
© 2008 Cisco Systems, Inc. All rights reserved. Cisco ConfidentialPresentation_ID 1

Intrusive and 
Unobtrusive 
Assessment of 
Entrepreneurial and 
Technical Skills through 
Simulation and Gaming

John T. Behrens, Ph.D. jbehrens@cisco.com

Dennis Frezzo, Ph.D. dfrezzo@cisco.com

Kristen DiCerbo, Ph.D. kdicerbo@cisco.com



Presentation_ID 2© 2008 Cisco Systems, Inc. All rights reserved. Cisco Confidential

It takes a village to think make 
assessment

Dennis Frezzo, Cisco

Bob Mislevy, ETS

Philip Piety

Patti West, Cisco

Roy Levy, ASU
AAron Crawford, ASU

Daisy Rutstein, UMD

Junhui Liu, UMD

Youn Young Choi, UMD
Dan Robinson, UT

Mark Chen, Cisco

Kristen DiCerbo

Telethia Willis, Cisco



Presentation_ID 3© 2008 Cisco Systems, Inc. All rights reserved. Cisco Confidential

A play in 3 acts

 Who we are and where we come from

 Some intrusive assessment

 Some unobtrusive assessment (or is it something else?)
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Corporate Social Responsibility and 
Cisco Networking Academy

165 Countries

1 Million Students engaged this year

3.75 Million Students since inception

Large and 
Global

Diverse 

Students and

Communities

Students:        Diverse Age, Gender, and 
Circumstances

Communities: Mature and Developing

Diverse 

Educational 

Institutions

Universities, Community Colleges, 

Vocational Schools, Secondary Schools, 

Non-profit Organizations, Second Chance
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Students by Education Level by Region (1,000,000 Students)

Secondary*

2-3 Year Institutions

4 Year Institutions*

Other*

* See Notes Page for additional details on these definitions Source: AME, jzinn_v1, Snapshot as of October 31, 2010
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Product

 14 courses

 Entry-level tech skills

 Instructor-led

 Simulation and              
visualization software

 Hands-on experience

 Assessments

Infrastructure

 Educational process and 
learning systems

 Larger server base                  
than cisco.com

 2.5 terabytes of data

 1M assessments/month

Relationships

 Students

 Academies

 Instructors

 Governments

 Partners

Curricula

Program Design

 Metrics

 Services

 Support

A comprehensive educational partnership
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Packet Tracer as a central 
tool for networking 
education

 Visualization

 Scaling

 Rapid revision

 Off-line delivery

 Complex scoring

 Built in gaming

 Micro-world 
authoring
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Exploration, Explanation & Experimentation
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Multiple layers of affordance
Layer Attributes Goal

Network 

Simulation

Interaction with Network Devices

Programming Network Devices

Behavior of Networks

Create a micro-world with 

verisimilitude to world of the 

domain

Interaction 

Interface

Visualization

Interaction

Support understanding & 

manipulation

Authoring Interface Edit and save

Create stories and micro-worlds

Local languages

Re-use and portability

Conceptualization & use for 

explanation

Assessment 

Interface

Create and save answer 

networks and related activities

Support micro-worlds for 

assessment & feedback

Variable manager 

and macro 

language

Isomorphic and variant pattern 

creation. Low level access to 

data and combination

Support pattern based re-

use, flexibility & extensibility

Frezzo, D.C., Behrens, J.T., & Mislevy, R.J. (2009). Design patterns for learning and assessment: facilitating the introduction of a complex 

simulation-based learning environment into a community of instructors. The Journal of Science Education and Technology. Springer Open 

Access http://www.springerlink.com/content/566p6g4307405346/ 
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Great for Authenticity; Bad 

for score consistency, 

scale and task variation, 

central analysis

Great for scale, 

communication (if you 

want it) and central 

analysis but weak for 

authenticity

Great for authenticity and 

local scale; Good for local 

communication, bad for 

central analysis
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Using the best of each approach: PT SBA

Launch

1

Take Exam

2

Submit It

3

Automatically 
Scored

4

View 
Feedback

5
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Detailed Environment Provides Detailed 

Feedback

Proficiency Estimates Detailed Scoring Feedback 

18© 2010 Cisco Systems, Inc. All rights reserved. Cisco Public

Access Student Work Product Time Stamped Student Log

© 2010 Cisco Systems, Inc. All rights reserved. Cisco Public

View Activity  View Proposed Solution
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What we are learning

