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TRAFFIC

Here is a map of a system of roads that links the suburbs within a city. The map shows the travel time in minutes at 7:00 am on each section

of road. You can add a road to your route by clicking on it. Clicking on a road highlights the road and adds the time to the Total Time box.

You can remove a road from your route by clicking on it again. You can use the RESET button to remove all roads from your route.

Mandel
Total Time: [ 31 | minutes vl il 44 RESET
Nobel
Question : TRAFFIC
Maria wants to travel from Diamond to Einstein. The quickest route takes 31 minutes. Highlight this route.
2 PISA2012 A&l i) A H K H I # A
TE - P ST R ] B B — AR AR, B A AR S IE R AR
F 1 EBEFRIEEBIELES
s B A ERA e Pl P2 P13 P18 P23

1 00017 01000000000000000000000 0 1 0 0 0
2 00017 11000000000000000000000 1 1 0 0 0
3 00017 11000000000010000000000 1 1 1 0 0
4 00017 11000000000010000100000 1 1 1 1 0
5 00017 11000000010010000100000 1 1 1 1 0
6 00017 11000000010010000101000 1 1 1 1 0
7 00017 11000000010000000101000 1 1 0 1 0
8 00017 01000000010000000101000 0 1 0 1 0
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2 00017 11000000000000000000000 1 0 0 1 1
3 00017 11000000000010000000000 1 0 1 1 1
4 00017 11000000000010000100000 1 0 1 0 1
5 00017 11000000010010000100000 1 0 1 0 1
6 00017 11000000010010000101000 1 0 1 0 1
7 00017 11000000010000000101000 1 0 0 0 1
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7 340 ~856672.635 1713771.269 1715869.176 1715192.253 0.943




55 4 1

FERIE AF: TR LSS b DS P RS 9 0BT . ZOKFIRG IRT SR A 8 5 1 533

b o 2R LA 5 R 45 loglikelihood . AIC (Akaike,
1974) . BIC (Schwarz, 1978).aBIC (Tofighi & Enders,
2008) 1/ (Asparouhov & Muthén, 2014), HH1, i
4 R FRBUINFR R R R B AU B, i Ik
DR B BRI X 7 25 W TR0 I RE BE I 6 b5, %98
PRBET 1 2R IX oy . AR AT LI
W ECR M 2, OB Glr. (H)E, 15 7 2R
MEITELLT, A 2 AR A JCEA B A F)
L E SRR TE 6 ML T, A 11385

Total Time: [_35_| minutes

RESET

ABRAR TC I M I SE B B . DRI, BB LB FR AR
SERAN B RTRETE, Bt 5 M IRERIER
52 REEEFNFHERESMEEENKFEXRFR
PR MMIxIRT BB ] DLRE 2 A g — 20 it 72
AR5 BT AL BOARZS 730 5 2, AR Al A% Bt A
UK UL RTS8 20 oA 4% 2 31 e AT R s vy ) B
LA R AR Z [ B Sk, AT IR i — 28 531 Y it 5
BRARE . 2520 P e SR 2R LU R AN s 3 B,
e P rpty J B BT R AR DU, 28514

RESET

RESET

IR 5
Bl 3 4500 B AR I



534 1N B

7 552 4

Y,
=

Fe— P pe i) BRI o PR 25 A I R R BB TN A7
FEOCIR, T LURR AR AEAT R T J 114 28 30l A A7 A Bk
Fo QARARAR MDA BB S AR TR], )2 A= i ]
SR K A8k, BIFETE SR 5675 . 2 s i ]
1) SR W6 55 B T (B AR s A DG, SR R 1 5 s
WS IERVEZ B E, (RN, W SRR
FEH, (HSA A R AOFS 2L RIS, RESIEA .

YT RIS AAAE, AT B ERE—
8 TSR MG AE R AR RS, M AR TR SR s T
X R B RE AL THEST- M6, £33 5 45RO R i) fig
FI A 5 —0.714, —1.281, —0.714., 0.399 F0I
-0.714, 456K 3 LA W, K 4 5IE6 A
[, FBSA 31 min, AMERRE B R, B
FEIEHRNS; M 2 TR R R Lk, 5
B e A E A, I 358036 min, 51E
T B AR VR B ) 22 S e R, MR BB D (AR, 10
XS B 22 B SR SR 1. 3. 5 S5IEH0IAEA &6
SYEA, XM BARIERE T ONFM AR, AR
RUAR—2, (A2 AR RE SEASE, UL sk
WETEL SRR F 22 AR K,

F4BT KX A EAEXGEME Fifs—25
BT SR B AT B . T LAE S, e — 24 Aok
4 (ERR B 7R ) B4 A LU Bl e ven, SR SR 2 (R ) e fiR)
A A LB A . DWORTRI L IXOR B, Bk 24 A 1
B Ja—4 LA 4 9= E Bl 81.6%, W

