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Outline

• What self-report data are used for

• Reference groups and other challenges

• A case for more rigorous survey design principles
• Question design, selection, interpretation
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Good questionnaire design may be an 
art, but it’s definitely a science.

P.S. Thinking that good art does not require skill and 
discipline is an insult to the artist.
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What self-
reports are used 
for

4

?

Demographic 
Information

Other 
factual/objective 

information

Attitudes and 
Beliefs

What is your gender?

How old are you?

What is your race/ethnicity?

What’s your income?
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What self-
reports are used 
for
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?

Demographic 
Information

Other 
factual/objective 

information

Attitudes and 
Beliefs

Did you have breakfast today?

Last week, how many days did you 

exercise?

Last year, how many times did you 

exercise in a typical week?

This school year, how often did your

math teacher ask you to solve 

mathematics problems without 

computing anything?
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What self-
reports are used 
for
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?

Demographic 
Information

Other 
factual/objective 

information

Attitudes and 
Beliefs

How much do you agree or disagree with the 

statement “I finish whatever I begin.”?

On a scale from 1-10, how satisfied are you with 

your life these days?

How much do you think people than change

whether they are good in math?
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What the general public sees

7 Source: https://www.oecd.org/pisa/combined_infographics_PISA2018.pdf
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https://www.nationsreportcard.gov/sq_students_views_2015/

What the general public sees (Cont’d)

Each bubble represents 

a group of students
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https://www.oecd-ilibrary.org/docserver/b5fd1b8f-en.pdf?expires=1582566268&id=id&accname=guest&checksum=51CE9BA08B4859B8080716B2142F554C/

Each diamond is 

a country

What the general public sees (Cont’d)
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Self-report 
Surveys and 
Social and 
Emotional Skills
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?

Demographic 
Information

Other 
factual/objective 

information

Attitudes and 
Beliefs

How is the person thinking about themselves?

What attitudes does the person have?

What behaviors is the person engaging in?

What skills is the person demonstrating?
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PISA 2022
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Social and 
Emotional 

Skills

Perseverance

Self Control

Stress 
Resistance

Emotional 
Control

EmpathyTrust

Cooperation

Curiosity

Assertiveness
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Reference groups and other 
challenges

12

The indicator works 
differently across individuals 

from different groups

The indicator is not valid

The indicator is not reliable
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It all starts with the item – There are 
many ways to end up with bad data

14

Can respondents accurately 

calibrate their answer?

Do respondents have necessary 

level of self-awareness? 

Can respondents remember?

Are respondents willing to 

disclose accurate information?

Do all respondents understand 
the question in the same way?

Demographics
Factual Information/

behavioral reports Attitudes/Beliefs

 













(These don’t include issues with the administration of your instrument)
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Respondent Behaviors that can 
cause bias

• Acquiescence – General tendency to agree with 
statements

• Extreme Response – General tendency to pick extreme 
response options

• Midpoint Response – General tendency to choose the
middle

• Patterns of disengaged responding, e.g. straightlining

• Reference group – Tendency to calibrate one’s answer 
relative to a reference group
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Acquiescence

16












J. Bertling, 10/14/2022



Extreme Responding
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Reference Group Bias

18









 

Not really, but 

more than Peter. Yeah, but not as 

much as David.

Most of the time, but 

compared to everyone 

else, not really

Rarely, but I think more 

often than others
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Differential Item Functioning

• An item shows DIF is the probability of a certain response is 
(partially) dependent on a person variable that is not 
theoretically related to the construct that is being measured.

• DIF is an unexpected difference in item difficulty between 
groups due to something other than the construct of interest

• DIF is a systematic effect, not just additional random 
(measurement) error

• DIF has impact on validity: A test score is not messaging the 
same thing across groups
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Thoughtful principled survey 
design can minimize impact of 
these issues. 
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Survey Questionnaires Development 
Phases in Large-Scale Assessments

21

Framework
Question 

Writing
Pre-Testing

Question 

revisions

Pilot 

Testing

Question 

Selection

Operationa

l Testing
Reporting

J. Bertling, 10/14/2022



Basics of Measurement Theory

• “Classical Test Theory” describes the effects of 
measurement error on test scores
• Error = not a mistake, but inconsistencies caused by random 

influences on test scores

• Item Response Theory models the probability of a correct 
response to an item (or agreement with a statement), 
conditional on the level of the construct measured (latent 
trait, theta)
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X=T+E

• “observed” scores X: values assigned on the basis of
measurement instrument used

• True score T: hypothetical entity the respondent would 
obtain if measurements were free of all error

• Error E: assumed to be random
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Item Characteristic Curves

• How many response categories do your questions have?

