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ABSTRACT 
 

The main objective of making investigation about the field of psychology, education and behavioral 
sciences is to achieve a consistent measurement results. When carrying out the evaluation, many 
researchers use the classical test theory and other researchers use the generalizability theory. 
Generalizability theory is used less than the classical test theory by researchers. The main reason 
is generalizability theory analysis cannot perform by popular statistical programs. In this study, 
generalizability theory analysis was performed with different statistical programs such as 
GENOVA, EduG, with SPSS and SAS. In the study, GENOVA, EduG, SPSS and SAS programs 
outcomes were discussed as the results obtained in the study of alternative decisions in terms of 
variance components, partial and absolute errors and the results obtained generalizability 
coefficients. After the research results, there was no significant differences between the results 
obtained with GENOVA, EduG, SPSS and SAS program. 
Aims: SPSS and SAS programs are statistical programs and generally used by researchers which 
help to perform various analyzes. As for GENOVA and EduG program, they are only written for 
making G theory analysis. It is considered that widely used statistics programs such as SPSS and 
SAS programs are written for making the analysis of a G theory. Therefore, when making G theory 
analysis, there is no need for different software like GENOVA and EduG program. However, it 
should be noted that it is required to take the same results in different programs due to consistency 
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of results. The purpose of this study, examination of G theory analysis with different programs 
GENOVA, EduG ve SPSS-SAS and prediction of Eρ

2
 and Ф coefficents. 

Study Design:  Data are collected from two different departments of a company with a proficiency 
exam (tasks). In this study, two different situations were examined. 
Methodology: The first situation is crossed pattern [person(p) x task(t) x evaluator(e)] that 
includes an evaluation of the adequacy for 10 personnel in 4 different tasks and it is made by 2 
evaluators. In other words, every staff made all the tasks and the way to do all of the tasks which 
was made by staff also evaluated by 2 evaluators. The second situation is mixed pattern [person(p) 
x (task(t): evaluator(e))] that includes an evaluation for each task in different way for 10 personnel 
in 3 different tasks and it is scored by 4 different evaluators. In G theory analysis to reach Eρ2 and 
Ф coefficients, it must be made analysis which is appropriate for G theory (pattern) by GENOVA, 
EduG, SPSS and SAS programs. 
Results: When comparing results, analysis are made with using two different designs in 
generalizability theory and also they are made with GENOVA, EduG, SPSS and SAS programs. 
(a) The estimated variance of the G study results are generated(p): person; (t): task; (e): evaluator; 
main effect with (pt): person x task; (pe): person x evaluator; (te): task x evaluator; (pte,c): person x 
task x evaluator common effects and (p):person; (t):task;(t:e): task : evaluator; (pt): person x task; 
(pt:e): person x task: evaluator, (b) G study is estimated with σ2(δ) relative and σ2(Δ) of the 
absolute error variance, (c) K study is estimated with Eρ

2
 and Ф coefficients, (d) After alternative D 

study, number of different evaluators and tasks obtained from the combination of variance and Ф 
and Eρ

2
 coefficients found to be consistent with each other. 

 
 

Keywords: Generalizability theory; Genova; EduG; SPSS; SAS. 
 

1. INTRODUCTION 
 
The main objective of making investigation about 
the field of psychology, education and behavioral 
sciences is to achieve a consistent measurement 
results. It can be seen that, when assessing the 
reliability of measurement results, most common 
approaches are classical test theory, item 
response theory and generalizability theory. 
However, the classical test theory is more 
preferred than the other approaches by 
researchers. Searchers avoid using this 
approach because the analysis of both item 
response theory and generalizability theory are 
not possible to do with popular statistical 
programs. 
 

In classical test theory, reliability is usually 
defined as the correlation between parallel tests 
[1]. Classical test theory is based on the idea of 
producing a single reliability coefficient of a group 
of parallel observations which is the only real 
points with each observation or test scores [2]. 
Currently, the most widely used reliability 
methods are reliability estimates (ex: test retest, 
alternative forms, consistency coefficient and 
inter-rater reliability) which are provided with the 
classical test theory [3]. 
 

