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Respondents are required to rank the choice options

(4-Alternative) Forced-Choice
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Forced-Choice (FC) scaleIntroduction

depressed

active

Q. Order the following words 

in the sequence that best describes you.

rational

honest

4

2

3

1

depressed

active

Q. To what extent do you agree with the 

following words about yourself?

rational

honest

Disagree Agree

Single-Stimulus (SS); Likert Scale

... is designed to reduce 

systematic response biases

... is frequently contaminated by 

systematic response biases
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One of the most common models for the FC scale.

▌Consider a pair of statements 𝑗, 𝑘 that reflect different factors (𝑎, 𝑏)

𝑥𝑗𝑘 = 𝑢𝑗 − 𝑢𝑘 𝑥𝑗𝑘 = 1 if 𝑢𝑗 > 𝑢𝑘

▌The latent preference for one statement 𝑗 is given as: 

𝑢𝑗 = 𝜇𝑗 + 𝛽𝑗𝜂𝑎 + 𝜀𝑗 𝜀𝑗 ∼ 𝑁 0,Ψ𝑗
2

▌The probability 𝑃 𝑥𝑗𝑘 = 1 𝛈 is:

𝑃 𝑥𝑗𝑘 = 1 𝛈 = Φ
𝜇𝑗 − 𝜇𝑘 + 𝛽𝑗𝜂𝑎 − 𝛽𝑘𝜂𝑏

Ψ𝑗
2 +Ψ𝑘

2

         

      

        

      

𝜇: mean utility of the statement

𝛽 : factor loading

𝜂 : factor score (trait)
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Thurstonian IRT model (TIRT; Brown et al., 2011)lntroduction

ex) Which one ...?

extraversion (𝑎)𝑗

𝑘

statement

neuroticism (𝑏)
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▌The utility of each choice option (𝑢𝑗) should be invariant. 
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Important assumptionIntroduction

depressed

active

rational

honest

Statement Block A

careful

active

patient

emotional

Statement Block B

𝑢𝑗 = 𝜇𝑗 + 𝛽𝑗𝜂𝑎 + 𝜀𝑗
𝜀𝑗 ∼ 𝑁 0,Ψ𝑗

2

Statement parameters (𝜇𝑗 , 𝛽𝑗 , Ψ𝑗
2) or 

(at least) utility (𝑢𝑗) 

should be the same 

regardless of other statements 

in the same block.

We want to assume there is no context effect.



▌ If context effect does not exist…

• We can reduce the number of parameters by using the same statement.

→ stabilize the result and enable efficient calculation

• We can make adaptive measurements in the most adaptive way.
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Objective of the studyIntroduction

We examined the existence of the context effect.

depressed

active

rational

honest

depressed

active

rational

honest

careful

patient

emotional

annoying

serios

rude

tender

versatile

wise

We can make the best block

from all possible combinations



▌ If context effect cannot be ignored…

• The interpretation of statement parameters becomes difficult.

→𝜇𝑗 , 𝛽𝑗 , Ψ𝑗
2 are estimates under the specific set of statements

• The adaptivity is not the best way.
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Objective of the studyIntroduction

We examined the existence of the context effect.

depressed

active

rational

honest

depressed

active

rational

honest

rude

active

wise

serious

depressed

careful

tender

patient

We have to select the best block

from pre-combined candidates



Methods
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Am the life of the party.
①

Am not interested in other people's problems.②

Get upset easily.③

Have excellent ideas.
④

Statements

Participants 484 Japanese (184 Males; 296 Females; 4 Unanswered)

→ Collected via crowdsourcing platform → answered online 

Mini-IPIP Scale (Donnellan, 2006) Big-Five factors; 20 sentences

BIDR-J (Tani, 2008) Social desirability; 4 statements
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DataMethods

(example)

1 2 3 4

July 16, 2024

6 factors, 

24 statements



▌Each of the 24 statements is placed in three blocks.
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Specific manipulation in the DataMethods

Am the life of the party.
①

Am not interested in 
other people's problems.

②

Get upset easily.
③

Have excellent ideas.
④

Feel others' emotions.
②

Have frequent mood 
swings.

③

Never swear.
④

Am not really 
interested in others.

②

Get chores done 
right away.

③

Do not have a good 

imagination.

