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Section 
Learning 

Objectives

Apply G study variance components in 
Decision (D) studies to obtain D-study 

outcomes

Demonstrate how to design and 
conduct a generalizability (G) study 

and interpret its variance components

Explain key concepts of generalizability 
theory, including universes of 

admissible observations and universes 
of generalization

Describe the fundamental differences 
between classical test theory and 

generalizability theory

An Overview of 
Generalizability Theory1



Classical Test Theory and Generalizability Theory

• Classical Test Theory (CTT):          
Single undifferentiated error term

Classically parallel forms

• Generalizability Theory (GT):
Differentiated error terms

Randomly parallel forms

𝑋𝑋 = 𝑇𝑇 + 𝐸𝐸

𝑋𝑋 = 𝑇𝑇 + 𝐸𝐸1 + 𝐸𝐸2 + ⋯



Framework of Generalizability Theory



Universe of Admissible Observations (UAO)
• An investigator aims to develop a 

measurement procedure for a 
writing assessment targeting a 
population of persons (𝑝𝑝), the 
objects of measurement.

• The measurement facets may 
include writing prompts (𝑡𝑡) and 
raters (𝑟𝑟).

• In the universe of admissible 
observations (UAO), both facets are 
considered infinite.

• The two facets are crossed, denoted 
𝑡𝑡 × 𝑟𝑟.



Generalizability (G) Study 𝑝𝑝 × 𝑡𝑡 × 𝑟𝑟 Design 

• G study sample sizes: 𝑛𝑛𝑝𝑝=100; 𝑛𝑛𝑡𝑡 = 4; 𝑛𝑛𝑟𝑟 = 2
• Linear model: 𝑋𝑋𝑝𝑝𝑡𝑡𝑡𝑡 = 𝜇𝜇 + 𝜈𝜈𝑝𝑝 + 𝜈𝜈𝑡𝑡 + 𝜈𝜈𝑟𝑟 + 𝜈𝜈𝑝𝑝𝑝𝑝 + 𝜈𝜈𝑝𝑝𝑝𝑝 + 𝜈𝜈𝑡𝑡𝑡𝑡 + 𝜈𝜈𝑝𝑝𝑡𝑡𝑡𝑡
• Variance components: 𝜎𝜎2 𝑋𝑋𝑝𝑝𝑝𝑝𝑝𝑝 = 𝜎𝜎2(𝑝𝑝)  + 𝜎𝜎2(𝑡𝑡)  + 𝜎𝜎2(𝑟𝑟) + 𝜎𝜎2(𝑝𝑝𝑝𝑝) + 𝜎𝜎2(𝑝𝑝𝑝𝑝) + 𝜎𝜎2(𝑡𝑡𝑡𝑡) + 𝜎𝜎2(𝑝𝑝𝑝𝑝𝑝𝑝)

𝑡𝑡

𝑟𝑟

𝑝𝑝𝑝𝑝𝑝𝑝

𝑝𝑝 𝑝𝑝𝑝𝑝

𝑝𝑝𝑝𝑝 𝑡𝑡𝑡𝑡

Effect
Variance

Component

𝑝𝑝 .25

𝑡𝑡 .06

𝑟𝑟 .02

𝑝𝑝𝑝𝑝 .15

𝑝𝑝𝑝𝑝 .04

𝑡𝑡𝑡𝑡 .00

𝑝𝑝𝑝𝑝𝑝𝑝 .12



Universe of Generalization and D Studies

• The purpose of a Decision (D) study is to inform substantive 
decisions about measurement procedures for the objects of 
measurement.

• Decisions about the objects of measurement (e.g., persons) 
are based on their mean scores across the measurement 
conditions with 𝑛𝑛𝑡𝑡′  and 𝑛𝑛𝑟𝑟′ .

• Variance components for a D study with sample sizes 𝑛𝑛𝑡𝑡′  and 
𝑛𝑛𝑟𝑟′  are obtained from the G study variance components.



Universe of Generalization and D Studies

• A universe of generalization (UG) is the universe of randomly 
parallel measurement procedures to which an investigator 
wants to generalize based on the results of a particular D 
study.

• The design structure of a D study may differ from that of the 
corresponding G study.



D Study 𝑝𝑝 × 𝑇𝑇 × 𝑅𝑅 Design 

• Linear model: �𝑋𝑋𝑝𝑝 = 𝑋𝑋𝑝𝑝𝑇𝑇𝑇𝑇 = 𝜇𝜇 + 𝜈𝜈𝑝𝑝 + 𝜈𝜈𝑇𝑇 + 𝜈𝜈𝑅𝑅 + 𝜈𝜈𝑝𝑝𝑝𝑝 + 𝜈𝜈𝑝𝑝𝑝𝑝 + 𝜈𝜈𝑇𝑇𝑇𝑇 + 𝜈𝜈𝑝𝑝𝑇𝑇𝑇𝑇

• 𝜎𝜎2 𝑇𝑇 = 𝜎𝜎2 𝑡𝑡
𝑛𝑛𝑡𝑡′

;  𝜎𝜎2 𝑅𝑅 = 𝜎𝜎2 𝑟𝑟
𝑛𝑛𝑟𝑟′

;𝜎𝜎2 𝑝𝑝𝑝𝑝 = 𝜎𝜎2 𝑝𝑝𝑝𝑝
𝑛𝑛𝑡𝑡′

;  𝜎𝜎2 𝑝𝑝𝑝𝑝 = 𝜎𝜎2 𝑝𝑝𝑟𝑟
𝑛𝑛𝑟𝑟′

;𝜎𝜎2 𝑇𝑇𝑇𝑇 = 𝜎𝜎2 𝑡𝑡𝑟𝑟
𝑛𝑛𝑡𝑡′𝑛𝑛𝑟𝑟′

;𝜎𝜎2 𝑝𝑝𝑝𝑝𝑝𝑝 = 𝜎𝜎2 𝑝𝑝𝑡𝑡𝑡𝑡
𝑛𝑛𝑡𝑡′𝑛𝑛𝑟𝑟′

𝑇𝑇

𝑅𝑅

𝑝𝑝𝑇𝑇𝑇𝑇

𝑝𝑝 𝑝𝑝𝑝𝑝

𝑝𝑝𝑅𝑅 𝑇𝑇𝑇𝑇

𝒏𝒏𝒕𝒕′ = 𝟑𝟑, 𝒏𝒏𝒓𝒓′ = 𝟐𝟐

Effect
Variance

Component
𝑝𝑝 .25

𝑇𝑇 .02

𝑅𝑅 .01

𝑝𝑝𝑝𝑝 .05

𝑝𝑝𝑝𝑝 .02

𝑇𝑇𝑇𝑇 .00

𝑝𝑝𝑝𝑝𝑝𝑝 .02



D Study 𝑝𝑝 × 𝑇𝑇 × 𝑅𝑅 Design: Error Variances and Coefficients

• Universe score variance: 𝜎𝜎2(𝜏𝜏) = 𝜎𝜎2 𝑝𝑝

• Absolute error variance: 𝜎𝜎2 Δ = 𝜎𝜎2 𝑇𝑇 + 𝜎𝜎2 𝑅𝑅 + 𝜎𝜎2 𝑝𝑝𝑝𝑝 + 𝜎𝜎2 𝑝𝑝𝑅𝑅 +
                                                              𝜎𝜎2 𝑇𝑇𝑅𝑅 + 𝜎𝜎2 𝑝𝑝𝑝𝑝𝑅𝑅

