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Portuguese LessonPortuguese Lesson

Obrigado   =   thank youObrigado   =   thank you

GostoGosto muitomuito =   I like it a lot=   I like it a lot
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IntroductionIntroduction

Where have we been and what have we seen?Where have we been and what have we seen?

–– Who?Who?

–– What?What?

Where are we going and what are we doing?Where are we going and what are we doing?

–– Where?Where?

–– Why?Why?
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Advances in CognitionAdvances in Cognition

I used to be able to remember all sorts of I used to be able to remember all sorts of 
things things …… now I can only remember things now I can only remember things 
that never happened that never happened …… but but 
Some memories are vivid Some memories are vivid …… some fade some fade ……
some say that memories ripen some say that memories ripen …… and and 
The hippocampus is central to memory The hippocampus is central to memory 
and learning and learning …… but but 
The mechanisms of mental storage and The mechanisms of mental storage and 
retrieval remain somewhat elusive. retrieval remain somewhat elusive. 
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What About the Brain?What About the Brain?

http://www.pbs.org/wnet/brain/3d/http://www.pbs.org/wnet/brain/3d/
http://www.med.harvard.edu/AANLIB/cases/caseNA/pb9.htmhttp://www.med.harvard.edu/AANLIB/cases/caseNA/pb9.htm

http://www.pbs.org/wnet/brain/3d/
http://www.med.harvard.edu/AANLIB/cases/caseNA/pb9.htm
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Brain Research Brain Research →→ Cognitive ScienceCognitive Science
The linkages between brain research and The linkages between brain research and 
cognitive science are obvious in many cognitive science are obvious in many 
university research centers, including:university research centers, including:
–– University of North Carolina at Chapel HillUniversity of North Carolina at Chapel Hill’’s Language s Language 

Cognition and Brain Research Group Cognition and Brain Research Group 
http://lcb.unc.edu/research.htmhttp://lcb.unc.edu/research.htm

–– Carnegie Mellon UniversityCarnegie Mellon University’’s Center for the Neural s Center for the Neural 
Basis for Cognition Basis for Cognition http://lcb.unc.edu/research.htmhttp://lcb.unc.edu/research.htm

–– Chinese University of Hong KongChinese University of Hong Kong’’s Centre for s Centre for 
Cognition and Brain Studies Cognition and Brain Studies 
http://www.psy.cuhk.edu.hk/research/cogcenter.htmlhttp://www.psy.cuhk.edu.hk/research/cogcenter.html

–– University of CambridgeUniversity of Cambridge’’s Cognition and Brain s Cognition and Brain 
Sciences Unit Sciences Unit http://www.mrchttp://www.mrc--cbu.cam.ac.uk/cbu.cam.ac.uk/

http://lcb.unc.edu/research.htm
http://lcb.unc.edu/research.htm
http://www.psy.cuhk.edu.hk/research/cogcenter.html
http://www.mrc-cbu.cam.ac.uk/
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Knowledge AdvancesKnowledge Advances

fMRIfMRI studiesstudies
–– See, for example, See, for example, http://www.fmri.org/http://www.fmri.org/ and and 

http://redwood.ucdavis.edu/scott/research/fmri/http://redwood.ucdavis.edu/scott/research/fmri/

Memory studiesMemory studies
–– See See http://www.brightsurf.com/EDU_news_092002.htmlhttp://www.brightsurf.com/EDU_news_092002.html

Cognitive load studiesCognitive load studies
–– http://education.arts.unsw.edu.au/CLT_NET_Aug_97.HTMLhttp://education.arts.unsw.edu.au/CLT_NET_Aug_97.HTML

Expert performance studiesExpert performance studies
–– http://www.psy.fsu.edu/http://www.psy.fsu.edu/

http://www.fmri.org/
http://redwood.ucdavis.edu/scott/research/fmri/
http://www.brightsurf.com/EDU_news_092002.html
http://education.arts.unsw.edu.au/CLT_NET_Aug_97.HTML
http://www.psy.fsu.edu/
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Fundamental Questions PersistFundamental Questions Persist

