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1. Introduction

The advent of the media generation, the voracity of multimedia consumption by modern
society, and the advantages madesiide by including animation as part of a comprehensive
learningapproachall point to a growing nee include aimation as a central tool in education
This medium, most commonly considered part of the entertainment industry, is especially
appropriate in communicating matters of sciendeichoftenrequire the illustration of complex

systems that change over timmedanay bealifficult or impossibleto observe directly.

Considerthe task oexplaining 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 teveal 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.Ugh an animation can depict the world in a familiar \ifayprovide an irtial
point of referenceandthen employ a hierarchical arrangement of structures (both outeretq in
and macreto microscopic). Images can deectly overlaid on one another in a continuous
picture frameremoving information (such as the outer slange it becomes less eghant to the
instructional goalThe animation can distospaceto 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 thienénsonal arrangement of structures. It can also distort
time, slowingit downto clearly show the cellular contraction, overlaying exlictorial
elements such as making electrical impulses visible, explicitly depicting the change in cell shape
during ®ntraction, and breaking a continuous sequence of events into discrete steps that suits the

|l earnerd6s method of conceptuali zing processes
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clear justification that the animated medium, in the hands oftredtlied desigers,artists,and

educatorsinustbe at the forefront of instructional development.

Empirical evidence suggests, however, that animation is not inheeffieityive as a
learning tool. h fact, the learner can be easily overwhelmed when viewicly saterialsand
failure to achieve meaningful learning quickly follawe keys lie in employing a team of
skilled visual communication designers and media artists who are ttaioeghte instructional
toolswith a foundationn cognitive andnstrudional psychology. A series of principles are
being developed that can guide desigmerroducingeducationbanimations based dmow
people learrfrom animationIn addition to armingrtistswith this wisdom, thee
communicatorsnust work in concertwih fA c ietnitziesnt ssoc iwho t ogiet her f
share new discoveries with the puliiiecluding mass media, educators, and policymalkard)
cultivatepassiorin the scienceamongstudentsso that they malpecome problersolvers in

current anduture humanitarian challenges

Success hinges on higher educapoomoting animation as science communication as
well as creating an environment of collaboratiotwsen animators and scientists. The resulting
shift inthe nternal cultures of both grps will ultimately leadhem to discover the power of
expository animationA case study ofiow research on learning with animatan guidehe
decisionmaking process of visuaistructional tools is elaborated hevathin the context of the
current clallenges of comemicating science to the publicho stands to benefit from upday

the paradigm
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2. The Need for More Effective Science Education

The utilization of subjeanatter found in the present life
experience of the learner towards science rhaps 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 woflRewey32).

The nature of education seems to be, at some |levalconstant state of fluXhe
devel opment of (Blbom)ptheds Childdeft@ehmdhct (U.S. Department of
Education)andthe growing emphasis olearnercenered educatiofCorneliusWhite and
Harbaugh)re among the moretable catalystsf change in the classroom environminthe
past 60 years. One profoutrdnsitionin which we fnd ourselves currently whirlinig the
integration of technology into the mindt@ minute lives of the students who gathetim d ay 0 s

classrooms to exchaadnowledge.

Facebook and Twitter, YouTube and NetfiRad and Xbox Oné and the predecessors
of such so@l media, videeonrd e ma nd, t a lvilee gam® dOrisaléshawe shaped the
way todayo6s asdpwassmformationa lkhas grmise B0 what somerecalling
themedia generatio. University of Melbourne eLearning Designer Peter Mellow states that
thesest udent s are figrowing up with a glut of el e
previous generations of students whigsening experience was dominatadtext in books and
j 0 ur ndedrysng tlis disparity will not change them, and will only exacerbate the situation if
we continue to ignoredt 460-70). The implication is that the textbook, whose pictures do not
moveamd whose words are silent, will soon seem .

