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A bit about myselfA bit about myself
MA & PhD from Tsukuba• MA & PhD from Tsukuba

• Language testing
– Test method (task type, response format) effect on language test ( yp , p ) g g

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 datasetsy y y
– Application of measurement models to language test data 

(especially, meta-analysis and structural equation modeling)
• 理系に比べると、正確な測定・分析が難しい理系に比 ると、正確な測定 分析が難しい

– 「英語能力」をどう測る？
– TOEIC はリスニングとリーディング力を測定している？
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OverviewOverview

C fi t f t l i (CFA)• Confirmatory factor analysis (CFA) 
basics

• CFA demo
• (Break)(Break)
• Applications

Hi h d d l– Higher-order models
– Multitrait-multimethod (MTMM) models
– Multi-sample models

• Structural equation modeling
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VL1: この活動を行うことは、大きな意味があると思う。
VL2: この活動は、とても重要だと思う。
VL3 この活動は 多くの利益をもたらしてくれるだろう

Konno 
&

VL3: この活動は、多くの利益をもたらしてくれるだろう。
VL4: この活動は、今後の英語学習に重要なものだと思う。
EF1: この活動には多くの努力を費やせるだろう。
EF2: この活動に対して あまりがんばらないと思う (R) & 

Hirai 
(2012)

EF2: この活動に対して、あまりがんばらないと思う。(R)
EF3: この活動に対して全力で挑めると思う。
EX1: 他の人に比べて、この活動がうまくできると思う。
EX2: この活動の結果に満足できると思う

55

EX2: この活動の結果に満足できると思う。
EX3: この活動が終わった後、充実感を得られそうだ。
EX4: この活動をうまくできないと思う。(R)



Koizumi & 
In’nami 
(under

66

(under 
review)



Tseng DörnyelTseng, Dörnyel, 
& Schmitt (2006, 

p. 93)
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C fi t f t l i (確認的因子分析• Confirmatory factor analysis (確認的因子分析、
検証的因子分析)
– A statistical technique for examining the relationshipsA statistical technique for examining the relationships 

between observed measures and unobserved
variables (i.e., factors)
Test the hypothesis whether a test/questionnaire– 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-orderCan be extended to models such as higher-order, 

multitrait-multimethod (MTMM), and multi-sample 
models
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• Confirmatory factor analysis
– Particularly widely used in language testingy y g g g

• Over 20 studies in the past 30 years
• Construct validation of…; Trait structure of…Construct validation of…; Trait structure of…
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OverviewOverview

• Confirmatory factor analysis (CFA) basics
• CFA demoCFA demo
• (Break)
• Applications

– Higher-order modelsHigher order models
– Multitrait-multimethod (MTMM) models

M lti l d l– Multi-sample models
• Structural equation modeling
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CFA demoCFA demo

• Five steps (e.g., Bollen & Long, 1993)
– (1) model specification( ) p
– (2) model identification

(3) parameter estimation– (3) parameter estimation
– (4) model fit
– (5) model respecification
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CFA demoCFA demo
A task questionnaire (Konno & Hirai 2012)• A task questionnaire (Konno & Hirai, 2012)
– Data available at http://www.tokyo-tosho.co.jp/books/ISBN978-4-

489-02128-2.html
S l i 248• Sample size: 248

• 11 variables
– VL1 VL2 VL3 and VL4 for valueVL1, VL2, VL3, and VL4 for value
– EF1, EF2R, and EF3 for effort
– EX1, EX2, EX3, and EX4R for expectation

1 5 score points available for each variable– 1-5 score points available for each variable
• Expected findings

– There are three latent factors: One each for value, effort, and 
t tiexpectation

– The three factors are correlated with each other
• Software: Amos (version 20)
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• Requirements:
– Sample size: 200+p
– Normality

• Univariate skewness & kurtosis• Univariate skewness & kurtosis
• Multivariate kurtosis

Missing data– Missing data
– No multicolinearity
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Model specification
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Model identification: Usually at 
l h b d i blleast three observed variables 
per factor; Fix either a factor 
variance, or one of the factor 

l di t b ifi lloadings, to be a specific value, 
usually 1.
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Parameter estimation: 
Maximum likelihoodMaximum likelihood 

recommended
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Univariate normality: 
(1) Skewness &(1) Skewness & 

kurtosisis, c.r. (critical 
ratio) =< +-1.96/3.29. 
(2) When N >=200

Multivariate normality: (1) c.r. (critical

(2) When N > 200, 
check instead if 

skewness & kurtosis 
values themselves Multivariate normality: (1) c.r. (critical 

ratio) =< +-1.96/3.29, (2) c.r. values 
> 5.00 indicate nonnormal 

distribution (Bentler, 2005, p. 106; 

values themselves 
are near zero &/or 

draw graphs to 
ensure normality
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Byrne, 2010, p. 104 ).

