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Data Collection and Analysis Challenges and Mitigation Strategies for Quantitative Human Factors 
Research Studies in Nuclear Power Plant Modernization 

• Evaluation is an important activity that occurs iteratively through the system design lifecycle.
• HFE evaluation requires both qualitative and quantitative data to make design decisions.

Human factors engineering (HFE) has an important role in ensuring new digital
plant technologies enable broad innovation and business improvement with
continued operational safety.

There are notable challenges in collecting and analyzing quantitative data in
the nuclear HFE domain that creates difficulty in using standard methods and
techniques to make valid and reliable inferences.
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Small Effect Sizes and Ceiling Effects

• Licensed operators’ availability and time is limited, which limits sample size and consequently, statistical power.
This can limit inference from experiments.

• Research simulators such as the Human System Simulation Laboratory (HSSL) serves as a full-scale/ fully-
configurable testbed to enable higher fidelity simulation for operator-in-the-loop. Testbeds such as the training
simulator can be expensive and complex to use, limiting the amount of experimental data that can be collected.

• Highly controlled HFE studies such as micro-tasks and microworlds are used with a more generalized population
to address these challenges, however, many challenges remain.

• Human-system performance measures like reaction time, eye tracking, and self-report can have large error
variances and lack homogeneity across experimental conditions.

• Reaction time, for example, shows large variability within each condition and heterogenous variance across the
experimental conditions.

• Licensed operators are so highly trained with their existing control room configuration, that observing
differences in performance with a new design is limited due to the small effect size (left).

• Similarly, operators’ performance is near perfect even with a less optimal human-system interface design. There
is typically a ceiling effect observed where operators perform near perfect in either condition (right).

• In many circumstances, HFE studies deal with
multiple dependent variables (DVs) to detect
differences for the design question at hand.

• Many of the DVs used in a study are not
normally distributed, which violates the normality
assumption for using traditional multivariate
methods like MANOVA. Further, other
challenges discussed compound issues with
applying multivariate methods. For instance, low
sample size can increase Type 2 error.

• One approach often used in HFE is to use
univariate approaches like multiple ANOVAs,
which can increase Type 1 error. Measures are
sometimes combined into a compositive
measure, driven by HFE theory1,2.
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Multivariate Mixed Type Response Distributions
G Power 

Power Analysis 

F tests - MANOVA: 
Global effects

Options: Pillai V, 
O'Brien-Shieh 
Algorithm

Analysis: A priori: 
Compute required 
sample size

Input: Effect size 
f²(V) = 0.0625
α err pro = 0.05
Power (1-β err 
prob) = .8

Groups = 4

Response 
variables = 5

Output:
Noncentrality
parameter λ = 
20.2500000

Critical F = 
1.6991704

Numerator df = 
15.0000000

Denominator df = 
306

Total sample size  
= 108

Actual power = 
0.8167458