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 purset, is o
areaof educatiorcitedasneeding to adapt to this cultusdiift. In an attempt to address faltering
international st anlatuddnds, tleeBaard gn SkiemeerEducatiah fays K
out a broad agenda that concerns widalyging humanitarian efienges in areas including the
environment, energy, and health. The board contends that solutions to these issuwest b e
informed deeply by knowl edge ofi A hNee w nQloenrcl eypi t nu
Fr a me wpThik meed to cultivate theext generation of probleraolvers combines with the
mediai mmer sed cul ture of todayods stutBoemurys to cr ¢

tools in science education.

Updating theK-12 science curriculum (as with other subjeotsjuires a multfaceted
approach oinfrastructure and classroom technology, educator and student training, and media
production (along with the funding needed to support such effortspmecasesteachers are
starting toextend the classroom environmamb the homend even onto mobile deviges
creating a mediaand learnecentric experience for the studeratthough greater access to

devices and connectivity is needed (West).

The callto updatehe educational delivery model extends to colleges and universties a
well. Vanderbilt University physics professor Charles Chappell and science journalist James
Hartz proclaimt hat Astudents who are majoring in scie
how to communicate scientific research to the public h o wresnban article about a
scientific discovery as a detective story, and hoprésent new knowledge in graphic terms
This change, however, is often met with resistance both within the academic and professional
research communi t i eethattalking td theopoisic i asvasiteefrineii st s ] f

timeo(M The Chall enge of YCrurhercomplicaing theigsuedstuitueen ¢ e 0
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among researchemisapproving of colleagues who make efforts to communicate with the
public. Carl Sagan, a techstone 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, accordg to the American Association foretAdvancement of Science
(AAAS), has beempervasive A Hi storically € engagement actiywv
core responsibility of experts pursuing scientific careers. Instead, outreach programs and public
erngagement activities have long existed under the auspices of science education and
communication professionals, such as mmseum e
effort to change the tiggheAAASa mong ot her groups swithintresncour ag
and aptitude to get more i nvVicnhnwgadiinmg).& citei Wiutbil
argue that as visual communicators (i.e. designers and animators) reach oatienttifec
community with greater frequencthe resulting larning tools (and the professional

relationships that develop in their making) veileatethe necessargesire for collaboration.

Mass medialsohas a significant role to play. Chappell atakrtz polledmembers of
their respective professional commurstie examinehow effectively the major media
communicate scientific newgvhile The New York TimemdThe Washington Posanked
higher than other outletaeither thescientists nor the journalisfisonsidered any of the media to
be doing a particularlgoodjob0 They concluded that #fAjournalis
scientific and technological discoveries in areadilyunderdtaa b| e andThesef ul way

professor and journaligpropose
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As a first step in improving communication with the puldngn, scientific

societies and other organizations, such as the American Association for the
Advancement of Science, should make better use of the Whidd Web to

disseminate informationabat maj or adv a rowralsts conldusec i enc e
that information to decide which stories to pursue. The gatekeepers of theimedia

editors and produceiswould find the information valuable in their efforts to

understand the relative importance of various developni€htzppell and Hartz).

As an early adopter afew communication technologies)ecan argue that mass meaiay be
better positionetb influence the public at large than any other group, and thus there is great

opportunityhereto extend scientific outreach

Evolving the relationship between reseasclence and mediaill connect inrovation to
public discoursehelp democratize the informatioandenlighten policymakers. The Board on

Science Education states:

Science, engineering, and the technologies they influence permeate every aspect
of modern ife. 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 jlic funds for water supply optiofsi A’ Ne w

Conceptual 7)Fr amewor ko

It is essential to note here tlestpolicymakers are rarely former physicists or chemists or
medical doctorsa digestible form of knowledggharing is required for this relationshipwork

effectively. Ineffective communication or worse, misinformatioin can set in motion a chain of
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troubl esome event s. Penn State University geo
lot of [lawmakersh ave been told tdhditnlgsy drheatn atr endit e rstoi. s
and so some source of information that they respected gave them soenef piéarmation

whichiswron@ (i Sci enti st 9. Discuss Linkbo

This risk of faulty communicatiors a particularlycentral issuén controversibmatters
such as theuman role irglobalclimate changéWhat actions society deems appropridte,
people in fact findh subject worth discussingan tip on the efficacy dheme di a6 ss message
Chappell and Hartz suggest that several disciplmestcome together to tackle this challenge
ANow that many scientists understand the i mpo
organizations, journalists, and educators need to build bridges to unite scientists firmly with the
public that pays for and ultiately kenefits from their explorationgsi The Chal |l enge of
Communi cat i).idtlere S anioeersight hiere, however: These bridges will be girded by

