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NAEP

NAEP assessments measure what U.S. students know and can do in various
subjects across the nation, states, and in some urban districts.

NAEP has gradually introduced computers and digital technologies for NAEP
assessments over the last few decades (Bergner & von Davier, 2018).



NAEP Process Data Overview

Digitally Based Assessment Student Interactions Logged Process Data Table
Block | Student ID | ltem Event Time
S MX 1001 1 | Enter ltem 1:01
OPEN CALCULATOR MX 1001 1 | Open Calculator | 1:12
MX 1001 1 |Type21-8 1:19
What number should TYPE 21 -8 » MX 1001 1 |Close Calculator | 1:34
be put in the ng to MX 1001 1 |Type 13 1:19
e e umper CLOSE CALCULATOR MX 1001 1 [Click Next 1:34
Answer‘g'l 3t MX 1001 1 | Exit ltem 1:34
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Data from NAEP Assessment
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Example Use of Process Data

What is our approach?
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Constructing Meaningful Variables from Proc Data

* Response Time
— not clearly operationalized in process data field
» the time an examinee spends on an item in a test (Lee & Chen,2011)

» the time a respondent takes to respond to individual items in a cognitive test (De

Boeck & Jeon, 2019)
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Student Behavior: Disengagement
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Zheng, X.* (2019, April). Identifying Rapid-Guesser Using Growth Mixture Models. In M. Broer (Chair). Testing Strategies, Extended Time Accommodation,
and Speededness, Using Process Data in NAEP. Paper presented at the Meeting of the National Council of Education in Measurement, Toronto, Canada.
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Students’ Problem-Solving Processes: Sequence Analyses

 The action sequences formed by the time-

stamped events contain rich information

* These findings may provide useful feedback for

item design and/or scoring

Mean Time Duration (second)

State Mean Time Duration of Item A

M 3 48 60
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P [ — I
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@ Active Investigation
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State Mean Time Duration of Item B

60
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48
L

24 36
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Decision
Passive Investigation

Original raw process data

Recoded data and time

duration
Student | Action | ltem Action Action Behavior Time
ID ID ID Time Duration
Stamp

1 1 Item 1 | Enter Item 14:43:44 Browsing 4s
1 2 Item 1 | Vertical Scrolling 14:43:47
1 3 Item 1 | Vertical Scrolling 14:43:50
1 4 Item 1 | Vertical Scrolling 14:43:48
1 5 Item 1 | Open scratchwork | 14:43:48 Passive 4s
1 6 Item 1 | Open scratchwork | 14:43:52 Investigation

draw
1 7 Item1 | Draw 14:43:53 Active 20s
1 8 Item 1 | Draw 14:44:05 Investigation
1 9 Item1 | Draw 14:44:13
1 10 Item 1 | Close scratchwork | 14:44:14 Passive 4s

draw Investigation
1 11 Item 1 | Close scratchwork | 14:44:16
1 12 Item 1 | Receive focus 14:44:18
1 13 Item 1 | Text enter 14:44:19 Decision 10s
1 14 Item 1 | Text enter 14:44:26

Circi, R., Liao, M., Scott, C., & Hicks, J. (2021, June). Understanding Students Problem-Solving Processes via Action Sequence Analyses.
Presented at the Workshop on Process Analysis Methods for Educational Data, alongside the 14th International Conference on Educational Data Mining (EDM), Virtual.
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Calculator Computations

e What computations students do Part 1, g;rt?tt;?:%il;' D o3%
with the calculators? Part 1, Strategy 2: | R

Subtraction and Negation

Part 1, Common Error I 3.4%

* How often do students use Part 1, Non-matching .
computation strategies or commit Computations I
common errors identified by Part 2, One-Step Strategy{ | 0.5%
experts using the calculator? Part 2, Multi-Step Strategy| [l 11.1%

Part 2, Common Error | 0.8%

+ Byproduct: Proficiency in using Part 2, Non-matching | | 7.7
Computations '

the calculator functions were
identified (e.g., M+, M-).

0 25 50 75 100
Percentage

Liao, M. & Sahin, F. (2020, September). Investigating students’ calculator use and computations using process data in mathematics assessment. Paper presented at the meeting of the 2020
National Council on Measurement in Education. Virtual.



Digital Assessment and Accessibility

 NAEP DBAs implement technologies to improve accessibility for all participants with
different learning backgrounds.

Accessibility % Students % Students used
Feature allowed Accommodated Non-accommodated
Extended Time 83* 32 NA
Text-to-Speech All 45 30
Highlight All 20 19
Draw All 37 38
Eliminator Choice All 33 37

* Of accommodated students

Hicks, J., Circi, R., & Burhan, O. (2021). Usage of Accessibility and Universal Design Features in Digitally Based Assessment
and Student Performance. Submitted to the National Council on Measurement in Education (NCME).



