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Why do we use process data?

1 Understand the response process
How did the student arrive at an answer?

2 Improve the assessment
Which tasks produce unexpected or unhelpful behaviour?

3 Predict information beyond the score
Disengagement, response styles, cheating, item leakage, etc.

4 Because the data and models are interesting
A good reason to explore and have fun.
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How to do it?

The interface records events. The analyst has to establish what they mean.

A raw event log An interactive science item

Student A - 12.9 s on the item * below the science cut

(start_CSGOSOOlJ [drop_destinationl] [drop_destinatioan (drop_destination3} [moveJ [end_CS698001J

+0.5s

+8.2s

+14s

+14s

Student B - 58.1 s on the item - at or above the science cut

+2.0s +0.0s

[start_cssesoel] [drop_destinationlJ [drop_destinationz} [drop_destinationSJ [move] [end_CSGOBQel]

+0.1s

+53.2s

+14s

+18s

+1.7s +0.0s

pisazo1s M el
CNTRYID SEQID booklet id item id  event_name  event _type timestamp  event_description

1 ZA6712_AT data 100113 1 tacPAAC START 0 TEST_TIME-272 m"‘*m

2 ZA6712 AT data 10113 1 stinubus indtiakized 317 C3158512

3 ZA6712 AT data 103 1 stimubus cha_event 1007 <cbaloggingmodel:CBAILemL oge This simulation is based on a model that calculates the

4 IA6T12 AT data 10113 1 stimubus cba_event 26222 <chaloggingmodel:imageMaplo volume of sweal, waler |0ss, and body temperature of a

S ZA6T12_AT.data 10 13 1 tacPIAAC NEXT_INGUIRY 35797 REQUEST rUer AETE oneour run

6 ZA6712_AT.data 10 13 1 tacPIAAC NEXT_BUTTON 35797 idenextingquiry_button et o Al e contcls s smulaion vk ol

T IAGT12 Al data 10113 1 taoPAAC BUTTON 35801 id=nextinguiry_button

B ZAGT2 ATdata 10113 110PAAC  DOACTION Y5802 actionstao_tem nextinquiry e o n o

9 IAGT12_AT data 10113 1 stimubas itemScoreflesult 19209 <cbascoringresultmm:itemScore 5 Glck on efther Yes" or "No" or Drinking Water, Alr Temperature (°C) —_—
10 ZAG712_AT data 10 113 1 stienubus ltemScore 19209 <chascoringresultrmm:itemScore 4 Gtk on the "Run button to see the results. Notice AIr Humidity (%) 2 - e
11 ZAG712_AT data 10113 1 stimnubas SnapshotRel 9220 htrp/ Nocalthost BOBO/ cha-runti that a water loss of 2% and above causes Drinking Water ® Yes O No

12 ZA6T12_AT data 10U3 1 stienubus END 39220 END B e

13 w11_‘]4.u 10113 1 ePMAAC N(Xl_ﬂm 9222 REQUEST display in the table. NrTelrlperulure Air Humidity | Drinking Water Body .
14 ZA6712_AT.data 10u3 1 taoPIAAC END 39222 END Nete: Th et shaun b e simutn v e cn ‘2‘;’ ‘:’)’ "f"" “’:’:“’ “"“‘;"“”
15 ZA6712_AT.data 10013 2 tacPAAC START 1 TEST_TIME=320 mw_an;:::nfamg:;umdua\anerrumingrorune - -
16 ZA6712_AT data 10103 2 stienubus irdtiakred 212 C304B710 urin e .
17 IAGT12_AT data 10103 2 stimulus cba_ovent 736 wchaloggingmodel:CBAItemLog
18 ZA6712 AT .data 1003 2 stimubuas ha_event 133572 <chaloggingmodel:TextBlockslo
19 ZAS712_AT.data 10113 2 stiubus cba_event 133572 <chaloggingmodel:Highlightiogt Sood!

