
 

 

Abstract 

WINDELL, DAVID THOMAS. The Effects of Multiple Presentation Formats on Subjective 
Mental Workload Rating Scale Techniques in Multimedia Educational Environments. (Under 
the direction of Dr. Eric Wiebe and Dr. Sharolyn Lane.) 
 

Cognitive Load Theory focuses on several assessment techniques to assess overall 

cognitive load, including its three-subclasses, and its relationship to learning. Methods 

include psychophysical and secondary task techniques, along with task performance and self-

report. The current study looks to review two popular self-report measures (NASA Task 

Load indeX, and a short subjective instrument) and identify not only if they are consistent 

with one another, but also to discover whether both are equally sensitive across changes in 

levels of cognitive load subclasses. The two subclasses looked at in this study are intrinsic 

load, which is related to element interactivity, and extraneous load, which is influenced by 

the instructional design itself. Results from this study indicate that the NASA-Task Load 

index, as a weighted multi-dimensional rating scale, differs in measurement of the demands 

faced by learners in a PC-based, multimedia-learning environment from the more traditional, 

single-questions short subjective instrument.
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Introduction 

In recent years, distance education and the use of interactive, remote instructional 

material has proven integral in the education of millions of people worldwide. On-line 

instruction, as well as in class use of multimedia learning materials are no longer considered 

as last resorts to learning. In a period from 1997-98 to 2000-01 enrollments in distance 

education courses at postsecondary institutions nearly doubled from 1.7 million to 3.1 

million, with this trend expected to continue. In the 2000-2001 academic year, 89 percent of 

public four-year institutions offered distance education courses and 90 percent public two-

year institutions had such courses offered to students (Livingston & Wirt, 2004). 

  In addition to institutional distance education, multimedia presentation of materials 

to be learned is applicable in a number of other environments. Personal communication, 

consumer electronics, corporate presentations and home entertainment all stand to gain from 

research in the present domain. Research methodology and the identification of best practice 

will serve such industries whose goal is to present material to individuals by making effective 

use of technology. 

 Current technologies allow designers of instructional materials the ability to convey 

information in learning environments in a number of ways, from the very simple to the very 

complex. For this research, the term multimedia will coincide with previous applications in 

the domain of distance education. That is, multimedia will be used to describe differing uses 

of pictures and words to convey information (Mayer & Moreno, 2003). This broad definition 

can include the use of static or dynamic graphical displays of differing visual complexity, as 

well as either written text or spoken text (narration). Recent improvements in multimedia 

technologies have made the inclusion and distribution of audio narration overlays, as well as 
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complex visual representations of information in online instructional materials affordable and 

widespread.   

Unfortunately for designers as well as for users of distance education, the 

considerable amount of design alternatives can lead to the creation of ineffective instructional 

material. A major reason that leads to this ineffectiveness is that the use of multimedia 

materials in distance education does not lead to a deep understanding of the material to be 

learned. In this context, a deep understanding of materials is intended to refer to the 

comprehension and subsequent ability to integrate novel information in long term memory 

for recall and problem solving purposes (Mayer & Moreno, 2003). This deep understanding 

is the goal of not only distance education, but also a variety of other uses of multimedia 

information tutorials, including the on-line instruction for consumer products, tools and 

systems. 

 Achieving a deep understanding of materials is in part accomplished by processing 

and managing information in the cognitive system as efficiently as possible. Information 

becomes difficult to understand when the essential aspects of concepts are not easily held in 

working memory (Sweller, van Merriënboer, & Paas, 1998). Material that is available in 

working memory can be examined, manipulated, and rehearsed so that the learner may 

broaden their mental representation of concepts thus building their mental models, or 

schemas (Wickens & Hollands, 2000). The effective input and manipulation of information 

in working memory is the beginning of gaining a deep understanding of materials to be 

learned.  

Cognitive load can be defined as a multidimensional construct representing the load 

that performing a particular task imposes on the learner’s cognitive system (Paas & van 
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Merriënboer, 1994). As such, the amount of cognitive load, measured at a given time, is a 

way of assessing the level of information being manipulated in working memory. Effectively 

understanding the level of cognitive load or stress on working memory can be accomplished 

one of several ways, including subjective and objective techniques, to assess overall task 

performance or learning in the case of distance education. 

For over two decades, cognitive load theory (CLT) has been used to identify 

techniques that aid in the presentation of information to be learned. Introducing sub-goals 

(Sweller & Levine, 1982), adding worked examples to learning materials (Paas, 1992), and 

information integration (Chandler & Sweller, 1992), are all educational techniques that have 

their roots in cognitive load research. In addition, the recognition of subgroups in working 

memory (Baddeley, 1992), has led researchers in CLT and experimental psychology to look 

to split modality as a means of effectively increasing working memory capacity. Research, 

such as that done by Mousavi, Low, and Sweller (1995), shows the working memory 

advantages of presenting information through multiple input channels. 

These researchers contend that lowering cognitive load leads to more detailed schema 

formation needed for optimal learning. Part of optimizing multimedia instructional materials, 

then, requires ways of measuring the level of cognitive load the learner encounters. Several 

methods for assessing cognitive load have been identified and validated by research in both 

CLT and human factors. These fields have closely paralleled one another in identifying 

similar techniques such as secondary task performance, physiological measures, and 

subjective rating scales, see (Paas, Tuovinen, Tabbers, & Van Gervin, 2003; Sanders & 

McCormick, 1993). 
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The ultimate goal of such tools is to gauge whether specific multimedia material 

provides the optimum opportunity for learning in a particular learning context. There are 

many ways of operationally defining ‘optimal’ opportunity, and this work uses management 

of cognitive load as the means to optimization.  Identifying the most appropriate, accessible 

and robust tool to measure cumulative cognitive load surely will allow for researchers and 

teaching professionals to drive their focus further, specifically in the area of cognitive load 

theory and more generally to other pressing topics regarding distance education. 

Human Information Processing  

Understanding how the individual processes information is an ongoing and important 

topic for both theoretical researchers and application specialists alike, for by understanding 

human information processing, one can gain understanding on why humans perform tasks as 

they do. These underlying processes guide knowledge acquisition, decision making, situation 

awareness, gross locomotion, and fine motor procedures (Wickens & Hollands, 2000).  

Human information processing can be understood by a variety of representations, as 

research continues to conflict when discussing the roles of several core components. For the 

current research, human information processing will be investigated on the basis of the stage 

model, which also takes on a variety of forms (Ashcraft, 1998; Wickens & Hollands, 2000). 

An exact representation of the model, however, need not be specified for this study, so long 

as some basic components that are shared across most models and the interaction between 

them can be identified. Mayer (2001), Chapter 3 on cognitive basis of multimedia learning 

presents a very similar base model, as does Sweller et al. (1998). 

The basic components of concern for present considerations are those associated with 

information gathering and working memory. Information input into the human information 
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processing system occurs via a number of channels, including vision, audition, olfaction, and 

proprioception. Working memory can be defined as being analogous to a mental workbench 

where information gained is rehearsed, transformed, and comprehended (Baddeley, 1986). 

This mental resource has a limited capacity. While working memory capacity is subject to 

individual differences, the number of mental stimuli that are able to be manipulated at a 

given time was first defined as seven, plus or minus two, for the majority of individuals 

(Miller, 1956). While this number has been debated and scrutinized across disciplines, it is 

still taught as a basis for research in many contexts. For decades, working memory models 

have focused on parsing this important component of human information processing into 

multiple components; including the phonological rehearsal loop and the visuo-spatial spatial 

sketchpad (Baddeley, 1986, 2002). Respectively, these areas of working memory deal 

primarily with information gained through distinct input channels (audition and vision), and 

as with working memory as a whole, each processing unit has a finite capacity.   

The central executive, outlined in Baddeley’s work, acts as a supervisory agent, and 

controls the allocation of mental resources to components of working memory. As schematic 

representations of information are developed, information processing becomes a more 

automatic process and requires less supervisory control, and thus, fewer burdens are placed 

on the primary management agent, the central executive (Baddeley, Gathercole, & Papagno, 

1998). 

Wickens (2002) provides an overview of a long-evolving line of research into 

multiple modality processing. Research within the domains of aviation and driving 

simulations have shown a general advantage in distributing task-relevant information across 

several resource channels instead of solely relying on a single presentation format, likely a 
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visual display (Parkes & Coleman, 1990). This advantage is likely due to the multiple 

processing units described by Baddeley (1986) and later applied to the human factors field by 

Wickens (1991). The same research, though, warns about the inappropriate input of 

information in the auditory channel. Long strings of auditory information can not only 

overload working memory, but cannot be as easily retrieved as visual information (Wickens, 

Goh, Helleberg, Horrey, & Talleur, 2003). 

The research in multiple modality processing does not only address cognitive load, 

but also provides additional complexity in resource allocation by considering the distribution 

of attentional resources. Another potential drawback of presentation through the auditory 

channel is that discrete auditory information (short, intermittent signals) can draw attention 

and resources from processing vital information through the visual channel (Spence & 

Driver, 2000). In an instructional setting, such misappropriation of attention could distract 

the learner from vital information presented as text or in a diagram. 

Cognitive Load Theory 

As mentioned above, each component of working memory has a finite amount of 

resources. When such working memory components reach their capacity limits, cognitive 

overload occurs. Cognitive load theory uses this concept as a means of explaining elements 

of learner/instructional material interactions. Cognitive load theory guides the optimization 

of instructional approaches by identifying working memory systems that may vary in 

performance based on amount of load. This approach conceptualizes learning as the result of 

integration of information into schemas, or mental models, in long term memory (Sweller et 

al., 1998; Kalyuga, Chandler, & Sweller, 2000; Vekiri, 2002). As defined by CLT, cognitive 

load is not only a by product of multimedia learning, but the control of it is essential for the 
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successful retaining of information (Paas et al., 2003). Recent research has provided a 

framework to identify different types of mental workload that contribute additively to overall 

cognitive load, which will in turn either aid or detract from the development of schemas.  