Overall score related to experience/expertise

Tasks originally too highly constrained and not sufficiently 
taking account of technical affordances

Use of Packet Tracer throughout curriculum reduces 
construct-irrelevant variance from interface familiarity

Instructors like it (4.5/5; 94 satisfied or highly satisfied)

Students like it (cust sat = 3.9/5; 74% satisfied or highly 
satisfied)

Some students return to it like a game
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Application of SNLP & Document 
Retrieval Strategies for stream analysis

 We can see which 
“documents” are 
most like other 
“documents”
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EDA and 
visualization



Presentation_ID 22© 2008 Cisco Systems, Inc. All rights reserved. Cisco Confidential

Where to go 
from here?
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PT + Assessment + Game Layer => Aspire

Behrens, J. T., Frezzo, D. C., Mislevy, R. J., Kroopnick, M., & Wise, D. (2007). Structural, Functional and Semiotic Symmetries in Simulation-

Based Games and Assessments. In E. L. Baker, J. Dickieson, W. Wulfeck, & H. F. O'Neil (Eds.) Assessment of Problem Solving Using 

Simulations (pp. 59-80). New York: Erlbaum. 
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Proficiency Dimension Example evidence

Business Sense appropriate choice of new vs. 

refurbished equipment

Network Configuration home wireless settings, setting 

device IP addresses

Money Management bill payment

Physical Labor buy & place devices, connect 

cables

Troubleshooting diagnose and repair network 

errors

Reputation completeness of installation 

(going beyond minimum)
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Demo Here
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Pair Video – Coding, Qualitative Analysis 
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Individual Performance

V1C3 detail

Work Product Max Users 1

Features Static IP Address on PC3 192.168.0.99

PC3 is in Network 1

Connectivity Tested 1

Proficiencies Business Sense 1

Configuration 1

Troubleshooting 1

Score 300/300

V1C3
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What we are learning 

 Students in more advanced classes complete more 
contracts faster than students in beginning classes

 Learning Process

Students can be observed trying and discarding potential 
solutions based on feedback from the game… resulting in new 
understandings

The game encourages students to engage in problem solving 
steps (problem identification, solution generation, solution 
testing, etc.) 

Common incorrect strategies can be seen across recordings

 Game design

Additional feedback needed for students after given amount of 
struggling

Opportunities to increase information gathering
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What does this tell us about assessment?

31© 2009 Cisco Systems, Inc. All rights reserved. Cisco Confidential

Curriculum

 Explanatory Text

 Interactive media

 Hands on Labs

 Embedded Assessment

 Rich Feedback

 Simulation supported

Assessment

 Knowledge focused 
questions

 Student or instructor 
initiated

 Integrated reporting

 Rich feedback

 Simulation supported

Gaming

 Promotes motivation 
and engagement

 Promotes learning and 
practice

 Provides larger context 

 Rich feedback

 Simulation supported

Design

LAN Technologies

Network

Management

Network Proficiency

TroubleshootOperationImplementation

WAN Protocols

Routing Protocols

Routed Protocols

OSI Model

Bridging/Switching

Network Modeling

Domain Knowledge

Cisco Basics

Integration

 Comprehensive skill 
model provides 
coherence

 Common use of 
simulation supports 
cross-activity transfer

 Possibilities for future 
research
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Conclusion

 Simulation based assessment can be constructed in 
flexible and scalable ways.

 Good infrastructure does not imply good task or 
assessment design

 Assessment implementation should be understood in 
the context of large social and technological 
ecosystems
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And perhaps more important…

 The increasing ubiquity of natural tasks occurring with 
digital devices opens new worlds of possibility.

 Autopsy  Check up  Unobtrusive natural monitoring
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Assessment in the digital ocean

Digital Desert Digital Ocean

Disconnected intrusions Ongoing ubiquitous data

Small samples of data Dramatically large and ubiquitous

Special intrusive systems to get data Data built into daily activity

Lack of data requires special focused 

inputs

“Items” no longer exist

Absence of data requires inferential 

stretch

Availability of data lessons need for 

inference

Data scarcity leads to small sample 

science (e.g models of expertise)

Data ocean leads to improved 

understanding of detailed 

mechanisms & rules (automated 

automated scoring)

“Exam” ignorant of your state Activity starts with access to previous 

history

Data outside classroom not even 

considered

Data is data no matter where it is
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