④

Am the life of the party.
①

Am the life of the party.
①

Statement Block A Statement Block B Statement Block C



▌We compared the results obtained from the following two models.
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1st strategy to investigate the Research Question Methods

Am the life of the party.
①

Statement Block A Statement Block B Statement Block C

Am the life of the party.
①

Am the life of the party.
①

𝑢𝑗(𝐴) = 𝜇𝑗 𝐴 + 𝛽𝑗(𝐴)𝜂𝑎 + 𝜀𝑗
𝜀𝑗 ∼ 𝑁 0,Ψ𝑗 𝐴

2

𝑢𝑗 = 𝜇𝑗 + 𝛽𝑗𝜂𝑎 + 𝜀𝑗
𝜀𝑗 ∼ 𝑁 0,Ψ𝑗

2

[Variable model] statement parameters are different in different blocks (i.e., assumes context effect) 

𝑢𝑗(𝐵) = 𝜇𝑗 𝐵 + 𝛽𝑗(𝐵)𝜂𝑎 + 𝜀𝑗
𝜀𝑗 ∼ 𝑁 0,Ψ𝑗 𝐵

2

𝑢𝑗(𝐶) = 𝜇𝑗 𝐶 + 𝛽𝑗(𝐶)𝜂𝑎 + 𝜀𝑗
𝜀𝑗 ∼ 𝑁 0,Ψ𝑗 𝐶

2

[Invariable model] statement parameters are the same (i.e., assumes no context effect) 

𝑢𝑗 = 𝜇𝑗 + 𝛽𝑗𝜂𝑎 + 𝜀𝑗
𝜀𝑗 ∼ 𝑁 0,Ψ𝑗

2

𝑢𝑗 = 𝜇𝑗 + 𝛽𝑗𝜂𝑎 + 𝜀𝑗
𝜀𝑗 ∼ 𝑁 0,Ψ𝑗

2



▌We directly compared the parameter estimates.
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2nd strategy to investigate the Research Question Methods

Am the life of the party.
①

Statement Block A Statement Block B Statement Block C

Am the life of the party.
①

Am the life of the party.
①

𝑢𝑗(𝐴) = 𝜇𝑗 𝐴 + 𝛽𝑗(𝐴)𝜂𝑎 + 𝜀𝑗
𝜀𝑗 ∼ 𝑁 0,Ψ𝑗 𝐴

2

[Variable model] statement parameters are different in different blocks (i.e., assumes context effect) 

𝑢𝑗(𝐵) = 𝜇𝑗 𝐵 + 𝛽𝑗(𝐵)𝜂𝑎 + 𝜀𝑗
𝜀𝑗 ∼ 𝑁 0,Ψ𝑗 𝐵

2

𝑢𝑗(𝐶) = 𝜇𝑗 𝐶 + 𝛽𝑗(𝐶)𝜂𝑎 + 𝜀𝑗
𝜀𝑗 ∼ 𝑁 0,Ψ𝑗 𝐶

2

[If context effect exists…]

𝜇𝑗 𝐴 ≠ 𝜇𝑗 𝐵 ≠ 𝜇𝑗 𝐶

𝑢𝑗(𝐴) ≠ 𝑢𝑗 𝐵 ≠ 𝑢𝑗(𝐶)

[If context effect does not exist…]

𝜇𝑗 𝐴 = 𝜇𝑗 𝐵 = 𝜇𝑗 𝐶

𝑢𝑗(𝐴) = 𝑢𝑗(𝐵) = 𝑢𝑗(𝐶)



▌Statement parameters are relative in the block.
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A problemMethods

Am the life of the party.
①

Am not interested in 
other people's problems.

②

Get upset easily.
③

Have excellent ideas.
④

Statement Block A The following constraints are 

usually imposed in the TIRT model:

• The sum of 𝜇𝑗 is set to 0.

(or directly estimate 𝛾𝑗𝑘 = 𝜇𝑗 − 𝜇𝑘)

• One of Ψ𝑗
2s is set to 1.