• Can you reasonably make the assumption that every item 
in the test is equally indicative of the latent trait you are 
measuring?

• How likely is guessing to be a problem on your test?

10/18/2022 24

1PL

2PL

3PL

PCM
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Reliability and Validity in Everyday 
language

• Reliability: “You should get a similar score if you repeat the 
measurement”

• How accurately are we measuring WHATEVER we measure

• Validity: “A test is valid if it measures what it is supposed to 
measure”

• Do we measure the right thing?
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“The Standards”

• “Validity refers to the degree to which 
evidence and theory support the 
interpretations of test scores for proposed 
uses of tests.”

• “The process of validation involves 
accumulating relevant evidence to 
provide a sound scientific basis for the 
proposed score interpretations.”

• “It is the interpretations of test scores for 
proposed uses that are evaluated, not the 
test itself.”

• “Statements about validity should refer to 
particular interpretations for specified 
uses. It is incorrect to use the unqualified 
phrase ‘the validity of the test.’”
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Validity or Reliability?

• Zumbo and Chan (2014): psychological scientists tend to 
report relatively little validity evidence and focus much 
more on other psychometric properties, most importantly 
reliability. 

• Simplest explanation: providing reliability evidence is 
relatively easy, whereas providing validity evidence is very 
hard.
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Common methods to assess 
Reliability
• Internal consistency (Cronbach’s Alpha): average correlation between all 

items of the test

• Split-half (coefficient of stability): correlation between two “halfs” of the 
test 

• Test-retest (coefficient of stability): correlation between scores on the 
same test collected at two different times 

• Standard Error of Measurement: Standard deviation of an individual’s 
observed scores around their true score: derived as total score standard 
deviation * Square root of (1 minus reliability coefficient)

• Information functions: In IRT reliability is estimated with regard to the 
latent trait, not the observed test score. IRT allows for the estimation of 
different reliabilities for different test scores
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Item Information Function

• Test information function indicates 
the precision of the theta estimates

• Test information = sum of item 
information functions

• Standard error of the estimate = 
inverse of the square root of the test 
information function:
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Kinds of Validity Evidence

31

“the Standards”

1. Test content

2. Response processes

3. Internal structure

4. Relationships with other 
variables

5. Consequences of testing
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Big Five 
Personality 
Assessment
• Based on BFI-44

32

https://fetzer.org/sites/default/files/images/stories/pdf/selfmeasures/Personality-BigFiveInventory.pdf
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Nomological Nets
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Perseverance

Behavior 1 Behavior 2 Behavior 3 Behavior 4
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How many factors?

• Some key questions to guide you in interpreting a scree 
plot
• Is there a clear “elbow”?

• How may components have eigenvalues “above the elbow”?

• How many components have eigenvalues above 1?

• How many components have eigenvalues above the dotted line?
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What are 
the factors?
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Interpreting factor loadings

• Does the item have a loading on any factor 
that is >|.2|?

• Does the item have loadings >|.2| on more 
than one factor? 

• Are items for the same theoretical constructs 
loading on the same factor?

• Is there a substantive possible explanation 
for cross-loadings?

• Is there a substantive possible explanation 
for additional factors (beyond those 
expected based on theory)?
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1 2 3 4 5

bfi31 0.428 -0.301

bfi41 0.207 -0.404 -0.235

bfi12 -0.391 0.221

bfi19 0.355 -0.313 0.260

bfi30 0.357 0.265

bfi36 0.543 0.272

bfi2 -0.314 0.282

bfi13 0.493 0.287

bfi37 -0.460 0.296

bfi22 0.256 0.304

bfi27 -0.234 0.277 0.385

bfi32 -0.223 0.458

bfi42 0.255 0.462

bfi7 0.483

bfi17 0.490

bfi8 0.495 -0.203 -0.266

bfi34 0.634 -0.246

bfi6 -0.283 0.392 -0.237

bfi18 0.667 -0.231

bfi16 0.237 0.219

bfi25 0.262 0.450

bfi44 0.455

bfi40 -0.214 0.456

bfi20 0.520

bfi5 0.237 0.528

bfi15 -0.217 0.548

bfi4 -0.714

bfi29 0.338 -0.592

bfi21 0.605 0.369

bfi11 0.321 0.473

The Big Five 

Inventory

0.277 0.536

Pattern Matrix
a

Factor

J. Bertling, 10/14/2022



It all starts with the individual 
item.
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Short Grit 
Scale

