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1. Introduction 

The advent of the media generation, the voracity of multimedia consumption by modern 

society, and the advantages made possible by including animation as part of a comprehensive 

learning approach, all point to a growing need to include animation as a central tool in education. 

This medium, most commonly considered part of the entertainment industry, is especially 

appropriate in communicating matters of science, which often require the illustration of complex 

systems that change over time and may be difficult or impossible to observe directly. 

Consider the task of explaining how the human arm moves. An animation can show the 

arm flexing and relaxing, as people are accustomed to seeing on a daily basis, but then fade the 

outer layers away to reveal the underlying musculoskeletal structure, finally moving in to a 

cutaway microscopic view of the bicep to show how electrical impulses flow to cells that 

contract and relax. Such an animation can depict the world in a familiar way (to provide an initial 

point of reference) and then employ a hierarchical arrangement of structures (both outer to inner, 

and macro- to microscopic). Images can be directly overlaid on one another in a continuous 

picture frame, removing information (such as the outer skin) once it becomes less relevant to the 

instructional goal. The animation can distort space to emphasize the cellular structure of the 

muscle, using a moving virtual camera (if the animation is produced using 3D computer 

graphics) to more clearly convey the dimensional arrangement of structures. It can also distort 

time, slowing it down to clearly show the cellular contraction, overlaying extra-pictorial 

elements such as making electrical impulses visible, explicitly depicting the change in cell shape 

during contraction, and breaking a continuous sequence of events into discrete steps that suits the 

learnerôs method of conceptualizing processes. This unique arsenal of communication tools is 
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clear justification that the animated medium, in the hands of well-trained designers, artists, and 

educators, must be at the forefront of instructional development. 

Empirical evidence suggests, however, that animation is not inherently effective as a 

learning tool. In fact, the learner can be easily overwhelmed when viewing such materials, and 

failure to achieve meaningful learning quickly follows. The keys lie in employing a team of 

skilled visual communication designers and media artists who are trained to create instructional 

tools with a foundation in cognitive and instructional psychology. A series of principles are 

being developed that can guide designers in producing educational animations based on how 

people learn from animation. In addition to arming artists with this wisdom, these 

communicators must work in concert with ñcitizen scientistsò who together fulfill a contract to 

share new discoveries with the public (including mass media, educators, and policymakers) and 

cultivate passion in the sciences among students so that they may become problem-solvers in 

current and future humanitarian challenges. 

Success hinges on higher education promoting animation as science communication as 

well as creating an environment of collaboration between animators and scientists. The resulting 

shift in the internal cultures of both groups will ultimately lead them to discover the power of 

expository animation. A case study of how research on learning with animation can guide the 

decision-making process of visual instructional tools is elaborated here, within the context of the 

current challenges of communicating science to the public who stands to benefit from updating 

the paradigm. 
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2. The Need for More Effective Science Education 

The utilization of subject-matter found in the present life-

experience of the learner towards science is perhaps the best 

illustration that can be found of the basic principle of using 

experience as the means of carrying learners on to a wider, more 

refined, and better organized environing world (Dewey 82). 

 

The nature of education seems to be, at some level, in a constant state of flux. The 

development of Bloomôs Taxonomy (Bloom), the No Child Left Behind Act (U.S. Department of 

Education), and the growing emphasis on learner-centered education (Cornelius-White and 

Harbaugh) are among the more notable catalysts of change in the classroom environment in the 

past 60 years. One profound transition in which we find ourselves currently whirling is the 

integration of technology into the minute-to-minute lives of the students who gather in todayôs 

classrooms to exchange knowledge. 

Facebook and Twitter, YouTube and Netflix, iPad and Xbox One ï and the predecessors 

of such social media, video-on-demand, tablet PCôs, and video game consoles ï have shaped the 

way todayôs students take in and process information.  It has given rise to what some are calling 

the media generation. University of Melbourne eLearning Designer Peter Mellow states that 

these students are ñgrowing up with a glut of electronic media use and this changes them from 

previous generations of students whose learning experience was dominated by text in books and 

journals é decrying this disparity will not change them, and will only exacerbate the situation if 

we continue to ignore itò (469-70). The implication is that the textbook, whose pictures do not 

move and whose words are silent, will soon seem a prosaic artifact to todayôs students. To 

prevent further disconnect, we must update our information delivery paradigm. 
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The sciences, long deemed one of the most important pillars of intellectual pursuit, is one 

area of education cited as needing to adapt to this cultural shift. In an attempt to address faltering 

international standards among Americaôs K-12 students, the Board on Science Education lays 

out a broad agenda that concerns widely-ranging humanitarian challenges in areas including the 

environment, energy, and health. The board contends that solutions to these issues ñmust be 

informed deeply by knowledge of the underlying science and engineeringò (ñA New Conceptual 

Frameworkò 7). This need to cultivate the next generation of problem-solvers combines with the 

media-immersed culture of todayôs students to create an intriguing case for using 21
st
-century 

tools in science education. 