Generalizability (G) theory [4] is a different 
approach and a process of determining the limits 
of generalizability of the results obtained from the 
measurement made. In other words, it evaluates 

the conclusions of the assessment process 
situations (ex: different persons, places and 
times and one of the measurement 
characteristics is how good to measure) which 
can be applied [5]. 
 

G-Theory can also assess the reliability of 
classical approach, but reveals that in a limited 
way [5]. In classical test theory, the reliability of 
the calculation method is different. Also, it takes 
different names according to mean of reliability 
and the only error source which is handled [6]. 
When calculating reliability with test-retest 
method which is a meaning of consistency, the 
source of error is time. As for calculating 
reliability with parallel (equivalent) form methods 
which means equivalency or consistency, forms 
will be handled as a source of error. The 
calculations of the reliability in terms of internal 
consistency, some methods are used like 
Cronbach alpha, Rulon, Flanagen, Mossier, 
Horst and they take into consideration 
substances as a source of error [7,8]. Because of 
this, it is taking into account the different sources 
of error in calculating the reliability of the results 
of classical test theory actually which shows the 
contradictions of the classical test theory [4]. 
 

1.1 G-Theory Theoretical Framework 
 

G theory is a theory that can be used to 
determine the amount of variance attributable to 
different error sources [5]. In G theory, a 
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coefficient called the generalizability coefficient is 
calculated. This factor does not reinterpreting the 
concepts of reliability, although similar to the 
reliability coefficient in the classical test theory. 
 

In G theory, there are two types of studies which 
are called Generalizability (G) and Decision (D) 
Studies. G Studies are arranged to separate the 
measurement errors with the specific sources of 
variability. When regulating G theory, people 
must primarily to determine the universe of 
potential sources of variability and measurement 
sample to generalize. In D study, trying to 
minimize the error which is a specific purpose in 
a made to measure obtained in G study. The 
reliability of the measurements made in the work 
being evaluated in G study, decision study which 
is a work from the generalizability study 
movement organized to collect data based on the 
decision of the motion generalizability study 
[1,7,8]. 
 

In D study, two different reliability coefficient 
which are generalizability coefficient (G or Eρ2) 
and dependability coefficient (Phi or Ф) can be 
calculated for different measurement scenarios 
[1,7-9]. 
 

Alternative K Studies can be edited to reduce the 
error variance which takes part in Eρ

2
 and Ф 

coefficients. In G-Theory, this kind of research is 
called Alternative D Studies [1,7- 9]. 
 
It can be seen that, the basic assumptions of the 
G- Theory was revealed by [4] and has been 
investigated by different researchers (ex: [7,8,10-
17]) in different aspects in the process. Beside 
this, some researchers (ex: [18]) define G theory 
to the psychometric approach which is parallel to 
the development of psychometric research. 
 

In Turkey, although there are qualified 
researches (ex: [19-30]) on the G-Theory, it can 
be seen that their numbers are limited according 
to the abroad studies. It is observed that, the old 
time studies were usually calculated with 
GENOVA (A Generalized Analysis of Variance 
System) program [31], in new studies, SPSS and 
EduG programs are used partially. In the 
preparation of this study, in our country, there 
was no study about statistics programs like SAS 
and MATLAB which is used in G theory. 
 
The first program which is written for G theory 
analysis is GENOVA program. mGENOVA and 
urGENOVA programs follow this. Also, another 
program for make G theory analysis is EduG 
program. Some researchers (ex: [32]) made 

studies to use G theory analysis for SPSS 
(Statistical Package for the Social Sciences) and 
SAS (Statistical Analysis System) programs with 
using syntax by [7].  
 
GENOVA program which is used in G theory 
analysis, developed with using the fortran 
programming language by [31,33]. As for EduG 
program, it was developed by [33]. GENOVA 
program is delivered free by American College 
Testing Program. Regarding EduG program, it is 
delivered free by EDUCAN Inc. and IRDP. 
 

The SPSS and SAS are statistical software 
programs which are distributed. SPSS program 
was established in 1967. It is used in applications 
like statistical analysis, data mining and 
predictive analytics. As regards SAS, it has been 
used with a project at North Carolina State 
University in 1976. 
 