T A0 X, 15 B T 03 2 A 7R ST A e I B A
1717 5 [ 2 A A B i — 26 A0 R SRS 4 1244 il Ry
75.6%, BEALTHABM X, mif/s—4 KK 2
F4) b e T b DX, 5 T S ) 2 A R B X
22, X EAMREE T KA T EI(ESE R — 20 .
THAN, AN ) i X A R A 2 A A e T — A (0 A SR s
FEIHAFE RS i, nEReEA R 2
SR 3, HTM AN i AR A R S R
3, MEEFARZMHRR 1, TEFBHERE
fifi SRS 1 1 3,
53 REERIAER

Sy TR R T AR s AR e, TR AR
TE 3o A v 4 2 A T SRR SR 3 ke L) b SO
o T %A RIS o AE AR SR 4 b HE SR T
AN T 55 W 22 [0) B A, o A o 2 o )R 10 S
I T 2R, HidgkERE — IR EH, £S5 2R TH
by DX U ) 2E R 15 4 2 A A o A R O R
BT . BRSER, 1E0HZH A TR i b
FHRBEECH 4 5 WG i £ o 1E A2 24 A v
5 Fh IR s 0 N EL B K T AR RG] . P FE IE A
W, GG =52 — Byl it 22 A 5 b
s AR B IE AL . MisS R A Bt =2 —1)
SR ST 4 RO RIS IR, $RAC T R IR A B
2o WA HLIX LB AR, N A1 95 [ I o 2 0
5 w22 AR LU B T oAt b X, b 38 e fik

*4 BHXFEMBRE—LHARESHESG(%)
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Fmg 1 59 25.6 6.9 32.3 4.9 21.5 3.5 19.0 7.9 32.3
WG 2 3.0 12.8 3.2 15.1 2.2 9.7 2.2 11.9 3.7 15.2
HMg 3 7.6 32.8 6.9 32.3 8.3 36.6 6.1 333 6.2 25.3
HMG 4 77.1 0.9 78.5 0.0 77.6 1.1 81.6 0.0 75.6 0.0
Hmg 5 6.4 27.9 4.4 204 7.1 31.2 6.6 35.7 6.7 27.3
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1 7.2 19.5 9.1 17.2 8.8 25.8 8.3 22.6 10.1 21.2
2 17.4 14.0 18.2 15.1 15.1 15.1 21.0 9.5 18.6 19.2
3 19.8 17.7 19.1 16.1 17.9 10.8 19.6 20.2 20.5 18.2
4 23.2 36.6 22.4 37.6 26.4 333 23.9 35.7 27.0 35.4
5 32.4 4.7 31.2 7.5 31.8 9.7 27.2 4.8 23.8 2.0
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Abstract

Problem-solving competence is defined as the capacity to engage in cognitive processing to understand and
resolve problem scenarios where a solution is not obvious. Computer-based assessments usually provide an
interactive environment in which students can solve a problem by choosing among a set of available actions and
taking one or more steps to complete a task. All students’ actions are automatically recorded in system logs as
coded and time-stamped strings. These strings are called process data. The process data have multi-level
structures in which the actions are nested within a single individual and therefore they are logically
interconnected. Recently, researches have focused on characterizing process data and analyzing the response
strategies to solve the problem.

This study proposed an extended MMixIRT model which incorporated the multilevel structure into a
mixture IRT model. It can classify latent groups at process level that have different problem solving strategies,
and estimate the students’ abilities at the student level simultaneously. This model takes the accumulated
response information as the specific steps at the process level and defines a more free matrix to determine the
weight information used for ability estimation at the student level. Specifically, in the standard MMixIRT model,
the student-level latent variables are generally obtained from the measurement results made by the process-level
response variables, while students’ final responses are used to estimate their problem-solving abilities in the
extended MMixIRT model.

This research applied process data recorded in one of the items (Traffic CP007Q02) of problem solving in
PISA 2012. The samples were 3196 students from Canada, Hongkong-China, Shanghai-China, Singapore, and
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America. Based on the log file of the process record, there were 139,990 records in the final data file. It was
found that (1) The model can capture different problem-solving strategies used by students at the process level,
as well as provide ability estimates at the student level. (2) The model can also analyze the typical
characteristics of students’ strategy in problem-solving across different countries for targeted instructional
interventions.

It is concluded that the extended MMixIRT model can analyze response data at process and student levels.
These analyses not only play an important role in the scoring, but also provide valuable information to
psychometricians and test developers, help them to better understand what distinguishes well performing
students from the ones that are not, and eventually lead to better test design.

Key words computer-based dynamic assessment; problem-solving strategy; process data; the extended MMixIRT
model