Extended Time Accommodation

Our Research: Key Findings:
. ine the effacti ¢ e Only one-third of ETA students (35%)
Xxamine the errectiveness o used ET
extended time accommodation * On average, ETA students who used extra time
(ETA), by analyzing the relationship score 2 points higher than those ETA students

who did not use extra time
between ETA use and performance of

students with ETA

ET - NOT USED
ET - USED

count
by
8

— Does the performance differ significantly

Average score

between students who used ET and those
who did not use ET for students with ETA?

0 1 2 3 4 5 6 7 & 9 0

SumRew S
Kim, Y.Y., Circi, R., & Suk, Y. (2019, April). Effects of The Extended Time Accommodation (ETA) on Performance in NAEP Mathematics.
Symposium conducted at the meeting of the National Council on Measurement in Education, Toronto, Canada. A
S s AIR



Text-To-Speech Insights as a UD Feature

Our Research: Key Findings:
e Expl text-to- h e About 38% of non-accommodated students and
Xplore text-to-speech as a 44% of accommodated students used the TTS

universal design element feature at least once

— What percent of students actually use
PS-adjust t
the 175 tool Grows | psadjustment

Non-Accommodated group -0.121

— How does student performance differ Accommodated group 0.218

aCross fO ur Stu d € nt gro u ps ? * Mean difference in math performance between the non-TTS-Use and TTS-Use groups

Lee, S, Hicks, J., & Circi, R. (2020, April). Insights on Text-to-Speech as a Universal Design Feature: NAEP Mathematics Process Data. Presented at the National Council on

Measurement in Education (NCME), Virtual. 74 .
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Test Assembly & Scoring
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Exploration of average time on MC items

When testing time has a limit, it is critical to
examine time spent on each item in relation

to item difficulty levels

o o, P . hd = o
Hard - 05—
. S ge |00

Moderate-

Process data can help

Fﬂ'z . e checking and validating assumptions on

s time needed for individual items

Median Item Response Time (secs)

Muitiple Choice Item Difficulty Levels

e guiding future assumptions related to

time spent

Hicks, J., Circi, R., & Sikali, E. (2021). Where data meet assumptions: Visualization of multiple-choice item response time. Educational Measurement: Issues and Practice, 40(1), 6.

https://onlinelibrary.wiley.com/doi/full/10.1111/emip.12420 A
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https://onlinelibrary.wiley.com/doi/full/10.1111/emip.12420

Response Change

e Examination of response changes on MC

items can provide further information that

e This information can be used in item

review (e.g., DIF, distractor analyses)

e Distractors with excessive change can be

flagged

Circi, R. (2019) Examination of response change in Multiple Choice Items

17 | AIR.ORG
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Item sequence: 11 (out of 20)
Item content classification: Geometry
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Non-Response Rates

Our Research: Key Findingg:

e Explore how process data helps to * Non-response rates between student
evaluate the appropriateness of the scoring file and process data differ

conventional definitions for NR and Item Iltem type | Response | Response
. sequence Time File Coding

O m It MatchMS 69.44 Incorrect
2 MCSS 20.26
— Do NR and Omit rates differ between 3 E— 108.44 Corc
4 FillinBlank 212.27 Incorrect
1 H 1 5 MCSS 45.39 A
scoring files (conventional) and process - S — — —
data ‘p 7 MCMS 32.20 Partial
8 CompositeCR 348.30 Omitted
9 ZonesMS 85.45 Correct
10 CompositeCR 449.58 Partial
11 MatchMS 339.15 Not reached
12 CompositeCR NA Not reached
13 MCMS NA Not reached
14 CompositeCR NA Not reached

Hicks, J., Circi, R., & Broer, M. (2021). Exploring Non-Response Behavior in NAEP Grade 4 Mathematics Using Process Data R I .

| AIR.ORG
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Benefits and Challenges of NAEP Process Data

OPPORTUNITIES
' Insights into

test taking behaviors (e.g., guessing, skipping pattern of items)

* misconceptions

e metacognitive processes (e.g., item revisits)
e motivation, persistence, and engagement
' Data supported operational decisions

< item development, analysis and selection

e questionnaire development and validation

' Insights into learners’ needs, accommodation use and effect

' Enhancing the interpretation of what assessments measure

. Modeling cognitive and behavioral processes, advancing
psychometric methods or building new IRT models, developing a
framework for process data use

| AIR.ORG

CHALLENGES

L B

Collecting data with_more _expert_input may increase potential
utility of data

Process data is noisy, complex, and requires detailed exploration

No common standards are currently available

Requlatory framework for NAEP data access

g *+AlIR



THANK YOU!

We have more to share, please visit

Center for Process Data | American Institutes for Research (air.org)
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