 CLT defines three subclasses of cognitive load that additively contribute to the 

accumulated cognitive load, or that load which is the total amount of load experienced during 

a learning task. These three interact and fluctuate throughout the task, and at any instance 

will have a differing impact of the limited ability to manage overall load. The amount that 

any one type of load fluctuates would allow for the other two to rise or lower in their 

contributions to overall load, as more mental resources may be allocated to handle 

management of such loads. The three types of load identified include intrinsic load, germane 

load, and extraneous load (Paas et al., 2003).  

Three Types of Load 

Intrinsic load is that effort that results from the individual and is largely defined by 

the individual’s past experience. Generically, if an individual is facing a complex and novel 

situation, intrinsic load will rise. Conversely, familiar situations encountered by experts will 

yield smaller levels of intrinsic load. In addition to past experience, intrinsic load may have a 

dependency on motivation. Just as in a novel situation, intrinsic load is likely to rise in 

circumstances where a learner is highly motivated (Paas et al., 2003).  

Amount of material to be learned partly defines intrinsic load. Just as important to 

intrinsic load is the level of interaction between elements of material to be learned. High 

element interactivity is when elements of the material to be learned are dependent on one 

another and must be processed simultaneously to achieve an understanding of the material. 

Sweller, et.al (1998) use understanding written language as an example. Where single words 
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can be understood and learned without dependence on anything outside of them (low element 

interactivity), complex grammatical interact (i.e. understanding sentences and paragraphs) 

not only depends on understanding multiple words, but the order (or interaction) of those 

words is of great importance. The latter represents a situation of high element interactivity.  

Germane load, in novel and complex learning tasks, is necessary in the successful 

coding, retaining, and manipulation of information. Germane load is that load created in 

construction of schemas and mental models. Schemas categorize information in long term 

memory so that past experience is used to help understand novel situations, helping to reduce 

working memory load (Sweller et al., 1998). Such schemas and mental models facilitate 

learning by automating the input of new information to be learned. The effective automation 

of schemas is also a learned process, thus additionally contributing to germane load (Paas et 

al., 2003).  

Extraneous load, or ineffective load, is that cognitive load which is not necessary for 

learning. Under the control of the designer, extraneous load seizes portions of the overall 

load capacity, which otherwise could be designated for germane load. In circumstances of 

poor design, increased amounts of extraneous load can lead to poor performance and lowered 

amounts of knowledge acquisition. When intrinsic and germane load are both low, the effects 

of high extraneous load may not be apparent because the overall load still doesn’t reach an 

individual’s maximum capacity. Only under generally high load conditions will the effects of 

extraneous load (either raising it or lowering it) be apparent (Sweller et al., 1998). 

The structure and accessibility of information also has an effect of extraneous load 

(Paas et al., 2003). Included in the many factors that are of importance here is presentation 

format. The media used to present information, as previously outlined, will tax differing 
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components of working memory, depending on the format of the media. Paivio’s Dual 

Channel Theory (Paivio, 1986) describes the value of using multiple channels to ease the 

mental burden on any one channel. The rise in extraneous load in a given channel may cause 

an overload in that particular channel. By shifting intrinsic or germane resources to another 

channel, the same level of extraneous load may not create an overload situation.  

Mayer (2001) and Mayer & Moreno (2002) expanded on Paivio’s work on dual 

channel theory in a series of experiments focusing on which combinations of multimedia 

presentation should be used in conjunction with one another. In this series of studies, the 

researchers found that, in the absence of animation, learners transferred learning to problem 

solving more effectively when information is presented redundantly as text and narration. In 

contrast, when animation was present, learners were able to perform better when information 

was presented only by narration. This disparity shows that, in cases of increased demand on 

visual resources, presenting text directly into what Baddeley refers to as the phonological 

loop instead of routing it through the visual processing system, can reduce the overall load on 

the visual channel and allow for an increase in learning. 

Similarly, Wickens et al. (2003) found that when air traffic control operators are 

presented with secondary task information by the auditory channel as opposed to the visual 

channel, rogue aircraft (a primary task) were more easily detected. These findings, within the 

framework of multiple resource theory, are parsimonious with predictions of presentation of 

information through multiple channels that is outlined in cognitive load theory as both draw 

from similar models of human information processing (Mayer & Moreno, 2003; Wickens & 

Hollands, 2000).  
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Controlling Extraneous Load 

The overarching goal of designing instructional materials in terms of CLT is to avoid 

situations of cognitive overload. This however is not as simple as reducing overall load. It is 

important to reduce unnecessary load (extraneous), while preserving that load which is 

necessary for effective learning (germane load, and in most cases intrinsic load).  

Intrinsic load is largely embedded in the learner and in many instructional settings the 

designer has limited ability to control individual differences. Therefore the goal of the 

designer shifts to lowering extraneous load while maximizing germane load, and/or 

distributing overall load via multiple channels while minimizing additional extraneous load. 

Optimized instructional designs serve both of these tenants. 

With complex information that is likely to overload working memory, it is 

particularly advantageous to use multiple channels to gain a deeper understanding of 

materials to be learned (Mousavi, Low, & Sweller, 1995). In a situation of mutually referring 

diagrams and text, it may be necessary to mentally integrate the two in order to understand 

either respectively. Such integration likely imposes a high level of extraneous load (Sweller, 

Chandler, Tierney, and Cooper, 1990). Shifting some intrinsic or germane load to another 

channel (i.e. providing narration), could ultimately lead to the utility of a greater amount of 

resources.  

Overall cognitive load must fall in a range that is neither too high nor too low to allow for 

germane and intrinsic load while minimizing extraneous load. This places developers of 

multimedia materials in a difficult situation, forcing them to assess the amount of cognitive 

load of learning materials prior to implementing their product. 
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Assessing Cognitive Load 

In an effort to understand the amount of mental workload imparted on learners, 

researchers have developed and tested methods for assessing cognitive load across a variety 

of tasks and situations. Theory predicts what factors will contribute to each part of the load, 

but measures of load by and large only measure the composite of all three of these parts 

either directly, usually using self report, or indirectly using methods such as dual task 

techniques or measures of learning outcomes. Intrinsic, extraneous, and germane load, which 

are sometimes difficult to distinguish post hoc, are taken as a whole by the overall 

measurement. 

Paas et al. (2003) give a good overview of assessment techniques used. Such techniques 

vary not only in efficacy, but also the time and resources necessary for proper application. 

Two primary methods, analytical and empirical, for measuring cognitive load have been 

utilized in past research of multimedia learning. Analytical methods usually include such 

techniques as collecting subjective expert opinions, performing task analysis and using 

mathematical models. Contrasting this, empirical methods look to collect data to measure 

mental effort by most often directly questioning the learner. Empirical methods include, but 

are not limited to; psychophysical measurements, secondary (dual task) techniques, 

performance measures, and rating scales (Paas et al., 2003). 

Psychophysical techniques, including pupillary observation, heart rate, and brain 

potentials, can be used to measure cognitive load on the premise that such variables are 

affected by increased load levels (Paas & van Merriënboer, 1994). Such techniques, while 

accurate and reliable, have potential drawbacks. Individual anatomical and physiological 

differences, can lead to a blurred interpretation of data as physiological reactions to workload 
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and stress can vary between subjects. Bulky, and sometimes expensive, equipment must also 

be used in most psychophysical methods of measuring cognitive load although equipment is 

becoming less of an issue as advanced technologies allow for more affordable and less 

obtrusive monitoring devices. 

Task performance gives researcher feedback on the state of the learner’s mental 

model and is an additional way to measure cognitive load. Task measurements typically fall 

within one of two categories; primary task measurement, or secondary task measures. 

Primary task measurements are often not used in evaluating instructional design. The primary 

reason for this is that a given task can be accomplished with the same output or results 

through a variety of methods, thus two different methods (different use of multimedia in a 

learning task, for example) can impose different amounts of cognitive load to the learner, but 

produce the same result (Sanders & McCormick, 1993). 

Secondary task, or dual task, techniques are those which use performance on a 

secondary concurrent task to assess the amount of mental workload imparted by the primary 

task. Lower performance on a secondary task would indicate higher levels of mental 

workload for the primary task. This technique is used across research domains, and Brünken, 

Plass, and Leutner (2003), Chandler and Sweller (1996), Marcus, Cooper, and Sweller 

(1996), and Van Gerven, Paas, van Merriënboer, and Schmidt (2002) have all used secondary 

task performance as a measure of cognitive load imparted in a learning environment (Paas et 

al., 2003).  

Secondary task techniques have three potential limitations. Secondary task scenarios 

can, at times, be time consuming to plan, run, and analyze. This fact is further illustrated in 

the second potential drawback to such techniques; to accurately measure load from primary 
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task, a secondary task must be input and manipulated by the same channel as the primary 

task (Sanders & McCormick, 1993). This is often difficult or impossible to accomplish if the 

primary task exhausts all resources in that channel. 

Secondary task techniques may not be at all applicable in situations where cognitive 

resources, for whatever reason, are limited or when the primary task approaches cognitive 

overload. This problem can be further exacerbated in certain populations, such as the elderly, 

where even prior to the primary task, there is a more limited pool of cognitive abilities. 