Unlike G theory, SPSS and SAS programs make 
different statistical analysis process. Although 
SPSS and SAS programs easily make many 
statistical analyses, they cannot make G-Theory 
analysis practically like GENOVA and EduG 
programs. GENOVA and EduG programs are 
developed only for G theory analysis. G theory 
analysis can made with the help of syntax by [32] 
without interfering with the contents of the SPSS 
and SAS programs. 
 

2. AIM 
 
SPSS and SAS programs are statistical 
programs and generally used by researchers 
which help to perform various analyzes. As for 
GENOVA and EduG program, they are only 
written for making G theory analysis. It is 
considered that widely used statistics programs 
such as SPSS and SAS programs are written for 
making the analysis of a G theory. Therefore, 
when making G theory analysis, there is no need 
for different software like GENOVA and EduG 
program. However, it should be noted that it is 
required to take the same results in different 
programs due to consistency of results. The 
purpose of this study, examination of G theory 
analysis with different programs GENOVA [31], 
EduG [33] ve SPSS-SAS [32] and prediction of 
Eρ

2
 and Ф coefficents. 

 

3. METHODS 
 

In the following, data collection and data analysis 
sections are given for research on the screeing 
types that examines different statistical programs 
in G theory. 
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3.1 Data Collection  
 
Data are collected from two different 
departments of a company with a proficiency 
exam (tasks). In this study, two different 
situations were examined. 
 
The first situation is crossed pattern [person(p) x 
task(t) x evaluator(e)] that includes an evaluation 
of the adequacy for ten personnel in four different 
tasks and it is made by two evaluators. In other 
words, every staff made all the tasks and the way 
to do all of the tasks which was made by staff 
also evaluated by two evaluators. 
  
The second situation is mixed pattern [person(p) 
x (task(t): evaluator(e))] that includes an 
evaluation for each task in different way for ten 
personnel in three different tasks and it is scored 
by four different evaluators. 
 

3.2 Data Analysis 
 
In G theory analysis to reach Eρ

2
 and Ф 

coefficients, it must be made analysis which is 
appropriate for G theory (pattern) by GENOVA, 
EduG, SPSS and SAS programs. 
 

3.2.1 Pattern 1 
 

The equations used to calculate the analysis of 
variance person(p) x task(t) x evaluator(e) is 
given for pattern in Table 1. (p): person; (t): task; 
(e): evaluator; (pt): person x task; (te): task x 
evaluator; (pte,e): person x task x evaluator were 
used for this pattern. A modeling has been done 
in crossed pattern within the tasks (p x t x e). 
 

3.2.2 Pattern 2 
 

The equations used to calculate the analysis of 
variance [person(p) x task(t): evaluator(e)] is 
given in Table 2. (p): person; (t): task; (e): 
evaluator; (pt): person x task; (te): task x 
evaluator; (pte,e): person x task : evaluator were 
used for this pattern. A modeling has been done 
in nestled pattern within the materials (p x t: e). 
 

GENOVA, EduG, SPSS and SAS programs are 
used for calculating correlations of Eρ2(G) and 
Φ(Phi) for the reliability of scores on two different 
patterns. 
 

4. FINDINGS 
 
The aim of this study is first in line variance 
components were calculated by GENOVA, 
EduG, SPSS and SAS programs and later, for 

[(p) x (t) x (e)] and [(p) x (t): (e)] patterns, Eρ
2
 (G) 

ve Φ (Phi) coefficient were estimated. 
 