Please click on the NEXT arrow to continue.
A sequence
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Three ways to represent behaviour

The same item, two students: identical actions, different pacing

Student A - 12.9 s on the item * below the science cut

[start7C56080@1J [dropidestinationlJ [dropidestination2J [dropidestinationBJ [moveJ [end7C5618001J

+0.5s +8.2s +1.4s +1.4s +2.0s +0.0s

Student B - 58.1 s on the item - at or above the science cut

[ start _CSGOSOGIJ [drop_ destinationl] [drop destinationZJ [drop_ destinationa] [move] [end _65608001]

+0.1s +53.2s +14s +1.8s +1.7s +0.0s

1. Task-state indicators

The analyst defines the states of CS608Q01:

item opened - placing objects —» submitted
and derives indicators from them. The meaning
is proposed in advance and then validated.

Another item may need its own states.

2. General process indicators (classical models)

The same recipe is applied to every item: time on
the item, time to the first action, number of
actions, a rapid-response flag. Because each
indicator is defined in the same way for every
item, it is easy to average over the session.

On this item the time to the first action shows
the pause; the session averages no longer show

on which item, or at which step, time was spent.

3. Learned representation (this paper)

Each event token is paired with the gap before it,

and a sequence model reads both channels. The same
code runs on every item, and the gap keeps its
position in the record. The log shows where the

pause occurred and how long it lasted, not what

the student did during it.
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time before first placement

objects placed

placements revised

on CS608Q01:
time on the item
time to first action
actions on the item
rapid response (< 7.0 s)
averaged over the session:
median time on an item

rapid responses

gap before event (s)
Student A
Student B

12.9 s
8.2 s

no

11.6 s
29%

start dropl
OM5 8.2
0.1 53.2

53.2 s

58.1 s
53.2 s

no

57.9 s
0%

drop2
1.4
1.4

drop3
1.4
1.8

move
2.0
1.7



B=

One representation across many tasks B

A useful lesson from language

l am Iazy modelling

Representations can be learned

, Embeddings learn which words occur in similar
| would rather specify one general contexts, instead of requiring a separate rule

representation than write a new for every word.
set of rules for every item.
Sequences preserve context

For assessment logs, we can learn from events
and their timing across many tasks. Coding
and validation still matter.
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One representation across many tasks B R

I'm lazy, which makes
more work for me

| want to build a single,
generalized mathematical
representation that can
autonomously learn the
underlying structure of test-
taking behavior across any
Interface, without requiring me
to explicitly define what a click
or a drag means.

2| EDUKACYJNYCH

A useful lesson from language
modelling

Representations can be learned

Embeddings learn which words occur in similar
contexts, instead of requiring a separate rule
for every word.

Sequences preserve context

For assessment logs, we can learn from events
and their timing across many tasks. Coding
and validation still matter.
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Four studies, three kinds of process data €

Additional signal

. Actions and event-level 203,402 students
1 PISA 2018 science timing 68 education systems
2a Web survey Cursor trajectories 4,241 adults

2b Mathematics test Cursor trajectories 1,147 main-study pupils

Grades 7-8
3 Classroom mathematics Webcam gaze + cursor + 134 pupils in 12 classes
time Grade 5

Funding: NCN grant 2019/33/B/HS6/00937. Study 2b: IEA Research and Development Call 2023.
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: g e I
Study 1: PISA 2018 science (N

203,402 68 127

students education systems science items

Science
C I a SS ifi c ati o n The same item, two students: identical actions, different pacing

effort
Student A - 12.9 s on the item - below the science cut POSt'teSt thermo mete r
PV1SCIE = 410.5 ’
Th e C ut fo r Leve| 2 [start_CSGGBOOI] (drop_destinationl] [drop_destinationz} [drnp_destinationB] [move] [e“d_CSE,@EQBl] / E F FO RTl S 5; 1 O | 6% Of

+05s +8.2's +1l4s +14s +2.0s +0.0s respondents to that |tem

Low self-reported

Student B - 58.1 s on the item - at or above the science cut

[ start_(S608Q01 ] [ drop_destinationl] [drop_destinationz ] [ drop_destination3 ] [ move ] [end_cssesoel ]

+0.1s +53.2s +14s +18s +1.7s +0.0s

Gender Parental education
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B=

Treating an event log as a sequence

The useful analogy with language is learning from context.