Rating Scales, although introspective, rely on the idea that people are able to give 

accurate ratings on mental burden. Prior research has shown that this assumption is a safe and 

reliable one in learning tasks (Gopher & Braune, 1984). Semantic differential scales present 

the individual with one or more dimensions, anchored at either end with an extreme 

descriptor of that dimension with a range of options falling in between, usually using a seven 

or nine point scale. Scales using semantic differential technique are relatively sensitive to 

small changes in overall load (Gimino, 2002; Paas, van Merriënboer, & Adam, 1994) and 

results can often be similar to objective techniques (Moray, 1982). Such semantic differential 

scales have been used in numerous studies to assess cognitive load in past research. See Paas 

et al. (2003) for a comprehensive list of studies. Most semantic differential questions asked 

how difficult the task was, and respondents were to rate the task as 1, extremely easy, or 7 

(9), extremely difficult. Such a battery of scales will be referred to as the Short Subjective 

Instrument or SSI for this study. This scale measures only overall load and does not attempt 

to give a measurement that allows designers to parse out the cause of cognitive load, i.e. what 

combination of intrinsic factors, formation of schemas, and design variables are contributing 

to overall load and with what strength? 
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Another subjective rating method used to assess cognitive load is the NASA Task 

Load indeX (NASA-TLX). Since its creation in the 1980’s, this assessment technique has 

incorporated six different dimensions of workload measurement; mental demands, physical 

demands, time demands, frustration, effort, and own performance. Experimenters are given 

the ability to weight each dimension in order to get an overall workload measurement that is 

task specific. The NASA-TLX mental demands subscale is well recognized as a standard for 

measuring mental workload (Xie & Salvendy, 2000). Sohn and Jo (2003) provide a nice 

summary of traditional uses of the NASA Task Load Index: 

The NASA-TLX is a subjective multi-dimensional workload technique. An overall 

workload rating is determined from a weighted combination of scores on the six 

dimensions. The weights are determined from a set of relevance ratings provided by 

the participants. Use of the TLX requires two steps. First, participants rate each task 

performed on each of the six subscales: Mental demand, Physical demand, Temporal 

demand, Performance, Effort, Frustration level. They are measured in scales of 0 to 

100. Secondly, participants must perform 15 pair-wise comparisons of six workload 

scales. The number of times each scale is rated as contributing more to the workload 

of a task is used as the weight for that scale. Mean weighted workload of six 

subscales was used as an overall workload rating. 

Human factors research measuring pilot workload levels (mental workload or other) 

commonly uses one form or another of the TLX. Some examples include Moroney, Biers, 

Eggemeier, & Mitchell (1992), Lee & Liu (2003), and Svensson, AngelborgThanderz, 

Sjoberg, & Olsson (1997).  In addition, the NASA-TLX has been used to augment or verify 

results from other workload measurement techniques such as EEG and reaction time 
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evaluations. Studies such as Murata (2005) have shown that subjective mental workload 

ratings from the NASA-TLX closely mirror recorded EEG signals in matching tasks. 

The above two cognitive load assessment methods of focus utilize the previously 

mentioned introspective rating scale technique. Each provides the practitioner with relatively 

easy means of assessing instructional material and has been validated as accurate in assessing 

cognitive load in a number of research studies. Moreover, past human factors research has 

demonstrated the usefulness of the NASA-TLX as an instrument for measuring cognitive 

load. However, this tool has not been widely explored in educational research.  

Summary 

Due to the growing use of multimedia presentation of instructional material, there is a 

need to identify methods of designing such material to optimize learning. Ways to design and 

assess such materials are possible by using cognitive load theory, that enhances traditional 

views of human information processing, as a vehicle. 

Given the previously defined relationship between overall cognitive load (including 

its three subclasses) and learning, it can be seen that multiple methods for measuring load are 

available. CLT and human factors research identify several such methods. However, there is 

a need to further explore these measures in order to identify those which provide the most 

robust, useful, and externally valid measures of cognitive load.  

The current study will assess two popular self-report measures and identify if they are 

not only consistent with one another, but also to find if both are equally sensitive across 

changes in levels of cognitive load subclasses. The two subclasses looked at in this study are 

intrinsic load, which is related to element interactivity, and extraneous load, which is 

influenced by the instructional design itself.  
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The Current Research 

The focus of this research is to aid practitioners in identifying how certain design 

variables interact and compare two tools that gauge cognitive load. This comparison serves to 

assist researchers and practitioners alike in selecting rapid assessment techniques most 

appropriate to their interests.  Allowing researchers and instructional designers the ability to 

have faith that load measurements are robust and can be translated across a variety of 

presentation techniques not only facilitates the development of multimedia learning 

environments, but aids in the ability to ask deeper questions concerning them. 

The current study expands on body of knowledge in both human factors and 

multimedia educational research by directly comparing two methods of assessing mental 

workload across three levels of extraneous load and three levels of intrinsic load. By so 

doing, it is possible to attain better insight into how robust the previously utilized methods 

are across diverse learning contexts. 

 Participants in the study were randomly assigned to one of three experimental 

condition (A-C). Each condition presented participants with a series of short tutorials in an 

effort to teach concepts associated with the forces acting on parcels of air in the atmosphere. 

Conditions differed from each other in the amount of extraneous load presented to the 

learner. This extraneous load was increased, altering the method of presentation from sub-

optimal—violating the recommended heuristics for distributing information load over time, 

space and modality—to optimal. A series of past experiments by Lowe, et.al outlined the 

appropriate presentation method for information for the current learning area, the 

interactivity of several atmospheric forces and the resulting effects on geostrophic winds 

(Lowe, 2003).   
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Lowe (2003), using materials pertaining to atmospheric forces, has outlined the 

advantages of using animations with high spatial contrast in the creation of accurate mental 

models. In this study, Lowe points out that such animated graphical displays, in which 

relevant information for learning is presented such that important aspects of the display have 

a high spatial contrast relative to their surroundings, tend to aid in the building of accurate 

mental representations among novices.  

 In addition to the manipulation of extraneous load, intrinsic load—as a reflection of 

element interactivity—is being manipulated in the current research by requiring the 

integration of more information in successive learning modules. In each condition, students 

were presented with three learning modules (1-3), each of which required students to 

consider additional forces acting on parcels of air. The additive nature of the forces results in 

the gross direction of motion and acceleration of air in the atmosphere. This interaction 

requires students to integrate information learned to accurately predict resulting geostrophic 

winds.  

Cognitive load theory aims to guide the design and implementation of instructional 

material by providing a framework emphasizing the way in which the human processes and 

organizes information. In addition to accounting for the task and individual differences, 

cognitive load theory describes three types of load: intrinsic, germane, and extraneous, each 

of which has an effect on learning.  

Recent research has attempted to quantify the effects of overall load on learning and, 

as outlined above, give descriptions on how such effects can be measured to assess the 

occurrence of cognitive overload. Assessment techniques such as psychophysical measures, 

secondary task techniques, and the Short Subjective Instrument have been shown to be 
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accurate in describing overall load, but fail to individualize levels of intrinsic, germane, and 

extraneous load, respectively.  

This gap in assessment techniques requires designers of instructional material to take 

a post hoc approach at changes in the materials that should be made, due to the inability to 

define which type of load is creating excess levels for learners in situations of overload. If the 

level of extraneous load is sub-optimal, designers should focus its reduction by manipulating 

the format in which materials are presented. However, if germane or intrinsic load are the 

primary culprits of an overload of working memory, the amount of information, element 

interactivity, or instructional approach should be revisited for instructional materials to be 

optimally effective to the end user.  

The current research uses two rating scale assessment techniques, the SSI and NASA-

TLX, to assess levels of cognitive load. Where the SSI provides only a measure of overall 

load, the NASA-TLX measures workload based on a combination of measures as described 

above. If the NASA-TLX, with its robust measurement technique, is shown to be more 

sensitive to variations in load across multiple combinations of extraneous load and intrinsic 

load, then more research should be devoted to identifying ways to parse levels of the three 

types of cognitive load outlined in CLT with a single measure so that designers of 

multimedia instructional materials can more readily identify how to make improvements in 

design. 

In addition to the comparative scale analysis, this study also aims to further validate 

appropriate presentation methods for multimedia educational materials. Measures of 

cognitive load and performance serve to indicate the effect each condition has on learning 
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and illustrate the importance of controlling for sub-classes of cognitive load (i.e., extraneous, 

germane, and intrinsic) in the design of similar modules as those in this study. 
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Hypothesis 

Cognitive Load and Task Difficulty 

Across Learning Modules 1-3, higher amounts of element interactivity were 

presented to learners. In association with this increase in intrinsic cognitive load, it is 

expected that overall cognitive load, as measured by both the SSI and the NASA-TLX 

weighted work load (WWL), will increase. Since Learning Modules was a within subjects 

independent variable in the study and nested in Design Condition, the expected overall 

increase of load will be significantly different across modules due to increasing levels of 

intrinsic load. Therefore, the hypothesis for cognitive load and task difficulty were as 

follows: 

H1: SSIlearning module 1 < SSIlearning module 2 < SSIlearning module 3, and that  

WWLlearning module 1 < WWLlearning module 2 < WWLlearning module 3 
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Cognitive Load and Condition 

Extraneous load was manipulated in this study as an independent between subjects 

variable by assigning participants to one of three Design Conditions (A, B, or C). Non-

optimal presentation methods in Design Conditions A and B are expected to contribute to an 

increase in overall cognitive load as measured by the SSI and WWL. It is not expected that 

the resulting increase in extraneous load from Design Conditions A and B will differ 

significantly from each other but that both conditions will have significantly higher load than 

Design Condition C. This result will likely be magnified as maximum cognitive load is 

approached with higher levels of intrinsic load in Learning Modules 2 and 3. Hypothesis for 

cognitive load and condition can be stated as follows: 

H1: SSIDesign Condition A > SSIDesign Condition C, and that 

 SSIDesign Condition B > SSIDesign Condition C, and that 

 WWLDesign Condition A > WWLDesign Condition C, and that 

 WWLDesign Condition B > WWLDesign Condition C 

 

NASA-TLX Subscales 

The NASA-TLX, with a multidimensional measure of load, is expected to show more 

sensitivity to changes in both intrinsic load (manipulated across Learning Modules) and 

extraneous load (manipulated across Design Conditions). Namely, it is expected that 

increased extraneous load in Design Conditions A and B will cause a significant increase in 

subjective ratings for the frustration and effort subscales. Additionally, it is expected that 

increased intrinsic load in learning module 3 will cause a significant increase from learning 
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modules 1 and 2 in subjective ratings for the performance and mental demand subscales. 