• Relative error variance: 𝜎𝜎2 𝛿𝛿 = 𝜎𝜎2 𝑝𝑝𝑇𝑇 + 𝜎𝜎2 𝑝𝑝𝑅𝑅 + 𝜎𝜎2 𝑝𝑝𝑇𝑇𝑅𝑅

• Generalizability coefficient:

𝐸𝐸𝜌𝜌2 =
𝜎𝜎2(𝜏𝜏)

𝜎𝜎2(𝜏𝜏) + 𝜎𝜎2 𝛿𝛿
• Index of dependability:

Φ =
𝜎𝜎2(𝜏𝜏)

𝜎𝜎2(𝜏𝜏) + 𝜎𝜎2 Δ



D Study 𝑝𝑝 × 𝑇𝑇 × 𝑅𝑅 Design: Computational Example

• Universe score variance: 𝜎𝜎2 𝜏𝜏 = 𝜎𝜎2 𝑝𝑝 = .25

• Absolute error variance: 𝜎𝜎2 Δ = .02 + .01 +
.05 + .02 + .00 + .02 = .12

• Relative error variance: 𝜎𝜎2 𝛿𝛿 = .05 + .02 +
.02 = .09

• Generalizability coefficient:

𝐸𝐸𝜌𝜌2 =
.25

.25 + .09
= .74

• Index of dependability:

Φ =
.25

.25 + .12
= .68

𝒏𝒏𝒕𝒕′ = 𝟑𝟑, 𝒏𝒏𝒓𝒓′ =2

Effect
Variance

Component
𝑝𝑝 .25

𝑇𝑇 .02

𝑅𝑅 .01

𝑝𝑝𝑝𝑝 .05

𝑝𝑝𝑝𝑝 .02

𝑇𝑇𝑇𝑇 .00

𝑝𝑝𝑝𝑝𝑝𝑝 .02



Summary
• GT explicitly models multiple sources of random error.
• GT involves two main steps:
UAO and G studies
UG and D studies

• Primary outcomes from G studies:
Variance components

• Primary outcomes from D studies:
D study variance components
Universe score variance
Error variances (absolute vs. relative)
Reliability-like coefficients (generalizability coefficient vs. index of dependability)



Single-Facet Designs
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Section 
Learning 

Objectives

Identify two reliability-like coefficients 
within Generalizability theory 

Explain the difference between relative 
and absolute errors

Describe the major purposes of G and 
D studies

Differentiate between crossed and 
nested designs

Single-Facet Designs2



𝑝𝑝 × 𝑖𝑖 Design
• 𝑝𝑝 × 𝑖𝑖 design (p crossed i)
A random sample of 𝑛𝑛𝑝𝑝 persons is selected from the population
An independent random sample of 𝑛𝑛𝑖𝑖 items is selected from the 

universe
Each of the 𝑛𝑛𝑝𝑝 persons took each of the 𝑛𝑛𝑖𝑖 items, and the 

responses (𝑋𝑋𝑝𝑝𝑝𝑝) are obtained

• Some terminology
Population: the object of measurement
Universe: measurement conditions



𝑝𝑝 × 𝑖𝑖 Design
• Universe of admissible observations
The complete set of all possible observations or measurement conditions 

that a researcher considers conceptually acceptable or relevant for 
measuring a particular construct
Under the 𝑝𝑝 × 𝑖𝑖 design, the universe of admissible observations includes an 

item facet which consists of all possible items that could have been 
administered



Item1 item2 … Item k
Person1 5 3 7
Person2 1 2 1
Person3 9 9 8
Person4 4 6 7
Person5 2 3 2
…
Person g 2 3 5

Mean (𝜇𝜇𝑝𝑝)
4.5
2.1
8.7
5.8
2.1

3.7

Mean 𝜇𝜇𝑖𝑖 4.4 4.6 5.0 Mean 𝜇𝜇 = 4.6

𝑝𝑝 × 𝑖𝑖 Design

Note. k often approaches ∞ unless specified otherwise (e.g., mixed models)

𝑋𝑋𝑝𝑝=4,𝑖𝑖=1 = 𝜇𝜇 + 𝜇𝜇𝑝𝑝 − 𝜇𝜇 + 𝜇𝜇𝑖𝑖 − 𝜇𝜇 + (𝑋𝑋𝑝𝑝𝑖𝑖 − 𝜇𝜇𝑝𝑝 − 𝜇𝜇𝑖𝑖 + 𝜇𝜇)

Person effect, 𝜈𝜈𝑝𝑝 Item effect, 𝜈𝜈𝑖𝑖 Residual effect, 𝜈𝜈𝑝𝑝𝑝𝑝



G Study Variance Components for 𝑝𝑝 × 𝑖𝑖 Design
• The variance component for persons is

𝜎𝜎2 𝑝𝑝 = 𝐸𝐸𝑝𝑝 𝜇𝜇𝑝𝑝 − 𝐸𝐸𝑝𝑝𝜇𝜇𝑝𝑝
2

= 𝐸𝐸𝜈𝜈𝑝𝑝2

• The total score variance is decomposed as
𝜎𝜎2 𝑋𝑋𝑝𝑝𝑝𝑝 = 𝜎𝜎2 𝑝𝑝 + 𝜎𝜎2 𝑖𝑖 + 𝜎𝜎2 𝑝𝑝𝑖𝑖



Estimating Variance Components 
• Several estimation methods have been developed including the 

Expected Mean Squares (EMS) approach, Bayesian estimation, and 
Maximum Likelihood (ML) estimation 

• Those approaches usually provide very comparable results unless 
negative variance components are present

• By definition, variance components are nonnegative

• However, estimated variance components are subject to sampling 

variability. 

• Increasing sample size may resolve the issue

• Often set to zero in subsequent D studies 



Estimating Variance Components (EMS)
• The ANOVA procedures for estimating variance components

�
𝑝𝑝

�
𝑖𝑖

𝑋𝑋𝑝𝑝𝑝𝑝 − �𝑋𝑋 2

= 𝑛𝑛𝑖𝑖�
𝑝𝑝

𝑋𝑋𝑝𝑝 − �𝑋𝑋 2 + 𝑛𝑛𝑝𝑝�
𝑖𝑖

𝑋𝑋𝑖𝑖 − �𝑋𝑋 2 + �
𝑝𝑝

�
𝑖𝑖

𝑋𝑋𝑝𝑝𝑝𝑝 − 𝑋𝑋𝑝𝑝 − 𝑋𝑋𝑖𝑖 + �𝑋𝑋 2

= 𝑆𝑆𝑆𝑆 𝑝𝑝 + 𝑆𝑆𝑆𝑆 𝑖𝑖 + 𝑆𝑆𝑆𝑆(𝑝𝑝𝑝𝑝)

• Mean squares are:

𝑀𝑀𝑀𝑀 𝑝𝑝 =
𝑆𝑆𝑆𝑆 𝑝𝑝
𝑛𝑛𝑝𝑝 − 1

;𝑀𝑀𝑀𝑀(𝑖𝑖) =
𝑆𝑆𝑆𝑆 𝑖𝑖
𝑛𝑛𝑖𝑖 − 1

𝑀𝑀𝑀𝑀(𝑝𝑝𝑝𝑝) =
𝑆𝑆𝑆𝑆 𝑝𝑝𝑖𝑖

(𝑛𝑛𝑝𝑝 − 1)(𝑛𝑛𝑖𝑖 − 1)