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

Scientists and engineers who foster informasbaring and
respect between science and the public are essential for the public
communication of and engagemaiith science
(AEngaging )the Publicbo

The potentiallyvast body of kowledge requiretb understanéven a single scientific
developmentanbe overwhelming to a laypson.It is often the case that scientists are more
comfortable talking to their peerdellow experts who understand the polysyllabic jargon,
complex equations, and abstranplications 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 thi igublic.
frequentlythe butt of jokes; it iProfessor Frink offhe Simpsondt is my assertion that a
concerted effortoward collaboration and mutual respect between the scientist and the designer
is essentiaif knowledge is to disseminate beyond the acadepmengunity.Eitheroneon his
own runs a significant risk dailure to communicate effectivelgiven the interdisciplinary
demand®f this type of communicatign believe itis important for art and design departments
and institutions to cultivate exposity 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 motivatiowithin thescientificcommunity topartner with
communication designers as the government has taken steps to tie research funding to
communicationl n 1997, the National Science Board 0t
change in the scientific camunity by requiring explicit consideration of the broader impacts of

research in every propd&algage qg.dngthe EmaoiciddoE F c D u n
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Higher Education, Ron Southwick states thah@ress passed the Government Performance and

Results Act Ato encourage government agencies
benefits, and to gi ve | awnfiaFkeedresr aad nReews )etaoroclh iAng
As the Director of Congressional Affairs at the National Sciéhoeu ndat i on succinct
we want bigger budgets, itodos important for wus

(gtd. in Southwick.

Chappell and Hartz note thdtetse policy changes seem to drive the desired effect of
increased communitan:A A& competition for federal funds h
have acknowledged that they must communicate the importance of their work through the
medifialohe( Chal |l enge of CTthismseeanmsigonanewsrogthellesigren c e 0
and artsts who will become the necessary producers of such communication. | 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 throughdkéehstt they discover the

carrot.

Acceptance of the need to inform laypeople, regardless of the motivation, is only the
beginning.Crafting amessage thaffectivelyexplains the salient points of a particular
discovery to a particuldarget audienceo less multiple target audiences with different levels of
education and experienaad interestcan pose a significant challend®ichard Alleyexplains it

well:

You paid for me to do the science, it belongs to you ultimately, | owe it to you. If
| dgnveée it to you in some appropriate f

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
really good profesorsandposi ocs and students €& theyor:
just flabbergastingly good, and we sort of say to thiay will master this suite

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

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

journal and get it past a bunch of haraksed people who are going to make sure

you got it right,andhneny ou6r e going to talk to the s
talk to the ciitnigzgms ,t adrkd tyo udree sgeanat or
putitintheirlanguagél t 6 s a h arrde tahsikngi;g yaoud ot of s

(AScientists Discuss Linko).

Thisview from the trenchesupports the notion that tlagt of communicatingloes not come
without dedicated effoindadditional resources. The callto carve out a role fa visual
communication designer, working in concert with the scieritidte a liaison between the

academic community and various public groups.

This translation task carelyather challenging fdyoththe designeandthe scientist. The
designer must come tmmprehendhe scientific subject matter at a level deep enough to
repackage the information accurattdy a defined target audience. Thiten requires the
scientistto teach the designer (whohsrself probably laypersn in the subject)deally, the
designer hs some science aptitude (this mirrors the AAAS call for interested scientists to get

involvedT interested designers must also join the cause

Once thedesigner understands the material at a sufficient level aniéaneer

demographids clearly defined (whether it is d'@rade science class or the clearinghouse of the
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National Science Foundationhe next step in the design puzzle isitmlestandhow to

effectively educate the target audietltmughthe use of media novice design could

altogether fail in producinmtended learningutcomesJohn R. Kirby, Professor of Cognitive