Therefore, hypothesis for NASA-TLX subscales can be stated as: 

H1: FrustrationDesign Condition A, B > FrustrationDesign Condition C, and that 

EffortDesign Condition A, B > EffortDesign Condition C 

 

H2: Performancelearning module 3 > Performancelearning module 1, 2, and that  

Mental Demandlearning module 3 > Mental Demandlearning module 1, 2 
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Design 

Independent variables 

Level of extraneous load. The presentation method for the two conditions is as 

follows: 

Design Condition A (sub-optimal) - learning materials presented with a combination 

of text, static graphical displays, and animated graphical displays. Text and graphics are 

displayed sequentially, with informational text being followed by graphical representations 

of material to be learned. Animation will only be utilized in instances where motion is 

necessary for learning. 

In order to accurately understand the material presented in the text and subsequent 

diagram, the information from both must be taken as a whole. The spatial and temporal 

disconnect between the two requires a high level of mental integration, causing increased 

extraneous load (Sweller, van Merriënboer, Paas, 1998). This presentation technique requires 

learners to store information, displayed in textual format, in working memory until presented 

with the graphical representation. In such a scenario, working memory resources that are 

required for integrating information into the graphic are being utilized for both the storage of 

materials from the text displays as well as inferring motion from graphical icons.  

Design Condition B- learning materials will be presented with a combination of 

narration with the same static and animated graphics as Design Condition A. Audio narration 

will be presented serially with respect to graphical information. As is the case in condition A, 

animation will only be utilized in instances where motion is necessary for learning. During 

the presentation of audio narration, learners will view a blank video feed. 
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Presenting narration and graphics in a serial fashion requires the learner to store audio 

information in working memory in order to integrate it with information presented by 

graphical display. The act of holding over narrative information until presented with graphics 

violates heuristics proposed by recent research pertaining to optimum multimedia 

presentation of learning materials. 

Design Condition C - learning materials presented with a combination of narration 

with the same static and animated graphics as Design Conditions A-B. Audio narration will 

be presented simultaneously with graphics. As is the case in conditions A-B, animation will 

only be utilized in instances where motion is necessary for learning. The synchronous use of 

narration serves two purposes in the reduction of extraneous cognitive load.  

First, by presenting information in a synchronized fashion, it does not require the 

learner to store information for extended periods in working memory in order to integrate 

narrative (or textual, as in condition A) information with graphical information. Second, 

presenting information directly into phonological working memory eases the burden placed 

on the visual channel in condition A.  

Although the presentation technique used in condition C aims at aiding in the 

construction of schemas, the reduction in load comes in a reduction in extraneous, or 

unnecessary, load. Since base learning material is the same as condition A, the same amount 

of schematic construction, or germane load, is similar in both experimental conditions.  

Level of intrinsic load. Each of the above design conditions was replicated in three 

distinct learning modules (modules 1-3). Modules 1-3 were presented in the same sequence 

in both conditions across participants, with the information becoming more complex with 

each successive module. This added complexity occurred by asking participants to consider 
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an additional force acting on air parcels with each subsequent module, with module 1 

beginning with a single force, pressure gradient. Each additional force added interacts with 

other forces introduced in earlier modules. The additive effect of all forces acting on a parcel 

of air ultimately defines the direction of motion and acceleration of the parcel. By definition, 

adding element interactivity (i.e., more information elements that need to be simultaneously 

considered) requires more mental manipulation of information and, therefore, more 

allocation of resources via intrinsic load in order to accurately integrate information 

presented. Prior to experimental testing, pilot testing will be conducted to insure appropriate 

levels of complexity and element interactivity across modules 1-3.  

The three learning modules were reviewed by two experts in meteorology instruction 

for content accuracy and appropriate instructional difficulty for undergraduates. In addition, 

the modules were piloted with a small number of participants to assure that there is neither 

floor nor ceiling effects on the difference scores. 

Dependent variables 

Cognitive load level. The current study uses two introspective rating scale instruments to 

measure cognitive load: the 7-point Short Subjective Instrument (SSI) and the NASA Task 

Load Index (NASA-TLX). For the SSI, see Appendix A and for the NASA-TLX, see 

Appendix B. 

Difference score. In both Design Conditions (A-B), students answered a short series of 

questions before and after each Learning Module (1-3). The questions presented following 

the learning module paralleled those preceding it and presented similar problems with 

slightly different perspectives (i.e. the same problem to solve with different text or graphical 

cues). These questions required that the learner integrate information learned in the module 
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and aim to assess the level to which learners were able to build accurate schematic 

representations of material to be learned. The questions were forced multiple choice 

questions and required the interpretation of both text and graphical representations of 

information. Questions focused on both the recall of factual information as well as the 

transfer of knowledge questions, which required learners to predict the motion of parcels of 

air given novel variable values.  
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Method 

Participants 

Forty-eight students enrolled in Introductory Psychology participated in this study (equal 

numbers of males and females assigned to each Design Condition).  Participants received 

partial credit toward course completion for participating. Students were screened prior to 

exposure to experimental conditions for past experience in meteorology and earth science. If 

students had taken any course which emphasized the learning material to be presented, they 

were given full credit and excused from the experiment. One third of the students who 

participated in the study (16) were randomly assigned to each design condition (A-C). 

Apparatus 

Learning modules were presented to students using timed Microsoft PowerPoint 

presentations on an IBM Thinkpad with a 1.5 GHz Intel Centrino Mobile processor and 256 

MB of RAM running Windows XP Professional. Screen resolution was set at 1024 x 768 

with a refresh rate of 60 Hertz and 32 bit color quality. Participants in narration conditions 

used Sony MDR-V150 Stereo headphones. 
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Procedure 

Prior to entering the experiment, participants were randomly assigned to one of the 

three experimental conditions outlined above. Order of the cognitive load instruments was 

counterbalanced, with half of the learners in each condition filling out the Short Subjective 

Instrument followed by the NASA-TLX, and vice versa for the remaining participants. 

Gender was balanced across all Design Conditions. 

 Upon entering the lab, students were greeted and asked to fill out an informed consent 

form (See Appendix C). The experimenter then asked the students to take the Learning 

Module 1 pre-test. See Appendix D for all Learning Module pre-tests. Following this, 

students used Module 1 (low task difficulty).  

At the completion of this module, students answered the post-test questions. See 

Appendix E for all Learning Module post-tests. Immediately following, participants filled out 

both the Short Subjective Instrument and the NASA-TLX. Students were then given a short 

(three minute) break to stretch or get a drink before repeating this process for learning 

Modules 2 and 3 (medium and high task difficulty, respectively). After completion of the last 

dependent measure for Learning Module 3 (SSI or NASA-TLX), students completed a short 

background questionnaire to obtain demographic information (see Appendix F) and provide a 

short distracter before they completed the NASA-TLX pair wise comparison, which 

immediately followed the background questionnaire. 

After the completion of the experiment, the experimenter debriefed the participant, 

answered any questions pertaining to the research, and offered to point students to results 

following the completion of the research. Students were then dismissed and the experiment 

lasted approximately 1 hour. 
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Analysis 

The current study is a 3x3 mixed method design with three levels of Design 

Conditions (A,B,C) between subjects and three levels of module difficulty within subjects 

(Learning Modules 1-3). Multiple dependent variables are being analyzed: SSI score, NASA-

TLX weighted workload score, and its associated subscales (Frustration, Effort, Performance, 

and Mental Demands). 

Prior to hypothesis testing, frequency testing will be conducted to ensure against 

missing data points. All data categories will also be tested for outliers. If either missing data 

or outliers are found, appropriate steps for data correction be made prior to hypothesis 

testing. 

Cognitive load and task difficulty. A two-way mixed-model factorial analysis of 

variance (ANOVA) will be run for each dependent variable, SSI and WWL, across the 

independent variable factors of Design Condition (between-subjects independent variable) 

and Learning Module (within-subjects independent variable). Results will be plotted with 

Design Condition on the horizontal axis and SSI and WWL on the vertical, with Learning 

Modules as separate lines. 

At the time of analysis, Mauchly's Test of Sphericity will be conducted and observed 

results will dictate appropriate whether corrections for non-sphericity will be needed when 

interpreting results. 

 Results from the mixed-model ANOVAs will be used to test the hypothesis that both 

the SSI and WWL increase significantly with successive Learning Modules (1-3). If 

significant interaction is found between Design Condition and Learning Module and 

significant main effect for Learning Module is found, post hoc contrast tests will be 
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conducted to test for significance between individual levels of the significant variable 

without collapsing the Design Condition. If no significant interaction is found but a 

significant main effect is found, then the post hoc testing will be done with the Design 

Condition collapsed across levels. 

Cognitive load and condition. Results from the above mixed-model ANOVAs will 

also be used to test the hypothesis that subjective cognitive load ratings for both SSI and 

WWL are significantly less for Design Condition C than those of Design Condition A and 

Design Condition B. If significant interaction is found between Design Condition and 

Learning Module and significant main effect for Learning Module is found, post hoc 

Bonofferi tests will be conducted to test for significance between individual levels of the 

significant variable without collapsing the Design Condition. If no significant interaction is 

found but a significant main effect is found, then the post hoc testing will be done with the 

Design Condition collapsed across levels. 

NASA-TLX Subscales. A two-way mixed-model factorial analysis of variance 

(ANOVA) will be run for each NASA-TLX subscale dependent variable, Frustration, Effort, 

Performance, and Mental Demands, across the independent variable factors of Design 

Condition (between-subjects independent variable) and Learning Module (within-subjects 

independent variable). Results will be plotted with Design Condition on the horizontal axis 

and NASA-TLX subscales on the vertical, with Learning Modules as separate lines. 

Results from Frustration and Effort mixed-model ANOVAs will also be used to test 

the hypothesis that subjective cognitive load ratings for both NASA-TLX Frustration 

subscale and NASA-TLX Effort subscale are significantly less for Design Condition C than 

those of Design Condition A and Design Condition B. ). If significant interaction is found 
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between Design Condition and Learning Module and significant main effect for Learning 

Module is found, post hoc Bonofferi tests will be conducted to test for significance between 

individual levels of the significant variable without collapsing the Design Condition. If no 

significant interaction is found but a significant main effect is found, then the post hoc testing 

will be done with the Design Condition collapsed across levels. 