LANGUAGE the student reads carefully
ACTION LOG ENTER CLICK RUN NEXT
TIME GAPS At At> Ats Ata

Event vectors and sequence models preserve context and timing.

These studies use GRU / LSTM networks and embeddings, not large language models.

09
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Events and gaps enter the model together B

A common event vocabulary, with each time gap attached to its event

Event labels

321 observed tokens Event embedding

Target
CNN + BiGRU — gcore

Time gaps

log(1 + At) — Aligned timing input

10



Learned event embeddings

A. Action events (first two principal components)

3-NN group purity 0.61

@ (random relabelling 0.19)
o®
~.'clrop_destinationl
O
([
click_canvas
O ° o®
oMOVE RUN_SIMULATION @ ¢ clickinput
[ [ ° [ ) .
® ® o® [ ® »
° change_select °®
e ¢ * click_div
L ] ® ¢ ®) -
o
° O

o COPY_TEXTAREA o Keypress_textarea

@ text entry
® response selection @ navigation

® simulation and drag e click on page
double click on page
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Related events tend to be
neighbours

Text entry, response selection and
simulation actions show structure in the
learned embedding space.

0.61 0.19

3-neighbour after random
group purity relabelling

The plot is a 2D projection of higher-dimensional
vectors.
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Timing drives the larger model difference

Balanced accuracy

0.90
0.85
0.80
0.75
0.70
0.65
0.60
0.55
0.50

Science proficiency

.84 83

.81

.86

.82

Timing Actions

Both

0.70

0.65

0.60

0.55

0.50

Gender

0.60
70

0.58

.67
.66 .66
.65
0.56
.59 0.54
0.52
0.50

Timing Actions  Both

Best classical model

Parental education

Timing Actions

I Best sequence model

.59
.58
.58
.57 >7

Both

0.64

0.62

0.60

0.58

0.56

0.54

0.52

0.50
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EB=

Low self-reported effort

.62
61

61 61

.64

.63

Timing Actions

Both

12
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Why do we use process data?

1 Understand the response process
Local pauses carry information that event counts and total time can miss.

2 Improve the assessment
Keep event timestamps. Shorten it.

3 Predict information beyond the score
Identify low self-reported effort.

4 Because the data and models are interesting
A good reason to explore and have fun.
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02 CURSOR TRAJECTORIES

What happens
between clicks?

Two experimental studies:
a web survey

n

INSTYTUT BADAN
EDUKACYJNYCH
Panistwowy Instytut Badawczy

14



Study 2a: induced careless responding (¢ BlO

4,241 adults from Polish opt-in panels. Desktop and laptop respondents.

M R —

“Please fill out the survey as if you didn’t feel

Regular 1.075 like doing |’F and only pgrtmpated to receive
compensation. Please fill out the survey in an
inattentive manner. Regardless of your

answers, you will receive full compensation.”

Motivating 2,031

Careless 1,135

The target is the assigned instruction, rather than a diagnosis of natural carelessness.

Pokropek, Zéttak & Muszynski (2024), Zeitschrift fiir Psychologie 15



Approximate Areas of Interest

A screen grid replaces manually labelled semantic regions.