y
（Field, 2005, p. 72）。



• P. 19, 図1.20
Model fit
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Χ2 
(CMIN) Df p CFI TLI RMSEA 

(90% CI)
pclose-fit 

H0

SRM
R

Model

51.301 41 .130 .993 0.991 0.032 (0.000, 
0 057) .871 .0400.057)

C it i Th Th > > 95 N < 0 05 > 05 <Criteria The 
smaller, the 
better

The 
bigge
r, the 

=>
0.05

> .95 Near 
1.00

=< 0.05 > .05 =< 
.08

better

This tests the nullThis tests the null 
hypothesis that the 

population RMSEA is no 
greater than .05.
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greater than .05.



• P. 19, 図1.20
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• P. 30, 図2.3

Model respecification: The 
path from EX2 to VL1 willpath from EX2 to VL1 will 

decrease the χ2 by 4.625 with 
the predicted path size of -
.126. This change must be

23

.126. This change must be 
theoretically supported.
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• Task
– LawleyMaxwell.savy
– Test the two models presented here

Interpret the results– Interpret the results
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• Task
– Byrne 2006 ch3.savy _ _

• Variable names changed from the original data
– Test the model presented here– Test the model presented here
– Interpret the results
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OverviewOverview

• Confirmatory factor analysis (CFA) basics
• CFA demoCFA demo
• (Break)
• Applications

– Higher-order modelsHigher order models
– Multitrait-multimethod (MTMM) models

M lti l d l– Multi-sample models
• Structural equation modeling
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Mizumoto & 
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OverviewOverview

• Confirmatory factor analysis (CFA) basics
• CFA demoCFA demo
• (Break)
• Applications

– Higher-order modelsHigher order models
– Multitrait-multimethod (MTMM) models

M lti l d l– Multi-sample models
• Structural equation modeling
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Sawaki (2007)
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M ltit it lti th d (MTMM) d i• 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
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Llosa (2007)2 th d
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( )2 methods3 (4) traits



5 traits

4 methods

Sawaki 
(2007)(2007)
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• Byrne2010_Ch1
0

• ind7mt_Innami.S
AVAV
– Label changed 

from the original 
dataset
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Constrain e2 to 
e1. (Or fix e2 to 0 
or 0.1, 0.2, 0.3 if 

it iit is 
nonsignificant. 
Fixing to 0 may 

be inadequate asbe inadequate as 
this suggests no 
measurement 

error Try severalerror. Try several 
near-zero values 

to test for 
stability of astability of a 

model.)
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Χ2 = 78.721, 
df 77df = 77, 
p = .424, 

CFI = .999, 
TLI 998TLI = .998, 

RMSEA = .011 
(.000, .043), 

ppclose-fit H0
= .987, SRMR 

= .0491
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• SEM, including MTMM 
designs, allows for 
comparison of rival models.

• Test the three models 
presented here
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Χ2 Df p CFI TLI RMSEA 
(90% CI)

pclose-fit 
H0

SRM
R

Correla
ted 78.721 77 .424 .999 0.998 0.011 (0.000, 

0.043) .987 .0491

UncorrUncorr
elate

d
86.042 84 .418 .999 0.998 0.011 (0.000, 

0.042) .990 .0438

Unitary 206.941 83 .000 .910 0.870 0.088 (0.073, 
0.103) .000 .0705

Higher- (Higher
orde

r
86.859 80 .281 .995 0.993 0.021 (0.000, 

0.047) .972 .0510

C i i i 9 0 0 0 08Criteria nonsig > .95 Near 
1.0
0

=< 0.05 > .05 =< .08
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Χ2 difference Df difference p
Correlated

Vs. Uncorrelated 7.321 (78.721-86.042) 7 (77-84) Nonsig (< 14.067)

V U it 128 22 (78 721 Si (> 12 592)Vs. Unitary 128.22 (78.721-
206.941) 6 (77-83) Sig (> 12.592)

Vs. Higher-order 8.138 (78.721-86.859) 3 (77-80) Nonsig (< 7.815)g ( ) ( ) g ( )

Chi-square difference tests: Although theChi-square difference tests: Although the 
Correlated model is theoretically most 

plausible, it is not statistically more 
appropriate than the Uncorrelated or

42

appropriate than the Uncorrelated or 
Higher-order model.