Results from Performance and Mental Demands mixed-model ANOVAs will be used 

to test the hypothesis that both the subjective cognitive load ratings for NASA-TLX 

Performance and NASA-TLX Effort subscales are greater in Learning Module 3 than in 

Learning Modules 1 and 2. If significant interaction is found between Design Condition and 

Learning Module and significant main effect for Learning Module is found, post hoc contrast 

tests will be conducted to test for significance between individual levels of the significant 

variable without collapsing the Design Condition. If no significant interaction is found but a 

significant main effect is found, then the post hoc testing will be done with the Design 

Condition collapsed across levels. 
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Results 

Participant self-report subjective rating scale measures for the NASA-TLX weighted 

work load and its associated subscales, as well as the Short Subjective Instrument measures 

are presented in this section. All statistical tests conducted in the accompanying analysis 

were performed using an alpha level of .05. 

Prior to hypothesis testing, frequency testing was conducting to ensure against 

missing data points, with all data present. All data categories were also tested for outliers, 

with no extreme values found. Descriptive statistics were run for each dependent variable 

tested. Tables of means and standard deviations can be found in Tables 1 through 6. In 

addition, a one way ANOVA was run to look for differences of pre-test scores for Learning 

Modules 1-3 between Design Condition to insure that participant base knowledge was similar 

across the between subjects variable. No significance was found for this test (F(2, 141)=.361, 

p=.698). 

Cognitive Load and Task Difficulty 

Two-way repeated measures analyses of variances were conducted to investigate WWL 

and SSI differences in Design Condition and Learning Module categories among 

participants. ANOVA results indicated significant main effects for Learning Module on SSI 

(F(2,90)=23.608, p<.001) and for Learning Module on WWL (F(2,90)=12.667, p<.001), 

using Huynh-Feldt correction for non-sphericity. See Appendix G for ANOVA tables. 

Interaction between factors was not significant for either SSI (F(4,90)=.621, p=.649), or 

WWL(F(4,90)=.83, p=.510). Post hoc contrasts showed significance for the SSI between 

Learning Modules 1 and 2 (p<.001), Learning Modules 2 and 3 (p=.008), and Learning 

Modules 1 and 3(p<.001). Post hoc contrasts also showed significance for the WWL between 
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Learning Modules 1 and 2 (p=.002), Learning Modules 2 and 3 (p=.022), and Learning 

Modules 1 and 3(p<.001). Figures 1 and 2 show results plotted with Design Condition on the 

horizontal axis and SSI and WWL on the vertical, with Learning Modules as separate lines. 

Tables 1-2 show means and standard deviations for the above variables. 

Table 1. Means and Standard Deviations of Short Subjective Instrument 
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Table 2. Means and Standard Deviations of the NASA-TLX Weighted Work Load 
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Table 3. Means and Standard Deviations of the NASA-TLX Frustration Subscale 
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Table 4. Means and Standard Deviations of the NASA-TLX Effort Subscale 
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Table 5. Means and Standard Deviations of the NASA-TLX Performance Subscale 
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Table 6. Means and Standard Deviations of the NASA-TLX Mental Demands Subscale 
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Figure 1. Module x Design Condition Results- Short Subjective Instrument 
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Figure 2. Module x Design Condition Results- Weighted Work Load              
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Cognitive Load and Condition 

Results from the above two-way repeated measures ANOVAs indicated a significant 

main effect for the between-subjects variable Design Condition on WWL (F(2,45)=3.980, 

p=.026), however, no significant main effect for Design Condition on SSI (F(2,45)=1.387, 

p=.260) was found. Results for between-subjects main effects are presented in Appendix H. 

As previously stated, interaction between factors was not significant for either SSI 

(F(4,90)=.621, p=.649), or WWL(F(4,90)=..83, p=.510). Post hoc Bonferroni tests for the 

factor Design Condition were conducted to determine which groups were significantly 

different for the dependent variable WWL. Results showed significance only between Design 

Conditions A and C for the dependent variable WWL (p=.022). 

NASA-TLX Subscales 

Two-way repeated measures analyses of variances were conducted to investigate 

NASA-TLX subscale differences in Design Condition and Learning Module categories 

among participants. ANOVAs were run for Frustration, Effort, Performance, and Mental 

Demands subscales. ANOVA results indicated significant main effects for Learning Module 

on Frustration (F(2,90)=4.301, p=.025) using Huynh-Feldt correction for non-sphericity, 

Learning Module on Effort (F(2,90)=7.659, p=.001), Learning Module on Performance 

(F(2,90)=7.343, p=.001)  and for Learning Module on Mental Demands (F(2,90)=6.127, 

p=.003). See Appendix G for ANOVA tables. Interaction between factors was not significant 

for Frustration (F(4,90)=.526, p=.675), Effort (F(4,90)=.924, p=.454), Performance 

(F(4,90)=1.202, p=.316), or Mental Demands (F(4,90)=.481, p=.749). Figures 3 through 6 

show results plotted with Design Condition on the horizontal axis and NASA-TLX subscales 
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on the vertical, with Learning Modules as separate lines. Tables 3-6 show means and 

standard deviations for the above variables. 
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Figure 3. Module x Design Condition Results- NASA-TLX Frustration            
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Figure 4. Module x Design Condition Results- NASA-TLX Effort              
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Figure 5. Module x Design Condition Results- NASA-TLX Performance              
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Figure 6. Module x Design Condition Results- NASA-TLX Mental Demands            
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          Post hoc contrasts showed significance for the Frustration subscale between Learning 

Modules 2 and 3 (p=.046) and Learning Modules 1 and 3(p=.018) but not for Learning 

Modules 1 and 2 (p=.146). Post hoc contrasts showed significance for the Effort subscale 

between Learning Modules 1 and 2 (p=.015) and Learning Modules 1 and 3(p=.002) but not 

for Learning Modules 2 and 3 (p=.091). Also, post hoc contrasts showed significance for the 

Performance subscale between Learning Modules 1 and 2 (p=.006) and Learning Modules 1 

and 3(p=.003) but not for Learning Modules 2 and 3 (p=.528), and for the Mental Demands 

subscale between Learning Modules 1 and 2 (p=.047) and Learning Modules 1 and 3(p=.005) 

but not for Learning Modules 2 and 3 (p=.078). 

Results from the above two-way repeated measures ANOVAs did not indicate a 

significant main effect for the between-subjects variable Design Condition by any of the 

NASA-TLX subscales tested. Results for between-subjects main effects are presented in 

Appendix H.  
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Discussion 

The current study contributes to the body of research in both traditional information 

processing research as well as educational research addressing Cognitive Load Theory by not 

only validating previous presentation heuristics in those areas but also by introducing the use 

of an existing validation technique to Web and PC-based instructional materials. The results 

of this study, primarily the discriminatory power of the NASA-TLX WWL, serve to question 

the use of the SSI among educational researchers.  

Results from this study indicate that the NASA-Task Load indeX, a weighted and 

multi-dimensional rating scale, is not only as effective as the more commonly used Short 

Subjective Instrument in measuring levels of intrinsic cognitive load, but differs from the SSI 

in its ability to measure the cognitive demands faced by learners in these widely used 

instructional applications. This difference is likely due to the variation in response to TLX 

subscales across varying levels of extraneous load, as manipulated in this study by 

presentation format. 

Cognitive Load and Task Difficulty 

As expected, significance was found between all modules for both measures of 

cognitive load. As learners progressed through sequential Learning Modules, additional 

atmospheric forces needed consideration in order to gain an understanding of materials to be 

learned. Successful learning, therefore, not only required knowledge learned in previous 

Learning Modules but also required an understanding of how new concepts interacted with 

previously learned material, increasing the amount of element interactivity (Sweller et al., 

1998). 
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Since learning materials required simultaneous processing of information to 

successfully predict outcomes, increases in measured load across Learning Modules are 

likely due to this increased amount of element interactivity, and previous research such as 

Sweller, et al. (1998) has shown similar results to the current study. Since both the NASA-

TLX weighted work load and the Short Subjective Instrument showed a significant increase 

in cognitive demands faced by learns in successive Learning Modules when collapsed across 

Design Conditions, both can be said to be equally sensitive to these changes in intrinsic 

cognitive load faced by learners in the current research. 

Cognitive Load and Condition 

 Aside from intrinsic cognitive load, the current study also manipulated extraneous 

cognitive load, or that load which is largely under the control of the instructional designer. 

Presentation format was manipulated between Design Conditions by taking into account 

specific advantages outlined in both Paivio’s Dual Channel Theory (Paivio, 1986) by 

guidelines presented in Paas, et al.’s (2003) writings on information format and accessibility 

and Mayer & Moreno’s (2003) heuristics for reducing cognitive load through design.  

By using narration to shift cognitive load from the visual channel into the separate 

audio input channel while still presenting it simultaneously with graphical representations of 

materials, the current research showed a significant decrease in overall cognitive load in 

Design Condition C when compared to Design Condition A, as reflected in post-hoc tests. 

This observed difference was only reflected in NASA-TLX weighted work load scores but 

was not seen in the results from the Short Subjective Instrument.  

Given that the presentation format of materials to be learned was the sole variable 

under manipulation between Design Conditions, it can be said that the NASA-TLX was 
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shown to be more sensitive to changes in amount of extraneous load and, therefore, changes 

in overall cognitive load than the short subjective instrument in the current research. The 

increased sensitivity for the WWL seen here was only present between two of the three 

presentation formats, indicating a lower perceived workload when graphic information was 

simultaneously overlaid with narration (Design Condition C) than the same information 

presented in text immediately followed by graphic information (Design Condition A). The 

use of multiple channels to convey information to working memory has been said to be more 

advantageous as information becomes more complex (Mousavi, et.al, 1995). An increase in 

discriminatory power between Design Conditions for both the WWL and the SSI may have 

been evident in conditions had learners been exposed to higher level of overall cognitive 

load.  