Updating the K-12 science curriculum (as with other subjects) requires a multi-faceted 

approach of infrastructure and classroom technology, educator and student training, and media 

production (along with the funding needed to support such efforts). In some cases, teachers are 

starting to extend the classroom environment into the home and even onto mobile devices, 

creating a media- and learner-centric experience for the students, although greater access to 

devices and connectivity is needed (West). 

The call to update the educational delivery model extends to colleges and universities as 

well. Vanderbilt University physics professor Charles Chappell and science journalist James 

Hartz proclaim that ñstudents who are majoring in science should be required to take courses in 

how to communicate scientific research to the public é how to present an article about a 

scientific discovery as a detective story, and how to present new knowledge in graphic terms.ò 

This change, however, is often met with resistance both within the academic and professional 

research communities, as ñsome [scientists] feel that talking to the public is a waste of their 

timeò (ñThe Challenge of Communicating Scienceò). Further complicating the issue is a culture 
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among researchers, disapproving of colleagues who make efforts to communicate with the 

public. Carl Sagan, a touchstone of astronomy in popular culture, was among a rare breed who 

found it relatively easy to explain complex material in a comprehensible fashion; sadly he was 

chastised by his peers for being too visible in the public eye (Ferris). 

This scorn, according to the American Association for the Advancement of Science 

(AAAS), has been pervasive: ñHistorically é engagement activities were not widely viewed as a 

core responsibility of experts pursuing scientific careers. Instead, outreach programs and public 

engagement activities have long existed under the auspices of science education and 

communication professionals, such as museum educators and public information officers.ò In an 

effort to change the tide, the AAAS among other groups is ñencouraging scientists with interest 

and aptitude to get more involved in activities with a public focusò (ñEngaging the Publicò). I 

argue that as visual communicators (i.e. designers and animators) reach out to the scientific 

community with greater frequency, the resulting learning tools (and the professional 

relationships that develop in their making) will create the necessary desire for collaboration. 

Mass media also has a significant role to play. Chappell and Hartz polled members of 

their respective professional communities to examine how effectively the major media 

communicate scientific news. While The New York Times and The Washington Post ranked 

higher than other outlets, neither the scientists nor the journalists ñconsidered any of the media to 

be doing a particularly good job.ò They concluded that ñjournalists have a hard time reporting 

scientific and technological discoveries in a readily understandable and useful way.ò The 

professor and journalist propose:  
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As a first step in improving communication with the public, then, scientific 

societies and other organizations, such as the American Association for the 

Advancement of Science, should make better use of the World-Wide Web to 

disseminate information about major advances in science é journalists could use 

that information to decide which stories to pursue. The gatekeepers of the media ï 

editors and producers ï would find the information valuable in their efforts to 

understand the relative importance of various developments (Chappell and Hartz). 

As an early adopter of new communication technologies, one can argue that mass media may be 

better positioned to influence the public at large than any other group, and thus there is great 

opportunity here to extend scientific outreach. 

Evolving the relationship between research science and media will connect innovation to 

public discourse, help democratize the information, and enlighten policymakers. The Board on 

Science Education states: 

Science, engineering, and the technologies they influence permeate every aspect 

of modern life. Indeed, some knowledge of science and engineering is required to 

engage with the major public policy issues of today as well as to make informed 

everyday decisions, such as selecting among alternative medical treatments or 

determining how to invest public funds for water supply options (ñA New 

Conceptual Frameworkò 7). 

It is essential to note here that as policymakers are rarely former physicists or chemists or 

medical doctors, a digestible form of knowledge-sharing is required for this relationship to work 

effectively. Ineffective communication ï or worse, misinformation ï can set in motion a chain of 
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troublesome events. Penn State University geosciences professor Richard Alley laments that ña 

lot of [lawmakers] have been told things that arenôt so. And theyôre not scientists, by and large, 

and so some source of information that they respected gave them some piece of information 

which is wrongò (ñScientists Discuss Linkò). 

