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Lecture 4

Empirical Research Methods 
IN4304

Surveys and Questionnaires
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Previous lecture

Internal validity
1. History
2. Testing
3. Instrumentation
4. Regression
5. Mortality
6. Maturation
7. Selection
8. Selection by maturation 

interaction
9. Ambiguity about causal direction
10. Diffusion of treatment
11. Compensatory equalization of 

treatments
12. Compensatory rivalry

True experimental designs
• Two groups design
• Three (or more) group simple 

designs
• Factorial design
• Matched pairs design
• Repeated measure design
• Mixed design
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Today

• Design of questionnaire
• Scales of measurement 
• Validity and Reliability
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Learning outcomes of lecture 4

After today’s lecture you should be able :
• to explain different type of validity relevant for measure 

instrument
• to list 3 types of attitude scale
• to explain steps in operationalising constructs
• to give two statistical methods to analyse reliability of an 

measure instrument
• to explain procedure to analyse content validity
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Questionnaire setup

Introduction
• Motivation of survey
• What will be done with the data
• Anonymous or not
• Collect biographical data

• Introduction topics
Questions

• Question
• Answer instructions
• Response format

Completion
• Thank the participant
• Instructions on how to return the 

questionnaire

How much do you like this 
lecture?

(tick one answer)

Very much O
Quite a lot O
Moderately O
Not very much O
Not at all O

Not applicable O

How much do you like this 
lecture?

(tick one answer)

Very much O
Quite a lot O
Moderately O
Not very much O
Not at all O

Not applicable O
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Formulating questions (1) 

• Pose one question at a 
time

• Question should be 
unambiguous

• The language and 
expected knowledge

• Neutral questions
• No unnecessary sensitive 

questions
• Avoid negative or double 

negative questions

• Poor question: How would 
you rate the usability and 
the usefulness of this 
application?
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Formulating questions (2)

• Pose one question at a 
time

• Question should be 
unambiguous

• The language and 
expected knowledge

• Neutral questions
• No unnecessary sensitive 

questions
• Avoid negative or double 

negative questions

• Poor question: Has mobile 
technology changed 
society?
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Formulating questions (3)

• Pose one question at a
time

• Question should be 
unambiguous

• The language and 
expected knowledge

• Neutral questions
• No unnecessary sensitive 

questions
• Avoid negative or double 

negative questions

• Poor question for example 
target group of 10 year old 
school children: How would 
you rate the usability of the 
user interface?
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Formulating questions (4)

• Pose one question at a 
time

• Question should be 
unambiguous

• The language and 
expected knowledge

• Neutral questions
• No unnecessary sensitive 

questions
• Avoid negative or double 

negative questions

• Poor question (leading 
questions): Do you also 
hate this ugly mobile 
phone design?
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Formulating questions (5)

• Pose one question at a 
time

• Question should be 
unambiguous

• The language and 
expected knowledge

• Neutral questions
• No unnecessary 

sensitive questions
• Avoid negative or double 

negative questions

• Possible poor question: 
What is the name of your 
company?

• Instead: What type of 
company do work for?
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Formulating questions (6)

• Pose one question at a 
time

• Question should be 
unambiguous

• The language and 
expected knowledge

• Neutral questions
• No unnecessary sensitive 

questions
• Avoid negative or 

double negative 
questions

• Poor question: Are none 
of the menu options not 
easy to navigate to?

• Instead: Are all the menu 
options easy to navigate 
to?
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Open versus Closed questions

0% closed
100% open

Emphasis is on in-depth 
understanding 
More time per participants 

Results in a large amount of 
data, which is difficult to code, 
to analyse and to report 
  

100% closed
0% open

Data is missing depth and width 
and therefore less useful 

 
Emphasis is on generalisation 
using statistical methods 

 Few  Many
 

Number of participants

Ratio 
open / 
close 
questions
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Scales of measurement

Variable

Categorical (qualitative) Numerical (quantitative)

Nominal Ordinal Scale (interval or ratio scale)

Discrete (integer) Continuous (real)
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Scales of measurement - Nominal

• Nominal
• Ordinal
• Interval
• Ratio

• “Level at which numbers are only 
labels for categories” (Coolican, 
2004, p.304)