Estimating Variance Components (EMS)
• Expected values of mean squares are

𝐸𝐸𝐸𝐸𝐸𝐸(𝑝𝑝) = 𝜎𝜎2 𝑝𝑝𝑖𝑖 + 𝑛𝑛𝑖𝑖𝜎𝜎2 𝑝𝑝
𝐸𝐸𝐸𝐸𝐸𝐸(𝑖𝑖) = 𝜎𝜎2 𝑝𝑝𝑖𝑖 + 𝑛𝑛𝑝𝑝𝜎𝜎2 𝑖𝑖

𝐸𝐸𝐸𝐸𝐸𝐸(𝑝𝑝𝑝𝑝) = 𝜎𝜎2 𝑝𝑝𝑖𝑖

• Solving these questions with mean squares in place of EMS,

�𝜎𝜎2 𝑝𝑝 =
𝑀𝑀𝑀𝑀 𝑝𝑝 −𝑀𝑀𝑀𝑀(𝑝𝑝𝑝𝑝)

𝑛𝑛𝑖𝑖
�𝜎𝜎2 𝑖𝑖 =

𝑀𝑀𝑀𝑀 𝑖𝑖 −𝑀𝑀𝑀𝑀(𝑝𝑝𝑝𝑝)
𝑛𝑛𝑝𝑝

�𝜎𝜎2 𝑝𝑝𝑝𝑝 = 𝑀𝑀𝑀𝑀(𝑝𝑝𝑝𝑝)



D Studies for 𝑝𝑝 × 𝐼𝐼 Design
• Decisions based on 𝑛𝑛𝑖𝑖′ items
• Universe of generalization
Over all items in the infinite universe
Replications of a measurement procedure

• Uppercase letters (𝐼𝐼) to highlight that decisions are made for 
average scores (not a single score)



D Studies for 𝑝𝑝 × 𝐼𝐼 Design
• Linear model for 𝑋𝑋𝑝𝑝𝑝𝑝, an examinee’s average score over 𝑛𝑛𝑖𝑖′ items

𝑋𝑋𝑝𝑝𝐼𝐼 = �𝑋𝑋 = 𝜇𝜇 + 𝜈𝜈𝑝𝑝 + 𝜈𝜈𝐼𝐼 + 𝜈𝜈𝑝𝑝𝐼𝐼

• Universe score (true score analogue under CTT)
𝜇𝜇𝑝𝑝 ≡ 𝐸𝐸𝐼𝐼𝑋𝑋𝑝𝑝𝑝𝑝

• Universe score variance
𝜎𝜎2 𝜏𝜏 = 𝜎𝜎2 𝑝𝑝 = 𝐸𝐸𝑝𝑝(𝜇𝜇𝑝𝑝 − 𝜇𝜇)2



D Studies for 𝑝𝑝 × 𝐼𝐼 Design
• The sample size for the object of measurement, 𝑛𝑛𝑝𝑝, does not apply

• Other D study variance components are calculated as:

𝜎𝜎2 𝐼𝐼 =
𝜎𝜎2 𝑖𝑖
𝑛𝑛𝑖𝑖′

𝜎𝜎2 𝑝𝑝𝑝𝑝 =
𝜎𝜎2 𝑝𝑝𝑖𝑖
𝑛𝑛𝑖𝑖′



Error Variances
• Absolute error reflects all sources of measurement errors (defined 

by the D study design) that affect the absolute level of a score, often 
used when making criterion-referenced interpretations of scores

Δ𝑝𝑝𝐼𝐼 = 𝑋𝑋𝑝𝑝𝑝𝑝 − 𝜇𝜇𝑝𝑝 = 𝜈𝜈𝐼𝐼 + 𝜈𝜈𝑝𝑝𝐼𝐼
𝜎𝜎2 Δ = 𝜎𝜎2 𝐼𝐼 + 𝜎𝜎2 𝑝𝑝𝐼𝐼 =

𝜎𝜎2 𝑖𝑖
𝑛𝑛𝑖𝑖′

+
𝜎𝜎2 𝑝𝑝𝑝𝑝
𝑛𝑛𝑖𝑖′

• Relative error is concerned with sources of measurement errors 
that impact the ranking or relative standing of individuals, used 
when making norm-referenced interpretations

𝛿𝛿𝑝𝑝𝑝𝑝 = 𝑋𝑋𝑝𝑝𝑝𝑝 − 𝜇𝜇𝐼𝐼 − 𝜇𝜇𝑝𝑝 − 𝜇𝜇 = 𝜈𝜈𝑝𝑝𝑝𝑝
𝜎𝜎2 𝛿𝛿 = 𝜎𝜎2 𝑝𝑝𝑝𝑝 =

𝜎𝜎2 𝑝𝑝𝑝𝑝
𝑛𝑛𝑖𝑖′



Error Variances
• 𝜎𝜎2 Δ ≥  𝜎𝜎2 𝛿𝛿
• Under the classically parallel form assumption, no formal 

distinction between 𝜎𝜎2 Δ  and 𝜎𝜎2 𝛿𝛿



Reliability-like Coefficients
• Generalizability coefficient

𝐸𝐸𝜌𝜌2 =
𝜎𝜎2 𝑝𝑝

𝜎𝜎2 𝑝𝑝 + 𝜎𝜎2 𝛿𝛿
• Expected squared correlation between observed and universe scores
• Expected squared correlation between pairs of randomly parallel forms
• 𝐸𝐸𝜌𝜌2 for a 𝑝𝑝 × 𝐼𝐼 design is identical to Cronbach’s (1951) alpha, KR-20 

• Phi coefficient or index of dependability

Φ =
𝜎𝜎2 𝑝𝑝

𝜎𝜎2 𝑝𝑝 + 𝜎𝜎2 Δ
• 𝐸𝐸𝜌𝜌2 ≥ Φ



𝑖𝑖:𝑝𝑝 Design
• 𝑖𝑖: 𝑝𝑝 design
A random sample of 𝑛𝑛𝑝𝑝 persons is selected from the population
Each of the 𝑛𝑛𝑝𝑝 persons is administered a different sample of the 𝑛𝑛𝑖𝑖 items, 

with all items sampled from the same universe

• Linear model is
𝑋𝑋𝑝𝑝𝑝𝑝 = 𝜇𝜇 + 𝜈𝜈𝑝𝑝 + 𝜈𝜈𝑖𝑖:𝑝𝑝



𝐼𝐼:𝑝𝑝 Design
• Linear model is

𝑋𝑋𝑝𝑝𝐼𝐼 = 𝜇𝜇 + 𝜈𝜈𝑝𝑝 + 𝜈𝜈𝐼𝐼:𝑝𝑝

• The variance component for the 𝜈𝜈𝐼𝐼:𝑝𝑝 effect is

𝜎𝜎2 𝐼𝐼: 𝑝𝑝 =
𝜎𝜎2 𝑖𝑖:𝑝𝑝
𝑛𝑛𝑖𝑖′

• Absolute and relative errors:
Δ = 𝛿𝛿 = 𝜈𝜈𝐼𝐼:𝑝𝑝

𝜎𝜎2 Δ = 𝜎𝜎2 𝛿𝛿 =
𝜎𝜎2 𝑖𝑖:𝑝𝑝
𝑛𝑛𝑖𝑖′

=
𝜎𝜎2 𝑖𝑖 + 𝜎𝜎2 𝑝𝑝𝑖𝑖

𝑛𝑛𝑖𝑖′



𝑝𝑝 × 𝐼𝐼 and 𝐼𝐼:𝑝𝑝 Designs
• The crossed design, 𝑝𝑝 × 𝐼𝐼, produces a relative error variance less 

than or equal to the one under the nested design, 𝐼𝐼: 𝑝𝑝 

• The two designs yield the same absolute error variance

• If the universe of generalization has a crossed design, but data are 
collected under the nested design, this may lead to biased 
estimates of relative error variance and the generalizability 
coefficient

