
Selected topics in psychometrics NMST570

Homework assignment
L5: Regression models for item description

Assignment date: 03.11.2020
Deadline: 16.11.2020 23:59
Slides: http://www.cs.cas.cz/martinkova/NMST570
Note: Send answers and R script to hladka@cs.cas.cz and martinkova@cs.cas.cz (in CC)

Include NMST570 in subject of your e-mails

Name:

Lecture presentation

Watch lecture presentation (online Zoom, or video shared on course webpage) and provide answer(s) to question(s)
posed in the presentation.

Reading with Perusall (alternative)

It is possible to skip up to 4 HW assignments and to provide satisfactory feedback (10 relevant annotations, each
may gain up to 1 point) to readings instead (Chapter 6 and relevant R code this week).

1 Reading with Perusall

Provide 1 annotation in Czech or in English to assigned reading (Chapter 6 and relevant R code this week) [1].

2 Interpretation of logistic regression models

Ex. 2.1 Logistic regression model for probability of correct answer on total scores X to given item is given by:

P(Y = 1|X, b0, b1) =
exp(b0 + b1X)

1 + exp(b0 + b1X)
. (1)

Consider parameters b0 = −5 and b1 = 0.5.

1. How do you interpret these parameters? [0.25]

2. Fill in the table below with probabilities of correct answer given by (1). [0.75]

Total score X 0 5 10 15 20

P(Y = 1|X, b0, b1)

3. Using table above, try to sketch curve for probability of correct answer (1) [0.5].

Ex. 2.2 Consider logistic regression model on standardized total scores Z, that is

P(Y = 1|Z, b̃0, b̃1) =
exp(b̃0 + b̃1Z)

1 + exp(b̃0 + b̃1Z)
. (2)
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1. What are the values of parameters b̃0 and b̃1 in model (2) when values of parameters b0 and b1 are given by
Exercise 1.1 and mean of total scores X is M = 10 and their standard deviation is SD = 3? Provide whole
calculation. [1]
HINT: Use Z = (X −M)/SD for arbitrary X and solve P(Y = 1|X, b0, b1) = P(Y = 1|Z, b̃0, b̃1)

2. Use calculated values of b̃0 and b̃1 and interpret them. [0.25]

Ex. 2.3 Consider logistic regression model on standardized total scores Z with IRT parameterization, that is

P(Y = 1|Z, a, b) =
exp(a(Z − b))

1 + exp(a(Z − b))
. (3)

1. What are the values of parameters a and b in model (3) when values of parameters b̃0 and b̃1 are given by
Exercise 2.2.1? Provide whole calculation. [0.75]

2. Use calculated values of a and b and interpret them. [0.25]

3 Extensions of logistic regression models

Ex. 3.1 Consider non-linear extension of logistic regression model on Z-scores with IRT parameterization, that
is

P(Y = 1|Z, a, b, c, d) = c + (d− c)
exp(a(Z − b))

1 + exp(a(Z − b))
, (4)

with parameters a = 1.5, b = 0, c = 0.3, and d = 0.9.

1. How do you interpret parameters c and d? [0.25]

2. Sketch curve for probability of correct answer and show how it is related to parameters c and d. Describe
how is now defined parameter b compare to the case when c = 0 and d = 1. [0.75]

Ex. 3.2 Consider multinomial model, that is

P(Y = k|Z, ak, bk) =
exp(ak(Z − bk))∑K
j=1 exp(aj(Z − bj))

, k = 0, 1, 2, (5)

where a0 = 0, b0 = 0, a1 = 1.5, b1 = −0.6, a2 = 2 and b2 = 0.

1. Fill table below with probabilities of k = 0, k = 1 and k = 2 for different levels of Z. [1.5]

Z -1.8 -0.6 0 0.6 1.8

P(Y = 0)

P(Y = 1)

P(Y = 2)
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2. Using table above, sketch curves for probabilities of k = 0, k = 1, and k = 2 in one plot. For what levels of
Z do the curves cross? [0.75]

4 ShinyItemAnalysis

Ex. 4.1 Run ShinyItemAnalysis (online or locally) and change data to binary dataset HCI.

1. Fit various logistic regression models (Logistic IRT Z, Logistic 3P IRT Z and Logistic 4P IRT Z) for item 4.
Which model does fit the best using AIC/BIC? Interpret parameter estimates for the best model and briefly
comment. (Regression/Model Comparison) [0.5]

2. Fit various logistic regression models (Logistic IRT Z, Logistic 3P IRT Z and Logistic 4P IRT Z) for item 19.
Which model does fit the best using AIC/BIC? Interpret parameter estimates for the best model and briefly
comment. [0.5]

Ex. 4.2 Run ShinyItemAnalysis (online or locally) and change data to ordinal dataset Science. Read its brief
description in Data tab.

1. Which ordinal regression model is more suitable for the data and why? [0.5]

2. Choose one item, fit the ordinal model you think is more suitable (based on previous answer) with IRT
parametrization and Z-scores. Write down the item parameter estimates and briefly interpret them. [0.5]

5 Provide feedback

Here you can provide feedback on lecture, lab session and/or materials (slides, video presentation, HW assignment,
ShinyItemAnalysis application, etc.) [1pt bonus] :)
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