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Goals of Action Analysis

« Make use of available logs of learner actions
* Generate higher-level information

* Provide information or even support for
students

* Provide information for teachers
* Provide tools for pedagogical research
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What Makes ITS Data Analyzable?

* Multiple grain sizes
— duration and frequency of student sessions
I — individual reading of words or sections

Data must be machine-readable

— replacing freehand drawing with a limited palette of graphical
objects and operations

— replacing free-form responses with menu selections

* Timing
‘ — what students see, how long, and how often, e.g.
— how long they take to read pages, sections, or sentences
— response time to multiple choice questions to detect guessing
— time spent on different activities
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Related Fields

» Student Modeling

— Assessing students’ knowledge (learner model) vs.
I analyzing students’ behavior (learner profile)
.

 Web Server Log Analysis
— Focus on user navigation, no pedagogical concern
» Data mining

‘ — Technology for analyzing large databases, no
pedagogical concern
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I‘ Log Analysis as Data Mining

Data [— Data [—>Reporting o Data [—'> Result
Collection Preparation Facilities Mining Deployment

|I  Data collection

— Server-side data collection
— Client-side data collection

— Integration of additional data, such as ontological information
on learning material and user registration information
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— Fixed transformations for example timestamp conversions,
learning material lookup, and extraction of URL parameters

— User identification using heuristics if data collection does not

provide explicit user identification

— Session identification for example beginning and end of

sessions, pauses, etc

— Flexible transformations for example cumulating information

from single clicks to summarize session information

— Data cleaning for example removing demo sessions, detect

user name changes, etc.
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Log Analysis as Data Mining

Data [— Data — Reporting — Data [—\ Result
Collection Preparation Facilities " Mining Deployment

* Reporting facilities

— Access statistics such as hits, page impressions, peak visit
times, duration of sessions, average amount of pages seen

— User statistics such as first time users, returning users,
number of sessions per user, average time between user
sessions

— Session statistics ranging from number and duration of
sessions up to information of referrers, entry points and exit
points

— More statistics provide information on effectiveness of hints,
click through rates, or failure reports among others
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Result
Deployment

— Association analysis such as analyzing typical navigation

paths

— Sequence analysis e.g. for controlling these typical navigation

paths for specific users or user groups over time

— Cluster analysis e.g. for grouping users according to their

behavior and their characteristics

— Classification analysis for instance in order to try to describe
these clusters with classification rules such as decision trees
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Log Analysis as Data Mining

B
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Data [— Data [—>Reporting o Data [—'> Result
Collection Preparation Facilities Mining Deployment

* Result deployment
— Profile generation such as profiles of specific users

— Teacher reports such as generation of some high-
level report

— Personalization such as providing personalized
links or contents to specific users or user groups

MM Jun-05



xample: ActiveMath

Menu | Dictionary | Learner Model | Contact | Help | Evetracker | Suggestions | Logout

activeondth

2
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ActiveMath Log (1/2)

\ ‘ <ActivemathEvent type="UserLoggedIn" ts="1115212152486" source="org.activemath.webapp.controller.Login">

<User id="Caroline18"/>
<Session id="BDC43AC6CEAE7C1553C6F9ECO03E6G2157"/>

<Lﬁe/rLoggedIn remoteAddr="134.96.236.41" userAgent="Mozilla/4.0 (compatible; MSIE 6.0; Windows NT
5. n >

</ActivemathEvent>

<ActivemathEvent type="UserPropertyChanged" ts="1115214804505" source="org.activemath.webapp.user.User">
<User id="Caroline18"/>
<UserPropertyChanged property="language" oldValue="en" newValue="de"/>
I </ActivemathEvent>

<ActivemathEvent type="PagePresented" ts="1115214852847"
source="org.activemath.webapp.controller.ViewBook">

<User id="Caroline18"/>
<Session id="BDC43AC6CEAE7C1553C6F9EC03E62157"/>
<Book id="LeAM _calculusCompleteRec_auto"/>
<PagePresented page="1"/>

</ActivemathEvent>

<ActivemathEvent type="ItemPresented" ts="1115214852848"
source="org.activemath.webapp.controller.ViewBook">

