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Presentation Notes
Hello everybody welcome back. This is Qiwei Britt He. I am a research scientist working at ETS, with research focuses on advancing methodology in process data analysis in large-scale assessments. Today, it is my great honor and pleasure to be invited by the IEA and DIPF, especially from Prof. Frank Goldhammer to give a talk related to …, which is a very interesting and important topic in process data studies.
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Presenter
Presentation Notes
To build up logging documentation is one of the core steps in the whole process of log data studies. But its importance has not been paid sufficient attention than they are deserved to be.
I am very happy when Frank suggested this topic and include this important element in the workshop. In this presentation, I would like to share my understandings and experience in this topic from five perspectives. 



What are log file and logging documentation

 Alog (data) file, in a computing
context, is the automatically produced
and time-stamped documentation of
events relevant to a particular system.

« Logging is the act of keeping a log.
Documents that produce in the
logging process are logging
documentation.

 Logging documentation is a KEY.
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Presenter
Presentation Notes
Logging document is a key to unlock the log data. 
Log data could not LIVE without an accurate documentation.


Why logging documentation is important?

e Accessible document framework

. Bridge between raw log and item Logging
documentation

E Comprehensive records
Y Dynamic and meaningful interpretation

* Ensure standards and reproductivity
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Presenter
Presentation Notes
The importance of logging document can be summarized from five aspects.
Understand meaning and properties of log events with item information

To know the meaning and properties of log events
To understand how log events represent actions within an item
To be able to reproduce research work (open science)


Note on log file for PISA 2012 process data

General notes:

SPSS files are provided for each item. In each of these files, the first four variables are the 3 letter
country code, the 6 digit National Centre Code, the 7-digit school id, and the 5 digit student id. These
fields can be used together to merge with the main database.

The fifth variable gives the id for the test form that the data come from.

The sixth variable is the type of event. This may be either system generated (start item, end item) or
student generated (e.g. ACER_EVENT, Click, Dblclick). The seventh variable is the event time, given in
seconds from the beginning of the assessment. Note that in a small number of cases, the event
times for a student's interactions are not sequential. This is an accurate representation of the
sequence in which the events were written by the TAO system. The eighth variable is an event
sequence number. Any remaining variables are event specific and they are described below

Note that for a variety of reasans (for example if a student sat the assessment, but there were issues
with their log files) a small number of student records have been set to "invalid”.

Item specific notes: Problem solving items
CPOO7

For all items in this unit, all click and double click events are included. Where the click event involves
selecting or de-selecting a segment of the map, this is recorded in two rows, which have the same
event time. In the first of the pair of rows, the state of the entire map is given, where a 1in the
sequence means that the segment was selected, and a 0, that it was not. The erder of the map
segments is shown through the example below. In this example, only the segment

"nowhereSakharov” is selected
Example:

Diamondnowhere™:0,” DiamondSilver™:0,"EmeraldLincoln”:0,"

olnSato":0, MandelaEinstein":0,"MarketLee™:0,"MarketPark’ 0,
nowhereEmerald":0, nowhereSakharov”:1," nowhereUnity":0,"ParkMandela":0, "Parknowhere":0,"
akharovMarket":0,"SakharovNobel":0, "Satonowhere":0,"SilverMarket":0,"Silvernowhere":0," UnityP
ark™0,"UnitySato":0

7 units released
3-page general notes

Codebook for PISA 2015 (FT) process data

Codebook for Process Data in Released Science Items in PISA2015 Field Trial

Overview

Codebook for response and background variables

General code for process data

Standard units:

Codebook for S600TraceEvent
Codebook for S613TraceEvent
Codebook for S639TraceEvent
Codebook for S644TraceEvent
Codebook for S655TraceEvent

Interactive units:

Codebook for S621TraceEvent
Codebook for S623TraceEvent
Codebook for S633TraceEvent

He, Q. & Gonzalez, E. (2019). Codebook for process data and
response data files for released science units in PISA 2015 Field Trial.

BeeColonyCollapseDisorder

FossilFuels

BluePowerPlant

VolcanicEruptions
GroundwaterExtractionAndEarthquakes

AdjustableGlasses
RunninginHotWeather
EnergyEfficientHouse

8 units released

14 sheets codebook, 1462 entries

Development of logging documentation

Log Data Documentation (Framework) for PIAAC

£ hitps:/pisaclogdatatbarhosting de/indes e

OECD Survey of Adult Skills (PIAAC) @ o
@) OECD Log Data Documentation g
SIS

This documentation provides an overview of process data recorded n log fls i the PIAAC study. 2 tsbasmstae

Contact

Introduction

‘General Information on PIAAC log files and Booklet Orders.

the items below in an item. Use the NEXT button between pages of an item.
You will i 19 ("OK") to proceed .

