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Today's children can 
meet future challenges 
if their schooling and 
informal learning 
activities prepare them 
for adult roles as 
citizens, employees, 
managers, parents, 
volunteers, and 
entrepreneurs.  





Dimensions of Advanced 
Knowledge and Skills 

Cognitive 

Outcomes 

Intrapersonal 

Outcomes 

  

Interpersonal 

Outcomes 

  
Cognitive processes and 

strategies  

Intellectual Openness Teamwork and 

Collaboration 

Knowledge Work Ethic and 

Conscientiousness 

Leadership 

Creativity Positive Core Self-Evaluation Communication 

Critical Thinking Metacognition Responsibility 

Information Literacy Flexibility Conflict Resolution 

Reasoning Initiative   

Innovation Appreciation of Diversity   



Diagnostic Assessment 
Formative for Learning 

 Formative, diagnostic assessment provides 
more leverage for improvement than 
summative measures 

 Formative, diagnostic assessment is richer 
and more accurate than summative measures 

 Potentially, formative, diagnostic assessment 
could substitute for summative measures.  

 



Understanding Performances is Vital 
for Learning/Assessment 

 

 
Distributed learning: collaborative, 

mediated, scaffolded, and data-generating 

Cognition is distributed across human 

minds, tools/media, groups of people, and 

space/ time; dispersed physically, socially, 

and symbolically 

Event-logs of performances and 

communications provide insights 



Interfaces for 
“Immersive” Learning 

 Multi-User Virtual Environments: 
Immersion in virtual contexts with 
digital artifacts and avatar-based identities 

 Ubiquitous Computing: 
Mobile wireless devices coupled to 
smart objects for “augmented reality” 

 Virtual Reality 
Full sensory immersion via head-mounted 
displays or CAVES 

 



River City—Interface  

Teammate 

chat box. 

This is where 

students 

communicate 

with their 

teammates. 



Student’s Role in River City 

 Travel back in time 6 times between 1878-79 
 Bring 21st century skills and technology 

to address 19th century problems 
 Help town understand and solve part of 

the puzzle of why so many residents 
are becoming ill 
 Work as a research team 
 Keep track of clues that hint at causes of illnesses 
 Form and test hypotheses in 

a controlled experiment 
 Make recommendations based on 

experimental data 



Capturing Data on Change over Time 

Fall, 1878 Winter, 1879 Spring, 1879 Summer, 1879 

Students visit the same places and see how things change over 

time.  They spend an entire class period in an individual season,  

gathering data.   

Visit 1 Visit 2 Visit 3 Visit 4 



River City Activities 

Figure 1: Lab Equipment 

inside the University 
Figure 2: River Water Sampling  

http://muve.gse.harvard.edu/rivercityproject 



“Evidence Gathering” 

 An important, generic inquiry process 

 amount (how much evidence 
per time spent)  

 range (coverage/balance among all 
the types of evidence) 

 saliency (importance of the evidence in 
understanding causality in the situation) 

 clustering (grouping of evidence based on 
its causal affiliation)  

 



Evidence of Student Work 

 Assessment data: 

 Pre-post content 

 Pre-post affective 

 Embedded assessments 
(formative) 

 Performance assessment 
(summative) 

 Contextual Data: 

 Attendance records 

 Demographic data 

 School data 

 Observations 

 Interviews 

 

 

 

 Active Data: 

 Team chat 

 Notebook entries 

 Tracking of in-world 
activities: 

 Data gathering 
strategies 

 Pathways 

 Inquiry processes 



Types of Rich Datastreams 

 

 Multi-User Virtual Environments: 
Immersion in virtual contexts with 
digital artifacts and avatar-based identities 

 Augmented Realities 

 Wikis and other forms of Social Media 

 Asynchronous Discussions 

 Intelligent Tutoring Systems 

 Games 



Event Logs as Observational 
Data 

Indicates with Timestamps 
 Where students went 
 With whom they communicated 

and what they said 
 What artifacts they activated 
 What databases they viewed 
 What data they gathered 

using virtual scientific instruments 
 What screenshots and notations they placed in team-

based virtual notebooks 
 
 

unobtrusive observational data 
 
 



Logfiles: Events, Chats, 
Notebooks... 



Data Analytics 

 How to make sense of all this active data 
(too much rather than too little)? 

 How to use active data to improve 
instructional design and formative evaluation? 

 How to cross-reference and synthesize 
these various types of data to improve 
student learning? 



Visualization of Student Activities 

 



Shorty’s (1169) Team, Session 2 Shorty’s Team, Session 3 



Attaining “Powers”: 
Sessions 2 and 4 



 

Usage of Individualized 
Guidance 



Moby (Dan Schwartz – Stanford) 
Hypothetico-deductive reasoning. 

 Students try to induce the rule that regulates 
the appearance of flowers. 

 Fire is necessary and sufficient. 

 Fire or Rain are necessary. 

 Fire and not Rain are sufficient. 

 …. 

 They then teach the rule to Moby. 

 Moby plays a guessing game against an evil 
agent using the deductive rule. 



Interacting with Animated 
Pedagogical Agents 



Inducing a rule  
(Dan Schwartz – Stanford) 

 Click on factors and they overlay on flowers. 



Potential Insights for Students 

Evolution over time of: 

 Engagement 

 Information-Seeking 
 Sources: context, agents, artifacts, databases, 

virtual scientific instruments, hints… 

 Collaboration, including 
use of virtual notebook 

 Content Mastery 

 Inquiry strategies 

 

 



Potential Insights for Teachers 

 Diagnostic, formative information about individual students 

 Engagement 

 Level and types of hints accessed 

 Skewed information-gathering patterns 

 Diagnostic, formative information about students collectively 

 Level of collaboration 

 Degree to which types of hints are needed 

 Degree to which some kinds of information resources are 
underutilized 

 Patterns of scores on embedded content assessments 

 



representation 

(by_luddebenke) 



Module 1: Pond Ecosystem 

Modeled after Black’s Nook Pond in Cambridge, MA 

 

http://ecomuve.gse.harvard.edu 
 



EcoMUVE is a MODEL of a natural environment 
  

- simplified components and 

 interactions 
 

 - emphasis on space and 

time 
 

 - takes advantage of 

 technological 

affordances 

 



Non-obvious causes 
A submarine tool explores the microscopic organisms in the 
pond, helping students understand that organisms that they 
cannot see play a critical role in the pond ecosystem.  



Atom Tracker 
Atom tracker allows students to track three specific simulated atoms over 
time – oxygen, carbon, and phosphorus – these anthropomorphized atoms 
give students an “atom’s-eye-view” of conservation of matter.  



TI Nspire 



Texas Instruments NSpires with Vernier 

Environmental Probes 



Coding Schema for Fish Die-
Off 



Studying Student Movement Within 
EcoMUVE 









1976 2014 

 



Augmenting Real World 
Ecosystems 
http://ecomobile.gse.harvard.edu 

(Conner Flynn) 



EcoMOBILE 
EcoMOBILE 







(Nick Webb) 



Community: Social Media 

 Sharing 
 Social Bookmarking 
 Photo/Video Sharing 
 Social Networking 
 Writers’ Workshops and Fanfiction 

 Thinking 
 Blogs 
 Podcasts 
 Online Discussion Forums 
 Twitter 

 Co-Creating 
 Wikis/Collaborative File Creation 
 Mashups/Collective Media Creation 
 Collaborative Social Change Communities  

 



Multi-dimensional Learning 

 Classrooms  

 Richly Contextualized Real World 

Learning  

 Internships, apprenticeships 

 Community 

 Face-to-face and virtual 

 