• Source:

39

“Duckworth, Peterson, Matthews, and Kelly (2007) introduced the construct of grit, defined as trait-

level perseverance and passion for long-term goals.” (p. 166)
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Conscientiousness 
via BFI-10
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Conscientiousness 
via BFI-44

41

Source: https://fetzer.org/sites/default/files/images/stories/pdf/selfmeasures/Personality-BigFiveInventory.pdf
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Survey Questionnaires Development 
Phases in Large-Scale Assessments

42

Framework
Question 

Writing
Pre-Testing

Question 

revisions

Pilot 

Testing

Question 

Selection

Operationa

l Testing
Reporting

1. How many questions will you need for one topic? 

2. How can you choose the most appropriate response options?

3. Which item format works best? 
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How many questions will 
you need for one topic?

43
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How many questions you will need 
depends on the type of topic you are 
targeting.
Observable  

• How many computers with 
internet access are available 
in school X?

Not directly observable
• How perseverant is student X?

• What is student X’s socio-
economic status?

For example: 

• Student finishes tasks she starts.

• Student does not give up after making 

mistakes.

• Student applies more effort when tasks 

become difficult.

• …

Statistical aggregation in to an 

“index” for reporting

“Reflective” 

construct

“Formative” 

construct
J. Bertling, 10/14/2022



If you aim to measure a construct, 
develop multiple questions.

• Too few questions lead to:
• Low reliability
• Poor construct representation

• Build in a “buffer” for question 
selection after pre-testing and 
piloting
• Rule of thumb: Start with twice the 

number of questions that you 
would like to report on later

• Develop 10 questions if you aim to 
measure a construct with a 5-item 
index 

45

        

  # Items Mean SD 

BELONG 

3 0.559 0.070 

4 0.634 0.058 

5 0.687 0.050 

COGACT 

3 0.584 0.069 

4 0.655 0.060 

5 0.705 0.053 

MATHWKETH 

3 0.682 0.058 

4 0.744 0.047 

5 0.785 0.040 

MATHEFF 

3 0.627 0.067 

4 0.694 0.058 

5 0.742 0.050 

MATHBEH 

3 0.471 0.096 

4 0.540 0.094 

5 0.593 0.088 

FAMCON 

3 0.476 0.086 

4 0.549 0.078 

5 0.605 0.074 

    
 

From: Bertling & Weeks (2020)
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How can you choose the 
most appropriate 
response options?

46
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Don’t default to “agree-disagree” 
options.

The most commonly used response options in surveys are:

Strongly disagree / Disagree / (Neither agree nor disagree) / 
Agree / Strongly agree

47

What do you want to know?

Yes or 
no?

How 
often?

Absolute frequency

Relative frequency

How 
many?

Exact count

Approximate

How 
much?

X do you have in Y?

…do you like X?

…do you agree with X?
J. Bertling, 10/14/2022



• Think about which response options will provide you with 
the best data for your question of interest.

• Consider:
• Ease of responding

• Utility for reporting

Response options are essential part of 
the question, don’t make them an 
afterthought
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Which item format works 
best?

49
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Most commonly used item formats in 
survey questionnaires are “Discrete” 
and “Matrix” questions.

• We tested the impact of the item format in a NAEP special 
study.
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From: Almonte & Bertling (2018)

Findings from NAEP study with 4th graders:
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Does it matter where contextual cues 
are placed in survey questions? 

52

Version A: Stem-Context Version B: Item-Context

When you study geography, how much does 

each of the following statements describe a 

person like you?

How much does each of the following statements 

describe a person like you?

A I want other students to think I am a good 

student.

I want other students to think I am a good geography 

student.

B I want to show others that my schoolwork is easy 

for me.

I want to show others that my geography schoolwork is 

easy for me.

C I want to look smart in comparison to the other 

students in my class.

I want to look smart in comparison to the other 

students in my social studies or geography class.

D I want to get better grades than most other 

students in my class.

I want to get better geography grades than most other 

students in my class.
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Does it matter where contextual cues 
are placed in survey questions? 

53

Version A: Stem-Context Version B: Item-Context

When you study geography, how much does 

each of the following statements describe a 

person like you?

How much does each of the following statements 

describe a person like you?

A I want other students to think I am a good 

student.

I want other students to think I am a good geography 

student.

B I want to show others that my schoolwork is easy 

for me.

I want to show others that my geography schoolwork is 

easy for me.

C I want to look smart in comparison to the other 

students in my class.

I want to look smart in comparison to the other 

students in my social studies or geography class.

D I want to get better grades than most other 

students in my class.

