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A bit about myself

 MA & PhD from Tsukuba
« Language testing

Test method (task type, response format) effect on language test
performance

Construct validation study of a test/instrument/questionnaire (e.g.,
research into factorial/structural relationships among variables)

Meta-analytic inquiry into the variability of effects
Longitudinal measurement of change in language proficiency
Secondary analysis of survey and administrative datasets

Application of measurement models to language test data
(especially, meta-analysis and structural equation modeling)
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Overview

« Confirmatory factor analysis (CFA)
basics

« CFA demo
* (Break)
* Applications
— Higher-order models

— Multitrait-multimethod (MTMM) models
— Multi-sample models

« Structural equation modeling
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Figure 1: Confirmatory factor analysis of the hypothesized model



Confirmatory factor analysis (FEERHIEF 547
BRI R F 72 47)

— A statistical technique for examining the relationships
between observed measures and unobserved
variables (i.e., factors)

— Test the hypothesis whether a test/questionnaire
measures what it claims to measure
A confirmatory, hypothesis-testing approach to the data
« Construct validation of a test/questionnaire
— Suitable for visually presenting study findings

— Can be extended to models such as higher-order,
multitrait-multimethod (MTMM), and multi-sample
models




« Confirmatory factor analysis

— Particularly widely used in language testing
« Over 20 studies in the past 30 years
* Construct validation of...: Trait structure of...
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Overview

» Confirmatory factor analysis (CFA) basics
« CFA demo

* (Break)
* Applications

— Higher-order models

— Multitrait-multimethod (MTMM) models
— Multi-sample models

 Structural equation modeling
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CFA demo

* Five steps (e.qg., Bollen & Long, 1993)
— (1) model specification

2) model identification

3) parameter estimation

4) model fit

5) model respecification

—
—
—
—
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CFA demo

« A task questionnaire (Konno & Hirai, 2012)

— Data available at http://www.tokyo-tosho.co.jp/books/ISBN978-4-
489-02128-2.html

« Sample size: 248

11 variables
— VL1, VL2, VL3, and VL4 for value
— EF1, EF2R, and EF3 for effort
— EX1, EX2, EXS, and EX4R for expectation

I \J SCore }JUIIILD dVdIIdUIU IUI Udbll VdIIdUIU
. Expected findings

— There are three latent factors: One each for value, effort, and
expectation

— The three factors are correlated with each other
« Software: Amos (version 20)
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* Requirements:
— Sample size: 200+

— Normality
* Univariate skewness & kurtosis
 Multivariate kurtosis

— Missing data
— No multicolinearity
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sls Summary Assessment of normality (' )1-7"FS 1)

for Group

le Surrimary Variable min max skew cr.  kurtosis cr.

ieter Summary
zment of normality VL1 1.000 5000 -500
vations farthest from the centroid (Mahalanobis distance) VL2 1.000 5.000
for kodel

-3.216 -384  -1.1235
-.932 -.826  -1656

stes VL3 1.000 -.351 -2155 -586 -1.BES
l:atil:“'-l Ir-ldices \'14 > _.3‘85 '2.4?4 _.59? '2.24[:'
ization Hiztory EF1 =230 -1478 -.567 -1.824
Fit

g 5000 -595 -3826 -.190 -.611
1.000 5000 -3531 -3412 -.284 -914
1.000 4000 658 41233 -.280 -.899
1.000 5000 724 4655 032 104
1.000 4000 347 2228 -1.086 -3490
1.000 4000 539 3463 -584 -1878
Multivariate 53571 24943

tion Time

Univariate normality:
(1) Skewness &
kurtosisis, c.r. (critical
ratio) =< +-1.96/3.29.
(2) When N >=200,
check instead if
skewness & kurtosis
values themselves
are near zero &/or
draw graphs to
ensure normality
ield, 2005, p. 72

Multivariate normality: (1) c.r. (critical
ratio) =< +-1.96/3.29, (2) c.r. values
> 5.00 indicate nonnormal
distribution (Bentler, 2005, p. 106;
Byrne, 2010, p. 104 ).
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Model Fit Summary
CMIN
Model NPAR CMIN DF P CMINDF
FIES1 25 51301 41 130 1.251
e — —

Saturated model 66 000 0
Independence model 11 1586728 55 000 28 850
RMR, GFI
Model EMER  GFI AGFI PGFI
FIES1 040 965 943 599
Saturated model 000 1.000
[ndependence model 473 349 219 291
Baseline Comparisons