Pokropek, Zéttak & Muszynski (2024), Zeitschrift fiir Psychologie, Figure 1

Reading 2 Reading 2|
*How much do you disagree or agree with these statements about reading? *How much do you disagree or agree with these statements about reading?
’ © (Plonse 1ick aniy ane hav on aach ro
2 13 1 - 2 3 4 |5
AoRgE ADREE AGRET
s L3 ol s | v ey ooy 12 s 4 s d v s e
="
-
| Ine Lairg st books weh ofhes pecgre. 7 8 9 10
" IS—
5 6 15 S I 13 14 15
[P —
T =
PR ————
riem—, | - SR 17 18 19 20
[—————
Reading 2
*How much do you disagree or agree with these statpments abogt reading? *How much do you disagree or agree with thes|
© (Plovse tick only one dax om each row ) © (Please nck only ane box on each row: )
1 102 3 4 5 6 7 8 |9 1 Dol 3|4 |5 |6 |7 |8 ]9 |10|11]|12)13]|14]15
NOT ' w~or| '
acnen sonse ) \omes
ety 2 3 . 7 ortisty ontast, 2 ) o s . 7 botrety.
ppep— 16 171181920021 1221232425126 |27 |28 |29 |30
10 11 12 | 13 181149118 17 18 T 32|33 |34 3536 |37 |38 |39 |40 |41 |42 |43 aa]as
e [ - Wy 20 21 22 23 24 25 26 (27 48 47148149 150 161 152163154156 |56 |57 |68]59]60
: e [ 62|63 |64 |65 |66 | 67|68 |69]70 71 (72| 73]74]75
[ veshmensiocy 8 RETT8) 1KY 32 | 33| 34 | 35 |36 7 77|78 |79 |80 |81 8283|8485 |86 |87 | 88|89 |00
e ooy wmm swn w s | 92 1 93 1 04 195 196 | 97 [ 98 | 99 100]101]102]103]104}105
B maumawe] 38 | 39 | 40 | 41 42 | 43 | 44 |45 806 maaa 2 wve a e | 107|108 [109 [110]111[112]113[114[ 115|116 117 ]118]119}120
T — pTR smen | 122|123 (124|125 [126 [127[128]128]130 131 [132[133[134]135
.,mfﬁv_,.,m,_,w 47 | 48 | 49 | 50 | 51 52 | 53 |54 136 1371138139 |140]141]142]143]144] 145|146 147 ]148]149}150]
p— E e 151 152[153]154 [155]156 [157]158[159]160 161 |162]163[164]165
59 56 | 57 | 58 [ 59 | 60 | 61 | 62 [63 Tee 167]168[169 1701171172173 |174]175 [176 [177 |178]178 180
ey oot heere1182]183 | 184 | 185|186 | 187188 189]190 [191|192]193 | 194|195
1 e s mmrens] 65 | 66 | 67 | 68 | 69 | 70 | 71 |72 T ¥ @fnon scces wen my v | 197 198 [ 199 |200 [201 | 2022032041205 [206 |207 |208 208|210
73 74 | 75 76 77 78 79 ﬁ1 211 212|213 |214 |215 |216 |217 |218 219|220 221 [222 ZZE
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9, 25, 81 or 225
cells

The grid resolution
IS @ model parameter.

Crossing a cell boundary
creates a new token.
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. A Soaomen | IE
A cursor trajectory becomes a token B R )
sequence
Location changes, clicks and timestamps enter the sequence.
— 1 Assign each position to a cell
) = 2 3 4 |5
8 9 [0 2 Keep crossings and clicks
13 14 15
18 19 RO 3 Attach the timestamps
23 24 ﬁi

1-2-7-¢c-c-8-c-13-c-c-12-¢c-17-...
ti-ti-ti-ti-te-te-t-te-to-ti-tu-tu-tu-t

4 Fit a sequence classifier

The model uses both the order of movements and when they occur.

Pokropek, Zéttak & Muszyhski (2024), Zeitschrift fiir Psychologie, Method 17



AAOI sequences classify the survey
instruction much better

Balanced accuracy on respondent test data, mean across 10 folds

1.00 0.93

0.80 0.71 0.74

0.60

0.40

0.20

0.00
Classical + mouse AAOQI
indicators summaries seguence

Pokropek, Zéttak & Muszynski (2024), Zeitschrift fiir Psychologie, Table 4
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B=

BiLSTM, 5 x 5 grid

Accuracy 0.94
F1 score 0.90
Specificity 0.96

9-225 cells give
similar performance.
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02 CURSOR TRAJECTORIES

What happens
between clicks?

Two experimental studies:
a mathematics test

n
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Study 2b: the same pupil in two conditions (¢ pilnie

B=

Grades 7-8, Polish schools, April-May 2024. 30 mathematics items in two blocks.