Studi es at Queen o shetechnicrarsrasdiprognnesssvBoaare mast abldr at it
to design and produce the animations are the ones least trained to preddsrstand their
effects é cognitive and instructional psychol
optimal designs for animated learning end n m e(X67).8Vbile valid, this statement is not

altogether current; the abundance of affordable hardware atiieedhelf tools expands the

reach of content creation beyond the technically proficient. Programmers and animators alike,
however, must baware that they are not instructional designers and would be wise to seek the

expertise of pedagogical experts when necessary.

Even with the best intentiongrininga toolkit of best practices f@ducating with media
is complicated by varied and confiiog researcfi a lack of consensus, reallyon how people
learnbestt n t he attempt to achieve fAdeeper | earnin
which not only masters the content at hand but alppats transfer to more distacdntento
some othevariables at playinclude | ear ner 0 s fidéepappreachftthec i al 6 or
educationamateria)l attenti on span, cognitive |l oad (or
engagemengiven anappropriate level of challengandunderstandingf how to encod¢he
presentednformation (Kirby 1746). Mary Hegarty and Sarah Kriz of University of Califoriiia
Santa Barbara pointoutthatdn er si gni fi cant factors include
knowledge (i.e. knowledge within a broad subject sugbhgsics), and practical experience with
the sibject matter13). Knowing where an individual learner sits with these variablas is

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

While the existing body of knowledge does provide directionch of whichserves as the

foundation for the case study belative designer is fther faced with the dauntirdhallenge of

attempting to educate not an individual, batiregroups whose membersave variedearning

stylespr what Kirby pref el(874)tTogetoen thdse féictopgagael yt i ¢ Sy
interdisciplinarydemands othe designer taomprehend scientifiknowledge mind the varied

systems ohow learners encodeswinformation, and producthe 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 Siences

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 primedinake sense of the new.
Animations change just as the world changes, so aninssasam
truer to | ife é twantionmandmowef®d have t hese
learning (TversketalA Enr i chi ng 268pni mati onso

Fortunately, multimedianfovingvisuals combined with audio atwd text) has great
potential to aid in the learning proceEsapiricalevidence suggests that instructional animations
can lead to significant increases in learmogpared to historically prevalent meth¢hgyer
30). Languagewhen used aloné&cks the ability taexplicitly depict space and time; as such it
maydemandsignificant effort onthe part of thelistener or reader to forim mental picturef the
subject matterGraphics have a potential satvage over language, as they canvey
visuospatial concepia an isomorphic fashiosuch asn a map as well as depianore abstract
conceptqas in a flow chart)Furthermoreanimatedgraphics hold potential advantagever
static graphicsgiven their ability toovertly portray movementf parts in a systertiike a
bicycle pump)change over timéveather patterns, faxample) and changing views of
structureqrotating around anolecular diagram These benefits make animatiaell-suited to
satisfythe Congruence Principlén learningwh i ch st ates that Athe stru
external representation showdrrespond to the desired structure and content of the internal
repr es dgnltveetriskrnyo et al ., A A24850)dntother wards,¢than it f ac
instructional material should look and behave like the picture we want the learner to form in his

mind so thahedoes not egend extraneous mental effort processing the information.

Harnessing all three modes of representgimguage, picture, and movemegitjes the

educator great abilityn the example of the bicycle pump, a diagram can dyreegiresent 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 raisedwetted and valves open or close; abstract (i.e.

nonvi sual ) concepts such as force are aided by
more expressive power than diagrams, so they may be better able to describe abstract ideas, such

as the novvisible forces underlying the kinematiosf a machi ne o 5\ Wemgarty ar
used in balance and to appropriate effectntiitimedia instruction tool can create a more

holistic learning experience than any one, or even any two, of these types of amedthieve.

