist of a name as well as an optional 

description and are automatically associated with the focused perspective and can be 

immediately used by students. When students begin submitting responses to resources 

they are able to choose what perspective they would like to be in first. Depending on 

the perspective they have chosen they are able to see the labels associated with that 

perspective in the submission form for any given resource. For any of the labels in the 

current perspective, students are able to dictate which of the labels they believe to be 

associated with the resource (up to a certain limit) as well as to what degree, being 
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either weak or strong. Figure 3.13 shows a submission form which includes a response 

as well as some selected labels. 

 

 

Figure 3.13: Snapshot of the submission form for a resource. 

 

3.5 Connections 

 

Through many iterations of this project, from using out of the box wiki 

software to then implementing the various versions of LINK, the purpose has been to 

try to capture student networks. But in that process, the switch to deriving a student 

network through the use of resources and labels was made and this prevented students 

from knowingly and directly altering their own network. At the time this was a great 

step to take since it was determined that the very process of making students aware of 

explicit conceptual links contaminated the data-purity. 
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While this sufficed for quite a while, the loss of being able to make direct 

connections became a concern as there may be times when a student would like to 

connect two or more concepts for a reason which has not been covered or addressed in 

any of the scaffolding provided by the instructor. This balancing act between guiding a 

student through a concept space for a course and allowing for the capture of a 

genuinely created network can become quite difficult from the perspective of all three 

involved parties: researchers/developers, instructors and students.  

 

Instructors have a tough time creating even just one perspective (also referred 

to as concept space) which can concisely cover and describe all of the content of a 

course. Proof of this can be seen in table 3.1 which shows the variety of responses 

from history professors when asked what labels they would use in a “Global History 

since 1985” class during a 2015 Scholarship of Teaching and Learning presentation6 at 

Indiana University Bloomington regarding this project. 

 

Students are diverse and have varying backgrounds, skill sets and interests 

which make it possible for some students to find ways in which they may think of 

things outside the defined space(s) defined by an instructor. Lastly, as researchers and 

developers, the objective is to get the most complete, pure, raw and informative data 

possible. There are various potential solutions which may be able to address this 

                                                 
6 Refer to http://citl.indiana.edu/events/EventReg.php?eventid=39485e6b-34aa-4c42-a6cc-
ee3b1ea35c10&scheduleid=5cadb27d-8a2e-44cf-9734-e619a57d4d38 for details about this presentation 

http://citl.indiana.edu/events/EventReg.php?eventid=39485e6b-34aa-4c42-a6cc-ee3b1ea35c10&scheduleid=5cadb27d-8a2e-44cf-9734-e619a57d4d38
http://citl.indiana.edu/events/EventReg.php?eventid=39485e6b-34aa-4c42-a6cc-ee3b1ea35c10&scheduleid=5cadb27d-8a2e-44cf-9734-e619a57d4d38
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problem and fix the separation but they are all time consuming to test and difficult to 

validate their effectiveness.  

 

Table 3.1: Proposed labels for a “Global History since 1945” class polled from History professors at a 
2015 Scholarship of Teaching and Learning (SOTL) presentation at Indiana University Bloomington. 

 

 

 

There have been a few iterations of trying to solve this problem in LINK but 

the current experimental solution is referred to as Connections and can be thought of 

on the same conceptual level as perspectives and resources. Connections are 

essentially assignments that allow students to create direct connections between 

resources through a prompt. When given one of these prompts, students are able to 

more directly associate two resources when compared to using only labels within a 

perspective. An example of a Connection is shown in figure 3.13 and the impact on 

the visualization of a network is shown later in figure 3.16 of section 3.6. 
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3.6 Visualizations 

 

 

Figure 3.14: Snapshot of one of the visualizations available in the first iteration of LINK. 

 

As stated previously, the primary objective of LINK is to try and capture 

student networks. This is also the aspect of LINK which makes it quite interesting and 

unique. Visual processing of these student networks have been available from the first 

major iteration of LINK, shown in figure 3.14, but the complexity and form in which 

these visuals take have changed over time. 
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Figure 3.15: Snapshot of a visualization in the current iteration of LINK. 

 

The first iteration of LINK, called UTW (Untangling the Web) at the time, had 

various versions of visualizations and was also a separate component to the core 

system itself. The visual shown in figure 3.14 was an attempt at displaying the 

maximum amount of displayed information in an attempt to reduce the loss of 

interpretable data that is experienced when converting it to a visualization. In this split 

view the graph on the left shows the nodes as resources while the edges are tags/labels 

connecting they share in common. The right graph shows the opposite relation. The 

color depictions between the two panes are connected with one another so that a color 

of a resource in the left correlates to the corresponding edge of the same color on the 

right and vice versa. 
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Figure 3.16: Snapshot of the same visualization as figure 3.15 but with a connection. 