This risk of faulty communication is a particularly central issue in controversial matters, 

such as the human role in global climate change. What actions society deems appropriate, if 

people in fact find a subject worth discussing, can tip on the efficacy of the mediaôs messages. 

Chappell and Hartz suggest that several disciplines must come together to tackle this challenge: 

ñNow that many scientists understand the importance of citizensô support, scientific 

organizations, journalists, and educators need to build bridges to unite scientists firmly with the 

public that pays for and ultimately benefits from their explorationsò (ñThe Challenge of 

Communicating Scienceò). There is an oversight here, however: These bridges will be girded by 

visual communication designers and media artists. 
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3. The Challenge of Communicating Science to the Public 

Scientists and engineers who foster information-sharing and 

respect between science and the public are essential for the public 

communication of and engagement with science 

(ñEngaging the Publicò). 

 

The potentially vast body of knowledge required to understand even a single scientific 

development can be overwhelming to a layperson. It is often the case that scientists are more 

comfortable talking to their peers ï fellow experts who understand the polysyllabic jargon, 

complex equations, and abstract implications that are the everyday language of academic 

research. How does one effectively elucidate the public on the Higgs particle, after all? Scientific 

progress, in the language of the subject matter experts, cannot be digested by the public. It is 

frequently the butt of jokes; it is Professor Frink on The Simpsons. It is my assertion that a 

concerted effort toward collaboration and mutual respect between the scientist and the designer 

is essential if knowledge is to disseminate beyond the academic community. Either one on his 

own runs a significant risk of failure to communicate effectively. Given the interdisciplinary 

demands of this type of communication, I believe it is important for art and design departments 

and institutions to cultivate expository animation programs that work on a model of collaboration 

with researchers. The education community, in this way, will develop a cultural exchange that 

fosters communicating in ways that suit our contemporary media landscape. 

There is further motivation within the scientific community to partner with 

communication designers as the government has taken steps to tie research funding to 

communication. In 1997, the National Science Board ñtook a critical step in fostering cultural 

change in the scientific community by requiring explicit consideration of the broader impacts of 

research in every proposal requesting NSF fundingò (ñEngaging the Publicò). In the Chronicle of 
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Higher Education, Ron Southwick states that Congress passed the Government Performance and 

Results Act ñto encourage government agencies to put a high priority on programs with practical 

benefits, and to give lawmakers a new tool in setting budgetsò (ñFederal Research Agenciesò). 

As the Director of Congressional Affairs at the National Science Foundation succinctly states, ñIf 

we want bigger budgets, itôs important for us to make a cogent case to Congress for what we doò 

(qtd. in Southwick). 

Chappell and Hartz note that these policy changes seem to drive the desired effect of 

increased communication: ñAs competition for federal funds has increased é more scientists 

have acknowledged that they must communicate the importance of their work through the 

mediaò (ñThe Challenge of Communicating Scienceò). This seems good news for the designers 

and artists who will become the necessary producers of such communication. I argue that 

scientists who may initially approach this partnership with reluctance will come to appreciate the 

power that the design team brings to the table, even if it is through the stick that they discover the 

carrot.  

Acceptance of the need to inform laypeople, regardless of the motivation, is only the 

beginning. Crafting a message that effectively explains the salient points of a particular 

discovery to a particular target audience, no less multiple target audiences with different levels of 

education and experience and interest, can pose a significant challenge. Richard Alley explains it 

well: 

You paid for me to do the science, it belongs to you ultimately, I owe it to you. If 

I donôt give it to you in some appropriate fashion, Iôm not doing my job. But there 

is this activation energy, we call it, which is if you want to be a scientist, you 
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really do have to discover what no one else knows. é We have people right now, 

really good professors and post-docs and students é theyôre doing things that are 

just flabbergastingly good, and we sort of say to them, óYou will master this suite 

of skills, you will master this subject area, and then you will go out and learn 

something that nobody else in the world knows, you will write it up in a technical 

journal and get it past a bunch of hard-nosed people who are going to make sure 

you got it right, and then youôre going to talk to the second grade, youôre going to 

talk to the citizens, and youôre going to talk to the senators é and youôre going to 

put it in their language.ô Itôs a hard thing; youôre asking a lot of some people 

(ñScientists Discuss Linkò). 