NFI RFI [FI TLI
Model Deltal thol Delta2 tho2  CoF
FIES 1 968 957 993 991 993
Satnrated model 1.000 1.000 1.000
Independence model = 000 000 000 .000  .000
Parsimony-Adjusted Measures
Model PRATIO PNFI PCFI
FIEE 1 745 721 740
Saturated model 000 000 00D
[ndependence model 1.000 000 000
NCP
Model NCP LO 90 HI 90
FIEE 1 000 32.723

10.301
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e Task

— Byrne 2006 _ch3.sav

 Variable names changed from the original data

— Test the model presented here

— Interpret the results
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Overview

» Confirmatory factor analysis (CFA) basics
« CFA demo

* (Break)
* Applications

— Higher-order models

— Multitrait-multimethod (MTMM) models
— Multi-sample models

 Structural equation modeling
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Overview

» Confirmatory factor analysis (CFA) basics
« CFA demo

* (Break)
* Applications

— Higher-order models
— Multitrait-multimethod (MTMM) models
— Multi-sample models

 Structural equation modeling
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Figure 2 Final CFA model (HigherorderTrait Factor model)




* Multitrait multimethod (MTMM) design

— Two or more traits (abilities, constructs) are
measured with two or more methods.
— Used for test validation

« Model fit
* Trait factor loadings > method factor loadings

— Often faces problems
* No convergence

* Negative error variance
 Excessive standard error

32
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* Byrne2010 _Ch1
0

e ind7mt_Innami.S
AV

— Label changed
from the original
dataset
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Notes for Model (- %H= 1-ET7FAEHE =S 1)

The following variances are negative. (' "% = 1-E7 &= 1)

el

-.124
The following covariance matrix is not positive definite ("} %= 1-FT 1HE = 1)

Writing Speaking Listening Eeading

Writing 1.000
Spealing 380  1.000

Listening | 863 893 1.000

Reading 211 147 319 1.000

Notes for Group/Model (" A—7H= 1- T AEHE =S 1)

This sohation 1s not admissible.



Variances: (' A-7"HS 1- T A ES 1)

Estimate S.E. C.E. P Label

Eeading 1.000

Listening 1.000

Speaking 1.000

Writing 1.000 _

Self rating 1,000 Constra_un e2 to
Teacher rating 1.000 el. (Or fixe2to 0
Parent_rating 1.000 or0.1,0.2, 0.3 if
Peer rating 1.000 it is

el [ 141y 060 2327 .020 nonsignificant.
e2 124y 135 -916 Fixing to 0 may
e3 099 043 2293 022 be inadequate as
ed 222043 3.099  *** this suggests no
es 352 039 8987 e measurement
. 056 025 2233 026 error. Try several
- _ p

o 301 038 7gig  mE near-zero \f/alues
e9 341 054 6329 *xx to test for

el0 140 026 5411 ==

ell 189 038 40937 == model.)

el2 164 042 3921 e

el3 911 100 9.143 ===

eld 103 057 1.793 073

els 542 064 8412 e 37

el6 436 057 7017 ==
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 SEM, including MTMM
designs, allows for
comparison of rival models.

 Test the three models
presented hare




RMSEA | p SRM
close-fi

X2 |Df| p CFI TLI (90% CT) i n

Correla 0.011 (0.000,
g | 78721 |77 424 999 | 0.998 0.043) 987 | .0491

Uncorr

elate | 86.042 |84 | 418 999 | 0.99g |00 (00001 o550 | 433

. 0.042)
Unitary | 506 941 183|000 910 | 0.870 098800730 550 1 0705

0.103)

Higher- 0.021 (0.000
orde | 86.859 | 80| .281 995 | 0.993 |0:021 (00001 oon 1 0510

) 0.047)
Criteria nonsig > .95 Near =<0.05 > .05 |=<.08

1.0
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X2 difference Df difference p

Correlated
Vs. Uncorrelated | 5 5 76 751 86.042) 7 (77-84) /Nonsig (< 14.067)
Vs. Unitary 128.22 (78.721- Sig (> 12.592)

206.941) 6 (77-83)

Vs. Higher-order | 8.138(78.721-86.859) | 3 (77-¢/ /| Nonsig(<7.815)

