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Introduction
• Cisco Networking Academy Program (CNAP)

Public Schools-Cisco partnership; Apprentice-level 
Design, configuration, troubleshooting of computer networks
10 K instructors, > 100 K students, 150 countries
http://cisco.netacad.net

• Summative “Skills” Performance Exam: An Evolution
Hands-On cabling and configuration of PCs, switches, routers
“Gold Standard” for Proficiency Evaluation BUT 
Uneven psychometric reliability, validity

• Automated Computerized System: Cisco Network Simulator (CNS)
Simulation-based, automatically-scored Exams
Successful pilot with Instructors, ongoing design process

• KRs as Key to Managing Migration Process
Mislevy describes 5 roles for KRs in Assessment Design
To Improve reliability and validity, KR focus has been crucial
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Five Roles of KRs in Assessment (Mislevy & Levy, 2005)

(Role 1) An assessment is itself a KR. It makes explicit and 
sharable the knowledge that is valued, the ways it is used, and 
the standards of good work.  

(Role 2) The analysis of any domain in which learning is to be 
assessed must include the identification and analysis of the 
KRs used in that domain (i.e., the "domain KRs").

(Role 3) Assessment tasks can be structured around the 
knowledge, relationships, and uses of domain KRs.

(Role 4) "Design KRs" can be created to organize knowledge 
about a domain (including its domain KRs) in forms that 
support the design of instruction and assessment. (e.g., 
knowledge elicitation tools)

(Role 5) KRs from the disciplines of instructional design and 
assessment design can guide and structure the domain 
analyses noted in (2), the task construction noted in (3), and the 
creation and use of design KRs noted in (4). 
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Role 1: CNS Exam, Assessment as KR
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Role 1:  Assessments As KRs
• Coordinating Function of the Assessment KR

Results from a review of curriculum, instructional, assessment

Related to Evidence Centered Design (ECD)

• Affordances of the Assessment KR

Usability Engineering principles

Fidelity to real equipment, existing simulations

Translation Issues

• Usage Guidelines for the Assessment KR

Need for practice and formative assessment prior to the high-
stakes summative assessment 

Reliability and Validity Issues
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Role 2: Domain KRs -- Logical Topology, IOS CLI
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Role 2: Running Configuration, Student Work Product
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Role 2:  Importance of Domain KRs
• Logical Topology

Crucial KR throughout computer networking

Basis for many other KRs

• Internetwork Operating System (IOS) Command Line Interface (CLI)

Crucial KR for controlling the behavior of networking devices

Leads to dialogs between students and simulated devices

• Router Running Configuration

Primary work product of student taking a CNS assessment

• Limitations and Challenges Associated with Domain KRs

Fidelity to real networking equipment “limited” BUT

Computers allow KRs and KR interactions impossible with real 
equipment, with real instructors in finite amount of time

Validity Issues
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Role 3: Item Information Page 1 (IIP 1)
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Role 3: Item Information Page 2 (IIP 2)
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Role 3:  KRs in the Assessment as “Reasoning 
From Evidence”/ECD Process

• Item Information Pages – Including Instructors in the Process

IIP 1 – Student Model Variables, Feedback, Work Product

IIP 2 – Rubrics, Scoring Rules, Observables

• Router Running Configuration (static, final work product)

Primary mediating artifact for instructor-student assessment 
interactions

• Hybrid Approach: Hands-on AND CNS

Divide and Conquer:  retain aspects of hands-on performance 
assessment while automating other aspects

Reliability and Validity Issues

• Limitations of Static Work Product
Instead analyze LOG files of student-simulator dialog?



121212© 2004 Cisco Systems, Inc. All rights reserved.

Role 4: Design Pattern, Network Troubleshooting 
(Wise, 2005)

Characteristic 
features

Initial state with an error 

Final state with error removed Symptoms must be 
gathered 

Error isolated using layered approach 

Solution expressed in programming language

Variable features Types of error and layer of the error

Difficulty in tracking down the error

Difficulty in fixing the error 

Length of time given; 

Hardware and software tool availability; 
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Role 4:  Design KRs
• From the Need for Parallel Forms, to Design Patterns

To provide practice and security for high-stakes performance 
assessment, we need multiple parallel forms

Desire to design parallel forms converged with our research on 
design patterns and task templates

• From the Need for Parallel Forms, to the Need for an Authoring 
Environment 

Creating multiple forms currently is tedious for SMEs and 
programming-intensive

We need easy-to-use tool to implement design patterns, task 
templates, families of activities, activity banks

• Design Patterns of Interest
Network Design, Implementation, and Troubleshooting
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Role 5: KRs Management/Coordination Role

Reliable and Valid Assessment “Navigational Fix”

Curriculum

Assessment

Instruction
Design KRs
KR Authoring
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Role 5: Interactive KRs
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Role 5:  FSD Activity Authoring
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Role 5:  Various Sources of KRs
• Assessment as a “Navigational Fix”

Coordination of KRs for CNS as analogous to Hutchins’
description of distributed cognition in Cognition in the Wild

• Packet Tracer

General Purpose Simulation, Animation, Visualization Software

Universally distributed in CNAP

Expanding of Packet Tracer KRs

• Finite State Diagram (FSD) Authoring?
FSDs are ubiquitous in electronics, robotics, programming, game 
design

Proposed use for authoring instructional & assessment activities
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Conclusions and Future Work
• Instructor Data on CNS: Positive

Instructor Feedback lead to many design changes

• Student Data: Soon 

CNS (summative assessment) offered to students in next few 
months

Packet Tracer (practice environment) already in use 

• KRs as Key to Managing Reliability and Validity

5 Roles Driving Design Process

• Question/Comments? 
dfrezzo@cisco.com, kestanle@cisco.com

Thank You. 

mailto:dfrezzo@cisco.com
mailto:kestanle@cisco.com
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