Not only did the results indicate the importance of using multiple channels to input 

information into working memory, but it was also illustrated that the temporal presentation of 

information to multiple channels is also important. The condition of narration presented prior 

to associated graphical information (Design Condition B) did not show significantly different 

perceived workload scores than either of the other two Design Conditions. The presentation 

format of Design Condition B is not only rarely used in practice, but it has not been looked at 

in prior educational research. This research, such as that of Mayer and Moreno (2002), has 

previously focused on conditions such as Design Condition A and Design Condition C. By 

including Design Condition B in the current research, a case can be made that the temporal 

aspect of information conveyance is a factor when understanding how best to utilize multiple 

channels in learning. 
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NASA-TLX Subscales 

 The NASA-TLX weighted work load is an aggregate score based on ratings made by 

participants on six separate subscales, which are all weighted and contribute to the overall 

WWL. It was expected that for what appear to be the most relevant NASA-TLX subscales a 

priori, the un-weighted scores would show significant differences between Design 

Conditions and Learning Modules. While the expected increase of the Performance and 

Mental Demands subscales between Learning Modules was significant, there was no 

significant difference seen between Design Conditions for any of the subscales tested, 

including the subscales of Frustration and Effort, which were predicted to be significantly 

lower for Design Condition C.  

 This lack of significance between Design Conditions for the NASA-TLX subscales 

that were deemed most relevant to the task in the current study, when combined with the 

significance that was found with the WWL between Design Conditions A and C indicate that 

other explanations for the increased sensitivity of the TLX are due to alternative 

characteristics of the multi-dimensional scale. It is expected that the increased sensitivity 

could have been caused not by differences between the individual subscales between Design 

Conditions, but by the cumulative effect that all six NASA-TLX subscales have on the 

overall WWL. 

Practical Implications 

 Given current technology, developers of distance education materials are faced with a 

myriad of choices when deciding on a presentation format of materials to be learned. 

Increases in available bandwidth and high fidelity personal compute displays allow for the 

use of not only animated images and audio overlay, but also live-action and streaming video, 
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virtual environments and high fidelity computed generated graphics. Past research in both 

education and the fields of human factors and cognitive psychology has shown that the 

choice that is made between presentation of materials is not a trivial one, and can have a 

direct impact on the effectiveness of multimedia education and training. 

Findings from the current research indicate that the NASA-TLX can provide 

developers of distance education materials with a more robust and sensitive technique for the 

measurement of extraneous cognitive load. This ability of allows both researchers and 

practitioners to evaluate multiple presentation formats of learning materials side by side and 

choose the best format for a given topic based on NASA-TLX weighted work load scores.  

 The reduction of extraneous load allows for increased amounts of germane load, 

which is necessary for successful coding and retaining of information, and intrinsic load, 

which is that load that is inherent in the materials to be learned. By the reduction of 

extraneous load and the subsequent increase in both germane and intrinsic load, learning 

through distance education can become more efficient. 

 The current study also presents findings regarding the temporal presentation of 

narration in distance education that could be used during the development of learning 

materials. Results indicate that not only is the use of multiple channels to input information 

important, but that the temporal aspect of that input should be carefully considered. Design 

Condition C, with the synchronous presentation of narration and graphics showed a 

significant decrease in the amount of cognitive load for the WWL over Design Condition A, 

where Design Condition B, with asynchronous narration, did not. Therefore, in order to 

achieve an overall reduction in cognitive load, synchronous narration and graphics should be 

considered in similar designs with like learning material. 
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 Anecdotally, a common misconception among research and practitioners alike is that 

the NASA-TLX is time consuming and results are difficult to interpret. Differences between 

the two assessment techniques are not trivial (1 question SSI versus 6 question NASA-TLX 

along with pair-wise comparisons), but should be noted that all participants in the current 

study completed three distinct learning modules as well as the multidimensional NASA-

TLX, including the associated paired comparison, and the Short Subjective Instrument in less 

than 1 hour of participation. Additionally, simple spreadsheets were used to record the results 

from the NASA-TLX, and the researcher, by using simple formulas, needed little time to 

calculate the NASA-TLX weighted work load index.  

Limitations 

 Several limitations of the current study must be recognized in order to appropriately 

interpret results presented. First, by utilizing a university subject pool, the mean age of 

participants was skewed towards late adolescents (M = 19.91, SD = 4.36), with only four 

participants over the age of 21. Additionally, as university students, exposure to Web-based 

course material may impact performance across all conditions presented in this research. 

Ultimately, for industry or academic applications, subjects polled for future research should 

adequately reflect the focus population for the individual study.  

As often occurs, the design of this experiment was such that the researcher needed to 

choose between external validity and experimental control when exposing students to 

Learning Modules. All modules used in this study were presented with controlled timing 

between slides. Slides in all Learning Modules and Design Conditions were automatically 

advanced following a set period of time. While the timing of the slides was tested and 

validated for effectiveness by pilot participants, quite often Web or PC-based learning 



 

 54 

modules are self-paced, wherein the learner is given the right to navigate as (s)he sees fit. 

Self-paced instructional material leads to a personalization of materials to individual learning 

styles and could thus increase overall performance. Contrasting this, self-paced designs also 

allow for a student to hurriedly navigate through materials if individually motivated to do so 

(Slyhkuis, Wiebe, & Annetta, 2005). This discrepancy is the driving reason behind the use of 

timed slides in this study. 

 In addition to being self-paced, Web or PC-based instructional materials also often 

allow learners to self-navigate through screens. Again, for experimental control, students in 

the current study were instructed to go through slides serially and not to backtrack to 

previous slides. Future research should carefully consider these aspects when choosing 

between timed and self-paced tutorials and serial presentation versus self-navigation of 

learning materials. 

While some pre-test screening was completed prior to participation in the study to 

ensure against previous course exposure to the learning materials, there was no measure 

taken to ensure either visual acuity or hearing ability among participants. Although 

participants were encouraged to adjust sound levels to appropriate volumes in narration 

condition, all participants viewed images and text with equal display characteristics. 

Individual differences in these areas may have had a small effect on results, although random 

assignment of participants across Design Conditions likely addressed this concern. 

Future Research 

 Results from the current research lead to several questions that can be addressed with 

future research. The limitations of this study discussed above can be addressed individually 

through simple adjustments in research methodology and sampling. Additionally, future 
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studies can utilize the current theoretical foundation to answer questions such as how the 

current research extends to topics less visually intensive, what factors of the NASA-TLX 

specifically contribute to the results indicated in the current study, and how do the two 

assessment techniques differ when sample populations consist of diverse age groups, cohorts, 

and individuals who may differ in learning style. 

 Future research may also benefit from structuring research questions such that a more 

direct comparison of the NASA-TLX and the SSI can occur through alternate statistical 

analysis such as MANOVA. Additionally, knowledge into the cause of discrepancies 

between the two subjective techniques may be gained in future research by conducting a 

factor analysis of the NASA-TLX subscales, either using the un-weighted or weighted 

subscale scores. 
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Appendix A: Short Subjective Instrument (SSI) 

 
This Instrument was given to all participants following the completion of each Learning 
Module post-test. Order of SSI and NASA-TLX was counterbalanced across all participants 
in the study. 
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Short Subjective Instrument 
 
 
Circle the number that best describes your experience today 
 
 
 
How difficult was it for you to understand this learning module and correctly answer the 
questions that followed? 
 
 
Extremely Easy       Extremely Difficult 
 
 
  1------------2------------3------------4------------5------------6------------7 
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Appendix B: NASA Task Load indeX (TLX) 
 

This Instrument was given to all participants following the completion of each Learning 
Module post-test. Order of SSI and NASA-TLX was counterbalanced across all participants 
in the study. NASA-TLX pair wise comparisons were given following the completion of a 
short demographic questionnaire at the end of the session.  
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NASA-Task Load indeX 
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NASA- Task Load indeX 
 
Instructions- Select the member of each pair that provided the most significant source of 
work to you in today’s tasks (circle your answer) 
 
 
 
 
Physical Demand  or  Mental Demand 
 
Temporal Demand  or  Mental Demand 
 
Performance   or  Mental Demand 
 
Frustration   or  Mental Demand 
 
Effort    or  Mental Demand 
 
Temporal Demand  or  Physical Demand 
 
Performance   or  Physical Demand 
 
Frustration   or  Physical Demand 
 
Effort    or  Physical Demand 
 
Temporal Demand  or  Performance 
 
Temporal Demand  or  Frustration 
 
Temporal Demand  or  Effort 
 
Performance   or  Frustration 
 
Performance   or  Effort 
 
Effort    or  Frustration 
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Appendix C: Informed Consent Form 
 

The informed consent form was given to participants prior to testing to give a summary of 
the experimental procedure, tasks, benefits to them, and potential risks. 
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North Carolina State University  
INFORMED CONSENT FORM for RESEARCH 

 
Understanding the Wind 
Principal Investigator- David Windell    Faculty Sponsor- Dr. Eric Wiebe 
 
 
We are asking you to participate in a research study.  The purpose of this study is gain a better 

understanding of the best way to present information to learners in a multimedia learning 
environment 

 
INFORMATION 
If you agree to participate in this study, you will be asked to answer questions about your prior knowledge of air 
properties in wind patterns. You will then go through 3 learning modules. Following this you will answer a few 
questions to demonstrate what you learned. You will also be asked to give the researchers some demographic 
information about yourself. 
RISKS 
There are no foreseeable risks or discomforts associated with this study. 