Chi-square difference tests: Although the
Correlated model is theoretically most
plausible, it is not statistically more

appropriate than the Uncorrelated or

Higher-order model.
42
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Variances: (' A-7"HS 1-Tr &S 1)

Estimate SE. CE. P Label
Grammar 1.000
Vocabulary 1.000
Listening 1.000
Self rating 1.000
Teacher rating 1.000
Peer rating 1.000
el 5.657 470 12034 ===
&2 3.467 456 7609 **
e3 1438 1134 -1268
e 2.716 331 8209 e
e5 3.940 383 10300 **=
e6 26.697 590560  -.045
e7 1338 180 7446
8 559 315 1776 076

&9 _169 447 _378 @

Notes for Model (7'~ = 1-ITLES 1)

-FES 1-ITAES 1)

The follog®¥ variances are negative.

e3
-1.438

e
-26.697

g9
-.169
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e Task

— Make a list of test methods. How close are
they to each other?

— How do methods of measurement
compromise the validity of measurement of

skills such as readina and listenina? Are

WINTTIWD J A v IJWNvI 1 3 \l

some methods of measurement more likely to
reduce construct validity?
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Overview

» Confirmatory factor analysis (CFA) basics
« CFA demo

* (Break)
* Applications

— Higher-order models

— Multitrait-multimethod (MTMM) models
— Multi-sample models

 Structural equation modeling
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* Multi-sample models

— Examine whether and to what extent measurement instruments
(tests and questionnaires) function equally across (the
same/different) groups, or, put another way, whether and to what
extent the factor structure of a measurement instrument or
theoretical construct of interest holds true across groups

« Across the same groups
— One group randomly split into two
» Across different groups
— High, intermediate, low proficiency learners
— Tertiary education, secondary education, primary education
— Indo-European, non-Indo-European

— Male, female
— White, African American, Hispanic, Asian American, Native American
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Overview

» Confirmatory factor analysis (CFA) basics
« CFA demo

* (Break)
* Applications

— Higher-order models

— Multitrait-multimethod (MTMM) models
— Multi-sample models

« Structural equation modeling
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L2 Communication Model in the Japanese EFL Context with Standardized Estmates
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Note. ¥*p << .01; 2 (49) = 62.63, n.s.; GFI = 0.97; AGFI = 0.95; CFI = 0.99; RMSEA = 0.031; WIC L2:
Willingness to Communicate in L2; CA: Communicatdon Anxiety in 12; PC: Perceived Communicaton
Competence in L2; LISN: Listening Comprehension; GRAM: Grammar & Vocabulary; READ: Reading Com-
prehension; [FO: Intercultural Friendship Orientadon in Learning English; IVA: Interest in Internatonal
Vocadon,/Actvities; IFA: Interest in Foreign Affairs; AAT: Intergroup Approach Avoidance Tendency; MI:
Momwanomal Tnrensite TE: Nesire to T earn Fnohsh

L2 Learning

Motwvation

Yashima
(2002)




L2 Communication Model in the Japanese EFL Context with Standardized Estimates
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L2 Learning
Maotivation

Yashima
(2002)

Note. **h <2 01; 32 (49) = 62.65, n.s.; GFI = 0.97; AGFI = 0.95; CFl = 0.99; RMSEA = 0.031; WIC L2:
Willingness to Communicate in L2; CA: Communicatdon Anxiety in 1.2; PC: Perceived Communicatdon
Competence in L2; LISN: Listening Comprehension; GRAM: Grammar & Vocabulary; READ: Reading Com-
prehension; IFO: Interculmral Friendship Orientation in Learning English; IVA: Interest in Internatonal
Vocadon,/Activities; IFA: Interest in Foreign Affairs; AAT: Intergroup Approach Avoidance Tendency; MI:
Motmwanonal Intensite T Desire to T.earn Foolish
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FIGURE 2
The LISREL Model
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— Sample size for exploratory factor analysis:

1T BEOYTILEL. FEIR

ERFHEEITOLhTHRY

Fabriger et al. (1999), Floyd & Widaman
(1995), Tabachnick & Fidell (2007)

— Sample size for confirmatory factor analysis:

Brown (2006), Kline (2011)
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« CFIl, RMSEA...