Y item by

The following st give examples for each response mode i Literacy and Numeracy. For Technok PSTRE), al ed
Literacy Items. Numeracy ltems  Problem Solving Items.

public ublic
Preschool Rules Job Search part 1
e Job Search Part2

ntial
isiances exican Cites

Intemet poll confidential
e Fun R Pary Invations - Ca/Cannot Come
Weight History
CooperTest

‘Club Membership - Elgbiy for Ciub Presidert
Lamp Retum

Digial Photography Book Purchase

Sprained Anide - Ste Evaluation Table
‘Sprained Ankde - Relable Trustworthy Site

All domains log data released (with
restriction), 10 web pages, 84 entries
(aggregated level) , include item

information ETS 7
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Presentation Notes
The use of computer as assessment delivery platform provides possibility to develop scenario-based interactive items. As a result of the increasing complexity of innovative items, more log data were recorded and richer information needs to be compiled in order to make meaningful studies based on this new data source.

The concept of logging document can be macro level or micro level. The Macro level could include comprehensive documents in a huge framework, such as PIAAC; or can also be on a micro level for building a codebook for specific items. We will start from micro level to develop a codebook, and then extend to consider what other files should be included in the macro level, that is, into the documentation framework.   


https://piaac-logdata.tba-hosting.de/index.html

Developing a codebook (log document)

Developing a codebook is time consuming but
valuable and helpful.

Codebook tells us the meaning of actions, structures
and process.

A codebook is generally built in a hierarchical way,
including general codes across items and unique
codes for a specific item.

Codebook can be made in a fixed format (usually
spreadsheet) or dynamic format with item
information showing simultaneously.

It is important to validate codebook with item
developers and content experts to check whether the
understanding of action meaning is accurate.

Codebook for General Codes in Process Data in Released Science Items in PISA2015 Field Trial

Nore:

(1)in this codebook sheet, the general codes in process data across different units are listed, mainly including column names, event names, moduls, target and datatypa.

(2) The itemn type (e.g., multiple choice items, checkbox items) have general codes in process data, which are listed in the last table in this sheet. These codes are recorded in “datavalue” column in each item.

(3) Specific codes for actions/values related to items are list in codebooks by each unit.

(4] Process data usually have noise and need to be cleaned before they can be used for analysis. The contents (actions) in datavalue column that ocour less than 5 times in the sample are discarded from the codebook.

Column names

CHSUD Matching 1D between data (TraceEvent file) and res) data

country Synthetic Country, cnl, cn2, cnd

unitid unit name in PISA2015: 5CI/5600-BeeColonyCollapseDisorder

itemid |item 10 in PISA 2015 process data, need to match with the response scored item ID in BQ
itemName Item name within the unit

eventCounter sequence of event, labeled from 0, end with the last event within the unit

time:  Timestamp, unit as mili

event_name Contents of the event, usually needs to be i together with columns of ™ " and "target”.
maoduleld The module of the event, e.g., platform, scoring or controler.

Rarget Actions , usually needs to be interpreted together with columns of "datavalue”,

datatype Variables embedded in process data, e.g., total number of actions, total response time, and ete.
datavalue Value of datatype

VAR_AllRowsCorrect [The number of rows are corectly labeled to support the interpretations.

VAR_DataTable The eventual data table created by test takers (record per each row)

VAR_NumRows. Mumber of rows recorded in table

Codebook for S613_TraceEvent_3cnty_synthetic.csv

Note:
(1) Action sequences in standard units were not completely captured. For instance, keypress actions were captured for some students, but not all. However, in the variable "numer of actions", the keypress actions were counted.
(2) Some test takers do have "keypress" actions, but the contents of keypress were not captured. It means we only know the test takers make input in the open-ended response, but we do not know what they typed into by keypress each time.

