
Principles of Measurement - Final Exam

December 11, 2020

Instructions
• The exam should be completed individually.

• Write your answers in a word processor. For all tasks, the answers
provided should not rely on attached R scripts but should be stand-
alone answers. For Task 3, you must attach the R script used.

• The deadline for handing in the exam is December 18, 15.00. The exam
answers must be handed in through the Inspera system. You are asked
to submit each of the Tasks 1, 2 and 3 separately, and also submit the
R script for Task 3.

• Make sure that the submitted files do not contain information that
identifies you. The grading is anonymized.

• The exam answers will be subject to a check for plagiarism against an
established database and against the exam answers of others.

Task 1 (10 points)
Choose two of the tasks 1a, 1b, 1c and 1d, and answer the chosen tasks.
The word limit for each of the two tasks is 300 words (maximum 600 words
in total).
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Task 1a

A research team was interested in measuring the relationship between math-
ematics and reading literacy and constructed tests to measure each. Prior
research established that the reliability of the mathematics test scores was
0.74 and the reliability of the reading literacy test scores was 0.68. Data were
collected from 2000 students from the same population as for the prior study
and the following sample covariance matrix was observed

Σ̂Math,Read =

(
12.23 6.92
6.92 10.04

)
.

Based on the sample covariance matrix and other information provided above,
characterize the relationship between mathematics and reading literacy. Jus-
tify your answer and list the assumptions made.

Task 1b

The reliability of the sum score of a test was estimated to be 0.85 with sample
variance of the sum scores equal to 16. An individual answered the test items
and obtained a sum score of 20. Estimate a 95% confidence interval for the
true score of this individual. In the response, clearly outline the steps taken
and the assumptions made in the process. Give an interpretation of the
obtained confidence interval.

Task 1c

Data from two test forms X and Y , with 20 items each, were obtained from
a single group equating design. Prior research suggests that a single factor
model is appropriate for these tests. The sample covariance matrix for the
scores on the test was

Σ̂X,Y =

(
8 7
7 10

)
,

the estimated means were µ̂X = 12.3 and µ̂Y = 14.5 and the estimated sums
of the item variances were 1.5 and 2.6 for test form X and test form Y ,
respectively.
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Task 1c i)

Compute the linear equating function and provide the equated value for test
Y for a person receiving a score of 12 on test X.

Task 1c ii)

Evaluate the suitability of linear equating in terms of the different equating
criteria: equal reliability, equating symmetry, equity, and population invari-
ance. If there is no information about a particular criterion, state this in
your response.

Task 1d

Two single factor models for four Likert-scale items from an attitude scale
were estimated with a sample covariance matrix and the results can be seen
in Tables 1-2.

Table 1: Model 1.
Factor loading Error variance

Item 1 0.791 0.881
Item 2 0.791 0.805
Item 3 0.791 1.150
Item 4 0.791 0.545

Table 2: Model 2.
Factor loading Error variance

Item 1 0.541 0.939
Item 2 0.848 0.766
Item 3 0.937 1.039
Item 4 0.849 0.517

Model 1 gave GFI = 0.956, RMSEA = 0.122, SRMR = 0.116 and BIC =
6016.869 while model 2 gave GFI = 0.992, RMSEA = 0.078, SRMR = 0.024
and BIC = 6001.203.
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Task 1d i)

Apply a model selection method and choose one of the models. Describe
the model selection procedure. Comment on the suitability of the usage of
the model chosen by referring to model fit statistics. Report the estimated
coefficient omega from the chosen model and state the interpretation of the
estimated coefficient omega.

Task 1d ii)

In a previous study with the same scale and a sample from the same popula-
tion, coefficient alpha was reported as a measure of the reliability. Comment
on the appropriateness of this considering the results obtained in this study.

Task 2 (15 points)
Choose one of the tasks listed below and answer the question associated with
each scenario. The word limit for the task is 900 words.

Task 2a

You have been asked to assist a group of mathematics teachers to identify
high-performing students for accelerated mathematics teaching. Describe a
suitable process for identifying high-performing students. Your answer must
outline the method used to identify the students as well as a description of
a standard setting procedure suitable to identify a cut-score for the method
proposed.

Task 2b

A standardized exam will be used as a selection device for university. The
exam has been designed to measure aptitude for university studies. You have
been tasked to plan a study that evaluates the predictive evidence of validity
for using the exam as a selection-tool for admission into higher education.
The predictive evidence is based on a measure of the proportion of credits
completed on time at university. In addition to the scores on the entrance
exam and the proportion of credits completed on time, you also have the
variables high school grade and basic demographic information available.
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Describe the methods you would employ for the purpose of evaluating the
validity of the proposed test score use. Also define the outcomes that you
would consider as displaying validity of the university entrance exam, in
relation to the use of the exam scores for university admissions. Furthermore,
discuss the potential consequences of the proposed test score use. In your
answer, refer to the Standards for Educational and Psychological Testing
when relevant.

