
Chapter 5: 

Exploratory and Confirmatory Factor Analyses 



Overview:  

 

1. Exploratory Factor Analysis vs Confirmatory Factor Analysis. 

 

2. Standard CFA: IIEF example. 

 

3. Non-Standard CFA: MNWS example. 

 

4. Second-order CFA: Power Of Food Scale Example. 

 

5. Development of the measurement model using CFA: SEX-Q 

example. 

 

6. CFA with symptom items: Menopause-Specific Quality of Life 

(MENQOL) example. 

 

7. Journal References. 
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1. Exploratory Factor Analysis . 

V1 = Lf1v1 f1 + Lf2v1 f2 + Lu1v1 U1
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1. Confirmatory Factor Analysis. 

V1 = Lf1v1 f1 + E1
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1. Confirmatory Factor Analysis. 

Several criteria should be satisfied to 

conclude that a model fits the data: 

 

(1) Bentler Comparative Fit Index (CFI) 

values should be >0.9  

 

(2) path coefficients should be statistically 

significant (t values >1.96), and  

 

(3) standardized path coefficients should 

be ≥0.4 and statistically significant. 
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2. Standard CFA:  

IIEF example. 

Further Understanding of the 

International Index of Erectile 

Function at 15+ Years: 

Confirmatory Factor Analysis 

and Multidimensional Scaling. 

Andrew G. Bushmakin, Joseph C. 

Cappelleri, Tara Symonds and Vera 

J. Stecher 

Therapeutic Innovation & 

Regulatory Science. 2014; 48:246-

254 
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2. Standard CFA: IIEF example. 
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2. Standard CFA: IIEF example. 

The CFI was 0.92 for the baseline 

data set, 0.94 for the end of the DBPC 

data set, and 0.93 for the end of the 

open-label data set. 
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3. Non-Standard CFA: MNWS example. 

Revealing the multidimensional framework of the Minnesota nicotine withdrawal scale. 

Cappelleri JC, Bushmakin AG, Baker CL, Merikle E, Olufade AO, Gilbert DG. 

Curr Med Res Opin. 2005 May;21(5):749-60. 
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3. Non-Standard CFA: MNWS example. 
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3. Non-Standard CFA: MNWS example. 
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3. Non-Standard CFA: MNWS example. 

Phase three: Study 1 Phase three: Study 2 

Week: Comparative Fit Index: Comparative Fit Index: 

Baseline   0.97 0.98  

Week 1  0.98 0.98  

Week 4  0.98  0.99 

Factor loadings for the  

four items of the Negative Affect scale 

Factor loadings for 

the two items of the 

Insomnia scale 

Study and Week: 
Depressed 

mood 

Irritability, 

frustration, 

or anger 

Anxiety 

Difficulty 

Concen-

trating 

Difficulty 

going to 

sleep 

Difficulty 

staying 

asleep 

Phase 3 Study 1 

Baseline 0.67 0.70 0.75 0.70 0.82 0.70 

Week 1 0.59 0.79 0.81 0.70 0.86 0.78 

Week 4 0.70 0.78 0.82 0.76 0.78 0.76 

Phase 3 Study 2 

Baseline  0.65 0.72 0.74 0.68 0.87 0.76 

Week 1  0.58 0.75 0.81 0.72 0.82 0.83 

Week 4 0.74 0.78 0.85 0.72 0.86 0.79 
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4. Second-order CFA: Power Of Food Scale. 

• The Power of Food Scale (PFS) was developed to assess the psychological 

impact of living in food-abundant environments, as reflected in feelings of being 

controlled by food, independent of food consumption itself.  

 

• The 21 items on the PFS were designed to reflect responsiveness to the food 

environment involving three levels of food proximity: 

(1) food readily available in the environment but not physically present,  

(2) food present but not tasted and  

(3) food when first tasted but not consumed.  

 

• Every item was measured on the following five-category scale:  

I don’t agree (1), I agree a little (2), I agree somewhat (3), I agree quite a bit (4), I 

strongly agree (5) 

Evaluating the Power of Food Scale in obese subjects and a general sample of individuals: 

development and measurement properties. 

Cappelleri JC, Bushmakin AG, Gerber RA, Leidy NK, Sexton CC, Karlsson J, Lowe MR. 

Int J Obes (Lond). 2009 Aug;33(8):913-22.  
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4. Power Of Food Scale: Initial EFA. 

• The initial analysis of the scree 

plot (see figure) indicated that 

probably only one factor should 

be considered.  

 

• However, an attempt to fit the 

model in a CFA with just one 

latent factor for all 21 items 

(using the same dataset) failed; 

CFI was less than 0.9.  
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4. PFS: EFA with Parallel analysis. 

• Parallel analysis was used in 

order to define the number of 

factors beyond chance.  

 

• Based on the results of this 

analysis (see figure), it was 

concluded that at least 8 

eigenvalues were larger than the 

95th percentile from random 

calculations  

 

•It is possible that there could be 

as many as 8 factors in the 

model 
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4. PFS: extract and test, extract and test,... 

• To resolve this issue it was decided to continually extract solutions (1-

factor, 2-factor, 3-factor and so on) using EFA and then immediately test 

these solutions using CFA.  

 

• Two additional indexes were used to compare models: the 

Parsimonious Normed Fit Index (PNFI) and the Expected Cross 

Validation Index (ECVI).  

 

• The PNFI simultaneously reflects both the fit and the parsimony of the 

model; the model with the largest PNFI is the most parsimonious one.  