ItemID in TraceEvent Match with Response Data and Sequence Page

Item ID in Process Data (Scored) Item ID in Response Data itemName item type

€5613Q01 C5613015 item 1 mutiple choice (one option)
€5613Q02 |ps613q02¢ litem 2 |open-ended (2 subitems) |
€s613Q03 DS613Q03C [item3 |open-ended J|

Note: Each item has its own page

Contents in "datavalue" Column

clockDiv click on the clock part on the top of the page
container click on the type in box

diagram2 click on the diagram in C5613Q03

FossilFuels1 click on text passage in C5613Q02

FossilFuels2 click on text passage in C5613Q03

graphl click on graph in C5613Q02

header click on the header

headerTitle click on the header title area

help click on the help function (question mark button)
legend2 click on diagram legend in CS613Q03

havigation clickin the navization arrows (back or next)
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Developing a codebook - two approaches

Item interface approach

PISA 2015

Running in Hot Weather
Question 1/5

: y
» Howto Run the Simulation f o

Run the simulation (o collect data based on the
Information below: Select from the drop-down menus to
answer the question

A runner runs fior one hour on a hat, dry day (air
temperature 40°C, air humidity of 20%). The runner does
not drink any waler.

Alr Temperature ("C)
|- What bealth dapget does the runoerencauntecby_ Lol S —

= ArHamidiny

.- rynning under thege conditions? ___________________ L0 ___ﬁ_“__
Drinking Water
The health danger that the runner encounters is

solect ) ]. =

This is shown by the | select ~| of the o) (=) Water (Lih@s\ Loss (%)

Air Temperature | Air Humidity | Drinking | Sweat Volume | Water

Body
Temperature ("C)

runner after a one-hour run. -
26 20 [ Yes 1.0 0.0

39.0

* Familiar with item interface developers
* Interpretable clicks, clear structures
* Missing actions from keyboard

* Over-efforts on actions that may never be used

Data driven approach

1600

1400

1200

:

800

Frenquency

400

Actions

Test-level log

4

Unit-level log

|

0 ‘mlll|l||||||||||||||................................_._._....................

ltem-level log

Multilevel logging documentation, may also support

item/data release by different levels

Principle: higher level to lower level, action with hig
frequency to lower frequency
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Semi-Automatic Log Document Dictionary Development Workflow

**""Learn from the Past .

L]
*

Input Historical Codes of
Log Events

Input New Log Events
(Uncoded log events)

L 4
Extract Coded Unigque
Log Events (CULE)

l

Construct CULE

 rmmcbens i
i

.
-
-
.y L
SEE SRR R R R

(Coded Unigue Log Events)
|
|
|

Validate with Item
Designers | :
(To Ensure CULE Pool valid | &

Dictionary *—* —~

Extract (Uncoded)
Unique Log Events

"y

Machine-Supported Coding

Map Codes on
Common Log Events

Match with CULE Exactly Machine Output
Dictionary Match | (Coded Unique Log Events)
e =4
]
=
B
= :
Assign to Researcher Validate Output e e e ¥
manual code | iCoded Events) | o D‘b‘“'m“h El'llll'l! |
( ) | Unique Log ) | CULEDictionary

in Framework) | s
=

] ----1---:?

......................................................................

Reference: Yamamoto, He, Shin, & von Davier, M. (2018).

Combine manual and auto efforts in building up a dictionary
Requirement on standard raw log data coding
Sets of dictionary could be established for different program

Machine-supported log document dictionary

. E)

and implementation of a machine-supported coding system for constructed-response items in PISA. Psychological Test \J

dON

A\

.



Running in Hot Weather
Question 3/ 5

» How to Run the Simulation

Run the simulation to collect data based on the
information below. Glick on a choice, select data in the
table, and then type an explanation to answer the
question

When the air humidity is 60%, what is the effect of an
increase in air temperature on sweat volume after a one-
hour run?

O Sweat volume increases
O Sweat volume decreases

< Select two rows of data in the table to support your

Air Temperature (°C)

Air Humidity (%)

Drinking Water

20

25 30 3
— —

20 4
 y—

0 60
No

Heat
Stroke

answer. Air Air
What is the biological for this effect? Temperature Humidity Drinking Sweat Volume | Water Loss Body
at is the biclogical reason for this effex o 2 z
¢ - - e
30 40 No 1.2 18 393 e
— v v - o T—

CNStID  country  unitld itemld itemName eventCour time event_nan moduleld target datatype datavalue

761 ¢cn1-00004 cnl SCI/5623-RunninglnHotWeather €5623Q02 item3 36 1398755338929 QuestionL: platform MODULE
o Ghaaaaaaened PEAPEYC TS rr Y LT AT SRR RO B R Ak
763 cn1-00004 cnl 5C1/5623-RunninglnHotWeather €5623Q02 item3 38 1398755394065 click td id dtTROTD1
764 ¢n1-00004 cnl SCI/S623-RunninglnHotWeather 5623002 item3 38 1398755384065 click td timeStamp 1.39876E+12
766 cn1-00004 cnl SCI/S623-RunninglnHotWeather €S623Q02 item3 39 1398755395744 clic span id stimulusl_13
767 cn1-00004 cnl SC1/$623-RunninginHotWeather €S623Q02 item3 39 1398755395744 click span timeStamp 1.39876E+12