Why are some things remembered/learned more Why are some things remembered/learned more 
easily than others?easily than others?
Why are some things difficult to Why are some things difficult to 
remember/learn? Difficult to forget/unlearn? remember/learn? Difficult to forget/unlearn? 
Why do some memories and skills fade?Why do some memories and skills fade?
Why are early memories in some elderly people Why are early memories in some elderly people 
so vivid? Why donso vivid? Why don’’t we forget how to ride a t we forget how to ride a 
bicycle after not riding for many, many years?bicycle after not riding for many, many years?
See See VisserVisser’’ss Book of ProblemsBook of Problems
http://www.learndev.org/http://www.learndev.org/

http://www.learndev.org/
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The Varieties of Learning ExperienceThe Varieties of Learning Experience

From early childhood to adult learningFrom early childhood to adult learning
Both individual and group learningBoth individual and group learning
Planned and unplannedPlanned and unplanned
Role of language and imagesRole of language and images
Role of the environment and cultureRole of the environment and culture
Motivation and selfMotivation and self--regulationregulation
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Technology TransformationsTechnology Transformations

Technology changes Technology changes 
–– It changes what we doIt changes what we do
–– Also what we can do and want to doAlso what we can do and want to do

BloomBloom’’s two sigma effects two sigma effect
–– Not quite realized in intelligent tutoring systemsNot quite realized in intelligent tutoring systems
–– Significant improvements in selected domainsSignificant improvements in selected domains
–– The potential for personalized instruction remainsThe potential for personalized instruction remains
–– The promise of powerful virtual collaboration remainsThe promise of powerful virtual collaboration remains

AIDA: AIDA: ““The History of an Error?The History of an Error?””
–– What have we learned from attempts to automate What have we learned from attempts to automate 

instructional design, development and delivery?instructional design, development and delivery?
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First PrinciplesFirst Principles
(Merrill, 2002)(Merrill, 2002)

Problem centering and focusing learningProblem centering and focusing learning
Activating and motivating learnersActivating and motivating learners
Demonstrating knowledge and skills in Demonstrating knowledge and skills in 
actionaction
Applying new knowledge to solve Applying new knowledge to solve 
meaningful problemsmeaningful problems
Integrating knowledge and skills into lifeIntegrating knowledge and skills into life
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SpectorSpector’’ss PrinciplesPrinciples

Learning is fundamentally about changeLearning is fundamentally about change
Change begins with and is based on Change begins with and is based on 
experienceexperience
Meaningful experience is determined by Meaningful experience is determined by 
context context 
Meaningful integration of knowledge and Meaningful integration of knowledge and 
skills involves multiskills involves multi--faceted and multifaceted and multi--
dimensional contextsdimensional contexts
We know less than we are inclined to believeWe know less than we are inclined to believe
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Difficult QuestionsDifficult Questions

What will come from we are now doing What will come from we are now doing 
and may do tomorrow?and may do tomorrow?
–– We have privileged positions as teachers, We have privileged positions as teachers, 

researchers, developers, and such researchers, developers, and such –– what are we what are we 
contributing that will last and be of value? contributing that will last and be of value? 

What can be done to address serious What can be done to address serious 
problems confronting society?problems confronting society?
–– Are we training people who will generate responsible Are we training people who will generate responsible 

and sustainable environmental policies?and sustainable environmental policies?
–– Create manageable and humane medical conditions?Create manageable and humane medical conditions?
–– Resolve serious social and political conflicts?Resolve serious social and political conflicts?
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A Research AgendaA Research Agenda

Focus on technologyFocus on technology--enhanced learning in enhanced learning in 
complex domainscomplex domains
Develop a methodology to determine that Develop a methodology to determine that 
and how technology contributes to the and how technology contributes to the 
development of understanding and expert development of understanding and expert 
performanceperformance
Implement innovative technologies that Implement innovative technologies that 
can be demonstrated to improve can be demonstrated to improve 
understanding and performanceunderstanding and performance
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Problem FocusProblem Focus