𝑢1 = 𝜇1 + 𝛽1𝜂𝑎 + 𝜀1
𝜀1 ∼ 𝑁 0,Ψ1

2

𝑢2 = 𝜇2 + 𝛽2𝜂𝑎 + 𝜀2
𝜀2 ∼ 𝑁 0,Ψ2

2

𝑢3 = 𝜇3 + 𝛽3𝜂𝑎 + 𝜀3
𝜀3 ∼ 𝑁 0,Ψ3

2

𝑢4 = 𝜇4 + 𝛽4𝜂𝑎 + 𝜀4
𝜀4 ∼ 𝑁 0,Ψ4

2

Parameter estimates obtained 

from different blocks 

cannot be compared.



▌Parameters of only one statement are assumed to be variable.
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A solution to the problemMethods

Am the life of the party.
①

Am not interested in 
other people's problems.

②

Get upset easily.
③

Have excellent ideas.
④

Statement Block A

Other statements 

(assumed to be invariable) act as 

the anchors between blocks.

𝑢1(𝐴) = 𝜇1(𝐴) + 𝛽1(𝐴)𝜂𝑎 + 𝜀1
𝜀1 ∼ 𝑁 0,Ψ1 𝐴

2

𝑢2 = 𝜇2 + 𝛽2𝜂𝑎 + 𝜀2
𝜀2 ∼ 𝑁 0,Ψ2

2

𝑢3 = 𝜇3 + 𝛽3𝜂𝑎 + 𝜀3
𝜀3 ∼ 𝑁 0,Ψ3

2

𝑢4 = 𝜇4 + 𝛽4𝜂𝑎 + 𝜀4
𝜀4 ∼ 𝑁 0,Ψ4

2

Parameters of [Variable] 

statement 

can be compared.

[In
v
a
ria

b
le

]

[Variable]

[Partially Variable model]



* Parameters were estimated via MCMC (cmdstanr).

▌We checked the following measures.

[Strategy 1: Between variable and invariable models]

1. Correlation of trait scores (𝛈)

2. Bayes factor 

3. An information criterion (WAIC)

[Strategy 2: Directly compare the parameter estimates of the same statement]

4. 95% credible interval (HDI) of the difference of the estimates (e.g., 𝜇𝑗(𝐴) − 𝜇𝑗(𝐵))

5. Overlap ratio of posterior distributions of utilities (𝑃(𝑢𝑗 ⋅ |𝑿))
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Several measuresMethods



Results
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▌The correlations between the two models are at least 0.997.
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Result 1: Correlation of trait scores (𝛈)Results

Intertrait correlations within the invariable model

Intertrait correlations within 

the variable model

* The maximum absolute difference

in the intertrait correlations was 0.027



▌ [WAIC] The variable model performs slightly better than the invariable model.

▌ [Bayes factor] The invariable model was strongly supported than the variable model.
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Result 2, 3: Bayes factor and WAICResults

the difference was about 1/10 of SE



▌ Most of the difference parameters contained 0 in the 95% HDI.
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Result 4: 95% HDI of the differenceResults

diff 𝜇𝑗 𝐵 = 𝜇𝑗 𝐵 − 𝜇𝑗 𝐴

diff 𝜇𝑗 𝐶 = 𝜇𝑗 𝐶 − 𝜇𝑗 𝐴

𝛽𝑗 : 4 /48

𝜇𝑗: 0 /48
Ψ𝑗 : 6 /48

* We obtained two difference parameters 

on each statement.

2 × 24 = 48 parameters



▌ The overall mean OR was 0.836.

Only 0.413% showed smaller than 0.5.
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Result 5: Overlap rate of the utility 𝑃(𝑢𝑗 ⋅ |𝒀)Results

minimum overlap maximum overlap

OR is calculated on every combination of 

respondent (484) x statement (24)

→ Total number of OR was 11,616.

Closest to the 

overall mean OR



Summary and Discussion
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▌We can conclude the context effect was negligibly small.

▌It is also true there does exist context effect to some extent.

[Future work]

Examine the context effect with different traits

Examine the other effects (e.g., order, situation, response format…) 
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Results and future workDiscussion

Measure Result at a glance

1 Trait correlation Both models can obtain the almost same scores.

2 Bayes factor The variable model was favored but the difference was small.

3 WAIC The invariable model overwhelmed the variable model.

4 95% HDI of difference There was little evidence of the existence of the effect.

5 Overlap rate of utility The bulk of the utility distribution overlapped on average.
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