Table 1. Generalizability theory [(p) x (t) x (e)] 

pattern variance components 
 

Variance 
source 

Variance components 

person 

te

epteptpep

p
nn

MSMSMSMS ,2 
  

task 

et

epteetptt

t
nn

MSMSMSMS ,2


  

evaluator 

tp

epteetpee

e
nn

MSMSMSMS ,2


  

person x 
task 

p

eptept

pt
n

MSMS ,2


  

person x 
evaluator 

e

eptepe

pe
n

MSMS ,2


  

task x 
evaluator 

p

eptete

te
n

MSMS ,2


  

error 
epteepte MS ,

2
,   

Note:   σ
2
: variance; MS: Mean Square; n: data; (p): 

person; (t): task; (e): evaluator;  (pt): person x task; 
(pe): person x evaluator; (te): task x evaluator; (pte,e): 

person x task x evaluator 

 
Table 2. Generalizability theory [(p) x (t): (e)] 

pattern variance components 
 

Variance 
source 

Variance components 

Person 

et

pep

p
nn

MSMS 
2  

Evaluator 
 

Task:evaluator 

p

eptet

et
n

MSMS ::2
:


  

Person x 
evaluator 

t

eptpe

pe
n

MSMS :2


  

Error 
eptept MS :

2
:   

Note:  σ
2
: variance ; MS: Mean Square ; n: data;  

 (p): person;  (t): task; (e): evaluator;  (t:e): task: 
evaluator; (pe): person x evaluator; (pt:e): person x 

task: evaluator 
 
The obtained variance components by GENOVA, 
EduG, SPSS and SAS programs are given in the 
Table 3. As shown in Table 3; df: degree of 
freedom, SS: Sum of Squares; MS: Mean 
Square; σ

2
: variance; (p): person; (t): task; (e): 

evaluator; (pt): person x task; (pe): person x 

tp

eptpetee

e
nn

MSMSMSMS :)(2



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evaluator; (te): task x evaluator; (pte,e): person x 
task x evaluator calculated. The most important 
issues are the percent variance calculation 
obtained. The percentage variance of the 
persons were found to be 20,0% in GENOVA, 
EduG, SPSS and SAS programs. Meanwhile, 
task and evaluator variability explains 20,0% of 
the total variance, respectively 15,9% and 0,3%. 
When considering the main effect variance, the 
results obtained are consistent with each other. 
According to this result, approximately 35% of 
the variance was found that the variation 
between individuals (in four tasks and two 
evaluators). Similarly, examined (p): person; (t): 
task; (e): evaluator main effects with (pt): person 
x task; (pe): person x evaluator; (te): task x 
evaluator joint effects, the results obtained are 
consistent with each other. (pte,e): person x task 
x evaluator effect of showing the joint effect of 
the three sources of variability, yielded similar 
results. 
 
As shown in Table 4; df: degree of freedom, SS: 
Sum of Squares; MS: Mean Square; σ2: 
variance; (p): person; (t): task; (t:e): task : 
evaluator; (pt) : person x task; (pt:e): person x 
task : evaluator calculated by GENOVA, EduG, 
SPSS and SAS programs. The percentage 
variance of the persons were found to be 10,8% 
in GENOVA, EduG, SPSS and SAS programs. 
On the other hand, (p): person; (t:e): tasks : 
evaluator; (pt): person x task; (pt:e): person x 
task : evaluator variability of the total variance 
ratios are consistent with each statement in 
GENOVA, EduG, SPSS and SAS programs. 
 
G theory with D study interpreted similar to the 
reliability factor calculated on classical test theory 
Eρ2 (G) calculating coefficients is possible. Eρ2 
(G) is used for relative decisions. In addition, Ф 
coefficient is calculated for absolute decisions in 

G theory. Ф coefficient is a coefficient which can 
be calculated on classical test theory. 
 
bxgxd pattern obtained for Eρ

2
 (G) and Φ (Phi) 

coefficients are compatible with each other by 
GENOVA, EduG, SPSS and SAS programs. 
Predicted coefficients of the GENOVA, EduG, 
SPSS ve SAS programs are the same as the 
results obtained are shown in a single table 
(Table-5). According to G theory, 3-point scale 
study that estimated by D study, Eρ

2
 (G) 

coefficient of 0.640, while the Ф coefficient 
seems to be estimated as 0.554. 
 
Applying different tasks and different alternatives 
and combinations assessors work with 
alternative D study, relative and absolute error 
variance and the coefficient of Eρ

2
 (G) and Ф has 

produced consistent results in GENOVA, EduG, 
SPSS and SAS programs. 
 