Support for learning in and about complex Support for learning in and about complex 
subject mattersubject matter
–– Complexities: computational, relational, dynamic, Complexities: computational, relational, dynamic, 

uncertaintiesuncertainties

Which approach is appropriate for a Which approach is appropriate for a 
particular type of complex problemparticular type of complex problem--solving solving 
situationsituation
–– Evidence of improved learning outcomesEvidence of improved learning outcomes

Problems in these domains are often illProblems in these domains are often ill--
structuredstructured
–– Lack single, or correct or standard solutionsLack single, or correct or standard solutions
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How to Assess Progress of LearningHow to Assess Progress of Learning

Model the problem solving behaviors of Model the problem solving behaviors of 
recognized expertsrecognized experts
–– Do experts in a domain exhibit a common pattern of Do experts in a domain exhibit a common pattern of 

approaching problems?approaching problems?

Develop metrics to assess progress Develop metrics to assess progress 
towards experttowards expert--like problem solving like problem solving 
behaviorbehavior
–– Multiple levels of assessmentMultiple levels of assessment

surface analysissurface analysis
structural analysisstructural analysis
semantic analysissemantic analysis
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Relevant ResearchRelevant Research

Expert PerformanceExpert Performance
–– Anders Ericsson: high performers attaining excellence Anders Ericsson: high performers attaining excellence 

through deliberate practice (2001)through deliberate practice (2001)

Concept Mapping AnalysisConcept Mapping Analysis
–– Harry OHarry O’’Neil: machine scoring of concept maps (1999)Neil: machine scoring of concept maps (1999)

Levels of AnalysisLevels of Analysis
–– Research initiated at the University of Bergen (2000)Research initiated at the University of Bergen (2000)
–– SeelSeel’’ss research at the University of research at the University of FreiburgFreiburg (2001)(2001)
–– JonassenJonassen’’ss problemproblem--solving taxonomy (2002)solving taxonomy (2002)
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Differences in DomainsDifferences in Domains

Differences in complex problem solving Differences in complex problem solving 
arise in different domains?arise in different domains?
–– Delayed effects, nonDelayed effects, non--linear relationships, linear relationships, 

fuzziness, internal feedback, dynamic changes, fuzziness, internal feedback, dynamic changes, 
etc.etc.

–– In terms of van In terms of van MerriMerriëënboernboer’’ss 4C/ID: prominence 4C/ID: prominence 
and dominance of nonand dominance of non--recurring problems, recurring problems, 
reliance on heuristic methods, etc.reliance on heuristic methods, etc.

Can one method of representing Can one method of representing 
complex problemcomplex problem--solving performance solving performance 
capture such differences?capture such differences?
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Purpose of RepresentationsPurpose of Representations

To detect changes in student To detect changes in student 
understandingunderstanding
–– SeelSeel’’ss research shows simple causal concept maps are research shows simple causal concept maps are 

adequateadequate

To detect improved understandingTo detect improved understanding
–– Requires a target (e.g., a family of expert Requires a target (e.g., a family of expert 

representations in addition to individual change)representations in addition to individual change)

To determine optimal instructional To determine optimal instructional 
approachapproach
–– Requires many subjects in many domainsRequires many subjects in many domains
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Dynamic Enhanced Evaluation of Dynamic Enhanced Evaluation of 
Problem Solving (DEEP)Problem Solving (DEEP)

Three domainsThree domains
–– engineering design, biology, and medical diagnosisengineering design, biology, and medical diagnosis

Recognized experts and beginnersRecognized experts and beginners
–– 5 experts and 15 inexperienced respondents per domain5 experts and 15 inexperienced respondents per domain

Two problems in each domainTwo problems in each domain
–– To explore differences in problems as well as responsesTo explore differences in problems as well as responses

Annotated causal mapsAnnotated causal maps
–– Similar to Similar to SeelSeel’’ss work and that of Milrad work and that of Milrad et et aliialii
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Level 1 Analysis Level 1 Analysis –– Scenario 1Scenario 1