• Sections 3 and 4 will provide more detailed information for multi-
facet designs (with more than one facet) in terms of G studies and 
D studies, respectively
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• Brennan, R. L. (2001). Generalizability theory. New York: 

Springer-Verlag.
• Lord, F. M., and Novick, M. R. (1968). Statistical theories 

of mental test scores. Reading, MA: Addison-Wesley.



Generalizability (G) Studies for Multi-
Facet Designs

3



Section 
Learning 

Objectives

Explain the issue of confounding 
effects

Explain the difference between main 
and interaction effects

Draw a Venn diagram for a given G 
study design

Define a G study design for a given 
data collection design

G Studies3



Two-Facet Universes and Designs
• G study: to obtain estimated variance components for a G study 

design

• Balanced vs. unbalanced
• Balanced design: no missing data, or equal sample size for nested facet(s)

• Random effects models vs. mixed models
• 𝑛𝑛 = sample size, 𝑁𝑁= the universe (population) size
• If 𝑛𝑛 = 𝑁𝑁 < ∞ for some facets and 𝑁𝑁 → ∞ for all other facets, the model is the 

mixed model
• If 𝑁𝑁 → ∞ for all facets, the model is the random model

• Multivariate generalizability theory may be preferred (see Brennan, 2001)



Venn Diagrams

𝑝𝑝 𝑖𝑖

𝑟𝑟

𝑝𝑝𝑝𝑝

𝑝𝑝𝑝𝑝

𝑖𝑖𝑖𝑖
𝑝𝑝𝑝𝑝𝑝𝑝 𝑝𝑝

𝑟𝑟

𝑝𝑝𝑝𝑝 𝑖𝑖: 𝑟𝑟𝑝𝑝𝑝𝑝: 𝑟𝑟 𝑝𝑝 𝑟𝑟

𝑝𝑝𝑝𝑝

𝑖𝑖:𝑝𝑝 𝑖𝑖𝑖𝑖: 𝑝𝑝

𝑝𝑝 𝑟𝑟

𝑝𝑝𝑝𝑝

𝑖𝑖:𝑝𝑝𝑝𝑝

𝑝𝑝

𝑟𝑟: 𝑝𝑝𝑖𝑖:𝑝𝑝 𝑖𝑖𝑖𝑖: 𝑝𝑝

𝑝𝑝

𝑟𝑟: 𝑝𝑝
𝑖𝑖𝑖𝑖: 𝑝𝑝

𝑝𝑝 × 𝑖𝑖 × 𝑟𝑟 𝑝𝑝 × (𝑖𝑖: 𝑟𝑟) (𝑖𝑖: 𝑝𝑝) × 𝑟𝑟

𝑖𝑖: (𝑝𝑝 × 𝑟𝑟) 𝑖𝑖 × 𝑟𝑟 : 𝑝𝑝 𝑖𝑖: 𝑟𝑟:𝑝𝑝



Two-Facet Universes and Designs
• Main effects: represented by a circle
• Interaction effects: combinations for main effects
• Residual error

Design Main Effects Interaction Effects
𝑝𝑝 × 𝑖𝑖 × 𝑟𝑟 𝑝𝑝, 𝑖𝑖, 𝑟𝑟 𝑝𝑝𝑝𝑝, 𝑝𝑝𝑝𝑝, 𝑖𝑖𝑖𝑖, 𝑝𝑝𝑝𝑝𝑝𝑝
𝑝𝑝 × (𝑖𝑖: 𝑟𝑟) 𝑝𝑝, 𝑟𝑟, 𝑖𝑖: 𝑟𝑟 𝑝𝑝𝑝𝑝, 𝑝𝑝𝑝𝑝: 𝑟𝑟
(𝑖𝑖:𝑝𝑝) × 𝑟𝑟 𝑝𝑝, 𝑟𝑟, 𝑖𝑖: 𝑝𝑝 𝑝𝑝𝑝𝑝, 𝑖𝑖𝑖𝑖:𝑝𝑝
𝑖𝑖: (𝑝𝑝 × 𝑟𝑟) 𝑝𝑝, 𝑟𝑟, 𝑖𝑖:𝑝𝑝𝑝𝑝 𝑝𝑝𝑝𝑝
𝑖𝑖 × 𝑟𝑟 : 𝑝𝑝 𝑝𝑝, 𝑖𝑖:𝑝𝑝, 𝑟𝑟:𝑝𝑝 𝑖𝑖𝑖𝑖:𝑝𝑝
𝑖𝑖: 𝑟𝑟: 𝑝𝑝 𝑝𝑝, 𝑟𝑟:𝑝𝑝, 𝑖𝑖: 𝑟𝑟: 𝑝𝑝



𝒑𝒑 × 𝒊𝒊 × 𝒓𝒓 Design

𝑝𝑝 𝑖𝑖

𝑟𝑟

𝑝𝑝𝑝𝑝

𝑝𝑝𝑝𝑝

𝑖𝑖𝑖𝑖
𝑝𝑝𝑝𝑝𝑝𝑝

Station1 Station2 Station3 Station4 Station5
Rater1 Rater2 Rater1 Rater2 Rater1 Rater2 Rater1 Rater2 Rater1 Rater2

P1
P2
P3
P4 

An Objective Structured Clinical Examination (OSCE) 
is designed to assess students’ clinical skills. In 
Kreiter et al. (2019), the same two expert raters (𝑟𝑟) 
rated every person (𝑝𝑝)’s performance on each of the 
five stations (𝑖𝑖). The station is a specific, timed, and 
focused assessment point within a structured 
clinical exam.



𝒑𝒑 × (𝒊𝒊:𝒉𝒉) Design

Passage1 Passage2 Passage3 Passage4
Item1 … Item6 Item7 … Item12 Item13 … Item19 Item20 … Item26

P1
P2
P3
P4 

𝑝𝑝

ℎ

𝑝𝑝𝑝 𝑖𝑖:ℎ𝑝𝑝𝑝𝑝: ℎ

The Iowa Tests of Basic Skills (ITBS) of Maps and 
Diagrams test for 4th graders (𝑝𝑝) had four passages 
(ℎ), each including 6, 6, 7, and 7 items (𝑖𝑖) (Lee & 
Frisbie, 1999).



(𝒕𝒕:𝒑𝒑) × 𝒓𝒓 Design

Rater1 Rater2 Rater3
P1 Task1

Task2
P2 Task3

Task4
P3 Task5

Task6
P4 Task7

Task8

𝑝𝑝 𝑟𝑟

𝑝𝑝𝑝𝑝

𝑡𝑡: 𝑝𝑝 𝑡𝑡𝑡𝑡:𝑝𝑝

A team of raters (𝑟𝑟) evaluated teachers (𝑝𝑝) 
on a series of tasks (𝑡𝑡) that were unique to 
each teacher (McGaw et al., 1971).