1, 147 Normal instruction Lowered motivation

accepted main-study records 15 items . 15 items

Order counterbalanced

15 items > 15 items

One intentionally flawed item had four correct options out of five.

Reported models include pilot data and apply additional compliance and data-quality exclusions.

Pokropek, Zéttak & Muszynski, IEA R&D technical report, Sections 2-9 20
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Effects of the motivation manipulation

Outcome Attentive Lowered motivation Mean difference

Mean SD Mean SD Raw SMD
Sum score (0-15) 8.7 3.0 7.8 3.0 1.0 0.3
Test time (minutes) 10.4 3.8 8.0 3.2 2.4 0.7

.05

.05 -

1 J 0- H | “ } [ S S
E} 16 26 30
Test time (minutes)

o - WUN) [ e b e e
I T T
0 5 10 15
Sum scores

Reported differences use unrounded means. SMD = standardised mean difference.
21



The grid follows the item structure

Example: 28 cells spanning the stem, lead-in, response options and margins

3
14

/Ankieta

o)

Zrmieszano dwa gatunki herbaty, dre2szq | tarisza, w stasunku 2 3. Cena jedmnego kil
sunku 1:4, to cena za 1 kg tef mies I wynosikaky 80 7k Na padstawie padarych |

mrama o herbaciane] mieszanki wynosi 110 24 Gayby te herbaty zmieszans w sto
armac)l zapisano poniiszy ukiad réwnars,

8

9

1

]1'1%1 sl
=

10

11

12

Co oznacza X W tym ukiadzie MTA

B Prosze wybrad jedng 2 ms.tc;p.”qq.cn adpowiedzi

15

16

Az Cene 1 kg herbau ,rdrqum

C: Cene 5 kg herbaly drossej. m

20

B: Cene 1 kg herbaty tansze]. 22

Wstecz

Cr Cene 5 kg herbaty tans#g). 23

=

24
28

Pokropek, Zéttak & Muszynski, IEA R&D technical report, Sections 12.1-12.2
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QS

Comparable
regions
across item
layouts

The grid adapts
to the task’s
functional areas.

Screen layout
remains an input.

22
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A flawed item is easier to classify Bd s
than the motivation condition

B=

Balanced accuracy on the report’s held-out test data

0.900 0.863

0.832 e 0.811
0.800 —¢
0.700 0.626 .
0.600 0.659 —— -
0.629

0.622 0592

0.500
15 28 66 120

Number of AAOI cells

-o-Flawed item version (1 item) -o-Lowered motivation (15 items)

The highest reported values are 0.863 for the item version and 0.659 for motivation.

Pokropek, Z6ttak & Muszynski, IEA R&D technical report, Tables 12 and 14 23



Why was motivation harder to classify? ( pibin

The instruction did not
always change behaviour

183 287

16.0% of pupils 25.0% reported
reported low effort careful responding
in the regular when asked to
condition guess

Condition-specific exclusions; 13 pupils met both
criteria.

EDUKACY]NYCH

:q_
- —"h

An average shift is easier to detect

Scores and time changed (SMD 0.3 and 0.7), but
the two conditions still overlapped substantially.

IRT evidence was mixed

Difficulty shifts were present. AIC and SABIC
favoured equal discriminations; BIC favoured full
invariance.

Assigned instructions are an imperfect
label for a pupil’s actual engagement.

24
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Why do we use process data?

1 Understand the response process
Cursor paths help describe how respondents move through a task or response grid.

2 Improve the assessment
Screen for item problems: flawed-item classification reached balanced accuracy 0.863.

3 Predict information beyond the score
Survey instruction was easier to classify than reduced motivation in mathematics.

4 Because the data and models are interesting
A good reason to explore and have fun.

Pokropek, Zéttak & Muszynski (2024; 2025) 25



03 WEBCAM GAZE

What happened
during the pause?

A period without clicks can include
reading, thinking, writing or distraction.

