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Abstract 
 
Our team is developing the Interactive Learning Mechanics Library; a project inspired by the 

work of the New York University CREATE lab (Plass et al., 2011). It is important to make sure 

that our design is grounded in effective instructional design theory, namely, Cognitive Load 

Theory (CLT). In this paper, I evaluate our design using the lens of CLT – focusing on how our 

design addresses the guidelines for extraneous, intrinsic, and germane load. Extraneous load is 

addressed via the observance of the split-attention and coherence principles, as well as the 

expertise reversal effect. Intrinsic and germane loads are addressed via the segmenting and 

guided activity principles, respectively.  
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Introduction 

For my team’s term project, we are developing the framework for the Interactive 

Learning Mechanics Library, a reference tool that allows instructional designers and game 

designers to link learning mechanics to game mechanics in order to facilitate an effective 

learning game environment. Game mechanics can be defined as	  “the various actions, behaviors 

and control mechanisms afforded to the player within a game context” (Hunicke, LeBlanc, & 

Zubek, 2001, p. 3). Learning mechanics can be defined as “design patterns or meta-mechanics” 

that operationalize the moment-to-moment activity of a game mechanic to promote meaningful 

activity (Plass et al., 2011). Learning mechanics are linked closely to learning goals, as 

demonstrated by Arnab and colleagues (2014). Research and development is slowly starting to 

grow to address this need by designers (2014), and our project is designed to add to this 

discourse. 

This project was inspired by previous research of the CREATE lab at New York 

University (Plass et al., 2011) and initial user studies with professional instructional designers 

and researchers. Although there was a high degree of interest for our design, interest does not 

necessarily translate to effectiveness. Thus, it is worthwhile to explore how our design relates to 

the models afforded by cognitive load theory (Sweller, 1994; 2005a). Therefore, the purpose of 

this paper will be to navigate the basic model of cognitive load theory from the lens of our 

design, and evaluate how our design addresses those guidelines. For example, does our design 

allow the users to set their own pace in learning the material, thereby reducing intrinsic load 

(Mayer, 2005b)? Or perhaps, is the layout of our design effective in presenting information 

essential in understanding a particular learning mechanic, reducing extraneous load (Ayres & 
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Sweller, 2005)? This analysis will clarify the foundations for our design as well as reveal any 

further theoretical design issues to address. 
 

What is cognitive load theory? 

Cognitive load theory (CLT) is one of the core theories that inform multimedia design 

(Sweller, 1994; 2005; Mayer, 2005). The theory is an application of the ideas of cognitive 

information processing theory (CIP) (Driscoll, 2005a, 2005b, 2005c). In CIP theory, memory is 

divided into three parts: sensory memory, which is associated with the senses and is stored for a 

few to several seconds – long enough to be processed (Driscoll, 2005a); working memory, also 

known as “short-term memory”, a limited storage stage whereby information is further processed 

for either a response or long-term storage; and long-term memory which is a “permanent 

storage” area for information. Working memory is considered to be where “active” cognitive 

processing occurs, specifically, language processing and visual processing (Baddeley, 1992). 

Moreover, Miller (1956) showed that there was a finite limit to how much information can be 

activity processed. Based on these ideas, schema theory was established; suggesting an 

organizational model by which information is stored in memory (Ausubel, 1978; as cited in 

Driscoll, 2005d). Schemata for specific information can be acquired, modified, and eventually 

automatized, reducing the amount of cognitive capacity needed to process the information. 

Cognitive load theory applies these theories for the use of instructional design in that it, 

“predict[s] learning outcomes by taking into consideration the capabilities and limitations of the 

human cognitive architecture” (Moreno, Brunken, & Plass, 2010, p.1). It covers three categories 

of load: extraneous, intrinsic, and germane (Sweller, 2005a). Extraneous load is related to load 

induced by the design of learning material that is not crucial for understanding said material. 
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Intrinsic load is related to the inherent difficulty of the material, induced by the interactivity of 

its elements - how connected the elements of a concept are to each other (Sweller, 1994). 

Germane load, or generative processing (Mayer & Moreno, 2010a), is effectively the cognitive 

processing used to build schemata for the learning material and to understand it. One of the goals 

of an instructional design is to balance the load of their design, keeping extraneous load low, 

intrinsic load manageable, and germane load high.  

However, there is no panacea for perfect design, as load can manifest in different forms 

depending on the individual differences between users (Plass, Kalyuga, & Leutner, 2010). For 

example, some learners may be more receptive to text and speech, while other learners may be 

more receptive to animations and diagrams (Plass et al., 1998). Nevertheless, a designer must 

consider the different types of learners that will use their tool and design with these 

considerations in mind. For our particular design - the Interactive Learning Mechanics Library - 

we are designing for users that are assumed to be practitioners in their respective fields, bringing 

with them their personal methodologies, terminologies, and habits. Because of this domain 

knowledge, the design requires a different approach from novices, as Kalyuga (2005) describes 

in the discussion of the prior knowledge principle. The remainder of this paper will discuss how 

the different categories of cognitive load theory apply to our design. 