𝒓𝒓: 𝒑𝒑 × 𝒕𝒕  Design

Task1 Task2 Task3 Task4
P1 Rater1 Rater2 Rater3 Rater4
P2 Rater5 Rater6 Rater7 Rater8
P3 Rater9 Rater10 Rater11 Rater12

𝑝𝑝 𝑡𝑡

𝑝𝑝𝑝𝑝

𝑟𝑟: 𝑝𝑝𝑝𝑝

For TOEFL, each examinee (𝑝𝑝) completed 
the same set of writing tasks (𝑡𝑡), but each 
“examinee-by-task pair” was rated by 
different raters (𝑟𝑟) (Lee & Kantor, 2005).



𝒊𝒊 × 𝒐𝒐 :𝒑𝒑 Design

Occasion1 Occasion2 Occasion3 Occasion4 Occasion5 Occasion6
P1 Item1 Item2 Item1 Item2
P2 Item3 Item4 Item3 Item4
P3 Item5 Item6 Item5 Item6

𝑝𝑝

𝑜𝑜:𝑝𝑝𝑖𝑖:𝑝𝑝 𝑖𝑖𝑖𝑖: 𝑝𝑝

Each examinee (𝑝𝑝) was administered a set of items 
(𝑖𝑖) on two occasions (𝑜𝑜). For an individual person, 
the same items were administered on each 
occasion but for different persons, the items were 
different, and the occasions were different 
(Brennan, 2002).



𝒓𝒓: 𝒕𝒕:𝒑𝒑 Design

Task1 Task2 Task3 Task4 Task5 Task6
P1 Rater1 Rater2 Rater3 Rater4
P2 Rater5 Rater6 Rater7 Rater8
P3 Rater9 Rater10 Rater11 Rater12

𝑝𝑝

𝑡𝑡: 𝑝𝑝
𝑟𝑟𝑟𝑟:𝑝𝑝

Students (𝑝𝑝) completed two different 
writing tasks (𝑡𝑡), and each task was 
scored by an independent group of two 
raters (𝑡𝑡) (Hathcoat & Penn, 2012).



The Problem of One

• The problem of one (Brennan, 2017): The data collection 
design has a single condition for a facet. Effects for at least 
two facets are confounded.

• It is impossible to estimate variance components for the 
facet; therefore, subsequent D studies are conducted 
without including the facet.

• Resulting reliability or error variance statistics will be biased.
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Decision (D) Studies for Multi-facet  
Designs

4



Section 
Learning 

Objectives

Describe traditional reliability 
coefficients from the perspective of 

generalizability theory

Compute D study results for a nested 
design using crossed-design variance 

components

Explain the impact of using a fixed 
facet in a D study compared to using 

all random facets

Identify three primary factors 
influencing D study results 

D Studies4



Introductory Notes

• It is assumed that all facets in the UAO are infinite in size, meaning 
that they are treated as random facets and that the G study 
variance components have been estimated using a random effects 
model.

• D studies are characterized by:
D study sample sizes

D study design structure

Universe of generalization (i.e., random vs. fixed facets)



Introductory Notes

• The example introduced in Section 1 is extended in this section:
A writing assessment involving writing prompts (𝑡𝑡) and raters (𝑟𝑟)

G-study variance components estimated from the 𝑝𝑝 × 𝑡𝑡 × 𝑟𝑟 design

• The D study design (𝑝𝑝 × 𝑇𝑇 × 𝑅𝑅) with the same structure as the G 
study, assuming infinite universe sizes for both 𝑇𝑇 and 𝑅𝑅 (i.e., 
random), was discussed in Section 1.

• Two additional D study scenarios are considered in this section:
A restricted UG, in which facet 𝑇𝑇 is treated as fixed

A D study design structure that differs from the G study design



D Study 𝑝𝑝 × 𝑇𝑇 × 𝑅𝑅 Design with 𝑇𝑇 Fixed
• The investigator is not interested in generalizing over writing 

prompts (𝑇𝑇), meaning that all parallel measurement procedures will 
involve the same set of prompts.

• This represents a restricted UG, which differs from the UAO. 

• The D study design structure remains the same as that of the G 
study.

• Under the restricted UG, the universe score variance and error 
variances are based on different variance components compared to 
the random 𝑝𝑝 × 𝑇𝑇 × 𝑅𝑅 design.



D Study 𝑝𝑝 × 𝑇𝑇 × 𝑅𝑅 Design with 𝑇𝑇 Fixed

• 𝜎𝜎2 𝜏𝜏 = 𝜎𝜎2 𝑝𝑝 + 𝜎𝜎2 𝑝𝑝𝑝𝑝 = .30
• 𝜎𝜎2 Δ = 𝜎𝜎2 𝑅𝑅 + 𝜎𝜎2 𝑝𝑝𝑅𝑅 + 𝜎𝜎2 𝑇𝑇𝑅𝑅 + 𝜎𝜎2 𝑝𝑝𝑝𝑝𝑅𝑅 = .05

• 𝜎𝜎2 𝛿𝛿 = 𝜎𝜎2 𝑝𝑝𝑅𝑅 + 𝜎𝜎2 𝑝𝑝𝑇𝑇𝑅𝑅 = .04

𝑇𝑇

𝑅𝑅

𝑝𝑝𝑝𝑝𝑝𝑝

𝑝𝑝 𝑝𝑝𝑝𝑝

𝑝𝑝𝑝𝑝 𝑇𝑇𝑇𝑇

𝒏𝒏𝒕𝒕′ = 𝟑𝟑, 𝒏𝒏𝒓𝒓′ =2

Effect
Variance

Component
𝑻𝑻 Random
𝑹𝑹 Random

𝑻𝑻 Fixed
𝑹𝑹 Random

𝑝𝑝 .25 𝝉𝝉 𝝉𝝉

𝑇𝑇 .02 𝜟𝜟

𝑅𝑅 .01 𝜟𝜟 𝜟𝜟

𝑝𝑝𝑝𝑝 .05 𝜟𝜟 𝜹𝜹 𝝉𝝉

𝑝𝑝𝑝𝑝 .02 𝜟𝜟 𝜹𝜹 𝜟𝜟 𝜹𝜹

𝑇𝑇𝑇𝑇 .00 𝜟𝜟 𝜟𝜟

𝑝𝑝𝑝𝑝𝑝𝑝 .02 𝜟𝜟 𝜹𝜹 𝜟𝜟 𝜹𝜹

• 𝐸𝐸𝜌𝜌2 = 𝜎𝜎2(𝜏𝜏)
𝜎𝜎2(𝜏𝜏)+𝜎𝜎2 𝛿𝛿

= .88

• Φ = 𝜎𝜎2(𝜏𝜏)
𝜎𝜎2(𝜏𝜏)+𝜎𝜎2 Δ

= .86



D Study 𝑝𝑝 × (𝑅𝑅:𝑇𝑇) Design with 𝑇𝑇 and 𝑅𝑅 Random

• Suppose the investigator wants to use a different set of raters to 
evaluate each writing prompt.