Task 2c

A city wishes to assess the performance of the primary schools under their
jurisdiction and they plan to use test results from the national testing system
to do so. There are three tests, all administered in the last year of primary
school, covering one domain each: mathematics, reading and science. The
tests have been shown to be of high quality from previous research. The
student test scores will be used to inform resource-allocation, where schools
will be granted resources based on their performances on these tests. The
better a school performs, the more resources it will be granted. It is hoped
that this will encourage lower-performing schools to improve their teaching
quality.

i) Discuss the suitability of using the three tests to evaluate the perfor-
mance of the schools being assessed. In your answer, pay close attention
to the context of the test administration.

ii) Discuss possible unintended consequences of using the tests in the way
that is intended.

In your answers to i) and ii), refer to the relevant parts of the Standards for
Educational and Psychological Testing.

Task 2d

A scale is being developed to measure panic disorder with the intended pur-
pose to utilize the scale scores to identify individuals who have panic disor-
der. The scale consists of Likert items. According to the underlying theory
of panic disorder, it is a unidimensional attribute. The theory also states
that panic disorder is distinct from depression and is expected to have dif-
ferences in severity based on gender. Under these conditions, describe what
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evidence sources you want to consider in order to evaluate the validity of the
scale scores for their intended purpose and describe the data you would like
to analyze in doing so. Outline what results you would consider as evidence
supporting the validity of using the scale scores to identify individuals who
have panic disorder.

Task 3 (25 points)
Oslo municipality in Norway wants to evaluate the learning environment of
natural science taught in its high schools and is considering using the sum
scores from Likert scale item scores based on the scale presented in Figure 1
for this purpose. The scale is planned to be administered to the students
taking science classes and the responses will be anonymous. The scale was
translated to Norwegian and data from the scale have been collected from
a random sample of 1000 Norwegian 16-year olds. The sample covariance
matrix from these data is provided to you An R data file has been prepared
that you can download through Inspera, containing objects named dat01,
dat02 etc. You should use the object with the name that matches the last
two digits of your Inspera candidate number.

Based on the above scenario, answer the following tasks. For the analysis
of the data, you should use R and we recommend estimating factor models
with the package lavaan. If you rely on other packages, you need to be sure
of what these packages do. In total, the answer to the task should not exceed
1500 words (not including the R script).

a) (5 points)

Consider the scale questions and the intended use of the scale scores to eval-
uate the natural science learning environment in Oslo high schools. Outline
the validity evidence for and against the intended scale score use based on
test content.

b) (10 points)

This question should involve analysis of the data provided to you. Estimate
a single factor model with the R package lavaan using all items and perform a
model fit evaluation. Comment on the overall model fit and identify if there
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Figure 1: The scale under consideration.
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ST098 

 

When learning <school science> topics at school, how 
often do the following activities occur? 

 (Please select one response in each row.) 

  In all 
lessons 

In most 
lessons 

In some 
lessons 

Never or 
hardly 
ever 

ST098Q01TA 

Students are given 
opportunities to explain their 
ideas. 

1 2 3 4 

ST098Q02TA 

Students spend time in the 
laboratory doing practical 
experiments. 

1 2 3 4 

ST098Q03NA 
Students are required to argue 
about science questions. 1 2 3 4 

ST098Q05TA 

Students are asked to draw 
conclusions from an 
experiment they have 
conducted. 

1 2 3 4 

ST098Q06TA 

The teacher explains how a 
<school science> idea can be 
applied to a number of 
different phenomena (e.g. the 
movement of objects, 
substances with similar 
properties). 

1 2 3 4 

ST098Q07TA 
Students are allowed to design 
their own experiments. 1 2 3 4 

ST098Q08NA 
There is a class debate about 
investigations. 1 2 3 4 

ST098Q09TA 

The teacher clearly explains 
the relevance of <broad 
science> concepts to our lives. 

1 2 3 4 

ST098Q10NA 
Students are asked to do an 
investigation to test ideas. 1 2 3 4 
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are any items that should be considered for additional investigation based on
the model evaluation, including an analysis of the residuals. Summarize the
validity evidence based on internal structure for and against the use of
the sum scores from the nine-item scale to evaluate the learning environment
of natural science in Oslo high schools.

c) (2 points)

Discuss potential consequences (as outlined in the Standards for Educational
and Psychological Testing) of the test score usage.

d) (8 points)

This question should involve analysis of the data provided to you. The
developers are considering to shorten the scale to five items instead of nine.
Construct a five-item version of the scale and describe the steps taken. Make
sure to motivate the choices you did when shortening the scale. Estimate the
reliability of the sum scores from the five-item scale and the nine-item scale
using an approach that you deem suitable. Motivate the approach used.
Discuss the implications of shortening the scale to five items both from a
quantitative analysis and from a qualitative analysis.
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