• For example: nationality, gender, or 
make
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Scales of measurement - Ordinal

• Nominal
• Ordinal
• Interval
• Ratio

• “Level at which cases are arranged in 
rank positions” (Coolican, 2004, 
p.304)

• For example: grade, academic 
qualification, or generation of a 
software application
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Scales of measurement - Interval

• Nominal
• Ordinal
• Interval
• Ratio

• “Level at which each unit on a scale 
represents an equal change in the 
variable measured” (Coolican, 2004, 
p.304)

• For example: intelligence, the date, 
or temperature in Celsius or 
Fahrenheit
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Scales of measurement - Ratio

• Nominal
• Ordinal
• Interval
• Ratio

• “Interval-type scale where 
proportions on the scale are 
meaningful because an absolute zero 
exists” (Coolican, 2004, p.304)

• For example: age, temperature in 
Kelvin, or weight.
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Statistical test and Scales of 
measurement
 
Aim Samples Data Level Tests 

Nominal Binominal test, χ2 goodness-of-fit 
Ordinal Wilcoxon signed-ranks test 

Single 
sample 

Interval / Ratio z-test, One-Sample t-test 
Nominal Fisher-Exact test, χ2 
Ordinal  Mann-Whitney U test 

Independe
nt 

Interval / Ratio z-test, two independent sample t-test, 
ANOVA, MANOVA 

Nominal McNemar 
Ordinal Sign Test, Wilcoxon matched-pairs signed-

rank test, Friedman Test 

Find 
difference 

Dependent 

Interval / Ratio Paired-Sample t-test, repeated measures 
ANOVA, MANOVA 

 Nominal Cramér’s V, phi 
 Ordinal Kendall, Spearman correlation 

Find 
relation 

 Interval / Ratio Pearson product moment correlation, 
regression analysis 
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Class Question – Which statements 
do agree with?

Item 
1. Mobile phones are convenient 
2. Mobile phones are a necessary evil  
3. Mobile phones are the best invention of the 20th century 
4. A mobile phone is a piece of technology like any other 

piece of technology 
5. Mobile phones should be banned 
6. Mobile phones should be used with caution 
7. Mobile phones are a mixed blessing 
8. Mobile phones are wonderful 
9. Mobile phones ruin the art of conversation 
10. Mobile phones have their usefulness 
11. Mobile phones make me stressed 
12. Mobile phones are dangerous  
13. Mobile phones give me value for money 
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Class Question – Add Scale value of agreed 
items and dived this by number of agreed 
items

Scale 
Value Item 

90 1. Mobile phones are convenient 
28 2. Mobile phones are a necessary evil  

100 3. Mobile phones are the best invention of the 20th century 
53 4. A mobile phone is a piece of technology like any other piece of technology 

1 5. Mobile phones should be banned 
43 6. Mobile phones should be used with caution 
65 7. Mobile phones are a mixed blessing 
97 8. Mobile phones are wonderful 
22 9. Mobile phones ruin the art of conversation 
86 10. Mobile phones have their usefulness 
13 11. Mobile phones make me stressed 
10 12. Mobile phones are dangerous  
77 13. Mobile phones give me value for money 
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Attitude scales – Thurstone’s method 
of equal-appearing intervals

1. Collect a large number of statements relating to the 
attitude in question

2. Judges rate statement on degree of favourableness 
toward the attitude

3. Find the scale value of each statement (e.g. medium)
4. Select a number of statements spread evenly along 

the scale with small amount of variance (e.g. look at 
IOR)

5. Present the selected items in random order to 
participants
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Attitude scales – Likert Scale

Unlikely
1 extremely 
2 quite
3 slightly
4 neither
5 slightly
6 quite

7 extremely

Likely

Please indicate the likelihood of the 
following statement:
I would find the keyboard of the 
mobile phone easy to use

(circle on of the numbers)

Interval-level or ordinal-level?Interval-level or ordinal-level?
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Attitude scales – Semantic 
differential scale

 Sophistication  
Childish O O O O O O O Sophisticated 

Silly O O O O O O O Classy 
Novelty O O O O O O O Business 

 