• D study variance components for this design are computed from 
the G study variance components for the 𝑝𝑝 × 𝑡𝑡 × 𝑟𝑟 design using a 
two-step process:

1. Apply the confounding rules (Brennan, 2001, pp. 62-63) to convert the G 
study variance components from the 𝑝𝑝 × 𝑡𝑡 × 𝑟𝑟 design into those 
appropriate for a 𝑝𝑝 × (𝑟𝑟: 𝑡𝑡) design.

𝜎𝜎2 𝑟𝑟: 𝑡𝑡 = 𝜎𝜎2 𝑟𝑟 + 𝜎𝜎2(𝑡𝑡𝑡𝑡)

𝜎𝜎2 𝑝𝑝𝑝𝑝: 𝑡𝑡 = 𝜎𝜎2 𝑝𝑝𝑝𝑝 + 𝜎𝜎2(𝑝𝑝𝑝𝑝𝑝𝑝)

2. Use the transformed G study variance components from Step 1 to 
calculate the D study variance components for the 𝑝𝑝 × (𝑅𝑅:𝑇𝑇) design.

This is a 𝑝𝑝 × (𝑅𝑅:𝑇𝑇) design.



D Study 𝑝𝑝 × (𝑅𝑅:𝑇𝑇) Design with 𝑇𝑇 and 𝑅𝑅 Random

𝑇𝑇𝑅𝑅:𝑇𝑇𝑝𝑝𝑝𝑝:𝑇𝑇𝑝𝑝 𝑝𝑝𝑝𝑝

𝒑𝒑 × 𝒕𝒕 × 𝒓𝒓

Effect
Var

Comp
𝑝𝑝 .25
𝑡𝑡 .06
𝑟𝑟 .02
𝑝𝑝𝑝𝑝 .15
𝑝𝑝𝑝𝑝 .04
𝑡𝑡𝑡𝑡 .00
𝑝𝑝𝑝𝑝𝑝𝑝 .12

𝒑𝒑 × (𝒓𝒓: 𝒕𝒕)

Effect
Var

Comp
𝑝𝑝 .25
𝑡𝑡 .06
𝑟𝑟: 𝑡𝑡 .02
𝑝𝑝𝑝𝑝 .15

𝑝𝑝𝑝𝑝: 𝑡𝑡 .16

𝒑𝒑 × (𝑹𝑹:𝑻𝑻)

Effect
Var

Comp
𝑝𝑝 .250
𝑇𝑇 .020
𝑅𝑅:𝑇𝑇 .003
𝑝𝑝𝑝𝑝 .050

𝑝𝑝𝑝𝑝:𝑇𝑇 .027

• 𝜎𝜎2 𝜏𝜏 = 𝜎𝜎2 𝑝𝑝 = .25
• 𝜎𝜎2 Δ = 𝜎𝜎2 𝑇𝑇 + 𝜎𝜎2 𝑝𝑝𝑇𝑇 + 𝜎𝜎2 𝑅𝑅:𝑇𝑇 + 𝜎𝜎2 𝑝𝑝𝑅𝑅:𝑇𝑇 = .1

• 𝜎𝜎2 𝛿𝛿 = 𝜎𝜎2 𝑝𝑝𝑇𝑇 + 𝜎𝜎2 𝑝𝑝𝑅𝑅:𝑇𝑇 = .077

• 𝐸𝐸𝜌𝜌2 = 𝜎𝜎2(𝜏𝜏)
𝜎𝜎2(𝜏𝜏)+𝜎𝜎2 𝛿𝛿

= .76

• Φ = 𝜎𝜎2(𝜏𝜏)
𝜎𝜎2(𝜏𝜏)+𝜎𝜎2 Δ

= .71

𝒏𝒏𝒕𝒕′ = 𝟑𝟑
𝒏𝒏𝒓𝒓′ = 𝟐𝟐



Comparison of Three D Studies

𝒏𝒏𝒕𝒕′ = 𝟑𝟑, 𝒏𝒏𝒓𝒓′ =2

𝒑𝒑 × 𝑻𝑻 × 𝑹𝑹
𝑻𝑻 Random
𝑹𝑹 Random

𝒑𝒑 × 𝑻𝑻 × 𝑹𝑹
𝑻𝑻 Fixed

𝑹𝑹 Random

𝒑𝒑 × (𝑹𝑹:𝑻𝑻)
𝑻𝑻 Random
𝑹𝑹 Random

𝜎𝜎2 𝜏𝜏 .25 .30 .25

𝜎𝜎2 Δ .12 .05 .10

𝜎𝜎2 𝛿𝛿 .09 .04 .08

𝐸𝐸𝜌𝜌2 .74 .88 .76

Φ .68 .86 .71



Traditional Reliability Coefficients

• Test-retest (TR)
Correlation of scores from the same test form administered on different 

occasions

Items do not contribute to the error, but occasions do

• Parallel-forms (PF)
Correlation of scores from different test forms administered on different 

occasions

Both items and occasions contribute to the measurement error

• Internal consistency (IC) 
Single administration of a test form



Traditional Reliability Coefficients

• Test-retest reliability (TR)
G study: 𝑝𝑝 × 𝑖𝑖 × 𝑜𝑜 with 𝑛𝑛𝑜𝑜 = 2

D study: 𝑝𝑝 × 𝐼𝐼 × 𝑂𝑂 with 𝑛𝑛𝑜𝑜′ = 1; 𝑂𝑂 random and 𝐼𝐼 fixed

𝐸𝐸𝜌𝜌2 = 𝜎𝜎2 𝑝𝑝 +𝜎𝜎2 𝑝𝑝𝐼𝐼
𝜎𝜎2 𝑝𝑝 +𝜎𝜎2 𝑝𝑝𝐼𝐼 +[𝜎𝜎2 𝑝𝑝𝑝𝑝 +𝜎𝜎2 𝑝𝑝𝑝𝑝𝑝𝑝 ]

• Parallel-forms reliability (PF)
G study: 𝑝𝑝 × (𝑖𝑖: 𝑜𝑜) with 𝑛𝑛𝑜𝑜 = 2

D study: 𝑝𝑝 × (𝐼𝐼:𝑂𝑂) with 𝑛𝑛𝑜𝑜′ = 1; both 𝐼𝐼 and 𝑂𝑂 random

𝐸𝐸𝜌𝜌2 = 𝜎𝜎2 𝑝𝑝
𝜎𝜎2 𝑝𝑝 +[𝜎𝜎2 𝑝𝑝𝑝𝑝 +𝜎𝜎2 𝑝𝑝𝑝𝑝:𝑂𝑂 ]

= 𝜎𝜎2 𝑝𝑝
𝜎𝜎2 𝑝𝑝 +[𝜎𝜎2 𝑝𝑝𝑝𝑝 +𝜎𝜎2 𝑝𝑝𝑝𝑝 +𝜎𝜎2 𝑝𝑝𝑝𝑝𝑝𝑝 ]