<User id="Caroline18"/>
<Session id="BDC43AC6CEAE7C1553C6F9EC03E62157"/>
<ltem type="symbol" id="mbase://LeAM_calculus/basics/Q_plus"/>
<IltemPresented/>

</ActivemathEvent>
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ActiveMath Log (2/2)

<ActivemathEvent type="ExerciseStarted" ts="1115215182332"
source="org.activemath.webapp.exercises.ExerciseController">

<User id="Caroline18"/>
<Session id="BDC43AC6CEAE7C1553C6F9EC03E62157"/>
<ltem type="exercise" id="mbase://LeAM _calculus/diffquot/exer_slope_all"/>
<ExerciseStarted/>
</ActivemathEvent>

<ActivemathEvent type="ExerciseStep" ts="1115215224918"
source="org.activemath.webapp.exercises.ExerciseController">

<User id="Caroline18"/>
<Session id="BDC43AC6CEAE7C1553C6F9EC03E62157"/>
<ltem type="exercise" id="mbase://LeAM _calculus/diffquot/exer_slope_all"/>
<ExerciseStep input="1/40;"/>
</ActivemathEvent>

<ActivemathEvent type="ExerciseFinished" ts="1115215225494"
source="org.activemath.webapp.exercises.ExerciseController">

<User id="Caroline18"/>
<Session id="BDC43AC6CEAE7C1553C6F9EC03E62157"/>
<ltem type="exercise" id="mbase://LeAM_calculus/diffquot/exer_slope_all"/>
<ExerciseFinished success="1.0"/>
</ActivemathEvent>

<ActivemathEvent type="MasteryChanged" ts="1115215225775" source="">
<User id="Caroline18"/>
<ltem type="definition.simple" id="mbase://LeAM_calculus/diffquot/def average_slope"/>
<MasteryChanged from="{KN=0.02, AP=0.02, CP=0.02}" to="{AP=0.0, KN=0.9, CP=0.0}"/>
</ActivemathEvent>
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Log Database Schema

user

PK (user

class
gender

synomym(1

PK (user
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lesson1
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testResult1
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result
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PK |eventld PK |eventld PK |eventld
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® MyS0L Administrator - muehlenb@amath-one. ags. uni-sh. de:3306
File Edit Wiew Tools Help

Log Database Schema

[ .
‘_ﬁ Server Information

" © Service Control

{ - Startup Y ariables
% zer Administration
‘ﬁ Server Connections
i3 Health

Semver Logs

.
[_'_‘ég Restare
'B’J;' Catalogs

Schemata

P

- eduTechUszerLogs

| hibernatetest

= infarmation_schema

| mysql

| project_user_logs

= schulversuch_2005_06_01
= test

=1 universuch_mh_2005_06_0
=1 universuch_paul_2005_06_(1

Schema Tables | Schema Indices |

3 eduT echUszerLogs

All tables of the eduT echllserLogs schema

Tahle Mame E ngine R s Datalength | Index length | Update time

7] event plS Ak 24013 2.7 MB 291 kB 2005-05-30 14:37:20
: eventDictSearched MplS 2k 23 0.9kB JkE 2005-05-30 14:37:14
: eventExercizeFinizhed MplS 2k 43 33kB JkE 2005-05-30 14:37:15
: eventExercizeStarted MplS 2k 102 E.E LB T kB 2005-05-30 14:37:15
: eventEvercigaStep bulS A 176 15kB ] 2005-05-3014:37:15
: eventFocusChanged bl S A4 0 0B 1kB 2005-05-30 14:36:05
: eventH appiness bl S A4 0 0B 1kB 2005-05-30 14:36:05
: eventltemPresented MplSAM 24235 B 539 kB 2005-05-20 14:37:20
: eventltemS een MplSAM 17 1.1kB JkE 2005-05-20 14:36:23
: eventhd agteryChanged byl S Ak 925 | BR.A kB 2 kB 2008-05-30 14:37:15
: eventPagePrezented byl S Ak 309 11.9kE 11 kB 2008-05-30 14:37:15
: eventlserB ookDeleted IMplS AN 1] 0B 1kE 2005-05-30 14:36:05
7] eventlserBookPlanned IplSAR 1] 0B 1kE 2005-05-30 14:36:05
7] evertlseBookRenamed IplSAR 1] 0B 1kE 2005-05-30 14:36:05
7] evertlserCreated MplS AN 20 464 B JkE 2005-05-20 14:37:15
: eventlzeroggedin MulSAM G4 B2 kB JkB 2005-05-30 14:37:17
: eventllserLoggedOut MplS AR E1 5498 3kB 2005-05-30 14:37:15
: eventll serPropertyChanged MplS AR 26 11 kB 3kB 2005-05-30 14:37:14
7] goals plSAk 1] 0B 1kE 2005-05-20 14:36:05
: rewdssessment Myl S Ak 2775 | E5 kB 53 kB 2005-05-30 14:37:15
[ olddssessment plSAk 2775 | 53,7 kB 53 kB 2005-05-30 14:37:15

