


Introduction

• Response time data

2

− collection: computer-based testing and online survey

− advantages: improve item parameter estimation & test assembly

• Detection of aberrant response behavior 

− speededness

− low motivation or lack of effort

− item pre-knowledge



Introduction

• What is speededness?

3

• How does it influence the test results?

• How did previous researchers remedy this problem?



Introduction

• What is speededness?

4

− time limit affects examinees’ performance

(speed is not part of the test purports) 

• How does it influence the test results?

• How did previous researchers remedy this problem?

− unreached items or rapid guessing behavior



Introduction

• What is speededness?

5

− time limit affects examinees’ performance

(speed is not part of the test purports) 

• How does it influence the test results?

• How did previous researchers remedy this problem?

− lower response accuracy or missing responses

− bias the estimates of item and ability estimates

− distort the relationship between test scores and other variables

− unreached items or rapid guessing behavior



Introduction

• What is speededness?

6

− time limit affects examinees’ performance

(speed is not part of the test purports) 

• How does it influence the test results?

• How did previous researchers remedy this problem?

− lower response accuracy or missing responses

− bias the estimates of item and ability estimates

− distort the relationship between test scores and other variables

− unreached items or rapid guessing behavior

− model the distribution of response time

fit? or not fit? (with large residuals)



Introduction

• What is speededness?

7

− time limit affects examinees’ performance

(speed is not part of the test purports) 

• How does it influence the test results?

• How did previous researchers remedy this problem?

− lower response accuracy or missing responses

− bias the estimates of item and ability estimates

− distort the relationship between test scores and other variables

− unreached items or rapid guessing behavior

− model the distribution of response time

− model response time data that are affected by test speededness

mixture modeling



Introduction

• What is speededness?

8

− time limit affects examinees’ performance

(speed is not part of the test purports) 

• How does it influence the test results?

• How did previous researchers remedy this problem?

− lower response accuracy or missing responses

− bias the estimates of item and ability estimates

− distort the relationship between test scores and other variables

− unreached items or rapid guessing behavior

− model the distribution of response time

− model response time data that are affected by test speededness

− visual inspection or arbitrarily chosen thresholds: e.g., 3 second threshold



Introduction

• What is speededness?
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− time limit affects examinees’ performance

(speed is not part of the test purports) 

• How does it influence the test results?

• How did previous researchers remedy this problem?

− lower response accuracy or missing responses

− bias the estimates of item and ability estimates

− distort the relationship between test scores and other variables

− unreached items or rapid guessing behavior

− model the distribution of response time

− model response time data that are affected by test speededness

− visual inspection or arbitrarily chosen thresholds

What is still unknown?

the speeding point

Purpose:

propose a procedure 
based on change point 

analysis (CPA)
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− test taker i operates under time pressure after a specific item

From Xiaofeng Yu’s presentation
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Shao, Li, & Cheng, 2016 PSYCHOMETRIKA

J
si

(si = 0, 1, 2, …, J - 1)

− it is natural to assume the examinee’s ability to drop (di) as he or she starts to speed
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Shao, Li, & Cheng, 2016 PSYCHOMETRIKA

1. compute the distance of the log-likelihood under H0 and Ha:

✓

find the desired k value that can maximize the log-likelihood
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Shao, Li, & Cheng, 2016 PSYCHOMETRIKA

2. construct the null distribution of Δli (with no change point)

✓ challenge: does not follow a χ2 distribution with a known degrees of freedom

✓ solution: permutation test F
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randomly permute the item responses

J
si

normal speeded

normal

(new)

speeded

(new) (new)
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− assuming two separate abilities

− computing the maximum change in likelihood

− performing the significant testing

• Rooms for improvement

− relying solely on the dichotomous item response data

− reliance on the permutation test: computationally cumbersome 

(sample size & test length)

1. using continuous response time data

2. establishing generally applicable cutoffs

3. identifying factors that influence the estimation of change point
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difficulty b

discrimination a ability θ

Two CPA test statistics:

1. the Likelihood Ratio Test

2. the Wald Test
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the first k items the remaining items

− the test statistic

the change should be in a certain direction:
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− construct the null distribution

if it is significantly larger than 0

✓ challenge: no closed form distribution

✓ solution: ?