Traditional Reliability Coefficients

• Internal consistency (IC)
G study: 𝑝𝑝 × 𝑖𝑖 × 𝑜𝑜 or 𝑝𝑝 × (𝑖𝑖: 𝑜𝑜) with 𝑛𝑛𝑜𝑜 ≥ 2

D study: 𝑝𝑝 × 𝐼𝐼 × 𝑂𝑂 or 𝑝𝑝 × (𝐼𝐼:𝑂𝑂) with 𝑛𝑛𝑜𝑜′ = 1; 𝑂𝑂 fixed and 𝐼𝐼 random

𝐸𝐸𝜌𝜌2 = 𝜎𝜎2 𝑝𝑝 +𝜎𝜎2 𝑝𝑝𝑂𝑂
𝜎𝜎2 𝑝𝑝 +𝜎𝜎2 𝑝𝑝𝑂𝑂 +[𝜎𝜎2 𝑝𝑝𝐼𝐼 +𝜎𝜎2 𝑝𝑝𝑝𝑝𝑝𝑝 ]

• It is almost always the case that

𝑃𝑃𝑃𝑃 ≤ 𝑇𝑇𝑇𝑇 ≤ 𝐼𝐼𝐼𝐼



Other Issues

• Large sample sizes (e.g., 𝑛𝑛𝑡𝑡, 𝑛𝑛𝑟𝑟) are highly desirable for a G study.
• A fully crossed G-study design is generally preferable.
• Not discussed in this module:
Unbalanced designs

Multivariate GT



References
• Brennan, R. L. (2001). Generalizability theory. New York: Springer-

Verlag.
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Conducting G and D Studies in R



Section 
Learning 

Objectives

Interpret G study and D study results.Compute D study statistics for various 
test conditions using R.

Use lmer()  function to estimate 
variance components in G study.

R Demonstration5



Computing Variance Components Using lmer() Function

• lmer() is a function from the lme4 package in R (Bates et al., 2015). 
• lmer()  function fits linear mixed-effects models using restricted 

maximum likelihood (REML) estimation. 
• It allows for the decomposition of variance into components 

attributable to different random factors. 
• In the 𝑝𝑝 × 𝑖𝑖 design, person and items are specified as random 

effects to estimate variances due to individual difference, item 
variability, and person-by-item interaction. 

𝑋𝑋𝑝𝑝𝑝𝑝 = 𝜇𝜇 + 𝑣𝑣𝑝𝑝 + 𝜈𝜈𝑖𝑖 + 𝑣𝑣𝑝𝑝𝑝𝑝



DATA STRUCTURE:
• 36 persons (rows)
• 30 dichotomous items (columns)
• Crossed design: every person 

answered every item
• Total observations: 36 x 30 = 1,080



Data Preparation: Convert the wide format (person x item) into long format 
with one row per response. 



Using lmer  Function for G Study Analysis



G Study Output from R





✔ The output table on the left 
provides estimated D study results 
for 5, 10, 15, 20, 25, 30, 40, and 50 
items. 

✔ Optional Step: Plotting the error 
variances and the coefficients in R 
for visualization. 



Visualizing the Error Variances and G Coefficients Results



Section 
Learning 

Objectives2



Data Structure:
✔10 persons
✔3 polytomous items
✔4 raters nested in each of 

the 3 items
✔Persons crossed with items
✔Raters nested within items





STEPS:
• Model equation:

𝑋𝑋𝑝𝑝𝑝𝑝𝑟𝑟 = 𝜇𝜇 + 𝑣𝑣𝑝𝑝 + 𝑣𝑣𝑖𝑖 + 𝑣𝑣𝑟𝑟:𝑖𝑖 + 𝑣𝑣𝑝𝑝𝑖𝑖 + 𝑣𝑣𝑝𝑝𝑟𝑟:𝑖𝑖

• Decomposition of the Variance 
components:
𝜎𝜎𝑝𝑝2

𝜎𝜎𝑖𝑖2

𝜎𝜎𝑟𝑟:𝑖𝑖
2

𝜎𝜎𝑝𝑝𝑖𝑖2

𝜎𝜎𝑝𝑝𝑝𝑝:𝑖𝑖
2



Estimated Variance Components: 



STEPS:
• Define D study 

conditions.
• Use G study estimated 

variance components 
to:
✔ Compute the 

relative and 
absolute variances.

✔ Compute the G and 
Phi coefficients for 
each condition. 





References
• Bates, D., Mächler, M., Bolker, B., & Walker, S. (2015). Fitting linear mixed-effects 

models using lme4. Journal of Statistical Software, 67(1), 1–48. 
https://doi.org/10.18637/jss.v067.i01

• Brennan, R. L. (2001). Generalizability theory. Springer-Verlag.

https://doi.org/10.18637/jss.v067.i01


Conducting G and D Studies in GENOVA

6



Section 
Learning 

Objectives

Create GENOVA control cards for 
𝑝𝑝 × 𝑟𝑟: 𝑖𝑖  design

Interpret the output generated by 
GENOVA

Create GENOVA control cards for 
𝑝𝑝 × 𝑖𝑖 design

Prepare data for GENOVA analysis

GENOVA Demonstration6



Data Preparation

Person →

Data 1 Item → Data 2Data structure 

1.  𝒑𝒑 × 𝒊𝒊 design: (data 1)

 36 person, 30 items.

2.  𝒑𝒑 × 𝒓𝒓: 𝒊𝒊  design: (data 2)

 10 person, 4 raters nested within 3 items.



Creating Control Cards for GENOVA

Identifier
:  1~12

Control cards for 𝒑𝒑 × 𝒊𝒊 , G study
• Format

 The control card should be prepared in a 

text (.txt) format.

 Each card consists of an Identifier and 

Parameters.

 The Identifier must be located in columns 

1–12, and the Parameters in columns 13–80.

Parameter:  13~80



Creating Control Cards for GENOVA
Control cards for  𝒑𝒑 × 𝒊𝒊 , G study
1. STUDY

 Can be used interchangeably with ‘GSTUDY’.

User-defined alphanumeric heading that 

appears on output page.

2. COMMENT

 comments or notes for output file.



Creating Control Cards for GENOVA
Control cards for  𝒑𝒑 × 𝒊𝒊 , G study

3. OPTIONS

• RECORDS
ALL : print all input records.
NONE : suppress the printing of input 

records.
NUMEREC : print only the first and 

last NUMEREC input records.

• EMS / ALGORITHM
Specify which estimated variance 

components from the G-study are to 
be used in D-study.

Default = EMS

RECORD
EMS / ALGORITHM


null

41.472

eng - iTunSMPB
 00000000 00000000 00000000 00000000000a21ba 00000000 00000000 00000000 00000000 00000000 00000000 00000000 00000000�





Creating Control Cards for GENOVA
Control cards for  𝒑𝒑 × 𝒊𝒊 , G study
4. EFFECT

• */+ (Optional)

 *: Marks the facet that defines each record.

 +:  Print cell mean scores of facet.

• MFACET

 Facet for the study.

 Letters (A~Z) and colon (:).

*/+
MFACET



Creating Control Cards for GENOVA
Control cards for  𝒑𝒑 × 𝒊𝒊 , G study
4. EFFECT

• NUMLEV

 Sample size for the facet.

• NPOPUL (Optional)

 Population or universe size for the facet.

Default = 0 (infinite universe).

NUMLEV MPOPUL



Creating Control Cards for GENOVA
Control cards for  𝒑𝒑 × 𝒊𝒊 , G study
5. FORMAT
• Specify FORTRAN format for reading data.

• The parameter must be enclosed within 
parentheses.

• e.g., (30F2.0)

 30: Total of 30 values.

 F2: Each value occupies 2 characters.