Instructional static phicshaveevolved over the centuriég become a highly effective
instrument As the shepherd of visual communicati on
can carry such a vol ume .dhesedmnaagesommanlyesplayh a s ma
severaimethodgo increasedheir effectivenessTheycandistort spatial relationships in the
interest of enhancingglient informationpmit irrelevant detailpverlay extrapictorial
informationsuch aglow linesand amants,use symbols to efficientldepict structures or
conceptspresent multiple states of a procasstepby-step fashionandorganizeevels of
detail into a hierarchical structure (Tversdyal, A Enr i ¢ hi n2§978 Schnotadnd o n s 0
Lowe 313).Animations can take advantage of all of theggtems of depictioandbuild upon
them They can distomot only spatial relationships balsotemporal ones (in order to convey
continental drift by speeding up time, aepictthe sequence of events itailding implosion by
slowing time down or even stoppingatr more careful studythey caradd or remove
information as it becomes more ordeglevant to the point at hars#t extrapictorial elements
in motion Guch as arrowthatconvey speed or gaof flow), explicitly show how a process

evolves over a continuum as opposedsmgseparated snapshpéd move seamlessly
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between levels of detail within an informational hierarchy to better déq@ainderlying

relationshipsand compare the patis the whole

Combining the ability to explicitly represent structures and events, as well as distort these
factors for specific instructional effe@nimationcan cater téhe notion that people think about
events that occur in time as a sequence ofstaprarchically organized around objects and
actions on objects. #fAlf ani mated events are t
congruent way to present them is as such é an
critical setak p sAoE n(rTivcehrisnkR@p7)AAnimatiantcananrthis dvagerve
what Weiss, Knowlton, and Morrison classify aswe primary educational functions:
presentation (providing new information) and clarification (providing a conceptual
understanding of pwiously given information)This isparticularlytruein situations when
dealing withhighly abstract or dynamic process8scondarilythrough decoration, special
effects, transitions, and othesual and aural devices, animation can exedqaovidiry
cosmetic, attenticigaining, and motivation functiorfd67-8). When one considers tlsem total
of these abilitiesanimation becomes primary tool irthe effort to increaseneaningful learning

in the sciences.
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5. The Case for Using Animation in Eplaining CO;, Plume Geothermal Energy

Learning from animation is a twedged sword that can have
either positive or negative effects on learning. It is neither
inherently superior to learningdm other kinds of depiction nor
does it generally impair leaing. 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 ahdwe 3523).

Thecase study belowxaminegheanimationt i t | ed AN Geot her mal Ener c
Futureo ( Gi |l basedorareseéardBndustedprimdeily gt he University of
Minnesotaln essence, the animation sets out to explain the tbfetimate change and propose
a system of technologies that wikduce greenhouse gas emissiwhge enhancingenewable
energy production. The target audience is policymakers, as the research teamgsseles to
public support angrocureresources tanplement these technologies. As such, the animation
aims to be accessible by the layperson, both by introducing new information in anclear
concise way (i.e. presentation and clarification) and by engaging the viewer with appealing

graphics (i.e. cosetic, attentiorgaining, and motivation).

In providing an overview of theesearcltollectively referred to a€0, Plume
Geothermal energy, or CRGighly abstract conceptse discussefsuch as the significant
momentum in the global climateas ardairly elaborate dynamic systems with many parts
(namely carbon capture and storage coupled with geothermal energy prodéatisngh,
animation seem® be weltsuited to the task, given its ability depict abstract as well as
visuospatial concept aiding with the decision as to whether animation may help in the
instructional process, howevexr pair of decision treeteveloped by Weiss et @ian be used:

one based othe nature of animatiotheother on thanature of the subject matter be taught
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Considering the nature of animation, 1 f #fAtraj
subject matter of a lesson, the incorporation of animation in a presentation or clarification
function may enhance learning/Véiss et al469-70). Thefirst of two decision tres appearf

Fig. 5.1, with overlaid markings based on analysishef CPG project:

Will the trajectory and movement
inherent to animation enhance your
Computer Based Instruction (CBI)?

W

No Yes
Animation may not be What is the inherent function
necessary to teach the of animation in your CBI?
content. What purpose

would animation serve?