Asymptotic critical values for sup Wald, LM, and LR tests for 

parameters instability (Donald & Andrews, 2003)

1. the asymptotic critical values

if the change point does not appear 

too early or too late 

feel time pressure toward 

the end of the test

Andrews (1993) and Sinharay (2016) 
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− construct the null distribution

if it is significantly larger than 0

✓ challenge: no closed form distribution

✓ solution: Monte Carlo simulations

simulating data with no change point to derive the null distribution

critical value

1. generate 9,999 values under the null condition

2. take the 1,000th, 500th, and 100th largest values 

3. 10%, 5%, and 1% of nominal type-I error level for a one-sided test
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• CPA for item response time data: the Wald test
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− whether the working speed remains unchanged:

From UCLA, Statistical Methods and Data Analytics

k

− the test statistic

− the critical values: MC simulations

MLE based on 

items from 1 to J

J
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− the power (TRUE: speeded → speeded)

− false positive rate/type-I error (TRUE: non-speeded → speeded)

• Response time model:

− regular patterns: the log-normal model

− speeded patterns: a gradual change model

Goegebeur et al. (2008): 
the stage of the test at which examinee i starts to speed

e.g., ηi = .8 → the last 20% of the test 

regulate how fast Pij* drops 

• Purpose:  generate the null distribution & evaluate the proposed CPA method
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• Purpose:  generate the null distribution & evaluate the proposed CPA method
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− the power (TRUE: speeded → speeded)

− false positive rate/type-I error (TRUE: non-speeded → speeded)

• Response time model:

− regular patterns: the log-normal model

− speeded patterns: a gradual change model

Goegebeur et al. (2008): 

when the test does not reach the speeded stage: 1 (2PLM)

when the test reaches the speeded stage: 
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− the power (TRUE: speeded → speeded)

− false positive rate/type-I error (TRUE: non-speeded → speeded)

• Response time model:

− regular patterns: the log-normal model

− speeded patterns: a gradual change model

Goegebeur et al. (2008): 

Similarly: 

✓ be more realistic & allow to 

evaluate the robustness

✓ regulate the change point

✓ keep parallel to Shao et al. (2016)

• Purpose:  generate the null distribution & evaluate the proposed CPA method
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− test length: 40, 60, and 80 items

− time limit:   60, 90, and 120 minutes, respectively

− sample size: N = 1,000

− the percentage of speeded test takers: 10%, 30%

− run out of time: unreached (response time = 0)

(the test taker would be labeled as ‘‘speeded’’)
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• Simulation Design
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− speeded parameters:

: beta distribution (median,                      and                                             )

the change point: 40 × 0.6 = 25

could occur anywhere could occur anywhere

evaluate the validity the asymptotic critical values (late or middle)
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− response time parameters:

− 𝜏~𝑁(0, 0.25)

− 𝛼~𝑈(1.75, 3.25)

− 𝛽: mean = 4, SD = 1/3, 𝜌𝛽𝑎 = 0.3, 𝜌𝛽𝑏 = 0.5

− response item parameters:

− 𝑎~𝑙𝑛𝑁(0, 0.5), 𝑏~𝑁(0, 1)

− random normal deviates were added to a linear combination of 𝑎 and 𝑏

to produce 𝜌𝛽𝑎 and 𝜌𝛽𝑏
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− response time parameters:

− 𝜏~𝑁(0, 0.25)

− 𝛼~𝑈(1.75, 3.25)

− 𝛽: mean = 4, SD = 1/3, 𝜌𝑎𝛽 = 0.3, 𝜌𝑏𝛽 = 0.5

− response item parameters:

− 𝑎~𝑙𝑛𝑁(0, 0.5), 𝑏~𝑁(0, 1)

− random normal deviates were added to a linear combination of 𝑎 and 𝑏

to produce 𝜌𝛽𝑎 and 𝜌𝛽𝑏

a total of 24 conditions = 3 (test length) * 2 (percentage) * 2 (𝜂𝑚𝑒𝑎𝑛) * 2 (𝜂𝑣𝑎𝑟𝑖𝑎𝑛𝑐𝑒)

each condition was replicated 50 times
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− simulating 10,000 no speeded response time patterns

→ 10,000 test statistics              and

→ choose the 500th (0.05), 100th (0.01), and 10th (0.001) largest values

→ each of the null condition was replicated 1,000 times

→ take the average as the empirical critical values
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− simulating 10,000 no speeded response time patterns

→ 10,000 test statistics              and

→ choose the 500th (0.05), 100th (0.01), and 10th (0.001) largest values

→ each of the null condition was replicated 1,000 times

→ take the average as the empirical critical values

almost identical 



Simulation Study

• Find the critical values

57
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• Find the critical values

58
restricted conditions:

1. long test length

2. change point should occur in the middle of the test
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1. select 𝛼0.05 = 8 and 𝛼0.01 = 11
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• Find the critical values
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1. select 𝛼0.05 = 8 and 𝛼0.01 = 11

2. also included 𝛼0.05 = 8.85
and 𝛼0.01 = 12.35
→ to compare with Andrews’ (1993)
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− examine the empirical power and false positive rate

− evaluate the performance of estimating the actual change point: the lag (≈ bias)

Zhang, 2014 APM
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− examine the empirical power and false positive rate

− evaluate the performance of estimating the actual change point: the lag (bias)

− the standard error (RMSE)

− the average of the absolute value: ALmean

− the absolute value of the lag divided by the test length: ALmean%

to make the results across different test lengths comparable
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• the application of the proposed CPA method

− 50,000 test takers on a 30-item multiple-choice computer-based assessment

− remove test retakers and those who finished the entire test within 5 minutes

− remove cases with response time of 0 on late items (conspicuous cases)

− around 46,000 test takers

(split into five samples each containing data from 9,200 students)

cross-validate the findings
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• the application of the proposed CPA method

− 50,000 test takers on a 30-item multiple-choice computer-based assessment

− remove test retakers and those who finished the entire test within 5 minutes

− remove cases with response time of 0 on late items (conspicuous cases)

− around 46,000 test takers

(split into five samples each containing data from 9,200 students)

cross-validate the findings

− fit the log-normal model

− obtain 𝛼𝑗 and 𝛽𝑗 (treated as known and unchanging when estimate 𝜏)

Shao et al. (2016)’s:        (100 permutation)
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• the computational gains (for each sample)

− using 100 random permutation: 5 hours

− using the simple cutoffs: less than 1 minute

maximum memory used around 400M 

hardware specification:

6 core, 2.90 GHz Intel Core i5-9400 processor, and 16.0 GB RAM
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• propose a CPA method to detect test speededness using response time

• success: show high power in detecting speeded examinees, even when simple 

and fixed critical values are used

• flexible:

1. can also be applied to other types of response time models

2. other types of aberrant responses (fatigue and inattentiveness)

3. the simple setting of critical values

4. tests with polytomous items, as well as mixed-format tests

5. be applicable to CAT or a multi-stage testing (stable with different lengths)
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• different assumptions:

• responses: speededness manifests itself in performance decline

• response times: speededness will manifest in faster responding

• (both should be considered & both are challenged)

• → the assumption will be valid in what context (e.g., high-stakes testing) and to 

what extent?

• → using the hierarchical model

• explore model-free quickest change detection methods

• pinpoint the cause of change point (e.g., time limit or low motivation)



Practical implications 78

• important quality control components

• understand the prevalence of speededness

•

•