 .0: No digits after the decimal point.


null

34.56

eng - iTunSMPB
 00000000 00000000 00000000 0000000000086ba0 00000000 00000000 00000000 00000000 00000000 00000000 00000000 00000000�





Creating Control Cards for GENOVA
Control cards for  𝒑𝒑 × 𝒊𝒊 , G study
6. PROCESS

• Data used for analysis

1) Enter data directly into the control card

2) Provide data through a separate file

 An integer value specifying the logical unit 

number to be used for reading the input 

data (excluding 5 and 6).

 The data file must end with a blank line

(press Enter after the last record).

Unit number



Creating Control Cards for GENOVA
Control cards for  𝒑𝒑 × 𝒊𝒊 , D study
1. DSTUDY

• A user-defined alphanumeric heading that will 
appear on D study output page.

2. DEFFECT

• $:
 Indicates the object of measurement in 

the D study.

• DFACET: 
 Facet for D study.
 Letters (A~Z) and colon (:).

DFACET＄



Creating Control Cards for GENOVA
Control cards for  𝒑𝒑 × 𝒊𝒊 , D study
2. DEFFECT
• ISAMPD: (Optional) 

 Values indicating the sample size.
GENOVA automatically repeats the last 

sample size for a facet if fewer values are 
given.

Default = sample size from the G study
    0 = Infinite

• IUNIVD: (Optional)
 Population or universe size for the facet.
Must have ‘/’ when a IUNIVD value is 

specified
Default = size from the G study
    0 = Infinite

• e.g., D study results for 36-5, 36-10, 36-15. 36-20, 
36-30, 36-40,36-50

IUNIVDISAMPD



Creating Control Cards for GENOVA
Control cards for  𝒑𝒑 × 𝒊𝒊 , D study
3. ENDDSTUDY

• Indicate the end of control card.



Program Execution: GENOVA
Lauch the GENOVA program
• Execute the file ‘genova36.exe’
1. UNIT 5: 

 Enter the name of the control card.
 The control card must be located in the same 

folder as the ‘Genova36.exe’ file.

2. UNIT 6: 
 Enter the name of the output file.
 An output file will be generated following 

successful program execution.

3. UNIT 7: (Optional)
 Enter the name of the data file.
 The unit number is displayed according to the 

value entered in the PROCESS section of the 
control card.



Interpreting the GENOVA Output
Output file
• Note: The output file shown in this presentation includes only selected pages from the full output.


null

13.248

eng - iTunSMPB
 00000000 00000000 00000000 0000000000033a3f 00000000 00000000 00000000 00000000 00000000 00000000 00000000 00000000�





Interpreting the GENOVA Output
Output file
• Input data / Mean of input data



Interpreting the GENOVA Output
Output file
• Grand mean



Interpreting the GENOVA Output

1. Estimated variance components (EVC)

2. EVC recalculated by replacing any negative estimates with zero

* 1=2 if there are no negative estimates

3. Standard error of EVC

Output file
• Variance components



Interpreting the GENOVA Output
Output file
• Variance components 
• δ 

• Δ
• E𝜌𝜌2

• Φ



Interpreting the GENOVA Output
Output file
• Summary of D study results



Creating Control Cards for GENOVA
Control cards for 𝒑𝒑 × 𝒓𝒓: 𝒊𝒊 , G & D study
1. EFFECT

• EFFECT cards must list facets in order from the 

slowest-moving to fastest-moving in nested

design.

2. DEFFECT

• If there are specific conditions to be analyzed in 

the D study, they can be stated in the DEFFECT 

card to produce results.

• e.g., Item – Rater: 1-12, 2-6, 3-4, 4-3, 5-2, 6-2



Interpreting the GENOVA Output
Output file
• D study results for 3 items and 4 raters



Interpreting the GENOVA Output
Output file
• Summary of D study results


	An Overview of Generalizability Theory
	An Overview of Generalizability Theory
	Classical Test Theory and Generalizability Theory
	Framework of Generalizability Theory
	Universe of Admissible Observations (UAO)
	Generalizability (G) Study 𝑝×𝑡×𝑟 Design 
	Universe of Generalization and D Studies
	Universe of Generalization and D Studies
	D Study 𝑝×𝑇×𝑅 Design 
	D Study 𝑝×𝑇×𝑅 Design: Error Variances and Coefficients
	D Study 𝑝×𝑇×𝑅 Design: Computational Example
	Summary
	Single-Facet Designs
	Single-Facet Designs
	𝑝×𝑖 Design
	𝑝×𝑖 Design
	𝑝×𝑖 Design
	G Study Variance Components for 𝑝×𝑖 Design
	Estimating Variance Components 
	Estimating Variance Components (EMS)
	Estimating Variance Components (EMS)
	D Studies for 𝑝×𝐼 Design
	D Studies for 𝑝×𝐼 Design
	D Studies for 𝑝×𝐼 Design
	Error Variances
	Error Variances
	Reliability-like Coefficients
	𝑖:𝑝 Design
	𝐼:𝑝 Design
	𝑝×𝐼 and 𝐼:𝑝 Designs
	References
	Generalizability (G) Studies for Multi-Facet Designs
	G Studies
	Two-Facet Universes and Designs
	Venn Diagrams
	Two-Facet Universes and Designs
	𝒑×𝒊×𝒓 Design
	𝒑×(𝒊:𝒉) Design
	(𝒕:𝒑)×𝒓 Design
	𝒓: 𝒑×𝒕  Design
	 𝒊×𝒐 :𝒑 Design
	𝒓:𝒕:𝒑 Design
	The Problem of One
	References
	Decision (D) Studies for Multi-facet  Designs
	D Studies
	Introductory Notes
	Introductory Notes
	D Study 𝑝×𝑇×𝑅 Design with 𝑇 Fixed
	D Study 𝑝×𝑇×𝑅 Design with 𝑇 Fixed
	D Study 𝑝×(𝑅:𝑇) Design with 𝑇 and 𝑅 Random
	D Study 𝑝×(𝑅:𝑇) Design with 𝑇 and 𝑅 Random
	Comparison of Three D Studies
	Traditional Reliability Coefficients
	Traditional Reliability Coefficients
	Traditional Reliability Coefficients
	Other Issues
	References
	Conducting G and D Studies in R
	R Demonstration
	Computing Variance Components Using lmer() Function
	 
	 
	Using lmer  Function for G Study Analysis
	G Study Output from R
	 
	 
	Visualizing the Error Variances and G Coefficients Results
	 
	 
	 
	 
	 
	 
	 
	References
	Conducting G and D Studies in GENOVA
	GENOVA Demonstration
	Data Preparation
	Creating Control Cards for GENOVA
	Creating Control Cards for GENOVA
	Creating Control Cards for GENOVA
	Creating Control Cards for GENOVA
	Creating Control Cards for GENOVA
	Creating Control Cards for GENOVA
	Creating Control Cards for GENOVA
	Creating Control Cards for GENOVA
	Creating Control Cards for GENOVA
	Creating Control Cards for GENOVA
	Program Execution: GENOVA
	Interpreting the GENOVA Output
	Interpreting the GENOVA Output
	Interpreting the GENOVA Output
	Interpreting the GENOVA Output
	Interpreting the GENOVA Output
	Interpreting the GENOVA Output
	Creating Control Cards for GENOVA
	Interpreting the GENOVA Output
	Interpreting the GENOVA Output