For each pair of adjectives place a cross at the point between them 
which reflect the extend to which you believe the adjectives 
describing the sophistication of the mobile phone design.
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From Abstract construct to Concrete 
measure

Abstract Construct

Conceptual Definition

Indicator or Measure

Conceptualization

Operationalization

Independent variable

Abstract Construct

Conceptual Definition

Indicator or Measure

Conceptualization

Operationalization

Dependent variable
Hypothetical 

Causal 
Relationship

Level of 
Theory

Operational 
level

Empirical 
level

Tested 
Empirical 

Hypothesis

(Neuman, 1997, p.137)
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Constructs, dimensions and items -
operationalisation

Construct Dimension Sub-dimension Indicator (item) 
Gender Evaluation 

(The phone is) 
Feminine – Masculine 
Female – Male 
Girl – Boy 

   
 Preference 

(I like a phone 
which is) 

Feminine – Masculine 
Female – Male 
Girl – Boy 

   
Sophistication Evaluation 

(The phone is) 
Childish – Sophisticated 
Silly – Classy 
Novelty – Business 

   
 Preference 

(I like a phone 
which is) 

Childish – Sophisticated 
Silly – Classy 
Novelty – Business 

   

Attitude 
towards mobile 
phone design 

Ease of Use (The phone is) Hard to use – Easy to use 
Complex – Simple 
Complicated – Simple to use 
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Reliability and validity

• Reliability : the consistency in the results of the 
measurement

• Validity : whether the measure is measuring what it 
claims to be measuring

Low reliability 
and low validity

high reliability 
and low validity

high reliability 
and high validity
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Reliability – split-half method
• Split the items of construct (dimension) into groups
• Calculate a score for two groups
• Calculate the correlation between the group scores
• Spearman-Brown prophecy coefficient compensate for reduction of 

items in split group

Table 1: Result of the split-half method on the ease-of-use dimension items.

Measures   Values 
Value .636 Part 1 
N of Items 3a 
Value .222 Part 2 
N of Items 2b 

Cronbach's 
Alpha 

Total N of Items 5 
Correlation Between Forms .441 

Equal Length .612 Spearman-Brown 
Coefficient Unequal 

Length .619 
a The items are: Complicated - Simple to use, Difficult - Plain, Hard to use - Easy to use. 
b The items are: Simple - Complex, Difficult to carry - Easy to carry. 
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Reliability – Cronbach’s Alpha

• After z-transformation the 
mean correlation between 
the items

• 0.7 or higher is satisfactory
• Items should measure 

construct in the same 
direction

( )rN
rN
×−+

×
=

)1(1
α
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Cronbach’s alpha 

Table 6: Part of the results of a Cronbach's alpha analysis on 
ease-of-use dimension items.

.723.14424.1794.14Difficult to carry - Easy to carry

.527.52019.5313.85Complex - Simple

.545.49220.6173.44Hard to use - Easy to use

.587.40722.0733.27Difficult - Plain

.549.49421.3993.18Complicated - Simple to use

Cronbach's
Alpha if Item 

Deleted

Corrected 
Item-Total 
Correlation

Scale 
Variance if 

Item Deleted

Scale Mean 
if Item 

Deleted
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Types of validity – Face validity

• Whether the measure looks valid• Face validity
• Content validity
• Criteria validity

• Predictive validity
• Concurrent 

validity
• Construct validity

• Convergent 
validity

• Discriminant
validity

Construct

Measure

?

Scientific community / 
responders
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Types of validity – Content validity

• Face validity
• Content validity
• Criteria validity

• Predictive validity
• Concurrent 

validity
• Construct validity

• Convergent 
validity

• Discriminant
validity

• Whether the full content of a 
construct is represented in the 
measure or are some dimensions 
left out

Construct Measure
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Types of validity – Criteria validity

• Face validity
• Content validity
• Criteria validity

• Predictive validity
• Concurrent 

validity
• Construct validity

• Convergent 
validity

• Discriminant
validity

• Agreement with other sources

Construct

Measure Old Measure? ?
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Types of validity – Predictive validity