This view from the trenches supports the notion that the art of communicating does not come 

without dedicated effort and additional resources. The call is to carve out a role for a visual 

communication designer, working in concert with the scientist, to be a liaison between the 

academic community and various public groups. 

This translation task can be rather challenging for both the designer and the scientist. The 

designer must come to comprehend the scientific subject matter at a level deep enough to 

repackage the information accurately for a defined target audience. This often requires the 

scientist to teach the designer (who is herself probably a layperson in the subject). Ideally, the 

designer has some science aptitude (this mirrors the AAAS call for interested scientists to get 

involved ï interested designers must also join the cause). 

Once the designer understands the material at a sufficient level and the learner 

demographic is clearly defined (whether it is a 6
th
 grade science class or the clearinghouse of the 
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National Science Foundation), the next step in the design puzzle is to understand how to 

effectively educate the target audience through the use of media. A novice design could 

altogether fail in producing intended learning outcomes. John R. Kirby, Professor of Cognitive 

Studies at Queenôs University asserts that ñthe technicians and programmers who are most able 

to design and produce the animations are the ones least trained to predict or understand their 

effects é cognitive and instructional psychology has the responsibility to advise designers on 

optimal designs for animated learning environmentsò (167). While valid, this statement is not 

altogether current; the abundance of affordable hardware and off-the-shelf tools expands the 

reach of content creation beyond the technically proficient. Programmers and animators alike, 

however, must be aware that they are not instructional designers and would be wise to seek the 

expertise of pedagogical experts when necessary. 

Even with the best intentions, forming a toolkit of best practices for educating with media 

is complicated by varied and conflicting research ï a lack of consensus, really ï on how people 

learn best. In the attempt to achieve ñdeeper learning, that which is coherent and extensive, 

which not only masters the content at hand but also supports transfer to more distant content,ò 

some of the variables at play include a learnerôs ñsuperficialò or ñdeepò approach to the 

educational material, attention span, cognitive load (or load upon ñworking memoryò), 

engagement given an appropriate level of challenge, and understanding of how to encode the 

presented information (Kirby 174-6). Mary Hegarty and Sarah Kriz of University of California ï 

Santa Barbara point out that other significant factors include the learnerôs spatial ability, domain 

knowledge (i.e. knowledge within a broad subject such as physics), and practical experience with 

the subject matter (13). Knowing where an individual learner sits with these variables is a 

significant challenge in and of itself, but even if one is able to form an assessment of these 
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factors, the research at present does not prescribe a universal set of best practices in design. 

While the existing body of knowledge does provide direction, much of which serves as the 

foundation for the case study below, the designer is further faced with the daunting challenge of 

attempting to educate not an individual, but entire groups whose members have varied learning 

styles (or what Kirby prefers to call ñanalytic systemsò) (174). Together, these factors place 

interdisciplinary demands on the designer to comprehend scientific knowledge, mind the varied 

systems of how learners encode new information, and produce the necessitated multimedia assets 

(or at least know how to communicate with those who can).  
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4. The Case for Using Animation to Facilitate Learning in the Sciences 

Animations have enormous appeal. They capture the eye and the 

mind: the eye because it is naturally directed to change and the 

mind because it is naturally primed to make sense of the new. 

Animations change just as the world changes, so animations seem 

truer to life é animations have these attractions and more for 

learning (Tversky et al. ñEnriching Animationsò 263). 

 

Fortunately, multimedia (moving visuals combined with audio and/or text) has great 

potential to aid in the learning process. Empirical evidence suggests that instructional animations 

can lead to significant increases in learning compared to historically prevalent methods (Mayer 

30). Language, when used alone, lacks the ability to explicitly depict space and time; as such it 

may demand significant effort on the part of the listener or reader to form a mental picture of the 

subject matter. Graphics have a potential advantage over language, as they can convey 

visuospatial concepts in an isomorphic fashion (such as in a map) as well as depict more abstract 

concepts (as in a flow chart). Furthermore, animated graphics hold potential advantages over 

static graphics, given their ability to overtly portray movement of parts in a system (like a 

bicycle pump), change over time (weather patterns, for example), and changing views of 

structures (rotating around a molecular diagram). These benefits make animation well-suited to 

satisfy the Congruence Principle in learning, which states that ñthe structure and content of the 

external representation should correspond to the desired structure and content of the internal 

representationò (Tversky et al., ñAnimation: can it facilitate?ò 248-50). In other words, the 

instructional material should look and behave like the picture we want the learner to form in his 

mind so that he does not expend extraneous mental effort processing the information. 