 

Reducing Extraneous Load 

Sweller (2006) defines extraneous cognitive load as "inappropriate instructional designs 

that ignore working memory limits and fail to focus memory resources on schema construction 

and automation". Designers generally have control over the amount of extraneous load their 

designs induce, for they can minimize load by changing how content is organized for the user. 
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Numerous design principles give guidelines on how to minimize extraneous cognitive load 

including: worked-examples (Renkl, 2005), split-attention (Ayres & Sweller, 2005), modality 

(Low & Sweller, 2005), redundancy (Sweller, 2005b), coherence (Mayer & Moreno, 2010b) and 

contiguity (2010b). A learner’s prior knowledge can also induce extraneous load; an effect that 

Kalyuga (2005) calls the “prior knowledge effect” and Plass et al. (2010) calls the “expertise 

reversal effect”. For the next section of this paper, I will focus on the principles most relevant to 

our project, namely the coherence principle, the split-attention principle, and the expertise 

reversal effect. 

 

Coherence Principle 

The coherence principle is relatively simple: "Delete extraneous material from 

multimedia instruction" (Mayer & Moreno, 2010b). Extraneous material refers to material non-

essential to learning the core material - the "bells and whistles". This is important because any 

material that interests the learner will induce cognitive load, and to achieve the intended learning 

goal, extraneous cognitive load should be minimized (Driscoll, 2005d). Mayer showed this effect 

in various experiments, showing how extraneous video clips (Mayer, Heiser, and Lonn, 2001; as 

cited in 2010b) and extraneous audio clips (Moreno & Mayer, 2000; as cited in 2010b) caused 

students to perform worse on retention and transfer tests. 

In our design, when a user clicks on a game mechanic, a page loads with different types 

of information relating to the mechanic. For our current version, the web page shows the name of 

the mechanic, a short description, a screenshot or video of the mechanic in action, a user-

generated tag cloud for the mechanic as well as other information. The coherence principle can 

be applied to this page. Depending on the user, certain aspects of the page can be considered 
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essential or extraneous. As designers we must determine what essential means in the context of 

our learning goal, identifying possible learning mechanic/game mechanic combinations to use in 

their designs. A possible way to do this is to allow users to toggle the visibility of non-essential 

aspects of the page. For example, the title, short description, and video can be essential aspects 

that are always shown, but clicking a button can hide other aspects, such as the tag cloud.  

 

Split-attention Principle 

Whereas the coherence principle addresses non-essential information, the split-attention 

principle addresses essential information. Ayres and Sweller (2005) describes the split-attention 

principle as when:  

"learners are required to split their attention between and mentally integrate several 

sources of physically or temporally disparate information, where each source of 

information is essential for understanding the material" (p. 135). 

Split-attention can occur in many contexts, such as when essential information is spatially 

separated (Sweller et al., 1990), or when it is temporally separated (Mayer & Sims, 1994). 

Therefore, it is important to make sure that essential information is integrated both spatially and 

temporally. Moreover, it should be noted that this principle is less of an issue when the content 

has lower element interactivity. This means that the individual elements can be understood in 

isolation. We designed our library with this principle in mind. All of the necessary information 

for understanding a specific instantiation of a learning mechanic is displayed on a single page. 

The page includes the name of the mechanic, a short description, a video demonstrating the 

mechanic, and any other pieces of information. 
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Expertise Reversal Effect 

The expertise reversal effect generally occurs when designs catered towards novice 

learners become less beneficial, and even a hindrance, to more advanced learners (Kalyuga, 

2005). For advanced learners using tools catered towards novices, there is more non-essential 

information to parse to understand the essential information. This causes more working memory 

to be used to understand the material, increasing extraneous load for advanced learners. 

Moreover, advanced learners have to reconcile their prior knowledge with the new knowledge 

presented by the tool. To address this, we are designing with the assumption that our users will 

be practitioners in their respective fields, bringing with them their personal methodologies, 

terminologies, and habits. Therefore, the information will not necessarily be new, but presented 

in a way that leverages to their prior knowledge rather than challenge it. 

 

Managing Intrinsic Load 

Intrinsic load is defined by Sweller (2005a) as the, "cognitive load due to the natural 

complexity of the information that must be processed" (p. 27). It is related to the level of element 

interactivity of the content, the connectedness between the individual elements in order to 

understand the main concept (Sweller, 1994). Intrinsic load can also be interpreted as essential 

load, the cognitive processing needed to mentally represent the material (Mayer & Moreno, 

2010b). Although the designer generally does not have direct control over the intrinsic load, 

Mayer and Moreno (2010b) discuss principles that designers can implement to help manage 

essential load, in particular, segmenting, pretraining, and modality. Each of these methods relate 
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to how essential information is organized to help the user process it. Although all of these can 

potentially affect our design, segmenting is most prevalent in our project. 