 

In the current iteration of LINK, these visualizations can be seen through the 

different perspectives defined by the instructor, an example of one of these is shown in 

figure 3.15. If there are Connection assignments for this course they can also be shown 

in the visualization by using the option on the top of the page next to the perspective 

option. When a Connection assignment is shown, any of the direct connections that 

were chosen for that assignment will become highlighted and shown in the 

visualization as seen in figure 3.16. 
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CHAPTER 4 

SYSTEM  

 

4.1 Introduction 
 

The LINK software in its current form is a modern web application that has 

been built upon and is using some of the more recent advancements in web technology 

at the time of this writing. The majority of the work related to the newest iteration of 

the software has been with respect to migrating the project over to a more user 

friendly, maintainable and usable code base and environment for development. This 

type of setup is typically done much earlier on in the software development process 

and revisited periodically which makes it strange that this is just now being done, 

especially considering that this has been a multiyear software project. 

 

This postponement has been due in large part because of the consistently small 

development team working on the LINK software at any given time, typically no more 

than one primary developer and never more than one secondary developer. This 

project has been extremely lucky so far to attract developers that were qualified and 

devoted which made the process of onboarding and educating much more tolerable 

than one would expect of a group of developers still in school. But this is not 

something that is guaranteed to be the case in the future and had to be addressed 

sooner than later regardless. 
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Figure 4.1: Snapshot of the first major iteration of LINK, referred to as UTW. 

 

The LINK software has always been in the form of a web application through 

all of its iterations and the anticipation is that this will remain the same for at least the 

near future. LINK has grown quite well and has gone through 2 major iterations as 

seen in figures 4.1 and 4.2, but with the advancement and simplification of developer 

tools for the web it was decided to shift LINK into being built on top of some of the 

more advanced technologies while also utilizing some newer tools so that future 

developers and contributors can be better equipped to join and assist with the project 

without the aid of previous members. 
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Figure 4.2: Snapshot of the second major iteration of LINK. 

 

4.2 Technology 

 

The current iteration of the LINK software is built using Meteor7, an open 

source platform built on Node.js8 and utilizes MongoDB9 as a data store. Meteor JS is 

sometimes perceived as a framework similar to the likes of Angular JS, but that is 

mistaken and it should be considered as a full stack JavaScript development platform. 

 

 In the world of JavaScript there are many frameworks, solutions and libraries 

arising all the time, but few ever make it to becoming a well-regarded mainstay in the 

                                                 
7 https://www.meteor.com/  
8 https://nodejs.org/en/  
9 https://www.mongodb.org/  

https://www.meteor.com/
https://nodejs.org/en/
https://www.mongodb.org/
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ecosystem. Meteor has been a particularly exciting development over the last few 

years as it has become the only real pillar that supports the entire JavaScript 

development stack. 

 

 In order to create a non-trivially sized modern web application, it takes many 

pieces and components to play nicely with one another to be developed and then to be 

built and optimized for actual deployments. For example, a non-trivial React10 web 

application would require using React itself, related React add-ons, some kind of 

external package manager such as NPM11, as well as some kind of project builder or 

module bundler like grunt12/webpack13/gulp14 with many of the available components 

as well as your own created build file so that you can define the exact build process for 

your application. Even after all of this, the end result is only the front facing aspect of 

the entire application and possibly some of the code needed to connect it with the 

server, but the takeaway here is that the server side and integration of this entire 

hypothetical application still hasn’t been taken into account yet. To be clear, this is not 

to advocate for all in one solutions wholeheartedly as there are definite use cases, 

scenarios and simply just preferences for defining an entire stack from scratch to fit 

your needs and to allow you to have complete control. This is stating that this type of 

hands on approach is not something that can be well managed or accomplished by a 

                                                 
10 https://facebook.github.io/react/  
11 https://www.npmjs.com/  
12 http://gruntjs.com/  
13 https://webpack.github.io/  
14 http://gulpjs.com/  

https://facebook.github.io/react/
https://www.npmjs.com/
http://gruntjs.com/
https://webpack.github.io/
http://gulpjs.com/
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small team or by any size team without the proper expertise unless there was prior 

setup. 