As shown in Table 6, for [bx(g:d)] pattern, the 
coefficients obtained by increasing the number of 
task Eρ2 (G) = 0.681 and  Ф = 0,601. Similarly, 
the coefficients obtained by increasing the 
number of evaluator Eρ

2
 (G) = 0,684 ve Ф = 

0,592. 
 
Alternatively D study results, applying different 
tasks and different evaluator alternatives, the Eρ

2
 

(G) and Ф coefficients obtained are consistent 
with each other in GENOVA, EduG, SPSS ve 
SAS programs. 
 

5. RESULTS AND DISCUSSION 
 
When comparing results, analysis are made with 
using two different designs in generalizability 
theory and also they are made with GENOVA, 
EduG, SPSS and SAS programs. 
 
 

Table 3. [(b) x (g) x (d)] pattern variance components 
 

mGENOVA ve EduG (Variance components)                                        SPSS ve SAS (Variance components)                                          
  df(α) SS(α) MS(α) σ

2
(α) %  df(α) SS(α) MS(α) σ

2
(α) % 

p 9 62,200 6,9111 0,5528 20,0 p 9 62,200 6,911 0,553 20,0 
t 3 37,450 12,4833 0,4417 15,9 t 3 37,450 12,483 0,442 15,9 
e 1 3,200 3,2000 0,0074 0,3 e 1 3,200 3,200 0,007 0,3 
pt 27 56,300 2,0852 0,5750 20,8 pt 27 56,300 2,085 0,575 20,8 
pe 9 12,050 1,3389 0,1009 3,6 pe 9 12,050 1,339 0,101 3,6 
te 3 7,500 2,5000 0,1565 5,7 te 3 7,500 2,500 0,156 5,7 
pte, e 27 25,250 0,9352 0,9352 33,8 pte, e 27 25,250 0,935 0,935 33,8 

Note:   df : degree of freedom; SS: Sum of Square; MS: Mean Square; σ
2
: variance;  (p) :person;  (t): task; 

(e):evaluator;  (pt): person x task; (pe): person x evaluator; (te): task x evaluator; (pte,e): person x task x 
evaluator 
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Table 4. [(p) x (t) : (e)] pattern variance components 
 

mGENOVA ve EduG (Variance components)                                              SPSS ve SAS (Variance components)                                             
  df(α) SS(α) MS(α) σ

2
(α) %    df(α) SS(α) MS(α) σ

2
(α) % 

p 9 92,6667 10,2963 0,4731 10,8 p 9 92,667 10,296 0,473 10,8 
t 2 48,2000 24,1000 0,3252 7,4 t 2 48,200 24,100 0,325 7,4 
t:e 9 79,7000 8,8556 0,6475 14,8 t:e 9 79,700 8,856 0,648 14,8 
pt 18 83,1333 4,6185 0,5596 12,8 pt 18 83,133 4,619 0,560 12,8 
pt:e 81 192,8000 2,3802 2,3802 54,3 pt:e 81 192,800 2,380 0,238 54,3 
Note:   df : degree of freedom; SS: Sum of Square; MS: Mean Square; σ

2
: variance;  (p): person;  (t): task; (t:e): 

task : evaluator; (pt): person x task; (te): task x evaluator; (pt : e): person x task : evaluator 
 

Table 5. [(p) x (t) x (e)]  pattern alternative D studies results 
 

σ
2
(α)   nt 3 4 5 3 4 5 3 4 5 

 ne 1 1 1 2 2 2 3 3 3 
σ2(δ)   0,604 0,478 0,403 0,398 0,311 0,259 0,329 0,255 0,211 
σ

2
(Δ)   0,811 0,635 0,530 0,575 0,445 0,367 0,496 0,381 0,312 

Eρ
2
  0,478 0,536 0,578 0,581 0,640 0,681 0,627 0,684 0,724 

 Ф    0,405 0,465 0,511 0,490 0,554 0,601 0,527 0,592 0,639 
Note: nt  and ne:: number of task and evaluator; σ

2
(δ): relative error variance;  σ

2
(Δ): absolute error variance; Eρ

2
 : 

generalizability coefficient;  Ф: dependability coefficient. 
 