BENEFITS 
This study aims to give you (the participant) a better understanding of the air around you and how various 
factors influence the acceleration and direction of wind in the atmosphere. In addition, your participation in this 
study will allow the researchers to gain a better understanding on the design and implementation of distance 
education materials. 
CONFIDENTIALITY 
The information in the study records will be kept strictly confidential.  Data will be stored securely in electronic 
format and physical forms will be destroyed following data analysis. No reference will be made in oral or 
written reports which could link you to the study. 
COMPENSATION (if applicable) 
For participating in this study you will receive 3 credits towards the required research for Introductory 
Psychology.  If you withdraw from the study prior to its completion, you will still receive the full course credit. 
The participant with the highest aggregate score will be awarded a $50 gift certificate. In the event of a tie, a 
random drawing will determine the award recipient. Students who do not complete the study will not be eligible 
for this award. They will, however, still receive class credit. 
CONTACT 
If you have questions at any time about the study or the procedures, you may contact the researcher, David 
Windell, at 330.327.6586 or Dr. Eric Wiebe at 919.515.1753.  If you feel you have not been treated according to 
the descriptions in this form, or your rights as a participant in research have been violated during the course of 
this project, you may contact Dr. Matthew Zingraff, Chair of the NCSU IRB for the Use of Human Subjects in 
Research Committee, Box 7514, NCSU Campus (919/513-1834) or Mr. Matthew Ronning, Assistant Vice 
Chancellor, Research Administration, Box 7514, NCSU Campus (919/513-2148) 
PARTICIPATION 
Your participation in this study is voluntary; you may decline to participate without penalty.  If you decide to 
participate, you may withdraw from the study at any time without penalty and without loss of benefits to which 
you are otherwise entitled.  If you withdraw from the study before data collection is completed your data will be 
returned to you or destroyed at your request. 
 
CONSENT 
“I have read and understand the above information.  I have received a copy of this form.  I agree to 
participate in this study with the understanding that I may withdraw at any time.” 
 
Subject's signature_______________________________________ Date _________________ 
 
 
Investigator's signature__________________________________ Date _________________
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Appendix D: Learning Module Pre-tests 
 

The Learning Module pre-tests were given to participants prior to their exposure to each 
Learning Module 1-3. Learning Module pre-tests were consistent across all Design 
Conditions. 
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Pre Module-1 
 
1) What is the substance used by a common barometer to measure air pressure?  
 
A- Fresh water 
B- Mercury 
C- Salt water 
D- Liquid methane 
 
2) The lines on a pressure gradient map are called what?  
 
A- Isobars 
B- Gradient lines 
C- Millibars 
D- Pressure vectors 
 
3) When solely under the influence of the pressure gradient force, air moves 
_______________.  
 
A- From low pressure to high pressure 
B- Clockwise around high pressure 
C-Clockwise around low pressure 
D- From high pressure to low pressure 
 
4) At which spot on the map below is wind likely the strongest?  

 
 
A 
B 
C 
D 
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5) In the picture used in question four, the air molecules that are closest to the “L” are 
likely________________.  
 
A- Warming and expanding apart 
B- Cooling and getting closer together 
C- Moving in clockwise patterns 
D- There is not enough information to make a guess 
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Pre Module-2 
 
1) Geostrophic Winds are created by what?  
 
A- The balance between the pressure gradient force and the coriolis force 
B- Coriolis force 
C- The imbalance between the pressure gradient force and the coriolis force 
D- The formation of a low pressure hurricane 
 
2) In the southern hemisphere, the coriolis force causes air to move which way?  
 
A- Always to the right 
B- Always North 
C- Always to the left 
D- Always South 
 
3) Which direction does the Earth rotate on its axis as viewed from above the NORTH pole?  
 
A- Clockwise 
B- Horizontally 
C- Counter-clockwise 
D-Vertically 
 
4) Air parcel “A” is located at 20 degrees North latitude (close to the equator), and air parcel 
“B” is located at 80 degrees North latitude (further from the equator).  What statement best 
describes how the coriolis force will affect the two air parcels?  
 
A- The coriolis force will have MORE of an affect on parcel A than parcel B 
B- The coriolis force will have LESS of an affect on parcel A than parcel B 
C- The coriolis force will affect both parcels equally 
D- There is not enough information to make a guess 
 
5)  At what point on the map below will coriolis force be the strongest?  

 
A 
B 
C 
D 
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Pre Module-3 
 
1) The “layer” in the atmosphere in which friction plays a role in the motion of air parcels is 
called the _______________.  
 
A- Force layer 
B- Magnetosphere 
C- Ionosphere 
D- Boundary layer 
 
2) In most conditions, the coriolis force _______________ as the friction force gets stronger.  
 
A- Weakens 
B- Strengthens 
C- Stays the same 
D- The coriolis force has no relationship to the friction force 
 
3) What surface feature can act to INCREASE the friction force?  
 
A- Hills and mountains 
B- Forests and buildings 
C- Both A and B 
D- Neither A or B 
 
4) Why would wind at lower altitudes have more of a tendency to spiral towards the center of 
areas of low pressure?  
 
A- Winds at lower altitudes do not have this tendency 
B- Friction plays more of a role, slowing the wind and lessening the pressure gradient force 
C- Friction plays more of a role, slowing the wind and lessening the coriolis force 
D- Friction plays less of a role, slowing the wind and lessening the pressure gradient force 
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5) What would cause a strengthening Force B in the below graphic?  

 
A- Force C decreasing and Real Wind increasing 
B- Force C decreasing and Real Wind decreasing 
C- Force C increasing and Real Wind decreasing 
D- Force C increasing and Force A Increasing 
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Appendix E: Learning Module Post-tests 
 

The Learning Module post-tests were given to participants immediately following to their 
exposure to each Learning Module 1-3. Learning Module post-tests were consistent across all 
Design Conditions. 
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Post Module-1 
 
1) As air pressure rises, it forces the mercury in a barometer into a(n) _____________.  
 
A- Air cap 
B- Valve 
C- Vacuum 
D- Light chamber 
 
2) The lines on a pressure gradient map join areas that have the same___________.  
 
A- Air pressure 
B- Temperature 
C- Latitude 
D- Humidity level 
 
3) What changes with greater differences in pressure between adjacent parcels of air?  
 
A- Earth’s rotation 
B- Tangent 
C- Nothing 
D- Wind speed 
 
4) At which spot on the map below is wind likely the weakest?  

 
 
A 
B 
C 
D 
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5) In the picture used in question four, the air molecules that are closest to the “H” are 
likely________________.  
 
A- Warming and expanding apart 
B- Cooling and getting closer together 
C- Moving in clockwise patterns 
D- There is not enough information to make a guess 
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Post Module-2 
 
1) When winds are “geostrophic” they____________________.  
 
A- Blow towards high pressure, perpendicular to isobars 
B- Blow towards low pressure, perpendicular to isobars 
C- Blow parallel to isobars 
D- None of the above 
 
2) In the northern hemisphere, the coriolis force causes air to move which way?  
 
A- Always to the right 
B- Always North 
C- Always to the left 
D- Always South 
 
 
3) Which direction does the Earth rotate on its axis as viewed from above the SOUTH pole?  
 
A- Clockwise 
B- Horizontally 
C- Counter-clockwise 
D-Vertically 
 
 
4) Air parcel “A” is located at 86 degrees North latitude (far from the equator), and air parcel 
“B” is located at 14 degrees North latitude (closer to the equator).  What statement best 
describes how the coriolis force will affect the two air parcels?  
 
A- The coriolis force will have LESS of an affect on parcel A than parcel B 
B- The coriolis force will affect both parcels equally 
C- The coriolis force will not affect either parcel 
D- The coriolis force will have MORE of an affect on parcel A than parcel B 
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5) At what point on the map below will coriolis force be the weakest?  

 
A 
B 
C 
D 
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Post Module-3 
 
1) What is another name for the “boundary layer” in the atmosphere in which friction plays a 
role in the motion of air parcels?  
 
A- Ionosphere 
B- Friction Layer 
C- Force Layer 
D- Magnetosphere 
 
 
2) In most conditions, the coriolis force _______________ as the friction force gets weaker.  
 
A- Weakens 
B- Strengthens 
C- Stays the same 
D- The coriolis force has no relationship to the friction force 
 
 
3) What surface feature can act to DECREASE the friction force?  
 
A- Hills and mountains 
B- Forests and buildings 
C- Both A and B 
D- Neither A or B 
 
4) Why would wind at higher altitudes have less of a tendency to spiral away from the 
centers of high pressure areas?  
 
A- Friction plays more of a role, slowing the wind and lessening the pressure gradient force 
B- Friction plays more of a role, slowing the wind and lessening the coriolis force 
C- Friction plays less of a role, allowing the wind to move faster and strengthening the 
coriolis force 
D- Winds at higher altitudes do not have this tendency 
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5) What would be the result of strengthening Force C in the below graphic?  

 
A- Force A would decrease, Force B would increase and wind would stay where it is 
B- Force A would stay the same, Force B would increase, and Real Wind would be more 
parallel to the isobars 
C- Force A would stay the same, Force B would decrease, and Real Wind would be more 
parallel to the isobars 
D- Force A would decrease, Force B would increase, and Real Wind would point more 
toward the L 
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Appendix F: Demographic Questionnaire 
 

This demographic questionnaire was given to participants immediately following Learning 
Module 3 post-test and acted as a distracting prior to participants completing the NASA-TLX 
pair wise comparison. 
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Demographic Questionnaire 
 
 
Please answer the following questions.  
Note that the information you provide in this form will only be linked to your participant 
number, and following today’s session, will not be linked to your name in any way. 
 
Gender: 
 
Male     Female 
 
Age: ______________ 
 
Major: _____________________________________ 
 
Have you previously taken any college courses in atmospheric or earth sciences? 
 
Yes        No 
 
If yes, please list course(s): 
___________________________________________________________________________
___________________________________________________________________________
__________________________________________________________________ 
 
Do you feel you have a better understanding of the forces that affect wind in the atmosphere 
after completing today’s study? 
 
Yes       No 
 
Prior to today’s session, what was your interest level in atmospheric and weather 
phenomena? 
 
None  Slight  Moderate  Strong 
 
After today’s session, what is your interest level in atmospheric and weather phenomena? 
 
None  Slight  Moderate  Strong 
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Appendix G: ANOVA Tables-Display of Within-Subjects Effects 
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SSI- Tests of Within-Subjects Effects 
 
  

Source   

Type III 
Sum of 

Squares df 
Mean 

Square F Sig. 