/ \

e Cosmetic  None {'| e Presentation | §
e Attention-getting e Cosmetic ¢ | e Clarification [#
® Motivating e Attention-getting ‘ o
\ e Motivating —
Consider a presentation that Understand that animation Animation may not be necessary
does not contain animation. is not serving a substantive to adequately teach your content.
role in your CBI. Consider The surface structure and fidelity
using it sparingly or not at all. level are important considerations,
but the subject matter is a factor
in determining these.

Fig. 5.1. The nature of animation: implications for design. Wetsal.470.

The determination that the CPG projaeeds to present and clarify inforneetithat
includes trajectory and movement is based primanlyhe 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 dlothveof fluids, which change

state over timand result in the production of electricthyatflows from one location to another.

Once the nature of animation has been determineerasg primarily a presentation
and/or clarification functiorthe desiger shouldurther investigate whether or not animation
may be useful as an instructional tool by classifyhmesubject matter among three categories:
(a) facts, principles, and attitudes; (b) concepts; or (c) proceduralpmitlib) and (c)
indicatinga potentiause for animationThe concept shouldlsob e fAr el ati vel y comp
is, it should involve systems impacted by simultaneous influences, changes over time, or systems
not visible to dde/3MaTheddcisienytreedfahé varirne sf the subject
matte can be seen below in Fig25again marked based on analysis of the CPG project (note

that in this fgure, the decision tree that appears above as Fig.5.1 r ef erred t o as fi
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Based on Fig. 1, is animation inherently Fig. 1 is sufficient information
tied to your subject in a substantive way —>» [ No —>» | fordeciding if animation is
(either in a presentation or clarification role)? necessary in your CBI.

Yes

Be sure animation is presented concurrently
with the text and that the text cues the learners
toward the animation. What subject structure

is the best classification for your text?

® Facts requiring memorization
e Principles/rules requiring

a simple explanation
e Attitudes or interpersonal skills

i Do the procedures involve
Do the concepts involve: equipment or contexts not
Your CBI does not need e systems impacted by readily available?
animation to effectively simultaneous influences?
teach the subject matter. e change over time? OR
e systems not visible to
the naked eye? v
Yes
~
Yes No M
Animation might be useful in
helping your audience understand
the steps in the procedure. Realism
and fidelity should be high so that
learners have a simulated procedure.
Animation will be useful in Animation might not be
communicating the concepts. useful in your CBI.

Realism and fidelity should be
adjusted based on the
learner’s need for detail.

Fig. 5.2. The nature of the sulgjie implications for design. Weiss al.474.
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These subjeamatter determination®r the CPG project are based tre need to depict

systems that

(a) are impacted by simaheous influencesuch as such as temperature, pressure, and
viscosity ofcompresse carbon dioxide as a working fluid in geothermal energy
production,

(b) change over times(ich as when a carbon dioxidmitting coal plant reduces its
greenhouse gas emissions after a carbon capture and storage system i9,iastdlled

(c) are largely invisile 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 ihe 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
congstent with how people learMayer 32).

Richard Lowe and Wolfgang Schnotz asseid & commoplaceassumption that
instructional toolghat use animation are more effective than those that do not, espéciadly
intent is to explai complex systems or processes. However, empeigdence suggests that
this is nd inherently true (vii)There are a number of potential pitfallsusing animation as a
learning tool.The human information processing system can become quickly overtaxed if an
animation is not carefully designeddguat the needs of the learn®&toblematic characteristics
include the instructor (or animator) setting the pace of presenfatioch may be faster or
sl ower than t hhetrdngtaynatere ahisnateatimagesrard)the failure to

highlightkey 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 mayintentionallyresult in learning not taking place). In building
a Cognitive Theory of Multimedia Learning, Maywastes three elements that drive design

decisions:

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

material ad 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 wutgscaures 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 eachother and with prior knowledge (33).