[Mum. of Tabless 21 [Fows: 53588 | [DataLen: 4 3ME | [Index Len: 1ME
’ Create Table l ’ Edit T able ] [ Maintenance ] [ Refresh
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Sample Query (1/3)

select
hour(datetime) as hour,
count(*) as hourcount

from eventext
group by hour

How much user activity is
at what time of the day?

select: start of query

hour: extracts hour
information

as: define new field
name

from: specify table from
which to select the
information

group by: make a bin for
each different value

count(*): count the
number of entries in
each bin
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J : eventhasseenpage
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g
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» [ eventurrequested
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>
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” a4 First | M Lazt | P search

Syntax | Functions  Params T

|5 Data Manipulation

= Data Definition

[ MySQL Utility

[ Transactional and Locking

ress 0000000
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Sample Query (2/3)

select page, count(*) as « order by: list entries in
pagecount ascending order
from eventpagepresented « desc: descending order
group by page instead of ascending
order

order by pagecount desc

What are the most popular
pages?
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Result Set

4

m a E a Ecl:lunt lversuch_2005_06_01
File E p g p g
% " 1 1534 iesultzet B Schemata | Bookmaks  Histow
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E Al HEa !
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& 3 432 = ¥ eventld
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g 32 401 R
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» ] eventuhequested 1
4 321 » [ fehlerquelien
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21 31 1 = 3 : info_nachtest_results
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EB 3':'2 » ] lesson_howrs
3 3 prepared
1 IER m » [ prepared_2005_04_26
» 3 prepared_categorial
3 3 prepared_three_categories
29 203 » g Sheetl 2
24 1 E? Syntax | Function: Params T
[ Data Manipulation
33 1 85 [ Data Definition
[ MySQL Utilicy
29 1 83 [ Transactional and Locking
26 169
aa 1ER
v
B2 rows 39 'I EE ” | | Lazt | p Sear\I

1: ', Read of address 0000000

T 2k 143
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Sample Query (3/3)

select e1.user,
from_unixtime(left(e1.ts,
10)) as logintime,
(e2.ts - e1.1s)/60000 as
duration

from event e1

left join event e2
using(session)

where e1.type = 'LoggedIn
and e2.type = 'LoggedOut’
and e2ts-elts>0

order by duration

left join: combine two
tables by concatenating
entries

using: only concatenate
entries where this field is
Identical

where: define condition
on selecting entries

and: define further
condition

from_unixtime(left): date
conversion

-, [, =, >: arithmetic or
logical operations
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’-'_ MySQL Query Browser, - muehlenb@amath-one.ags.uni-sb.de: 3306 [ schulversuch_2005 06_01

Result Set

&

Lzer logintirme duration
ou-garis Fral L o P ol B O S o M Zif.0aafd
Bb-BaerchenT 2004-11-1212:15:24 27 53488
Rick 2005-01-27 11:42:20 27 BAEY3
azde 2004-10-07 11:04:28 2¢ BR200
otto 2004-12-08 08: 3203 27 Bh4EZ
edgar 2005-01-28 12:28:15 27 BE343
Bb-pluto 2004-11-26 12: 2344 27 B3B3
Ed-neptun 2005-03-11 12:55:.17 27 AT
Ba-magic-m-m 2005-01-1012:15:40 ¢ Fa980
Ea-blurne 2005-02-21 121702 2787855
Eb-Dirozzel 2005-01-14 12:27:12 2794012
atto 2004-12-07 10:33:21 2795210
o a1 pren o2