Harnessing all three modes of representation (language, picture, and movement) gives the 

educator great ability. In the example of the bicycle pump, a diagram can directly represent the 
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visual configuration of the machine where the shapes and sizes of the parts, as well as their 

spatial relationships, are conveyed explicitly; setting the diagram in motion overtly represents 

how the parts move when the handle is raised or lowered and valves open or close; abstract (i.e. 

non-visual) concepts such as force are aided by the use of words: ñLinguistic descriptions have 

more expressive power than diagrams, so they may be better able to describe abstract ideas, such 

as the non-visible forces underlying the kinematics of a machineò (Hegarty and Kriz 5). When 

used in balance and to appropriate effect, the multimedia instruction tool can create a more 

holistic learning experience than any one, or even any two, of these types of media can achieve. 

Instructional static graphics have evolved over the centuries to become a highly effective 

instrument. As the shepherd of visual communication Edward R. Tufte declares, ñonly a picture 

can carry such a volume of data in such a small spaceò (16). These images commonly employ 

several methods to increase their effectiveness. They can distort spatial relationships in the 

interest of enhancing salient information, omit irrelevant detail, overlay extra-pictorial 

information such as flow lines and amounts, use symbols to efficiently depict structures or 

concepts, present multiple states of a process in step-by-step fashion, and organize levels of 

detail into a hierarchical structure (Tversky et al., ñEnriching Animationsò 269-78, Schnotz and 

Lowe 313). Animations can take advantage of all of these systems of depiction and build upon 

them. They can distort not only spatial relationships but also temporal ones (in order to convey 

continental drift by speeding up time, or depict the sequence of events in a building implosion by 

slowing time down or even stopping it for more careful study); they can add or remove 

information as it becomes more or less relevant to the point at hand, set extra-pictorial elements 

in motion (such as arrows that convey speed or path of flow), explicitly show how a process 

evolves over a continuum as opposed to using separated snapshots, and move seamlessly 
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between levels of detail within an informational hierarchy to better depict the underlying 

relationships and compare the parts to the whole. 

Combining the ability to explicitly represent structures and events, as well as distort these 

factors for specific instructional effect, animation can cater to the notion that people think about 

events that occur in time as a sequence of steps, hierarchically organized around objects and 

actions on objects. ñIf animated events are thought of a series of discrete steps, then the 

congruent way to present them is as such é animations can prove valuable for finding the 

critical stepsò (Tversky et al., ñEnriching Animationsò 266-7). Animation can in this way serve 

what Weiss, Knowlton, and Morrison classify as its two primary educational functions: 

presentation (providing new information) and clarification (providing a conceptual 

understanding of previously given information). This is particularly true in situations when 

dealing with highly abstract or dynamic processes. Secondarily, through decoration, special 

effects, transitions, and other visual and aural devices, animation can exceed at providing 

cosmetic, attention-gaining, and motivation functions (467-8). When one considers the sum total 

of these abilities, animation becomes a primary tool in the effort to increase meaningful learning 

in the sciences.  
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5. The Case for Using Animation in Explaining CO2 Plume Geothermal Energy 

Learning from animation is a two-edged sword that can have 

either positive or negative effects on learning. It is neither 

inherently superior to learning from other kinds of depiction nor 

does it generally impair learning. Whether or not animation can be 

beneficial for learning depends on multiple subtle constraints that 

are related to the functioning of the perceptual and cognitive 

system, the expertise of the learner, and the desired educational 

outcomes (Schnotz and Lowe 352-3). 

 

The case study below examines the animation titled ñGeothermal Energy: Enhancing Our 

Futureò (Gilley and Bielicki), based on research conducted primarily at the University of 

Minnesota. In essence, the animation sets out to explain the threat of climate change and propose 

a system of technologies that will reduce greenhouse gas emissions while enhancing renewable 

energy production. The target audience is policymakers, as the research team seeks to garner 

public support and procure resources to implement these technologies. As such, the animation 

aims to be accessible by the layperson, both by introducing new information in a clear and 

concise way (i.e. presentation and clarification) and by engaging the viewer with appealing 

graphics (i.e. cosmetic, attention-gaining, and motivation). 