Given this weight on the infmation processing system in the learner, an animation may pose an
insurmountable challenge to meaningful learning deipicts changes to a systenifaa

concurrent manner (as opposed to the discrete serstspsf previously discussed)) (hore

quickly than a person can perceive and protiesselevant information, or@n a realistic

fashion whose complexity may confuse the viewer (Lowebhl.e desi gner 6 s manda

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

Creating a universal set of design guidelines that prama¢@ningful learning ifurther
complicded by the fact that two learners may have a significant difference in their akalities
select relevant words and pictures. Aleabner pr i or knowl edge (which m:
knowledge about a subject, specific knowledge about the topic at hand, even misconceptions or
false knowledge) impacts this abi |l (edsentallyas doe
the ability tobuild a mental image artdansform it) (Hegarty and Kri@-12). This range of prior
knowledge and spatial abilities may prove to be one of the most challenging hurdles for the
designer to overcomespecially if instruction occurs outside a classroomrenment and a
prescribed curriculum does not precede the |e
assessment of spatial ability occur. The designer may be able to mitigate the lack of prior
knowledge to some extent by providing links to foundwlaonformation that the learner can
explore by choicelLow spatial ability is a more muddled concesome research suggests that it
does not significantly impact learning from animatiblegarty and Kriz 17) but may promote

allowing theuserto control he pace of instruction.
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While this is merely a briaediscussion of potentidraps, it becomes clear that even a
well-meaning but intuitive approach imstructionalanimation design may fail the learner. From
these cautions, however, springs a seriesiofalines that research suggests will increase the
likelihood of meaningful learning. What follows is a case study of how these principles have
been applied to th&illey and Bielicki animationwith a discussion of the decisiomaking

processes that led tmany of the design choices therein.
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7. Applying ResearchBased 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
(Tverskyetal. AENri chi n282).Ani mati onso

The CQ Plume Geothermal animati@tarted in an environment that met several
aforementioned criteria that promote a successful outcdfhide at the outseit was intuitively
detemined that animation would beéeally suited for the subje@given the complexity of the
system andhe existence of sevenabnvisible componentsihe decision trezeas shown above
provided more formal suppofurther, he main thrust of thenultimedia design(and
accompanying scripfprmedthroughdedicatectollaboratiorb et ween t hi sant hesi s 0
animatorof twenty yearsand the mechanical enginderm the CPG research teaRinally, the
projectds desi gn an dthepeseardhuesanvassiilhactiveptioiskproypdedh c e wh
access tadditionalsubject matter expertwho willingly offered feedback at several points

throughout the animation process

It is important to note thatgardless of the experience of the team memabersfective
script is essential; it is rare that graphics become more impthnamnarrative (Tverskst al,
AENnr i chi ng 278)nAs suahthe @PG sodiptventthroughmore tharfifty revisions,
sometimesliminatingentirean section if it wasleem@ nonessentiglother timeshanging a
singlephrasefor the purpose of claritypuring the writing processhé scripd authorstook care
to consider amssumed general level of domain knowledgeng the target audience (i.e., How
much do policymakemsnderstand about climate change, renewable energy, and science in
general before they encounter this animatiog@htby-shot descriptions of the visual plan were

developed simultaneously with the narration, in otddrelp ensure cohesion between what
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learner would see and heBoth the visual and aural componewesredesigned around a series

of guidelines based on empirical research, the main points of which are laiereut

Meaningful learning occurs when the learner is able to form a mentkl (oointernal
representationdf a system and integrate it with prior knowledgenental modebf a machine
will typically consistof theconfigurationof the machine (the shape of the parts and their spatial
relationships) and theehaviorof the macime (how the components move and affect each
ot her 6 s Amumderstandirsg)of.the behaviocludes &inematicunderstanding (how the
parts move), aynamicunderstanding (the forces that cause these movements), and an
understanding of thieinctionof the machine (what it is designed to do and how the
configuration and behavior accompligtistfunction) (Hegarty and Kri4). Thesecomponents of

the mental model can be illustratedsagn in Fig7.1.

