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Centralized UM in DLE

CUMULATE (Centralized User Modeling for User and 
Learner-AdapTive Environments)
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Topic-based UM
in CUMULATE

Introductory course of 
C programming
22 topics combined into 
15 lectures
Hierarchical 
prerequisite-outcome 
structure
Resources are assigned 
to Topics



QuizPACK

QuizPACK: Quizzes for Parameterized Assessment of 
C Knowledge

Each question is a pattern of a simple C program. 
When it is delivered to a student the special 
parameter is dynamically instantiated by a random 
value within the pre-assigned borders.

Have been used since Spring 2002 for Undergraduate 
course “Introduction to Programming”

http://http://www.sis.www.sis.pittpitt..eduedu/~paws//~paws/

http://www2.sis.pitt.edu/%7Eir/0012/for_switch1/presenterasp.cgi?ques=0&quiz=for_switch1&kt_sid=193&kt_user=demo


Activity - number of attempted questions.
Success - percentage of correct attempts.
Knowledge Gain – difference between pre and post test

Regression: In-class Quizzes = (Activity)

Regression: Knowledge Gain = (Activity)

Regression: Final Exam = (Success)

ANOVA: Knowledge Gain Experimental - Knowledge Gain 
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QuizGuide

Questions of 
the current 
quiz, served by 
QuizPACK

List of 
annotated links 
to all quizzes 
available for a 
student in the 
current course

Adaptive 
Annotation for
Self-Assessment 
Quizzes

http://http://www.sis.www.sis.pittpitt..eduedu/~paws//~paws/

http://www.sis.pitt.edu/~ir/qpplus/bin/qguide.cgi?ums=http://www.sis.pitt.edu/~ir/qpplus/server/qpum.cgi&group=demo&kt_sid=demo&kt_user=is12


Course Coverage – percentage of attempted topics
Question Persistence – number of attempts per question

QuizGuide Evaluation (Motivation)

http://http://www.sis.www.sis.pittpitt..eduedu/~paws//~paws/

QuizPACK QuizGuide
Active students 51(70%) 34(81%)
Average activity 110.18 245.83

Average course coverage 37.56% 52.40%
Average num. of sessions 9.18 17.28

Avearge session length 10.74 17.75
Average Question Persistence 1.69 6.64



QuizGuide Evaluation (Success)

http://http://www.sis.www.sis.pittpitt..eduedu/~paws//~paws/

Success (percentage of correct answers) is 
significantly higher for QuizGuide transactions:
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QuizGuide Evaluation (K-Gain)
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Second View on Architecture

QuizPACK

QuizGuide

Storage

Topic-Based
Knowledge
Inference

http://http://www.sis.www.sis.pittpitt..eduedu/~paws//~paws/

CUMULATE
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Layered Evaluation

Traditional evaluation is unspecific about the object 
of evaluation
Layered approach separates main phases:

Original Data: Two semesters of system usage by the 
undergraduate students:

http://http://www.sis.www.sis.pittpitt..eduedu/~paws//~paws/

Evaluation of
Knowledge Modeling

Evaluation of the
Value of Adaptation

Users Topics Quizzes Questions QuizPACK 
Transactions

QuizGuide 
Transactions

34 22 44 171 4960 5217



Evaluation of Knowledge Modeling

Further Decomposition:

Topic Evaluation – Learning Curve Analysis
Inference Evaluation – Correlation Calculation

http://http://www.sis.www.sis.pittpitt..eduedu/~paws//~paws/

Evaluation of
Knowledge
Modeling

Topic as an 
Assessment Unit

Inference of 
Modeling Beliefs



Learning Curves

Also referred as 
Experience Curve and 
Practice Curve
“Performance 
asymptotically increases 
with experience”
Power Law [Newell and 
Rosenbloom (1981)]; 
Exponential Law
Learning Curves for 
Evaluation of Learning 
Effect

http://http://www.sis.www.sis.pittpitt..eduedu/~paws//~paws/



Topic as an Assessment Unit

http://http://www.sis.www.sis.pittpitt..eduedu/~paws//~paws/



Question Filtering

http://http://www.sis.www.sis.pittpitt..eduedu/~paws//~paws/
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Mean = 0.5584
Std. Dev. = 0.18451
N = 171Histogram

5th percentile = 0.16
25th percentile = 0.29
75th percentile = 0.58
95th percentile = 0.74



Evaluation of Inference Mechanism

Formula:
Knowledge of the Topic –

Weighed Average Progress for 
All Corresponding Resources

Correlation between UM’s belief on student’s 
knowledge and the actual behavior the 
student demonstrates:
Corr = -0.18

http://http://www.sis.www.sis.pittpitt..eduedu/~paws//~paws/



Evaluation of the Value of Adaptation

Do students follow the adaptive hints of 
the system?
220 (zero arrows)

51 (one arrow)
34 (two arrows)
29 (three arrows) 

http://http://www.sis.www.sis.pittpitt..eduedu/~paws//~paws/



Conclusions

Centralized User Modeling architecture used by 
QuizGuide system is presented
The attempt to evaluate topic-based adaptation to 
student knowledge has been reported

Large topics have been proven to be cognitively 
invalid assessment units

However, students follow the adaptive navigation of 
QuizGuide, using topic-based student modeling and…
…It increases their motivation,

success and
knowledge gain.

http://http://www.sis.www.sis.pittpitt..eduedu/~paws//~paws/



Thank you for your questions!
CONTACT INFORMATION

Sergey Sosnovsky
University of Pittsburgh,

School of Information Sciences
sas15@pitt.edu
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