In providing an overview of the research collectively referred to as CO2 Plume 

Geothermal energy, or CPG, highly abstract concepts are discussed (such as the significant 

momentum in the global climate), as are fairly elaborate dynamic systems with many parts 

(namely carbon capture and storage coupled with geothermal energy production). As such, 

animation seems to be well-suited to the task, given its ability to depict abstract as well as 

visuospatial concepts. In aiding with the decision as to whether animation may help in the 

instructional process, however, a pair of decision trees developed by Weiss et al. can be used: 

one based on the nature of animation, the other on the nature of the subject matter to be taught. 
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Considering the nature of animation, if ñtrajectory and movement are inherently tied to the 

subject matter of a lesson, the incorporation of animation in a presentation or clarification 

function may enhance learningò (Weiss et al. 469-70). The first of two decision trees appears in 

Fig. 5.1, with overlaid markings based on analysis of the CPG project: 

 

Fig. 5.1. The nature of animation: implications for design. Weiss et al. 470. 

The determination that the CPG project needs to present and clarify information that 

includes trajectory and movement is based primarily on the engineered system of technologies 

that will capture and store the carbon dioxide and then couple it with geothermal energy 
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production. The movement within the system consists largely of the flow of fluids, which change 

state over time and result in the production of electricity that flows from one location to another. 

Once the nature of animation has been determined as serving primarily a presentation 

and/or clarification function, the designer should further investigate whether or not animation 

may be useful as an instructional tool by classifying the subject matter among three categories: 

(a) facts, principles, and attitudes; (b) concepts; or (c) procedural; with only (b) and (c) 

indicating a potential use for animation. The concept should also be ñrelatively complex é that 

is, it should involve systems impacted by simultaneous influences, changes over time, or systems 

not visible to the naked eyeò (Weiss et al. 473-74). The decision tree for the nature of the subject 

matter can be seen below in Fig. 5.2, again marked based on analysis of the CPG project (note 

that in this figure, the decision tree that appears above as Fig. 5.1 is referred to as ñFig. 1ò): 
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Fig. 5.2. The nature of the subject: implications for design. Weiss et al. 474. 
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These subject-matter determinations for the CPG project are based on the need to depict 

systems that: 

(a) are impacted by simultaneous influences (such as such as temperature, pressure, and 

viscosity of compressed carbon dioxide as a working fluid in geothermal energy 

production), 

(b) change over time (such as when a carbon dioxide-emitting coal plant reduces its 

greenhouse gas emissions after a carbon capture and storage system is installed), and 

(c) are largely invisible to the naked eye, as they span large distances, occur (in part) 

deep underground, and involve invisible components such as electricity. 

Together, the nature, classification, and complexity of the CPG project clearly chart the 

usefulness of animation in the instructional process. 
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6. The Challenges of Designing an Effective Animation Learning Tool 

Instructional animations are most effective in promoting 

meaningful learning when they are designed in ways that are 

consistent with how people learn (Mayer 32). 

 

Richard Lowe and Wolfgang Schnotz assert it is a commonplace assumption that 

instructional tools that use animation are more effective than those that do not, especially if their 

intent is to explain complex systems or processes. However, empirical evidence suggests that 

this is not inherently true (vii). There are a number of potential pitfalls in using animation as a 

learning tool. The human information processing system can become quickly overtaxed if an 

animation is not carefully designed to suit the needs of the learner. Problematic characteristics 

include the instructor (or animator) setting the pace of presentation (which may be faster or 

slower than the learnerôs desire), the transitory nature of animated images, and the failure to 

highlight key images within the sequence (Mayer 32). 

Researchers such as Richard Mayer are drawing from cognitive science to develop 

theories of learning from animation that provide structured guidelines for designers (as opposed 

to an intuitive approach that may unintentionally result in learning not taking place). In building 

a Cognitive Theory of Multimedia Learning, Mayer notes three elements that drive design 

decisions: 

(1) Dual channels: Learners possess separate channels for processing auditory/verbal 

material and visual/pictorial material. 

(2) Limited capacity: Each channel can process a limited amount of material at one time. 

(3) Generative processing: Meaningful learning occurs when learners engage in 

appropriate cognitive processing, such as selecting relevant words and pictures for 
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further processing, organizing selected words into a verbal model and organizing 

selected images into a pictorial model, and integrating verbal and pictorial models 

with each other and with prior knowledge (33). 