Scenario Scenario 
##

DomainDomain GroupGroup Avg. # Avg. # 
nodenode

ss

Avg.  oneAvg.  one--
way way 
linkslinks

Avg. twoAvg. two--
way way 
linkslinks

Avg. Avg. 
wordswords
--nodenode

Avg. wordAvg. word--
nodenode--
namename

AvgAvg, , 
wordswords
--linklink

Scenario Scenario 
11

MedicalMedical

NovicesNovices 13.0713.07 1616 6.866.86 15.8615.86 1.831.83 11.5711.57

ExpertsExperts 10.610.6 17.617.6 44 26.626.6 2.242.24 21.221.2

EngineeringEngineering

NovicesNovices 99 1212 22 22.922.9 2.62.6 7.257.25

ExpertsExperts 88 88 1.51.5 11.1511.15 2.552.55 1616

BiologyBiology

NovicesNovices 7.367.36 10.2910.29 1.141.14 3939 22 24.8624.86

ExpertsExperts 1616 20.620.6 0.60.6 12.812.8 1.81.8 8.88.8
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Level 1 Analysis Level 1 Analysis –– Scenario 2Scenario 2

Scenario Scenario 
##

DomainDomain GroupGroup Avg. # Avg. # 
nodesnodes

Avg.  oneAvg.  one--
way linksway links

Avg. twoAvg. two--
way linksway links

Avg. Avg. 
wordswords--
nodenode

Avg. wordAvg. word--
nodenode--namename

AvgAvg, , 
wordswords--linklink

Scenario Scenario 
22

MedicalMedical

NovicesNovices 12.2112.21 16.3616.36 55 21.521.5 2.062.06 15.3615.36

ExpertsExperts 12.2512.25 15.515.5 1.51.5 31.7531.75 2.352.35 14.6314.63

EngineeringEngineering

NovicesNovices 8.58.5 8.58.5 1.51.5 27.527.5 3.053.05 18.0518.05

ExpertsExperts 10.510.5 15.515.5 22 16.416.4 2.62.6 11.7511.75

BiologyBiology

NovicesNovices 7.137.13 24.524.5 1.131.13 1010 4.254.25 23.9423.94

ExpertsExperts 16.816.8 25.825.8 1.41.4 12.212.2 1.61.6 1212
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Level 1 Analysis Level 1 Analysis –– Medical DomainMedical Domain

DomainDomain ScenarioScenario GroupGroup Avg. # Avg. # 
nodesnodes

Avg.  oneAvg.  one--
way linksway links

Avg. twoAvg. two--
way linksway links

AvgAvg
wordswords--
nodenode

Avg. wordAvg. word--
nodenode--namename

AvgAvg, , 
wordswords--linklink

MedicalMedical Scenario Scenario 
11

NovicesNovices 13.0713.07 1616 6.866.86 15.8615.86 1.831.83 11.5711.57

ExpertsExperts 10.610.6 17.617.6 44 26.626.6 2.242.24 21.221.2

Scenario Scenario 
22

NovicesNovices 12.2112.21 16.3616.36 55 21.521.5 2.062.06 15.3615.36

ExpertsExperts 12.2512.25 15.515.5 1.51.5 31.7531.75 2.352.35 14.6314.63
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Level 1 Analysis Level 1 Analysis -- BiologyBiology

DomainDomain ScenarioScenario GroupGroup Avg. # Avg. # 
nodesnodes

Avg.  oneAvg.  one--
way linksway links

Avg. twoAvg. two--
way linksway links

AvgAvg
wordswords--
nodenode

Avg. wordAvg. word--
nodenode--namename

AvgAvg, , 
wordswords--linklink

BiologyBiology Scenario Scenario 
11

NovicesNovices 7.367.36 10.2910.29 1.141.14 3939 22 24.8624.86

ExpertsExperts 1616 20.620.6 0.60.6 12.812.8 1.81.8 8.88.8

Scenario Scenario 
22

NovicesNovices 7.137.13 24.524.5 1.131.13 1010 4.254.25 23.9423.94

ExpertsExperts 16.816.8 25.825.8 1.41.4 12.212.2 1.61.6 1212
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Level 1 Analysis Level 1 Analysis -- EngineeringEngineering