I want to get better geography grades than most other 

students in my class.

Not at all

like me

Exactly like

me

Not at all

like me

Exactly like

me

Not at all

like me

Exactly like

me

Performance Goals
-3.03%

6.92%
-3.68%

6.11%
-2.12%

4.41%

Mastery Goals
-7.58%

22.63%
-7.18%

19.43%
-4.80%

13.56%

Civics

Geography

U.S. History

Average difference 

"stem-context" - 

"item-context"

Note.  P
ositive values indicate more frequent endorsement of response option in stem-context version. Negative values indicate 

more frequent endorsement of response option in item-context version.
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Within-construct Matrix Sampling

Traditional Design: Each student answers 
all questions for each construct

Innovative Design: Each student answers 
a subset of questions for each construct

54
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Why >five items per construct?

Matrix Sampling:
Random selection of 5 items per student

Fixed Scale Shortening:
Administration of “5 best” items to every student

55
All items

PISA 2012 

Math Self-

Efficacy
All Items 

Short Scale

PISA 2015 

Sense of 

Belonging

All Items 

Bertling & Weeks, 2018; Bertling et al., 2020

All items

Short Scale

Matrix-

Sampled 

Scale

Matrix-

Sampled 

Scale
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Feasibility confirmed in PISA 2022 FT
Example: Self-efficacy
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Based on PISA 2022 Field Trial Data
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Summing it up

57
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There are many ways to end up 
with bad data

58

Can respondents accurately 

calibrate their answer?

Do respondents have necessary 

level of self-awareness? 

Can respondents remember?

Are respondents willing to 

disclose accurate information?

Do all respondents understand 
the question in the same way?

Demographics
Factual Information/

behavioral reports Attitudes/Beliefs

 













(These don’t include issues with the administration of your instrument
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Question Understanding

• Plain language

• Avoid multi-barreled questions

• Clear response options

• If several languages are used, conduct a translatability review

• Test in cognitive interviews
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Willingness to disclose

• Keep burden low

• Confidentiality

• Low-stakes

• Avoid asking about sensitive topics

• Test in cognitive interviews

60J. Bertling, 10/14/2022



Ability to Recall

• Simple wording

• Don’t ask anything you wouldn’t remember yourself

• Avoid too vague response options

• Test in cognitive interviews

61J. Bertling, 10/14/2022



How to judge the quality of YOUR 
questionnaire
Conceptually:

• Do the items “sound” like what you’re interested in measuring? (content validity)

• Example for a problem: You’re interested in how student’s time management has changed after an 
intervention. You’re using a short conscientiousness questionnaire because you know that time management is 
one facet of conscientiousness. However, the two items used in your conscientiousness scale is based on are “I 
finish whatever I begin” and “People see me as a trustworthy person”.

• Can you clearly interpret data from your questionnaire (e.g. double-barreledness?, response options)

• Have you minimized potential for biases by principled item design?

Empirically:

• Item response frequency patterns – is there variation?

• Reliability – does your scale have acceptable level of reliability, e.g. >.80

• Validity – do scores on your scale correlate with scores from other questionnaires claiming to measure the 
same?

• Scalability and DIF

62J. Bertling, 10/14/2022



How to build reliable scales

• Include enough items

• Include enough good items

• Include enough good items with sufficiently different 
surface characteristics

63J. Bertling, 10/14/2022



Item Writing Checklist

❑ Do you want to measure a construct (i.e., something that cannot be directly observed)?
❑ If yes, have you developed a sufficient number of items to begin with? (10 is usually a good starting 

point)

❑ Have you thought about which response options (ROs) maximize ease for respondent and utility 
for reporting? (Think of alternatives to agreement! Remember that the response options 
you choose will determine what you can possibly report later on.)
❑ Do you have a good reason to use fewer or more than 5 ROs? (If not, 5 is usually a good number.) 
❑ Do your response options cover the entire range? (If not, add ROs.)
❑ Are all items applicable to all respondents? (If not, make sure to add a respective ROs.)
❑ Do all your response options have verbal labels? (If not, add labels.)
❑ Are you using vague labels that could be replaced with more specific ones?

❑ Have you considered grouping items into a matrix? (5 “sub-items” work well, definitely avoid
matrices with >10 sub-items!)

❑ Are there contextual cues in your questions that may influence a respondent’s answer? (If yes, 
make sure you place them where people read them, i.e., in the sub-item rather than the 
stem).
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Thank you!
jbertling@ets.org
jbertling@fordham.edu
Bertling.Jonas@gmail.com
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