Given this weight on the information processing system in the learner, an animation may pose an 

insurmountable challenge to meaningful learning if it depicts changes to a system (a) in a 

concurrent manner (as opposed to the discrete series of steps previously discussed), (b) more 

quickly than a person can perceive and process the relevant information, or (c) in a realistic 

fashion whose complexity may confuse the viewer (Lowe 51). The designerôs mandate, then, is 

to carefully control the presentation order, pacing, and level of detail to suit the learner. 

Creating a universal set of design guidelines that promotes meaningful learning is further 

complicated by the fact that two learners may have a significant difference in their abilities to 

select relevant words and pictures. A learnerôs prior knowledge (which may include general 

knowledge about a subject, specific knowledge about the topic at hand, even misconceptions or 

false knowledge) impacts this ability, as does a learnerôs spatial visualization ability (essentially 

the ability to build a mental image and transform it) (Hegarty and Kriz 6-12). This range of prior 

knowledge and spatial abilities may prove to be one of the most challenging hurdles for the 

designer to overcome, especially if instruction occurs outside a classroom environment and a 

prescribed curriculum does not precede the learnerôs encounter with the animation nor does an 

assessment of spatial ability occur. The designer may be able to mitigate the lack of prior 

knowledge to some extent by providing links to foundational information that the learner can 

explore by choice. Low spatial ability is a more muddled concern; some research suggests that it 

does not significantly impact learning from animation (Hegarty and Kriz 17) but may promote 

allowing the user to control the pace of instruction. 
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While this is merely a brief discussion of potential traps, it becomes clear that even a 

well-meaning but intuitive approach to instructional animation design may fail the learner. From 

these cautions, however, springs a series of guidelines that research suggests will increase the 

likelihood of meaningful learning. What follows is a case study of how these principles have 

been applied to the Gilley and Bielicki animation, with a discussion of the decision-making 

processes that led to many of the design choices therein. 
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7. Applying Research-Based Principles for Learning with Animation to the CPG Project 

 There is no guarantee that shifting focus from showing to 

explaining will produce animated graphics that are effective, 

but it does look promising 

(Tversky et al., ñEnriching Animationsò 282). 

 

The CO2 Plume Geothermal animation started in an environment that met several 

aforementioned criteria that promote a successful outcome. While at the outset it was intuitively 

determined that animation would be ideally suited for the subject (given the complexity of the 

system and the existence of several non-visible components), the decision trees as shown above 

provided more formal support. Further, the main thrust of the multimedia design (and 

accompanying script) formed through dedicated collaboration between this thesisôs author, an 

animator of twenty years, and the mechanical engineer from the CPG research team. Finally, the 

projectôs design and production took place while the research team was still active; this provided 

access to additional subject matter experts who willingly offered feedback at several points 

throughout the animation process. 

It is important to note that regardless of the experience of the team members, an effective 

script is essential; it is rare that graphics become more important than narrative (Tversky et al., 

ñEnriching Animationsò 278). As such, the CPG script went through more than fifty revisions, 

sometimes eliminating entire an section if it was deemed non-essential, other times changing a 

single phrase for the purpose of clarity. During the writing process, the scriptôs authors took care 

to consider an assumed general level of domain knowledge among the target audience (i.e., How 

much do policymakers understand about climate change, renewable energy, and science in 

general before they encounter this animation?). Shot-by-shot descriptions of the visual plan were 

developed simultaneously with the narration, in order to help ensure cohesion between what the 
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learner would see and hear. Both the visual and aural components were designed around a series 

of guidelines based on empirical research, the main points of which are laid out here. 

Meaningful learning occurs when the learner is able to form a mental model (or internal 

representation) of a system and integrate it with prior knowledge. A mental model of a machine 

will typically consist of the configuration of the machine (the shape of the parts and their spatial 

relationships) and the behavior of the machine (how the components move and affect each 

otherôs motions). An understanding of the behavior includes a kinematic understanding (how the 

parts move), a dynamic understanding (the forces that cause these movements), and an 

understanding of the function of the machine (what it is designed to do and how the 

configuration and behavior accomplish this function) (Hegarty and Kriz 4). These components of 

the mental model can be illustrated as seen in Fig. 7.1. 

