LV

Layered Evaluation of
Topic-Based Adaptation to
Student Knowledge

Sergey Sosnovsky,

Peter Brusilovsky
University of Pittsburgh,
School of Information Sciences




http://www.sis.pitt.edu/~paws/eQ) &

Outline

N

@ User Modeling in Distributed Learning Environments
= Topic-based User Modeling in CUMULATE
s QuizPACK — Parameterized Quizzes for Self-Assessment
m QuizGuide — an Adaptive Hypermedia Service

& Traditional “With or Without” QuizGuide Evaluation

® Layered Evaluation of CUMULATE-QuizGuide Topic-
Based Adaptation
= Evaluation of Knowledge Modeling
= Evaluation of Adaptation Mechanism
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Centralized UM Iin DLE

#® CUMULATE (Centralized User Modeling for User and
Learner-AdapTive Environments)

/—\

Inference i >
UMS Agents =L I!

~ —




23 User Model-Topics - Microsoft Internet Explorer

File Edit Vi

e Favorites Tools Help

&Back ¥ = v (3 Y | Qsearch GgFavorites {veda 4| T S5 =] ati 8

Address I@ http: ikt exp. sis.pitt edu;B080/um /maint_scope_tasks jsp?group_id=18group_name=is12&user_id=21

j P50 |Links i

; User Model-Filters - Microsoft Internet Explorer

File Edft “ew Favorites Tools Help ‘ﬁ

Edit Topics Al

Add'Remove'Modify Topics which belong to the Scope is12

|Add |Remcwe |]ID |Name |Mudel URL |VieW URL |Fi1ters |Scures
‘No ‘I' ‘6 uprinting {printf) uoom.lena.Default uDefauIt.jsp ‘M ‘m
‘No ‘I‘ ‘9 uarithmetic exprassions uoom.lena_Default uDefauIt.jsp ‘M ‘m
‘No ‘ r ‘1 0 uvariables uoom.lena.Default uDefauIt.jsp ‘M ‘m
‘No ‘I' ‘13 uoonstants (define) uoom.lena.Default uDefauIt.jsp ‘M ‘m
‘No ‘I‘ ‘14 uloops {while) uoom.lena.Default uDefauIt.jsp ‘M ‘m
‘No ‘ r ‘1 5 uincrement decrement uoom.lena.Default uDefauIt.jsp ‘M ‘m
‘No ‘I' ‘16 uoompound assignments uoom.lena.Default uDefauIt.jsp ‘M ‘m
‘No ‘I‘ ‘17‘ ulogical eXPressions uoom.lena.Default uDefauIt.jsp ‘m ‘m
‘No ‘l‘ ‘18 uloops {do while) uoom.lena.Default uDefauIt.jsp ‘M ‘m
‘No I= 19 [conditionals (if else} [com lena.Defautt [Default jsp Seores

&Back ¥ = v (3 7 | ‘Qsearch EgFavorites {hvedia 4| v F B ati T8

Address I@ htt: Akt . exp.sis pitt. edu:BOB0um fiters. jsprtask_id=1%Ruser_id=21

j PG |Links >

BRRRE

Lpdate | Clearl

Kl

o Edit Filters =
‘No
No Add |Remuve |]D |Applicatiun |Activity |Activity ID |In-:lude Results |Impurta.nce
o No ‘ r 84 |QuizPACK | [if elsed | j0.1 |0.600
Yo No \ r 185 |QuizPACK =] |if_else2 | 10,1 o400
o 3 ‘No | | Unknown =il | | 1
No
—

4
Mo
Whttp: e |@ Done

[ |4 nternet Y




http://www.sis.pitt.edu/~paws/eQ) &

N

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

http://www.sis.pitt.edu/~paws/LE@ &

N

QuizPACK Evaluation

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

& Regression: In-class Quizzes = (Activity)

F(1, 71) =10.34 (p =0.002);
€ Regression: Knowledge Gain = (Activity)
F(L, 62)=6.1 (p=0.0163);
& Regression: Final Exam = (Success)
F(1, 58) =12.84 (p =0.0007);
€ ANOVA: Knowledge Gain gyperimentar - KNowledge Gain i
KG =5.37(c = 2.17); KG. . =1.94(c =1.55)

experimental control

F(L 43)=33.39 (p=7.67*107);
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QuizGuide

A QuizGuide. Adaptive quiz recommender. - Microsoft Internet Explorer
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QuizGuide Evaluation (Motivation)

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 0.18 17.28
Avearge session length 10.74 17.75
Average Question Persistence 1.69 6.64

Course Coverage — percentage of attempted topics

Question Persistence — number of attempts per question
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QuizGuide Evaluation (Success)
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& Success (percentage of correct answers) is
significantly higher for QuizGuide transactions:

Mean(Success)q,i,cuige = 0-47(c = 0.15)
Mean(Success)qyiouizpack = 0-37(o = 0.15)

F(1, 43)=5.07 (p-value =0.03);

Histogram Histogram
for Application= QuizPACK for Application= QuizGuide
10— 8-
85—
65—
> >
[*] (<]
£ b6 c
@ [
S 3
=3 =
@ @
S =
w44 w
2
27—
Mean = 03723 Mean = 0.4738
0 Std. Dev. = 0.15182 0 Std. Dev. = 0.15056
0.10 0.20 0.30 0.40 0.50 0.60 prg M= 000 010 020 030 040 050 060 o070 VT2

Success Success




N

http://www.sis.pitt.edu/~paws/& @)@

QuizGuide Evaluation (K-Gain)

Zgzoos-cguizPACK =5.10(c =2.31)
@2004—QuizGuide — 642(0 = 223)
~(1, 102) = 7.803 (p —value = 0.006)




http://www.sis.pitt.edu/~paws/£Q4
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Second View on Outline
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€ Layered Evaluation of CUMULATE-QuizGuide Topic-
Based Adaptation

= Evaluation of Knowledge Modeling
= Evaluation of Adaptation Mechanism

& Conclusions
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Layered Evaluation

& Traditional evaluation is unspecific about the object
of evaluation

& Layered approach separates main phases:

Evaluation of
Knowledge Modeling

Evaluation of the
Value of Adaptation

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

Users | Topics | Quizzes | Questions | QuizPACK | QuizGuide
Transactions | Transactions

34 22 44 171 4960 5217
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Evaluation of Knowledge Modeling
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@ Further Decomposition:

Topic as an
Assessment Unit
Inference of
Modeling Beliefs

Evaluation of
Knowledge
Modeling

€ Topic Evaluation — Learning Curve Analysis
# Inference Evaluation — Correlation Calculation
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Learning Curves
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Topic as an Assessment Unit
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Question Filtering
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Evaluation of Inference Mechanism
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& 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
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Evaluation of the Value of Adaptation

& Do students follow the adaptive hints of
the system?

Value of Adaptation
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Conclusions

N

€ 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.
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Thank you for your questions!

CONTACT INFORMATION

Sergey Sosnovsky

University of Pittsburgh,

School of Information Sciences
saslS@pitt.edu<
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