 

 This is where Meteor comes in quite handy as it allows you to use one platform 

and one language to build an app for multiple target platforms such as iOS, web and 

Android rather pain free. The three main aspects of Meteor JS that make it particularly 

exciting and diverse are DDP (Distributed Data Protocol), LiveQuery, and Isobuild. 

These three core pieces of Meteor JS allow for some of the tedious app building tasks 

to be automated and the more difficult data transfer and manipulations to be 

streamlined as well. 

 

In particular, DDP allows for the use of websockets in an easy to use way, both 

to and from the client and server. This would otherwise be a non-trivial task that is 

tedious and time consuming at best, even with packages and plugins which have the 

sole purpose of making websockets easier to use. LiveQuery is a database connector 

that allows for client and server data stores to be sufficiently in sync with one another 

without the need to write your own code. This is quite a similar feel for any developer 

who has used services like Firebase15 which do all the heavy lifting with regards to 

data synchronization so that you do not need to be concerned with this real time client 

to server or server to client updates on data store modifications. Lastly, Isobuild is a 

complete toolchain which processes all of the project files through the relevant build 

phases in order to be deployed for a given platform. This is practically impossible to 

                                                 
15 https://www.firebase.com/  

https://www.firebase.com/
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do for more than one platform without extensive domain knowledge for a given 

platform, but this tool allows you to do so for multiple platforms using packages that 

have been built for this very purpose. See figure 4.3 for the layout of Meteor’s full-

stack JavaScript App Platform. 

 

 

Figure 4.3: Diagram of Meteor’s full stack JavaScript app platform, provided by Meteor. 

 

In totality, Meteor is a cohesive platform that strings together many libraries 

and packages together in a (mostly) seamless fashion which allows for the efficient 

creation of an early stage prototype all the way to a full-fledged production level 

application. Through the use of the command line tool, the package system can be 

used to full effectiveness to add useful libraries and tools to an application such as 

Coffeescript16 or LESS17/SASS18 compilation support. 

                                                 
16 http://coffeescript.org/  

http://coffeescript.org/
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The server created by Meteor is also stacked with a few libraries in place to 

make things work better than a fresh vanilla Node.js server would. Specifically, the 

usage of Connect and Fibers allows for the immediate usage of middleware in the 

server stack (which would be added by most developers anyways) as well as being 

able to use JavaScript in a more synchronous fashion instead of resorting to numerous 

callbacks which can become quite troublesome for many JavaScript developers and 

programs. This is because there is a notable distinction between Fibers and regular 

threads. Whereas regular threads use implicit preemptive scheduling, fibers use 

explicit and non-preemptive scheduling. This allows the developer to have control of 

when one fiber will yield to another which can be seen as a positive effect, but this 

inherently means that fibers are not of equal priority which can ultimately lead to one 

fiber starving other fibers of resources by blocking the event loop. The last note 

regarding fibers is that it does not magically introduce parallelism but rather 

prioritized scheduling and control within a single process. 

 

In the communication layer of the stack, aside from DDP which was 

mentioned previously, there is also the use of EJSON19, an extension of standard 

JSON. EJSON is optional but is quite powerful if an application doesn’t benefit 

enough from using just the standard JSON format. With EJSON, the support for all 

JSON-safe types exist but in addition to them, JavaScript date and binary formats are 

                                                                                                                                             
17 http://lesscss.org/  
18 http://sass-lang.com/  
19 https://github.com/primus/ejson  

http://lesscss.org/
http://sass-lang.com/
https://github.com/primus/ejson
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supported. EJSON also allows for user defined types which makes it extremely 

versatile and useful in terms of applicable usage in practically every perceivable 

application. 

 

Lastly, in the client or browser layer, Meteor has either introduced or created a 

complete reactive ecosystem to play nice with the communication and server layers. 

Three representative components of the front end system which make it so 

straightforward to start a reactive application include Tracker20, Minimongo21, and 

Session22. Tracker simplifies and automates reactive data sources such as databases to 

connect with reactive data consumers such as updating interfaces so that there is little 

to no application code needed in the middle. Minimongo is an almost complete 

JavaScript implementation of the MongoDB API using an in-memory JavaScript 

database that is used as a temporary data cache in the standard Meteor stack. It also 

synchronizes data over DDP so that the client can reactively consume mongo data as 

mentioned previously. Lastly, Session is a reactive globally stored object serving as a 

key value data store which is unlike the session you would expect from Rail, PHP, or 

even Node.js. 

 

 

                                                 
20 https://atmospherejs.com/meteor/tracker  
21 https://github.com/mWater/minimongo  
22 http://docs.meteor.com/#/full/session  
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