3320 rowes Fetched in 0,1579s (5,7433%5) I | [ | M Last | P Searh

I 1 @ eces vicltion &t sckress 056AG57 . ol Wiy Sl GuueryErewesr e’ Read of adceees G00000C
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School Experiment

|

MM Jun-05



School Experiment




Visualization of Query Results
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Attributes for Further Analysis

Attribute Generation | Comment

User Manual User name (not used for the decision tree learning)

Class Manual Course, each comprised of about 20 students (not used for the decision tree learning)

Teacher Manual Each class has been split into two subgroups, with each being taught by another teacher
(not used for the decision tree learning)

Gender Manual Male or female

Integration pupil | Manual Whether the student is handicapped

Post test result Manual Results in the post test done in writing (binned into low, medium, and high for the
decision tree learning)

Ex_started Automatic Number of exercises started

Ex_finished Automatic | Number of exercises finished

Num_successes | Automatic Number of successful exercises

Avg reading Automatic Average number of reading actions in a session

Avg_ solving Automatic | Average number of exercise solving actions in a session

DictUsed Automatic Whether the student used the dictionary for searching information

WorkedOffTime | Automatic Whether the student accessed the learning environment beyond lesson hours, e.g. from
home or during free periods

Ex finished rate | Automatic | Rate of finished exercises to all started exercises

Ex_success rate | Automatic Rate of successful exercises to all finished exercises
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iIsualization of Dependencies
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has\WaorkedOfFtime ex_finished_rate
3
] 21
14
B 4 z
1] 0 — |
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Classification Analysis

|

 Goals

— Represent interrelations and dependencies in the
I data (characterize)

— Often: Provide explicit and intelligible description
— Classify new data (prediction)

* Main ingredients
— Training set: Data used for machine learning
— Classifier: Indicator for class membership

— Test set: Data used for evaluating the quality of the
classifier

— (Positive/Negative) Example: Element of the
training or test set characterized by the (binary)
classifier
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Classification Analysis

}
|
f

1.) Learn classifier

One
interesting (hidden)
attribute

Set of
observed (logged)
attributes

Classifier

) Use classifier

‘ @ Classifier

New set of
observed (logged)
attributes
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Classifier: Decision Trees

Windy (true/false)
Temperature (hot/mild/cool)
Outlook (sunny/overcast/rainy)
Humidity (high/normal)

Play (yes/no) Decision Tree

Outlook Temperature Humidity Windy Play
Sunny Hot High False No
Sunny Hot High True No
Overcast Hot High False Yes
Rainy Mild Normal False Yes

example taken from (Witten & Frank, 2000)
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Example: Decision Trees

temperature = hot &
windy = true &
humidity = normal &
outlook = sunny

- play =7

}
|
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Constructing decision trees

= Normal procedure: top down in recursive divide-
and-conquer fashion

¢ First; attribute is selected for root node and branch
IS created for each possible attribute value

+ Then: the instances are split into subsets (one for
each branch extending from the node)

o Finally: procedure is repeated recursively for each
branch, using only instances that reach the branch

= Process stops if all instances have the same class
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Which attribute to select?
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A criterion for attribute selection

= Which is the best attribute?
¢ The one which will result in the smallest tree

+ Heuristic: choose the attribute that produces the
‘purest” nodes

= Popular impurity criterion: information gain

+ Information gain increases with the average purity
of the subsets that an attribute produces

= Strategy: choose attribute that results in greatest
Information gain
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Computing information

= Information is measured in bits

¢ Given a probability distribution, the info required to
predict an event is the distribution’s entropy

¢ Entropy gives the information required in bits (this
can involve fractions of bits!)