770 cn1-00004 cnl SCI/$623-RunninginHotWeather €S623Q02 item3 40 1398755409977 click div timeStamp 1.39876E+12
772 cn1-00004 cnl SCI/5623-RunninglnHotWeather €5623Q02 item3 41 1398755417576 click span id stimulusl_44

773 cn1-00004 cnl SC1/5623-RunninglnHotWeather €5623Q02 item3 41 1398755417576 click span timeStamp 1.39876E+12
775 ¢n1-00004 cn1 SCI/5623-RunninglnHotWeather €5623Q02 item3 42 1398755417580 click input id drinking-no

776 cn1-00004 cnl SC1/5623-RunninglnHotWeather €5623Q02 item3 42 1398755417580 click input timeStamp 1.39876E+12
778 cn1-00004 cnl SCI/5623-RunninglnHotWeather C€5623Q02 item3 43 1398755417582 change i drinking-no

nninelnHot Q0 3
44 1398755418811 click
781 44 1398755418811 click

784 cn1-00004 cn1 SC1/$623-RunninginHotWeather CS6230Q02 item3 45 1398755420992 click timeStamp 1.39876E+12

786 cn1-00004 cnl SCI/5623-RunninglnHotWeather €5623Q02 item3 46 1398755420997 click i id drinking-yes
787 cn1-00004 cnl SCI/5623-RunninglnHotWeather €5623Q02 item3 46 1398755420997 click i timeStamp 1.39876E+12
cn1-00004 cnl SCI/5623-RunninglnHotWeather 47 1398755420999 change i id drinking-yes
cn1-00004cnl SCI/S623-Running A7 1388755420099 change i timeStamp
) cn oZ3-RunninginHotweatner 023007 item 18 S8 /00422017 Chic putton id ptn-run
792 ¢n1-00004 cnl SC1/S623-RunningInHotWeather €S623Q02 item3 48 1398755422017 click button timeStamp 1.39876E+12
s Sujuivjez 0Z3-RU gmnoLveatne 02U g s 98 1209 K o a OUTRUTD
795 ¢cn1-00004 cnl SC1/$623-RunninginHotWeather €S6230Q02 item3 49 1398755426973 click td timeStamp 1.39876E+12
797 cn1-00004 cnl SCI/S623-RunninglnHotWeather C$623Q02 item3 50 1398755427815 click td id dtTR1TD3

o (ETS
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To know the meaning and properties of log events
To understand how log events represent actions within an item
To be able to reproduce research work (open science)
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Unit 2

You would like to copy some music files
to your portable music player.

The music player has room for 20 MB

you want as many files as possible.
You want to include only jazz and rock
music.

Select the files to include.

Once you have selected the files, click
Next to continue.

- @

Section 1

Developing a dynamic codebook

et

BXPBON®

Title Size ‘ Time Artist Genre
[] | AForeign Affair 148 MB ‘11:!0 |DDn Rader Quartet Jaz
[] |Aboutthe Blues 43MB [Julla London Blues
[] |Another Mind T8MB |3 fromi Uehara Jazz
[] |Blue Trane 10 MB Jazz
[] | DentGive up on Me 35MB ‘blomon Burke Blugs
O [Farout 53MB Jaz
[] | Fire and Watar 53MB Blues
0 [ 49MB | Jaz
[ |imagine 22u8 | Rack
[ |Inclined 7AMB Jazz
[] | onanlsland 16 MB Blues
[] |PassitOn 31 mB Jazz
[] |Raindrops, Raindrops |5.2MB Jazz
] |SayYouwil 88MB Rock
[7] |SkinDeep 7T1MB Blues
] |SpeakNo Evil 6.9MB Jazz
[] |The Other Side of Blue |6.5MB an Shy & Jobo Jazz
[] |TheRise 73MB = Jlien Lourau Jazz
[ | TheRising 45MB 450 <tacEvent Name="stimulus” Type="BUTTON" Time="12345">

id=sortCancel
</tacEvent>
<tacEvent Name="stimulus” Type="DOACTION" Time="12345">|
action=as://closeWindowi(sortwindow)

- _ </tacEvent>

Cited from Goldhammer, F., & Hahnel, C. (2019). PIAAC log files and process
data: what can the process data tell us about the process of test taking,
workshop held by American Institutes for Research, Arlington, VA, USA.