 

Segmenting Principle 

The segmenting principle suggests that people learn more deeply when multimedia-

learning content is presented in a way that is user-paced (Mayer, 2005b). Allowing the user to 

pace themselves in a multimedia setting minimizes the need for the learner to use processing 

capacity in order to keep up with the speed of the information being presented. Mayer (2005b) 

presented an example where a 140 second video was broken up into ten-second, user-controlled 

chunks. A challenge with segmenting is that the user-controlled chunks need to clearly convey 

their relevance to the learner; otherwise the user will have to expend additional processing to 

understand what information ties into the concept, thereby diminishing the effect. 

For our design, there will be videos for each of the game mechanics. Although the videos 

are intended to be one minute or less, it is important to make sure that the videos have seeking 

functionality – for example, fast-forwarding and rewinding – to allow users to jump into areas of 

interest. Moreover, the overall design of the library allows for users to slowly narrow into their 

desired information. On the main screen, all of the game mechanics featured in the library are 

laid out in a format similar to the periodic table. The game mechanics are grouped into their 

associated learning mechanics so that a user can choose to search by a desired learning 

mechanic, rather than sift through all of the game mechanics. Users will also be able to search 

for mechanics by particular tags, which can help users make connections between game 

mechanics that overlap between learning mechanics. This level of user control and structure can 



Running	  Head:	  FOUNDATIONS	  OF	  LEARNING	  MECHANICS	  LIBRARY	   10	  

reduce the amount of processing learners have to make in order to make sense of our content 

(Mayer & Moreno, 2010b). 

 

 

Promoting Germane Load 

Germane load is defined by Sweller (2005a) as the "cognitive load caused by effortful 

learning resulting in schema construction and automation" (p 27). In other words, it is the 

processing used to make sense of the material, construct schemata, and store it in long-term 

memory for retrieval and transfer. Compared to extraneous load, which is dependent on the 

design of the learning material (the interface), and intrinsic load, which is dependent on the 

complexity of the learning content (the knowledge to be learned), germane load is much more 

dependent on the learner itself. The less processing capacity a learner uses in other areas, the 

more capacity the learner can use to build schemata regarding the material and understand it. In 

the context of the cognitive theory of multimedia learning, this is called generative processing. 

Like with intrinsic load, the designer cannot directly control germane load. However, Moreno 

and Mayer (2010a) describe principles that can promote generative processing: multimedia, 

personalization, guided activity, feedback, and reflection. Of these, the guided activity principle 

is more relevant to our project, which will be discussed in the next section. 

 

Guided Activity Principle 

The guided activity principle suggests that, "instruction that allows students to interact by 

dialoguing and manipulating the learning materials is more likely to lead to meaningful learning 

than instruction that does not allow for [this activity]" (Mayer & Moreno, 2010a, p.162). The 
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interaction allows learners to manipulate and make sense of the learning content, enabling them 

to build schemata. However, guided activity requires both manipulation and dialoguing for 

meaningful learning. This is because in order to build correct schemata, the learner must 

dialogue with the learning environment via feedback. There are two types of feedback: corrective 

feedback, which tells the learner if they answered correctly and explanatory feedback, which 

explains why an answer is correct (Moreno & Mayer, 2005). Moreno and Mayer (2005) discover 

through their experiments that there was an increase in transfer for students that received both 

types of feedback in their responses (p. 122). 

Our design currently allows for users to manipulate the learning content, but does not 

have the capacity for dialoging. Currently, a learner can navigate through menus and click on 

various items and hypermedia. They can navigate through the main menu or by using tags, 

depending on their searching needs. These options allow learners to navigate the system as they 

see fit. Moreover, each means of navigation groups related mechanics together – by learning 

mechanic from the main menu, or by tag using the tagging system. Users will also have the 

ability to add additional tags, relating their prior knowledge to the system. To address dialoging 

in the future, we can implement a possible voting and discussion system for tags or other 

metadata. With this system, users can discuss concepts with their peers, as well as get feedback.  

 

Conclusion 

Throughout this paper I have discussed the different ways cognitive load theory applies 

to our project, the Learning Mechanics Library. I have discussed considerations for minimizing 

extraneous load, respecting the coherence, split-attention, and expertise reversal principles. I 

have also discussed our management of intrinsic load and essential processing via the 
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segmenting principle. Lastly, I discussed how our project handles germane load and facilitates 

generative processing through the guided activity principle. The discussion revealed that more 

design work is needed in order to address the requirements of dialogue and interactivity with the 

learning environment. Nonetheless, it is promising to see that our design adheres closely with 

cognitive load theory. With some design tweaks and prototyping, we can make this project an 

effective learning tool for instructional designers, game designers, and anyone interested in 

instructional game design. 
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