• Task
Brown2006 Ch6– Brown2006_Ch6

– Read the data from SPSS and construct the model 
above

– “This solution is not admissible.”
• Identify and rectify the problem.
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Χ2 = 13.332, df = 15, p = .577, CFI = 1.000, 
TLI = 1.002, RMSEA = .000 (.000, .038), pclose-fit H0

993 SRMR 0153
46

= .993, SRMR = .0153



• Task
– Make a list of test methods. How close are 

they to each other?
– How do methods of measurementHow do methods of measurement 

compromise the validity of measurement of 
skills such as reading and listening? Areskills such as reading and listening? Are 
some methods of measurement more likely to 
reduce construct validity?reduce construct validity? 
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OverviewOverview

• Confirmatory factor analysis (CFA) basics
• CFA demoCFA demo
• (Break)
• Applications

– Higher-order modelsHigher order models
– Multitrait-multimethod (MTMM) models

M lti l d l– Multi-sample models
• Structural equation modeling
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M lti l d l• Multi-sample models
– Examine whether and to what extent measurement instruments 

(tests and questionnaires) function equally across (the ( q ) q y (
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

49



50



Baseline

Factor loadings 
equal

Factor loadings + 

5151
error variances equal



OverviewOverview

• Confirmatory factor analysis (CFA) basics
• CFA demoCFA demo
• (Break)
• Applications

– Higher-order modelsHigher order models
– Multitrait-multimethod (MTMM) models

M lti l d l– Multi-sample models
• Structural equation modeling
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Yashima 
(2002)

53



Yashima 
(2002)
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Hiromori (2009)
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Tremblay & 

56

y
Gardner (1995) 
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• 因子分析を適用する際のサンプル数、解釈
などにおける注意点、条件などについて知りな おける注意点、条件な 知り
たいです。

Sample size for exploratory factor analysis:– Sample size for exploratory factor analysis: 
Fabriger et al. (1999), Floyd & Widaman 
(1995) Tabachnick & Fidell (2007)(1995), Tabachnick & Fidell (2007)

– Sample size for confirmatory factor analysis: 
B (2006) Kli (2011)Brown (2006), Kline (2011)
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確認的因子分析が効果的な は どんな場• 確認的因子分析が効果的なのは、どんな場
合か？（セミナーでわかることとは思います
が な 合 も使われ 例があが、、。不必要な場合でも使われる例がある
と聞くので。）
– モデルが適切かを様々な観点から調べたいとき

• CFI, RMSEA…
– Higher-order models
– Multitrait-multimethod (MTMM) models( )
– Multi-sample models
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因子分析のときに（探索的ということだと思いますが 確認的• 因子分析のときに（探索的ということだと思いますが、確認的
因子分析が探索的因子分析とどのように違うのかすら分
かっていません）、バリマックス回転とプロマックス回転とどち
らを使うか 本によ て様々なようですが バリマ クス回転らを使うか、本によって様々なようですが、バリマックス回転
できれいに因子が抽出できない場合にプロマックス回転で行
うということで良いでしょうか。因子内の信頼性係数はどれく
らい以上ならば大丈夫と見なせるでし うか 7を下回らい以上ならば大丈夫と見なせるでしょうか。.7を下回っ
て、.6の後半では駄目でしょうか。また、ある本の中の実証
的研究として、２つの因子に負荷量が .4以上でまたがって
る を見かけた すが （例えば 因子 には あるいるのを見かけたのですが （例えば、因子１には .76あるの

ですが、因子2にも .43とか）、各因子ごとに独立していなけ
ればならないかと思っていたのですが、そうではないのでしょ
うか。独学でやっているので、自分でこうだと思ったことが確
かかどうか分からないことが多々あります。お教えいただけ
れば有難いです。

60



Sawaki (2011)
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Sawaki (2011)
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Sawaki (2011)
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Whi h fit i di h ld I t?• Which fit indices should I report?
– χ2, df, p, CFI, TLI, RMSEA+CI, SRMR
– Hu & Bentler (1999)– Hu & Bentler (1999)
– Kline (2011)

• χ2, 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+th l f th l fit h th i GFI CFI• RMSEA+CI+the p value for the close-fit hypothesis, GFI, CFI, 
SRMR

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

• If no model is retained, explain the implications for the theory 
in your analysis.
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SoftwareSoftware

GUI hi i t f• GUI = graphic user interface.
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