Mental model
of a machine

Configuration Behavior
shape of parts and their how the parts move
spatial relationships and affect each other’s motions
Kinematic Dynamic Function
how the parts move the forces that cause what it is designed to do
the parts to move and how the configuration and
behavior accomplish this

Fig. 7.1. Components of a mental mqgdesed orHegarty and Kriz 4
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In the case of the CPG project, the primary sydteahresearchers wistlto conveywas
madeof 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 captureat a stationary source such as a-éwat powerplant
(which produces the carbon dioxide, or C®@hen the coal is burned).

2. The captured C@s compressed into a fluid and stored in a tank.

3. The compressed G@ pumped underground into an existing geotia
reservoir.

4. The CQ s heated via high temperatures deep underground.

5. The heated C@s extracted from the reservoir througlproduction welfor use
as the primaryvorking fluid in a geothermal power plant (which mas
greenhouse gas emissi@ns

6. Theheated C@expands in a turbine, producing electricity which is added to the
power grid for consumer use.

7. The CQ s cooled in a cooling tower and isirgected back into the underground
reservoir to be reheated, continuing the cycle of geothermal eperdyction

with no greenhouse gas emissions.

Understanding theonfiguration of the pieces in this systewne of the primary
objectives othe CPG animationTheillustratedlayout, asseenin Fig. 7.2, depictsstreamlined
pipeline pathsa wedgeshape crosssection cutand power lines that lead ef€reen, allowing

for a compacarrangement of thessentiafystem components screen
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Fig. 7.2. Configuration of parts in the CPG systémith top/bottom split screen)

A dynamic understandingf thesystem(at certain stepsis also important in the CPG
animation.For exampleCO, makes a better working fluid than water in geothermal energy
production because it flows more eagityaking it easier to pumpis more buoyant{lowing
the geothermal prd topull it out of the grounavith less effor}, andexhibits a wider density
range between its hot and cold temperatures (which allows for increased energy production).
Each of these benefitsdéscussed in the narration and shawnscreengne at aitme,and then

summarized as seen in Fig3.
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Fig. 7.3. Explaining some of the dynamicachcteristics of the CPG system.

A kinematic understanding ignited to a greatly simplified representationcefrtain
moving parts, such as the pumps that injeet@Q into the underground reservoir and pull it
back outMore complex discussions, suchlhemvthe compressor works, are intentionally left
out of the presentation as they aod part of the lesson objectivies the policymakers(nor

other interestethypersonsf a nonscientific backgrouny

As noted abovestatic graphics have long taken advantage of the ability to distort visual
elements for the sake of clarifying a message.example, a map may enlargdepictiors of
important buildirgs, eliminae roads irrelevant to travelling between two points of inteeaest

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

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

which only cluters, distracts, confuses. Even after clutter is removed, some
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significant information may not be visi
various kinds of maps indicates that they do not need to portray space

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

€ maps, and other effective static grap

from 1-to-1 mappings of the world ontopagd@rEnr i chi ng268)ni mat i on

The designer would do well to be versed in these pit¢tslrayhtsof-hand, as mimations can

takeequal advantage of these tricks.

The system depictions in the CPG projaetke prominent use of these visuospatial
distortions As shown in Fig. 7.2, theistances between points of interasignificantly
compessed, where in actuality these structures are miles ¥itlvaut compressing the
i e mpt y ahesigual caenera would have to pan from one structure to another (preventing
the learner from viewing all the related components at once) or would hbgetdled back to
an extreme distance (causing most structures to be practically invisideldition, 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 skase of
actual distances involved. For example, the researchveauted toclearly presenthe
significant depth of the reservoirs used in geothermal energy praduttiaccomplish this task
without betraying the compressed spaces useful in the system depiction, theratéviaed an

Ael evator scene, 0 the key "TM®»mfent s of which ar
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a. The coaffired power plant and earth cutaway are shown.

b. A sidebar elevation map is overlaid, indicating a great depth below the power plant
Vertical bars appeain the sidemapand the main screen to indicate depth (and temperature).

c. As the narrator indicates weill continue to view the surface
while also travelling deep underground, the sidebar map and main scredrotrsplit
with outlines of corresponding color and shape.