 

Fig. 7.1. Components of a mental model, based on Hegarty and Kriz 4. 
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In the case of the CPG project, the primary system that researchers wished to convey was 

made of several parts that relate to one another in a causal chain of events. In brief, the main 

events are as follows: 

1. Carbon dioxide is captured at a stationary source such as a coal-fired power plant 

(which produces the carbon dioxide, or CO2, when the coal is burned). 

2. The captured CO2 is compressed into a fluid and stored in a tank. 

3. The compressed CO2 is pumped underground into an existing geothermal 

reservoir. 

4. The CO2 is heated via high temperatures deep underground. 

5. The heated CO2 is extracted from the reservoir through a production well for use 

as the primary working fluid in a geothermal power plant (which has no 

greenhouse gas emissions). 

6. The heated CO2 expands in a turbine, producing electricity which is added to the 

power grid for consumer use. 

7. The CO2 is cooled in a cooling tower and is re-injected back into the underground 

reservoir to be reheated, continuing the cycle of geothermal energy production 

with no greenhouse gas emissions. 

Understanding the configuration of the pieces in this system is one of the primary 

objectives of the CPG animation. The illustrated layout, as seen in Fig. 7.2, depicts streamlined 

pipeline paths, a wedge-shaped cross-section cut, and power lines that lead off-screen, allowing 

for a compact arrangement of the essential system components on screen. 
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Fig. 7.2. Configuration of parts in the CPG system (with top/bottom split screen). 

A dynamic understanding of the system (at certain steps) is also important in the CPG 

animation. For example, CO2 makes a better working fluid than water in geothermal energy 

production because it flows more easily (making it easier to pump), is more buoyant (allowing 

the geothermal plant to pull it out of the ground with less effort), and exhibits a wider density 

range between its hot and cold temperatures (which allows for increased energy production). 

Each of these benefits is discussed in the narration and shown on screen, one at a time, and then 

summarized as seen in Fig. 7.3. 
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Fig. 7.3. Explaining some of the dynamic characteristics of the CPG system. 

A kinematic understanding is limited to a greatly simplified representation of certain 

moving parts, such as the pumps that inject the CO2 into the underground reservoir and pull it 

back out. More complex discussions, such as how the compressor works, are intentionally left 

out of the presentation as they are not part of the lesson objectives for the policymakers (nor 

other interested laypersons of a non-scientific background). 

As noted above, static graphics have long taken advantage of the ability to distort visual 

elements for the sake of clarifying a message. For example, a map may enlarge depictions of 

important buildings, eliminate roads irrelevant to travelling between two points of interest, and 

place distant objects closer together. Tversky et al. extol the power of such distortions: 

A good map presents the information needed and omits the irrelevant information, 

which only clutters, distracts, confuses. Even after clutter is removed, some 
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significant information may not be visible, so it is enlarged é the success of 

various kinds of maps indicates that they do not need to portray space 

proportionately; on the contrary, violating metric accuracy is part of their success 

é maps, and other effective static graphics, play tricks with space; they are far 

from 1-to-1 mappings of the world onto paper (ñEnriching Animationsò 269). 

The designer would do well to be versed in these pictorial sleights-of-hand, as animations can 

take equal advantage of these tricks. 

The system depictions in the CPG project make prominent use of these visuospatial 

distortions. As shown in Fig. 7.2, the distances between points of interest are significantly 

compressed, where in actuality these structures are miles apart. Without compressing the 

ñemptyò space, the virtual camera would have to pan from one structure to another (preventing 

the learner from viewing all the related components at once) or would have to be pulled back to 

an extreme distance (causing most structures to be practically invisible). In addition, details of 

structures are enlarged to indicate their importance. 

These distortions create images that are far removed from reality, and while they 

facilitate the learning process, it is sometimes also important to give the learner a sense of the 

actual distances involved. For example, the research team wanted to clearly present the 

significant depth of the reservoirs used in geothermal energy production. To accomplish this task 

without betraying the compressed spaces useful in the system depiction, the animator devised an 

ñelevator scene,ò the key moments of which are shown in Figs. 7.4a-7.4f. 
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a. The coal-fired power plant and earth cutaway are shown. 

 

 
b. A sidebar elevation map is overlaid, indicating a great depth below the power plant. 

Vertical bars appear in the side map and the main screen to indicate depth (and temperature). 

 
c. As the narrator indicates we will  continue to view the surface 

while also travelling deep underground, the sidebar map and main screen are both split 

with outlines of corresponding color and shape. 