Current item: CS5600Q02

H
Bee Colony Collapse Disorder
Question2/5 |

i
Refer to "Bee Coi’ony Coliapse Disorder" on the right.
Type your answef to the question,

|

Understanding crs\ony collapse disorder is important
for people who keéep and study bees, but colony
collapse disorderi also has an effect beyond the bees.
People who study birds have identified an impact. The
sunflower is a fodd source for both bees and certain
birds. Bees feed bn the nectar of the sunflower, while
the birds feed onlihe seeds.

i

i
Given this relatiohship, why might the disappearance
of bees result in u‘ladeclme in the bird population?

Go to item: [ csenogo1 || cseoogoz || cseonqos || cssoogos || cssooqos |

BEE COLONY COLLAPSE DISORDER
Exposure to Imidacloprid

Scientists believe that there are multiple causes for colony collapse disorder. One possible
cause is the insecticide imidacloprid, which may cause bees to lose their sense of

orientation when outside the hive.

Researchers tested whether exposure to imidacloprid leads to colony collapse. In a

number of hives, they added the insecticide to the bees’ food for three weeks. Different
hives were exposed to different concentrations of the insecticide, measured in micrograms

of insecticide per kilogram of food (ug/kg). Some hives were not exposed to any
insecticide.

None of the colonies collapsed immediately after exposure to the insecticide. However, by
week 14, some of the hives had been abandoned. The following graph records the

observed results:

100%
H
< 75%
33
"f g s50% —+— 0 pgikg
23 —=— 20 ug/kg
E °© 25% —4— 400 pgrkg
2
o

10 [ 14 16 18 20 22

Number of Weeks After Exposure to Insecticide

Cited from He, Q. & Gonzalez, E. (2019). Opportunity versus Challenge:
Exploring usage of log-file and process data in international large scale

assessments, workshop held by
ETS, Dublin, Ireland.

Educational Research Center of Irelﬁlgd <E TS




* Raw log files

e Structuralized
datasets
(timestamped
event logs)

e [tem description
e Scoring rules
e Interface

e [tem calibrations
and parameters

e [tem design /
optimal problem-
solving strategies

e |[tem sequence and
position

e Log-item codebook
(by multilevel)

¢ (Dynamic)
codebook

® Response data » Aggregated level
(credits) and item level
e Sample description ® Sequence-based
e Background features (n-grams,
information action sequence,
etc.)

¢ Cognitive features
* Timing feature

What documents do we need in the framework?

* Response data
® Process data
e Merged data

ETS)
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Presentation Notes
Based on the micro concept of logging documentation, we can extend to the whole picture in the document framework. There might be different sources to be included in this big umbrella, there are some key bones in my point of view.

I believe the following session will talk more about extraction approach and tools on features, so I will not give many details here, but will list related reference at the end of my talk.


 Big sized log data is challenging for storage
and developing log documentation. Manual
work has to be involved in interpretation of
log events and validation.

« Log data is still as a “byproduct” in most
educational assessments. Missing values in
log events result in incomplete records in
documentation.

« Confidentiality issue may also impact logging
documents. Published data and
documentation may not be matched.

Challenges in logging documents

PISA 2015

Adjustable Glasses
Question 3/5

| + How to Run the Simulation

Run the simulation to collect data based on the information
below. Select from the drop-down menu to answer the question.

Anna sees both near and distant objects in focus.

How do adjustments to the glasses affect Anna’s vision?

Adding fluid to the lens makes select ~ objects
appear out of focus.

Remaving fluid from the lens makes  select ~ objects
appear out of focus.

Distance from Tree

Amount of Fluid in Lens Distance from Tree
#h ) )
E 4 3 H 2 near midway distant
| Run |

Anna's View

%

Amount of Fluid in Lens

2 -1 +1 +2

Near

Midway

Distant

TEEY
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Recommendations for future work

« To leverage efforts from multiple « To standardize coding of raw log data
perspectives (e.g., item designers, to enhance the proportion of
researchers, content experts and automation in logging documents
etc.) in frontline to predefine development.
information (hypothesis, features,
strategies, etc.) that needs to be « To keep log documentation
captured before the item is maintenance, benefit for open
developed. science and reproductivity.

» To publish log data, log document
and item interface (preferred)
together. Unmatched information
may cause less meaningful results.
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File and Process Data in International Large-
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October.

Guest editors:
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Caroline McKeown (ERC)
Jude Cosgrove (ERC)
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Thank you very much!

Qiwei Britt He
ghe@ets.org
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