DomainDomain ScenarioScenario GroupGroup Avg. # Avg. # 
nodesnodes

Avg.  oneAvg.  one--
way linksway links

Avg. twoAvg. two--
way linksway links

AvgAvg
wordswords--
nodenode

Avg. wordAvg. word--
nodenode--namename

AvgAvg, , 
wordswords--linklink

EngineeringEngineering Scenario Scenario 
11

NovicesNovices 99 1212 22 22.922.9 2.62.6 7.257.25

ExpertsExperts 88 88 1.51.5 11.1511.15 2.552.55 1616

Scenario Scenario 
22

NovicesNovices 8.58.5 8.58.5 1.51.5 27.527.5 3.053.05 18.0518.05

ExpertsExperts 10.510.5 15.515.5 22 16.416.4 2.62.6 11.7511.75
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Structural & Semantic AnalysisStructural & Semantic Analysis

Intertwined due to resolving names of Intertwined due to resolving names of 
nodes and linksnodes and links
Protocols based on expert analysis of the Protocols based on expert analysis of the 
problem scenarios and a selected set of problem scenarios and a selected set of 
responsesresponses
Individual responses coded based on Individual responses coded based on 
protocolsprotocols
Similarities and differences among and Similarities and differences among and 
between experts and novices between experts and novices ……
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Biology Summary DataBiology Summary Data
5 Experts 14 Novices

Percent
Percent

cause/effect 32 31.4% cause/effect 2 1.4%
example 0 0.0% example 0 0.0%
correlation 65 63.7% correlation 138 98.6%
process 5 4.9% process 0 0.0%

Total Links 102 100% Total Links 140 100%

Scenario 1

5 Experts 14 Novices
Scenario 2

Percent
Percent

cause/effect 65 50.8% cause/effect 40 27.2%

example 0 0.0% example 0 0.0%

correlation 58 45.3% correlation 101 68.7%

process 5 3.9% process 6 4.1%

Total Links 128 100% Total Links 147 100%
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Engineering Summary DataEngineering Summary Data
5 Experts 18 Novices

Percent Percent
cause effect 0 0.0% cause effect 14 6.1%
example 0 0.0% example 0 0.0%
correlation 54 85.7% correlation 179 78.2%
process 1 1.6% process 23 10.0%
mathematical 8 12.7% mathematical 13 5.7%
TOTAL Links 63 100% TOTAL Links 229 100%

Scenario 1

Percent Percent
cause effect 9 11.54% cause effect 42 20.49%

example 61 76.92% example 158 77.07%

correlation 0 0% correlation 0 0%

process 0 0% process 2 0.98%

mathematical 9 11.54% mathematical 3 1.46%

TOTAL Links 79 100% TOTAL Links 205 100%

5 Experts 18 Novices

Scenario 2
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Medical Summary DataMedical Summary Data
5 Experts 14 Novices

Percent Percent
cause/effect 73 68.9% cause/effect 185 58.2%
example 0 0.0% example 24 7.5%
correlation 8 7.5% correlation 84 26.4%
process 25 23.6% process 25 7.9%
TOTAL Links 106 100% TOTAL Links 318 100%

Scenario 1

5 Experts 14 Novices

Percent Percent

cause/effect 28 41.2% cause/effect 137 46.6%

example 0 0.0% example 27 9.2%

correlation 10 14.7% correlation 123 41.8%

process 30 44.1% process 7 2.4%

TOTAL Links 68 100% TOTAL Links 294 100%

Scenario 2
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NodeNode--Link ClustersLink Clusters
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Comparing Experts & NovicesComparing Experts & Novices
Biology Experts – Scenario 2 (N = 5; Links = 128).