ﬂ
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Study 3: webcam gaze in the classroom

134 pupils, 12 classes

Grade 5 in Poland, December 2025
Eight mathematics tasks
School laptops, sessions up to 45 minutes

Recorded together

Response times
Cursor movements
Webcam gaze through RealEye

INSTYTUT BADAN
/8 EDUKACYJNYCH
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Effort criterion

“How much effort did you
put into solving the tasks?”

Not at all
A little
Moderately
Very much

133 responses, including 36
in the two lowest categories

27



5 4 oo | 1E
How the webcam estimates gaze B 1)
1 2 3 a4
Face and eye . . : .
Camera frames features 9-point calibration Estimated gaze
Ordinary laptop Model estimates eye Maps eye features to Coordinates (x, vy, t)
webcam position the screen and quality

Kalibracja: patrz i kliknij w punkt

28



AOIls

Areas of interest on the task screen

ﬂ
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Zadane 1. (obwody, TIMSS 2015, eashes:

s 0,62

Szkolne boisko ma kszfait kwadratu. Dlugos¢ bojska wynosi 100 metrow.

Renata obeszla cale b&sko wokot brzegu.

lle metréw przeszia?

AOI task

A) 100

B) 200

C) 400

D) 10 000

Renata przeszia cale boisko wol

6t brzegu, wigc przeszia dlugosc

wszystkich jego bokéw. Sprébuj

jalej samodzielnie :)

AOIl answer

Przypomnij sobie, jak wyglada X
lle ma bokéw tej samej dlugosc

wadrat. Taki ksztalt ma boisko w
Jaka diugo$¢ ma kazdy bok? W

pdaniu
}6¢ do polecenia w zadaniu

Webcams do not allow for high precision

AOI hint

&=

>
=

29
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Two students, two different recordings ¢ Rttt

Same task. Cursor at the top, gaze at the bottom.

Reported effort: low Reported effort: very much
(76% of gaze on screen) (87% of gaze on screen)
O -
Task text Task text
40 - 9]
c
. Answer options ANSWET OpHoNs @
&
o
g 80+ Hint panel Hint panel
G
o
s
c
e
.g 0
o
®©
9
5
> 40~ o
O]
N
@
80~ Hint panel
0 25 50 75 100 0 25 50 75 100

Horizontal position (% of screen)

Time within task “

25% 50% 75%

This pair illustrates what the channels record. It does not establish a group difference.
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Adding gaze raised R?, with substantial
uncertainty

Explained variance in the same sample, before correction for model complexity

16.0%

13.1%
12.0% 9.9%
7.89%
8.0% 8%
5.2%
4.0% - 1.8%
0.0%
Time Time + Time + All
cursor gaze layers

m Reported effort (1-4) mTest score (0-8)

&=

-]

=
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More reported effort accompanied B Bhsic
more estimated off-screen gaze

;‘q_
- —"h

Mean off-screen fixation share across the four response categories

30%

239, 25%

20% 18%

11%
10%

0%
Not at all A little Moderately Very much

Looking away is compatible with working, but it does not demonstrate work.

Webcam effort study, exploratory manuscript, Section 5.8 32
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Why do we use process data?

1 Understand the response process
Looking away can accompany effort; gaze adds context to an otherwise silent pause.

2 Improve the assessment
Use the recordings to investigate task layout.

3 Predict information beyond the score
Reported effort; maybe disengagment.

4 Because the data and models are interesting
A good reason to explore and have fun.

Webcam study, exploratory manuscript 33



Summary

ﬂ
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Even a lazy researcher R Boociict
can learn something

B=

1 Understand the response process

Each layer of data brings us closer to understanding how
pneople respond.

2 Improve the assessment

Promising tools for detecting item problems and improving
assessments

el el s s I 0L e B E s

3 Predict information beyond the score
Additional layers can improve prediction, depending on

I N W B o W

4 Because the data and models are interesting
And we had a lot of fun along the way.
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Publications and working papers B

Pokropek & Borgonovi (2026)

Predicting science proficiency and self-reported effort from assessment logs: | /
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