• Face validity
• Content validity
• Criteria validity

• Predictive validity
• Concurrent validity

• Construct validity
• Convergent validity
• Discriminant validity

• Agreement with future 
observation

Construct

Measure Old Measure

Future observation
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Types of validity – Concurrent validity

• Face validity
• Content validity
• Criteria validity

• Predictive validity
• Concurrent 

validity
• Construct validity

• Convergent 
validity

• Discriminant
validity

• Agreement with other valid 
measure taken at same time

Construct

Measure Old Measure

Similar results
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Types of validity – Construct validity

• Face validity
• Content validity
• Criteria validity

• Predictive validity
• Concurrent 

validity
• Construct validity

• Convergent 
validity

• Discriminant
validity

• Whether the indicators produce 
results within the conceptual 
boundaries of the construct

Construct

unrelated construct
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Types of validity – Convergent 
validity

• Face validity
• Content validity
• Criteria validity

• Predictive validity
• Concurrent 

validity
• Construct validity

• Convergent 
validity

• Discriminant
validity

• Whether multiple indicators of the 
same construct (dimension) 
correlate with each other

Construct

== =
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Types of validity – Discriminant
validity

• Face validity
• Content validity
• Criteria validity

• Predictive validity
• Concurrent 

validity
• Construct validity

• Convergent 
validity

• Discriminant
validity

• Whether multiple indicators of the 
same constructs (dimension) do 
not correlate with indicators from 
other constructs (dimensions)

Construct

unrelated construct

== = =
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Content validity analysis (1)

• Whether the full content of a construct is represented 
in the measure or are some dimensions left out

• Look for consensus between experts
• Ask expert to rate each item on scale of

• ‘Essential’
• ‘Useful, but not essential’
• ‘Not necessary’
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Content validity analysis (2)
Table 7: Frequency of panel members that gave an item a 

specific rating and the associated CVR value for construct 
social wellbeing.

.Item Essential Useful, 
but not 

essential 

Not 
necessary 

CVR 

Happy 12 0 0 1.00
Good natured 3 2 5 -.17
Tense 9 3 0 .50
Helpless 7 4 1 .17
Depressed 11 1 0 .83
    
CVI    .47
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Content validity analysis (3)

• Content Validity Ratio (CVR) ranges –1 to 1
• ne : number of expert that rated item “Essential”
• N: panel size
• CVR = 0 than 50% of the panel rated it as essential

• Compare CVR with Critical CVR in table 8 (Brinkman, 2009)

2/
2/

N
NnCVR e −=

IN4304 Empirical Research Methods Spring 2010, Lecture 4 41

Content validity analysis (2)
Table 7: Frequency of panel members that gave an item a 

specific rating and the associated CVR value for construct 
social wellbeing.

Item Essential Useful, 
but not 

essential 

Not 
necessary 

CVR 

Happy 12 0 0 1.00
Good natured 3 2 5 -.17
Tense 9 3 0 .50
Helpless 7 4 1 .17
Depressed 11 1 0 .83
    
CVI    .47
 N= 12 -> Critical CVR = 0.67
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Census - Sampling

• Census : include whole population
• Sampling : include only section of the population
• Sampling Error : difference between a sample statistics 

(e.g. mean, sd) and the population statistic
• Sample Frame: list of all elements in population
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Distributions of questionnaire

Probability sampling
• Simple random sampling
• Systematic sampling
• Stratified random sampling
• Cluster sampling

Non-probability sampling
• Quota sampling
• Convenience sampling
• Snowball sampling

IN4304 Empirical Research Methods Spring 2010, Lecture 4 44

Summary
Different type of validity 

relevant for measure 
instrument (Face, 
Content, Criteria, Construct 
validity)

Attitude scale:
• Thurstone’s method of 

equal-appearing intervals
• Likert scale
• Semantic differential scale
Operationalising constructs
• Construct
• (Sub)Dimension
• Indicator

Statistical method to analyse 
reliability

• Split-half method
• Cronbach’s alpha analyse
Content validity Analyse
• Jury rating items ‘Essential’
• CVR > Critical CVR
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This week in practicum

Surveys and Questionnaires
• Working on project coursework on measure instrument

- assignment part B
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Next time

Observational methods
• Time sampling, event sampling
• Coding
• (Robson ch. 11)
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