= Formula for computing the entropy:

entropy( p,, p,...., p,) = —plogp, — p,logp, ...— p logp,
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Example: attribute "Outlook”

“Outlook” = “Sunny’:
info([2,3]) =entropy(2/5,3/5)=-2/5log(2/5)—3/5log(3/5)=0.971 bits

“Outlook” = “Overcast”: o
info([4,0]) = entropy(1,0) =—1log(l)— 0log(0) =0 bits

“Outlook” = “Rainy”:
info([3,2]) =entropy(3/5,2/5) =-3/5log(3/5)—2/5log(2/5) =0.971 bits

Expected information for attribute:

info([3,21.[4,01,[3.2]) = (5/14)x0.971 + (4/14)x 0+ (5/14)x 0.971
=0.693 bits
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Computing the information gain

= |nformation gain: information before splitting —
Information after splitting
gain("Outlook™) = info([9,5]) - info([2,3],[4,0,[3,2]) = 0.940- 0.693
=(0.247 bits

= Information gain for attributes from weather data:
gam("Outlook™) =0.247 bits

gam('"Temperatue") =0.029 bits
gain("Humidity") =0.152 bats
gam("Windy") =0.048 bits
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Continuing to split

gam("Temperatue") =0.571bits
gam("Humidity") =0.971 bats
gam("Windy") =0.020 bits
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The final decision tree

= Note: not all leaves need to be pure; sometimes
Identical instances have different classes

= Splitting stops when data can’t be split any further
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Attributes for Further Analysis

Attribute Generation | Comment

User Manual User name (not used for the decision tree learning)

Class Manual Course, each comprised of about 20 students (not used for the decision tree learning)

Teacher Manual Each class has been split into two subgroups, with each being taught by another teacher
(not used for the decision tree learning)

Gender Manual Male or female

Integration pupil | Manual Whether the student is handicapped

Post test result Manual Results in the post test done in writing (binned into low, medium, and high for the
decision tree learning)

Ex_started Automatic Number of exercises started

Ex_finished Automatic | Number of exercises finished

Num_successes | Automatic Number of successful exercises

Avg reading Automatic Average number of reading actions in a session

Avg_ solving Automatic | Average number of exercise solving actions in a session

DictUsed Automatic Whether the student used the dictionary for searching information

WorkedOffTime | Automatic Whether the student accessed the learning environment beyond lesson hours, e.g. from
home or during free periods

Ex finished rate | Automatic | Rate of finished exercises to all started exercises

Ex_success rate | Automatic Rate of successful exercises to all finished exercises
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Decision Tree for Post Test Result

ex_success _rate = 0,76 &
ex_finished rate = 0,93 &
avg_reading = 56

—> post test result = ?
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I‘ Confusion Matrix and Cross Validation

Low | Medium | High |+ predicted class
Low 11 3 7
Medium | 9 1 13
I High 5 5 11
actual class
SN— A _J
T~ R

training set test set
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Bayesian Approach

Observable variables

—= [ Learning factor ]

[ Confirmatory help attitude ]

[ Help Independence attitude ] > [ Helped problems / problems ]

[Didn'tcurc MM [ Avg. hints seen per problem ]
S /W
(0= m, 1=E)

: > [ Stdev. hints seen per problem ]
[ Challenge attitude ]\ I /

Scnou-. try learn attitude ]—7 [ Used headphones? ]

NS

[ Get it over with attitude b i > [ Problems per minute |

[ Other approaches attitude® % \ ( Time using the system ]

[ Time per problem ]

(Arroyo, Murray, & Woolf, 2004)
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Conditional Probability Table

Serious Attitude | Liked | Learned | Time per Problem | Cases Probability
F Low | 0.33
T F High 2 0.67
I T Low 3 0.8
a High 0 0.2%
F Low | 0.5
T High 1 0.5
T Low 24 0.45
High 29 0.55
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Sample Inference

Observed “leaf” nodes Observed Hidden nodes Inferred
Value P(TRUE)
[earning factor High = Learned? 0.9352
Helped probs/total probs Low Didn’t care help 0.0935
Hints per problem High Headphones on? 0.5503
Std. Hints per problem High Helpful? 0.6186
Problems per minute Low Gender=female 0.6285
Total time in system High Serious? 0.7062
Time per problem High Like? 0.9071
Challenge Attitude 0.594
Help Independence 0.6495
Confirmatory Help 0.0824
Return? 0.7827
Other Approaches 0.2869
Get Over With 0.0396
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Further Work

* Project group on
— motivation and ActiveMath usage
— possibly learning style and ActiveMath usage
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