Table 6. [(p) x (t):(e)] pattern alternative D studies results 
 
σ

2
(α)   nt 2 3 4 2 3 4 2 3 4 

 nt:e 3 3 3 4 4 4 5 5 5 
σ

2
(δ)   0,676 0,451 0,338 0,577 0,385 0,289 0,518 0,345 0,259 

σ2(Δ)   0,947 0,631 0,473 0,821 0,547 0,410 0,745 0,497 0,373 
Eρ

2
  0,412 0,512 0,583 0,450 0,551 0,621 0,477 0,578 0,646 

 Ф   0,333 0,428 0,500 0,366 0,464 0,535 0,388 0,488 0,559 
Note:  nt and nt:e:: number of task and evaluator; σ

2
(δ): relative error variance;  σ

2
(Δ): absolute error variance; Eρ

2
: 

generalizability coefficient;  Ф: dependability coefficient 

 
a. The estimated variance of the G study 

results are generated (p): person; (t): task; 
(e): evaluator; main effect with (pt): person 
x task; (pe): person x evaluator; (te): task x 
evaluator; (pte,c): person x task x 
evaluator common effects and (p):person; 
(t): task;(t:e): task : evaluator; (pt): person 
x task; (pt:e): person x task : evaluator 

b. G study is estimated with σ
2
(δ) relative and 

σ2(Δ)of the absolute error variance, 
c. K study is estimated with Eρ

2
 and Ф 

coefficients, 
d. After alternative D study, number of 

different evaluators and tasks obtained 
from the combination of variance and Ф 
and Eρ

2
 coefficients found to be consistent 

with each other. 
 
GENOVA, EduG, SPSS and SAS programs are 
made G theory analyses which are basically 
written by the same algorithm. Thus, it is 
expected that the results are consistent with 
each other. In a study, [21] compared the 
GENOVA and SPSS analysis results. As a result 

of research, Eρ
2
 and Ф coefficients was close to 

each other but not exactly the same which was 
obtained with GENOVA and SPSS programs. 
There is a suggestion that it may have been due 
to rounding in the calculation. It was seen that 
[21]’s conclusions reached was consistent as this 
study. In addition to this, it can be said that G 
theory analysis can be freely used in EduG and 
SAS programs. In G theory, the results which 
were obtained with EduG and SAS programs are 
consistent like GENOVA and SPSS programs. 
 

6. CONCLUSION 
 
Classical test theory is a theory that still preferred 
by researchers and maintains its popularity. 
However, with the help of one analysis, a 
common and single reliability coefficient cannot 
be obtained in the classical test theory [25,27].  
The differences between estimation of different 
methods illustrate the limitations of classical test 
theory. Despite this, one of the important reasons 
that G theory is not widely used than the 
classical test theory is the programs which will be 
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used in the analysis are not widely used as 
SPSS and SAS programs [32]. 
 

Nevertheless, researchers who do work on the G 
theory, using one of the programs such as 
GENOVA, EduG, SPSS and SAS programs are 
given the following suggestions; 
 

1. While GENOVA and EduG programs have 
no commercial purposes with free delivery, 
SPSS and SAS programs are licensed 
trademarks programs. Users can download 
and use for free EduG and GENOVA 
programs on their computers, but SPSS 
and SAS programs are required user 
licenses to run the program effectively.  

2. Researchers who think to use GENOVA 
program in G-Theory analysis have to 
learn program commands and their syntax 
to write appropriate commands (see [31]) 
which is proper to schedule. 

3. EduG program was developed only for G 
theory analysis and also its visual interface 
is more understandable than GENOVA 
program. That is to say, it provides ease of 
use to users. 

4. In SPSS and SAS program, it is sufficient 
that data which is written by [32], entered 
data syntax or read data from another file. 
If researchers prefer to use SPSS or SAS 
programs in G theory analysis, they do not 
need to learn command or rule. 

5. Data input is different in GENOVA, EduG, 
SPSS and SAS programs. The use 
according to the researchers, think that the 
program will be required to input data. 
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