Partial 
Eta 

Squared 
Sphericity 
Assumed 29.292 2 14.646 23.608 .000 .344 

Greenhouse-
Geisser 29.292 1.753 16.713 23.608 .000 .344 

Huynh-Feldt 29.292 1.899 15.425 23.608 .000 .344 

Module 

Lower-bound 29.292 1.000 29.292 23.608 .000 .344 
Sphericity 
Assumed 1.542 4 .385 .621 .649 .027 

Greenhouse-
Geisser 1.542 3.505 .440 .621 .628 .027 

Huynh-Feldt 1.542 3.798 .406 .621 .640 .027 

Module * 
Condition 

Lower-bound 1.542 2.000 .771 .621 .542 .027 
Sphericity 
Assumed 55.833 90 .620       

Greenhouse-
Geisser 55.833 78.867 .708       

Huynh-Feldt 55.833 85.453 .653       

Error(Module) 

Lower-bound 55.833 45.000 1.241       
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WWL- Tests of Within-Subjects Effects 
 
  

Source   

Type III 
Sum of 

Squares df 
Mean 

Square F Sig. 

Partial 
Eta 

Squared 
Sphericity 
Assumed 73.856 2 36.928 12.667 .000 .220 

Greenhouse-
Geisser 73.856 1.461 50.565 12.667 .000 .220 

Huynh-Feldt 73.856 1.564 47.213 12.667 .000 .220 

Module 

Lower-bound 73.856 1.000 73.856 12.667 .001 .220 
Sphericity 
Assumed 9.679 4 2.420 .830 .510 .036 

Greenhouse-
Geisser 9.679 2.921 3.313 .830 .479 .036 

Huynh-Feldt 9.679 3.129 3.094 .830 .486 .036 

Module * 
Condition 

Lower-bound 9.679 2.000 4.840 .830 .443 .036 
Sphericity 
Assumed 262.373 90 2.915       

Greenhouse-
Geisser 262.373 65.728 3.992       

Huynh-Feldt 262.373 70.395 3.727       

Error(Module) 

Lower-bound 262.373 45.000 5.831       
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Frustration- Tests of Within-Subjects Effects 
 
  

Source   

Type III 
Sum of 

Squares df 
Mean 

Square F Sig. 

Partial 
Eta 

Squared 
Sphericity 
Assumed 45.500 2 22.750 4.301 .016 .087 

Greenhouse-
Geisser 45.500 1.476 30.837 4.301 .028 .087 

Huynh-Feldt 45.500 1.581 28.774 4.301 .025 .087 

Module 

Lower-bound 45.500 1.000 45.500 4.301 .044 .087 
Sphericity 
Assumed 11.125 4 2.781 .526 .717 .023 

Greenhouse-
Geisser 11.125 2.951 3.770 .526 .663 .023 

Huynh-Feldt 11.125 3.163 3.518 .526 .675 .023 

Module * 
Condition 

Lower-bound 11.125 2.000 5.563 .526 .595 .023 
Sphericity 
Assumed 476.042 90 5.289       

Greenhouse-
Geisser 476.042 66.398 7.170       

Huynh-Feldt 476.042 71.157 6.690       

Error(Module) 

Lower-bound 476.042 45.000 10.579       
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Effort- Tests of Within-Subjects Effects 
 

Source   

Type III 
Sum of 

Squares df 
Mean 

Square F Sig. 

Partial 
Eta 

Square
d 

Sphericity 
Assumed 86.375 2 43.188 7.659 .001 .145 

Greenhouse-
Geisser 86.375 1.706 50.638 7.659 .002 .145 

Huynh-Feldt 86.375 1.845 46.818 7.659 .001 .145 

Module 

Lower-bound 86.375 1.000 86.375 7.659 .008 .145 
Sphericity 
Assumed 20.833 4 5.208 .924 .454 .039 

Greenhouse-
Geisser 20.833 3.411 6.107 .924 .443 .039 

Huynh-Feldt 20.833 3.690 5.646 .924 .448 .039 

Module * 
Condition 

Lower-bound 20.833 2.000 10.417 .924 .404 .039 
Sphericity 
Assumed 507.458 90 5.638       

Greenhouse-
Geisser 507.458 76.758 6.611       

Huynh-Feldt 507.458 83.022 6.112       

Error(Module
) 

Lower-bound 507.458 45.000 11.277       
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Performance- Tests of Within-Subjects Effects 
 
 
 
 
 

   

Type III 
Sum of 

Squares df 
Mean 

Square F Sig. 

Partial 
Eta 

Square
d 

Module Sphericity 
Assumed 48.375 2 24.188 7.343 .001 .140 

  Greenhouse-
Geisser 48.375 1.756 27.542 7.343 .002 .140 

  Huynh-Feldt 48.375 1.903 25.416 7.343 .001 .140 
  Lower-bound 48.375 1.000 48.375 7.343 .009 .140 
Module * 
Condition 

Sphericity 
Assumed 15.833 4 3.958 1.202 .316 .051 

  Greenhouse-
Geisser 15.833 3.513 4.507 1.202 .316 .051 

  Huynh-Feldt 15.833 3.807 4.159 1.202 .316 .051 
  Lower-bound 15.833 2.000 7.917 1.202 .310 .051 
Error(Modul
e) 

Sphericity 
Assumed 296.458 90 3.294       

  Greenhouse-
Geisser 296.458 79.037 3.751       

  Huynh-Feldt 296.458 85.649 3.461       
  Lower-bound 296.458 45.000 6.588       
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Mental Demands- Tests of Within-Subjects Effects 
  
 

Source   

Type III 
Sum of 

Squares df 
Mean 

Square F Sig. 

Partial 
Eta 

Squared 
Sphericity 
Assumed 65.792 2 32.896 6.127 .003 .120 

Greenhouse-
Geisser 65.792 1.678 39.208 6.127 .005 .120 

Huynh-Feldt 65.792 1.813 36.288 6.127 .004 .120 

Module 

Lower-bound 65.792 1.000 65.792 6.127 .017 .120 
Sphericity 
Assumed 10.333 4 2.583 .481 .749 .021 

Greenhouse-
Geisser 10.333 3.356 3.079 .481 .717 .021 

Huynh-Feldt 10.333 3.626 2.850 .481 .732 .021 

Module * 
Condition 

Lower-bound 10.333 2.000 5.167 .481 .621 .021 
Sphericity 
Assumed 483.208 90 5.369       

Greenhouse-
Geisser 483.208 75.511 6.399       

Huynh-Feldt 483.208 81.587 5.923       

Error(Module) 

Lower-bound 483.208 45.000 10.738       
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Appendix H: Between Subjects Test Results 
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SSI- Tests of Between-Subjects Effects 
 

Source 
Type III Sum 
of Squares df Mean Square F Sig. 

Partial Eta 
Squared 

Intercept 682.521 1 682.521 685.164 .000 .938 
Condition 2.764 2 1.382 1.387 .260 .058 
Error 44.826 45 .996       

 
 
 



 

 92 

 
WWL- Tests of Between-Subjects Effects 
 

Source 
Type III Sum 
of Squares df Mean Square F Sig. 

Partial Eta 
Squared 

Intercept 3599.943 1 3599.943 327.111 .000 .879 
Condition 87.610 2 43.805 3.980 .026 .150 
Error 495.236 45 11.005       
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Frustration- Tests of Between-Subjects Effects 
  

Source 
Type III Sum 
of Squares df Mean Square F Sig. 

Partial Eta 
Squared 

Intercept 1530.021 1 1530.021 92.504 .000 .673 
Condition 69.792 2 34.896 2.110 .133 .086 
Error 744.299 45 16.540       
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Effort- Tests of Between-Subjects Effects 
 

Source 
Type III Sum 
of Squares df Mean Square F Sig. 

Partial Eta 
Squared 

Intercept 4218.750 1 4218.750 243.073 .000 .844 
Condition 56.014 2 28.007 1.614 .210 .067 
Error 781.014 45 17.356       
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Performance- Tests of Between-Subjects Effects 
 

Source 
Type III Sum 
of Squares df Mean Square F Sig. 

Partial Eta 
Squared 

Intercept 2852.083 1 2852.083 314.589 .000 .875 
Condition 15.722 2 7.861 .867 .427 .037 
Error 407.972 45 9.066       
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Mental Demands- Tests of Between-Subjects Effects 
  

Source 
Type III Sum 
of Squares df Mean Square F Sig. 

Partial Eta 
Squared 

Intercept 5187.521 1 5187.521 295.090 .000 .868 
Condition 52.625 2 26.313 1.497 .235 .062 
Error 791.076 45 17.579       
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Appendix I: Averages of Pre-Test, Post-Test, and Difference Scores 
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Results from Pre-Test and Post-Test including Difference Score 
 

 Learning 
Module 1 

Learning 
Module 2 

Learning 
Module 3 

Total 

Design 
Condition A 

Pre-Test = 60% 
Post-Test = 73% 

Difference = 
13% 

Pre-Test = 31% 
Post-Test = 70% 

Difference = 
39% 

Pre-Test = 31% 
Post-Test = 64% 

Difference = 
33% 

Pre-Test = 41% 
Post-Test = 69% 

Difference = 
28% 

Design 
Condition B 

Pre-Test = 55% 
Post-Test = 76% 

Difference = 
21% 

Pre-Test = 44% 
Post-Test = 71% 

Difference = 
27% 

Pre-Test = 34% 
Post-Test = 75% 

Difference = 
41% 

Pre-Test = 44% 
Post-Test = 74% 

Difference = 
30% 

Design 
Condition C 

Pre-Test = 49% 
Post-Test = 80% 

Difference = 
41% 

Pre-Test = 40% 
Post-Test = 71% 

Difference = 
31% 

Pre-Test = 34% 
Post-Test = 80% 

Difference = 
46% 

Pre-Test = 41% 
Post-Test = 77% 

Difference = 
36% 

Total Pre-Test = 55% 
Post-Test = 76% 

Difference = 
21% 

Pre-Test = 38% 
Post-Test = 71% 

Difference = 
33% 

Pre-Test = 33% 
Post-Test = 73% 

Difference = 
40% 

 