— Higher-order models

— Multitrait-multimethod (MTMM) models

— Multi-sample models
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EFA vs. CFA (1)

Differences in approaches

* Exploratory factor analysis (EFA; & BEF 5 #7)
— Data-driven approach
— Often used in early stages of an investigation

* Confirmatory factor analysis (CFA; #5F8Y/#E 2R F 7 47)
— Theory-driven approach

— Often used in later stages of an investigation to confirm
specific hypotheses

Sawaki (2011)



EFA vs. CFA (2)

Graphic representation of the differences (per Brown, 2006)

-

Variable 1

Variable 2

Variable 3

Variable 4 EFA

(oblique rotation)

Sawaki (2011)
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EFA vs. CFA (3)

Graphic representation of the differences (per Brown, 2006)
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* Which fit indices should | report?
— x4, df, p, CFI, TLI, RMSEA+CI, SRMR
— Hu & Bentler (1999)
— Kline (2011)

2, df, p
Correlation residual matrix (at least describe the pattern of
residuals for a large model; locate the larger residuals and
their signs)
RMSEA+CI+the p value for the close-fit hypothesis, GFI, CFl,
SRMR

If you respecify the initial model, explain your rationale for
doing so.

If no model is retained, explain the implications for the theory
In your analysis.
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Fit Indices Recommended in the Literature

Basic Incremental Absolute Residual |

¥? CFI  Gamma Hat  [FI] MC NFI RNI TLI URFI GFI AGFT RMR RMSEA [CI]
articles
antler (1998, 1900) X X X X X X X
icles
. Panter (1993) X X X X
1a (2000)2 x [x]
lum & Austin (2000) x [x]
Ud & Ho (2002) X X X X X
12002) X X X X
(2005) X X
D06) X X x [x]
gton & Whittaker (2006) X X x [x]
et al. (2009) X X X X X X X
tal. (2000) X X X
vy textbooks
005) X X x [x]
2006) X X X
(2007)0 X X
& Hancock (2008) X X X X x [x]
s & Finney (2010) X x [x]
2010) X X
& Hancock (2010) X X x [x]
n {2010} X X X

10 17 3 i) 4 2 3 15 1 4 | | 19 [8]
mendation X X X x [x]
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Software

Detailed Fast &
vt dependable (Missing Mo nno rmal 0 e
5L . Aovailability [User
readable  |technical |data dats 4
manual Support
Armos ot ot (%] comme rcial [nowvice
B ot W o ot ot commercial [inte rmediate
. lintermediate,
LI=REL ot ot W oy ot comme rcial
acvanced
. lintermediate,
M plus x WA, x x commercial
advanced
R (lzvaan) ? ? " % free intermediate

« GUI = graphic user interface.
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SEMNET

The Structural Equation Modeling Discussion Network

Researchers who study or apply structural equation modeling methods may be interested in an electronic mail network called SEMMET. Operating over the Internet, SEWMMET is an open
forum for ideas and guestions about the methodology that includes analvsis of covariance structures, path analysis, and confirmatory factor analysis. SEMMET bridges the gaps between
users, between disciplines, and between conferences. SEMMNET was founded in February 1893, As of Movember 1882, SEMMET had more than 1,300 subscribers around the world.

SEMMET is for sharing ideas about this methodology with other interested researchers. SEMMET is also for researchers who are just learning (or re—learning) about structural equation
modeling, or who are facing problems in applying these techniques to their own research.

The current postmaster/list owner for SENMMET is Dr. Carl E. Ferguson, Jr. (CFERGUSO@ALSTONCBAUAEDU), professor of marketing at The University of Alabama, in Tuscaloosa.
SEMMET is sponscred by the Seebeck Computer Center at The University of Alabama.

TOPICS:

* Commands vs. Messages
Addresses:

Joining SEMNET
Subscription Options
Leaving SEMMNET

The Archives

Searching the Archives
For More Information . . .

COMMANDS V5. MESSAGES

Interacting with SEMMET involves sending two different tvpes of e—mail commands and messages.

Users send commands to acquire information about the list or to start, stop, or change the parameters of their subscription to the list. By contrast, users send messages to the list to
be distributed to the list's other subscribers. For commands, users do not need to provide a subject. The commands themselves go in the body section of the e—mail. The same e—mail
may contain several commands, but each command must be on a separate line.

For messages, providing a descriptive subject line shows consideration for other list subscribers.

ADDRESSES

SEMMET users need to remember two different e—mail addresses—one for commands and one for messages.
Commands are always sent to the LISTSERY address:

CAPS =
KANHA ™

LISTSERVOBAMA .Uk . EDU LY
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Structural Equation
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