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Learning Outcomes

• The student can list the three (or four) types of validity.

• The student can give an example of a threat to each type of validity.

• Long term: The student can critically analyse the validity of research

designs.
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• Confound: The act of measurement may change the measured outcome.

• Solution: Add a control group alongside the treatment group, where the

only “treatment” is the act of measurement.
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Validity

• Validity is the extent to which inferences and claims are legitimate.

• Can I attribute the variance observed in dependent variables (DV) to the

manipulations of independent variables (IV).

• The goal of an experiment is to control the factors that can affect DV so

that variance in DV can only be accounted for by variance in IV.

William R.. Shadish, Cook, T. D., & Campbell, D. T. (2002). Experimental and quasi-experimental designs for generalized causal inference.

Wadsworth Cengage learning.
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Internal Validity

• Internal validity is the extent to which causal claims are justified.

• Would the observed differences in the DV be present without variation in the

IV?

• Causality (“X causes Y ”) as manipulation: there exists an intervention I ,

which changes the value or the probability distribution of X , so that if, and

only if, I is executed, the value or the probability distribution of Y changes.

8



9



Internal Validity Threats

• Instrumentation: are the measures favouring one of the conditions?

• Selection: participants between the groups are not equal in a relevant

characteristic.

• History: the participants learn, get fatigued, etc. between the conditions.

• Setting: the study environment (e.g., lab vs. home) affects the outcome.
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• Selection threat: the control group has more participants starting with high

depression.

• (Partial) solution: more participants per group, select a balanced subset
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Example: a Selection Threat to Internal Validity

• A study designed an eye tracking-based method for measuring reading

comprehension.

• Hypothesis: the number of blinks correlates with a comprehension test of a

difficult technical material.

• N = 20 participants were recruited, with 10 young and 10 old adults.

• The study found a negative correlation between a number of blinks and

reading comprehension test.

• Possible confound: expertise on the technical material affects reading

comprehension, and age may be associated with both expertise and blink

rate.
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All walkthrough groups favoured the use of scenarios over

self-guided exploration in identifying usability problems. This

evidence supports the use of a set of rich scenarios developed in

consultation with end users.

(Karat, C. M., Campbell, R., & Fiegel, T. (1992). Comparison of empirical testing and walkthrough methods in user interface evaluation. In

Proceedings of the SIGCHI conference on Human factors in computing systems (pp. 397-404). ACM.)
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The first half of the usability sessions included an introduction by

the usability engineer who administered the sessions, and a

self-guided exploration of the system by the participants.

In the second half of the sessions, participants worked through a

set of nine typical tasks presented in random order.

(Karat, C. M., Campbell, R., & Fiegel, T. (1992). Comparison of empirical testing and walkthrough methods in user interface evaluation. In

Proceedings of the SIGCHI conference on Human factors in computing systems (pp. 397-404). ACM.)
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How to combat the history threat, that learning, fatigue, etc, between conditions,

affects performance?
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Within-Subjects Design
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Within-Subjects Design
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Between-Subjects Design
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Benefits and Drawbacks of Different Designs

Between-subjects

• simpler to describe and analyse (+)

• more time for one condition (+)

• no learning between conditions (+)

• participant groups may differ (–)

• more participants are needed (–)

Within-subjects

• fewer participants needed (+)

• each participant serves as their own

control (+)

• less time for one condition (–)

• learning between conditions (–)
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Construct Validity

• Construct validity is the extent to which the IVs and DVs of the study

reflect what the researcher intends to measure.

• A good operationalisation is critical for construct validity.

Hornbaek, K. (2013). Some whys and hows of experiments in humancomputer interaction. Foundations and Trends in HumanComputer Interaction,

5(4), 299-373.
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All walkthrough groups favoured the use of scenarios over

self-guided exploration in identifying usability problems. This

evidence supports the use of a set of rich scenarios developed in

consultation with end users.

(Karat, C. M., Campbell, R., & Fiegel, T. (1992). Comparison of empirical testing and walkthrough methods in user interface evaluation. In

Proceedings of the SIGCHI conference on Human factors in computing systems (pp. 397-404). ACM.)
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What is usability?
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Operationalising Usability

• Effectiveness

• number of tasks completed,

• accuracy (error rates, spatial accuracy, precision),

• completeness of the solution, ...

• Efficiency

• time (task completion, time spend in particular mode of interaction, time

until some use action)

• input rate (e.g., WPM),

• mental effort,

• learning

Hornbaek, K. (2006). Current practice in measuring usability: Challenges to usability studies and research. International journal of human-computer

studies, 64(2), 79-102.
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Operationalising Usability

• Satisfaction

• questionnaires: satisfaction, ease of use, before and after use attitudes,

perception of outcomes, ...

• preference (ranking, rating, behaviour),

• Operationalising user experience?

• emotion, fun, appeal, engagement, flow, motivation, frustration, etc..

• But do these operationalisations have construct validity?

Hornbaek, K. (2006). Current practice in measuring usability: Challenges to usability studies and research. International journal of human-computer

studies, 64(2), 79-102.

Bargas-Avila, J. A., & Hornbk, K. (2011). Old wine in new bottles or novel challenges: a critical analysis of empirical studies of user experience. In

Proceedings of the SIGCHI Conference on Human Factors in Computing Systems (pp. 2689-2698). ACM.
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Construct Validity Threats

• Inadequate operationalisation (e.g., user experience?).

• Mono-operation bias: only one operationalisation in use.

• Instrumentation changes (e.g., GSR sensor moves around).
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External Validity

• External validity is the extent to which the inferences from the study can

be said to generalise.

• Do the data offer enough evidence for the support of hypothesis such that

the result can be generalised beyond the study?
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95% CI with N = 12 95% CI with N = 4
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External Validity Threats

• The sample is not sufficiently representative of the population.

• The research context does not match the real-life context.

• Note that this is also related to internal validity and ecological validity.

• Types 1 and 2 errors in statistical inference.

35



Ecological Validity

• Ecological validity refers to the fact that tasks conducted in an experiment

rarely correspond to the same or similar tasks conducted in real life.

• e.g., context, personal goals, other tasks

• Ecological validity is not, however, always listed as its own validity type.

• Can you define ecological validity in terms of the other validity types?
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• Possible confound: The act of responding may cause variance in the

dependent measure.

• Solution: Tasks with very probable responses, so no response is needed.
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Failure to conduct research scientifically results in

confounded and unreliable results.
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Failure to conduct research scientifically results in

confounded and unreliable results.

The use of such results in technology design may result in designs that have

bad usability, experience, and safety.
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Learning Outcomes

• The student can list the three (or four) types of validity.

• The student can give an example of a threat to each type of validity.

• Long term: The student can critically analyse the validity of research

designs.
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