Nodes
Links From / To Percentage

1 Analyze the mercury 
concentrations

16 9 / 7 12.5%

2 Possible solutions 14 7 / 7 10.93%

3 Food chain 12 7 / 5 9.37%

3 Source of mercury 
contamination

12 8 / 4 9.37%

4 Limit consumption 11 7 / 4 8.59%

Biology Novices – Scenario 2 (N = 16; Links = 147).
Nodes

Links From / To Percentage

1 Biological effects of mercury 
on fish

41 21 / 20 27.89%

1 Source of mercury 
contamination

41 24 / 17 27.89%

2 Human interaction 29 12 / 17 19.72%

3 Social awareness 28 13 / 15 19.04%

4 Analyze the mercury 
concentrations

24 17 / 7 16.32%
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LinksLinks

DEEP Data Collection Software:DEEP Data Collection Software:
–– http://soehttp://soe--dl.syr.edu:8080/DMVS/jsp/index.htmdl.syr.edu:8080/DMVS/jsp/index.htm

DEEP Project Website:DEEP Project Website:
–– http://idde.syr.edu/NSFhttp://idde.syr.edu/NSF--DEEP/DEEP/

Cyber Playground Cyber Playground –– How the Brain Works:How the Brain Works:
–– http://www.eduhttp://www.edu--cyberpg.com/Teachers/brain.htmlcyberpg.com/Teachers/brain.html

http://soe-dl.syr.edu:8080/DMVS/jsp/index.htm
http://idde.syr.edu/NSF-DEEP/
http://www.edu-cyberpg.com/Teachers/brain.html


Spector & Koszalka, 2004Spector & Koszalka, 2004 3838

Selected ReferencesSelected References
Andrews, G. & Andrews, G. & HalfordHalford, G. S. (2002). A cognitive complexity metric applied to , G. S. (2002). A cognitive complexity metric applied to 
cognitive development. cognitive development. Cognitive Psychology, 45Cognitive Psychology, 45(2), 153(2), 153--219.219.
Chi, M.T.H., Chi, M.T.H., FeltovichFeltovich, P.J., & Glaser, R. (1981). Categorization and , P.J., & Glaser, R. (1981). Categorization and 
representation of physics problems by experts and novices. representation of physics problems by experts and novices. Cognitive Science, Cognitive Science, 
55, 121, 121--152.152.
Ericsson, K. A, (1993). Ericsson, K. A, (1993). The role of deliberate practice in the acquisition of The role of deliberate practice in the acquisition of 
expert performance. Psychological Review, 100expert performance. Psychological Review, 100(3), 363(3), 363--406.406.
HerlHerl, H. E., O'Neil, H. F. Jr., Chung, G. L., Bianchi, C., Wang, S.,, H. E., O'Neil, H. F. Jr., Chung, G. L., Bianchi, C., Wang, S., Mayer, R., Mayer, R., 
Lee, C. Y., Lee, C. Y., ChoiChoi, A., , A., SuenSuen, T., & , T., & TuTu, A. (1999). , A. (1999). Final report for validation of Final report for validation of 
problem solving measuresproblem solving measures. CSE Technical Report 501. Los Angeles: CRESST.. CSE Technical Report 501. Los Angeles: CRESST.
Jonassen, D. H. & HernandezJonassen, D. H. & Hernandez--Serrano, J.(2002). CaseSerrano, J.(2002). Case--based reasoning and based reasoning and 
instructional design: using stories to support problem solving. instructional design: using stories to support problem solving. Educational Educational 
Technology Research and Development, 50Technology Research and Development, 50(2), 65(2), 65--77.77.
Scandura, J. M. (2003). Domain specific structural analysis for Scandura, J. M. (2003). Domain specific structural analysis for intelligent intelligent 
tutoring systems: Automatable representation of declarative, protutoring systems: Automatable representation of declarative, procedural and cedural and 
modelmodel--based knowledge with relationships to software engineering. based knowledge with relationships to software engineering. 
Technology, Instruction, Cognition, and Learning, 1Technology, Instruction, Cognition, and Learning, 1(1), 7(1), 7--57.57.
Seel, N. M. (2001). Epistemology, situated cognition, and mentalSeel, N. M. (2001). Epistemology, situated cognition, and mental models: Like models: Like 
a bridge over troubled water. a bridge over troubled water. Instructional Science, 29Instructional Science, 29(4(4--5), 4035), 403--427.427.



Spector & Koszalka, 2004Spector & Koszalka, 2004 3939

FelizFeliz NatalNatal

FelizFeliz AnoAno NovoNovo

GostoGosto muitomuito
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