 

•The ECVI gauges the applicability or generalizability of results; the 

model with the smallest ECVI value is considered to be the most stable 

in the same population. 
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4. PFS: extract and test, extract and test,... 

• CFIs for one- and two-factor models were less than 0.90, indicating 

that these models did not adequately fit the data.  

 

• CFIs for the three-, four- and five-factor solutions were more than 0.90; 

therefore, these models fit the data (see Table).  

 

• Extracting a solution beyond five factors did not produce a new 

structure compared with the five-factor model. 

Model 

 

Comparative Fit 

Index  

 Parsimonious 

Normed Fit Index 

 Expected Cross 

Validation Index 

Three-factor 0.92 0.79 1.04 

Four-factor 0.93 0.77 0.81 

Five-factor 0.94 0.78 0.82 
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4. PFS: model generalizability. 

• The three-factor model gave the largest ECVI. This indicates that although 

this model was the most parsimonious one, it could be less generalizable 

than the four- and five-factor models.  

 

• Additional calculations were performed to refine the three-factor model and 

achieve better generalizability and fit of the model. 

 

• Monte-Carlo type simulations were used to identify items which can be 

deleted from the measurement model to improve the fit of the model (identify 

most useless item). 

 

• In every simulation we delete 5 items (about 30% of items).  

• Those 5 items can come from any domain.  

• Rule 1: Any domain in any simulation cannot have less than 3 items.  

• Rule 2: To level a playfield we also add rule 2: in every simulation at 

least one item should be deleted from domain 2 or 3 (If only rule 1 is applied it 

will give items from the first domain some disadvantage – they more likely to be selected to 

be deleted. ) 
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4. PFS: model generalizability. 

PFS 

Item 

“uselessness” 

rank 

deleted items / CFA 

v4 1527 v4 / 0.93 

v7 1496 v4, v7 / 0.94 

v13 1493 v7, v4, v13 / 0.95 
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4. PFS: first-order CFA. 
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Model                              CFI     PNFI    ECVI 

Three-factor (15 items)  0.95     0.78     0.48 
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4. PFS: second-order CFA. 

For the 15-item questionnaire, the relatively high correlations among the three factors 

(factors 1 and 2: 0.73; factors 1 and 3: 0.72; factors 2 and 3: 0.69) suggested that a three-

factor, second-order model can be a well-suited and appropriate model. 
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4. PFS: second-order CFA. 

Factor structure of the Power of Food Scale in the clinical and Web-based studies.  

C, clinical data set; W, Web survey data set. 
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4. PFS: second-order CFA. 

Appetite. 2009 Aug;53(1):114-8. Epub 2009 Jun 12. 

 

The Power of Food Scale. A new measure of the psychological influence of the food environment. 

 

Lowe MR, Butryn ML, Didie ER, Annunziato RA, Thomas JG, Crerand CE, Ochner CN, Coletta MC, 

Bellace D, Wallaert M, Halford J. 

 

Abstract 
 

• This paper describes the psychometric evaluation of a new measure called the Power of Food Scale 

(PFS). The PFS assesses the psychological impact of living in food-abundant environments.  

 

• It measures appetite for, rather than consumption of, palatable foods, at three levels of food proximity 

(food available, food present, and food tasted). Participants were 466 healthy college students.  

 

• A confirmatory factor analysis replicated the three-factor solution found previously by Cappelleri 

et al.  

 

• The PFS was found to have adequate internal consistency and test-retest reliability.  

The PFS and the Restraint Scale were regressed on four self-report measures of overeating. The PFS 

was independently related to all four whereas the Restraint Scale was independently related to two.  

 

• Expert ratings of items suggested that the items are an acceptable reflection of the construct that the 

PFS is designed to capture. The PFS may be useful as a measure of the hedonic impact of food 

environments replete with highly palatable foods. 
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5. Development of the measurement model using CFA: SEX-Q 

example. 

Evaluating the sexual experience in men: validation of the sexual experience questionnaire. 

Mulhall JP, King R, Kirby M, Hvidsten K, Symonds T, Bushmakin AG, Cappelleri JC. 

J Sex Med. 2008 Feb;5(2):365-76 
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• The CFI of the 15-item draft questionnaire structured as a three-factor conceptual 

model was 0.81 (clinical trial data set at screening). There were no weak items, and 

all paths were statistically significant. 

• Confirmatory factor analysis was used to determine the factor structure in the 

context of the overlapping three-factor conceptual model (a supervised approach).  

• It provided a simple and straightforward algorithm to take a conceptual model to a 

final model that fitted the data.  

• Bentler’s Comparative Fit Index (CFI) was used to determine fit (for the final model 

CFI had to be >0.9) 

• In a stepwise iteration process, deletion and/or reassignment of individual items and 

factor paths (factor to item) were tested for improvement in model fit, targeting those 

items and paths with the largest Lagrange multiplier at each step. 

• If the deletion and/or reassignment of an item improved fit but weakened the other 

items, or resulted in paths that were not statistically significant, the deletion and/or 

reassignment of the item was not incorporated into the model.  

• A weak item was defined as having a standardized loading less than 0.4 or not 

being statistically significant. 

5. Development of the measurement model using CFA: SEX-Q 

example. 
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5. Development of the measurement model using CFA: SEX-Q 

example. 
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Evaluation of the measurement model and clinically important differences for menopause-specific quality of life 

associated with bazedoxifene/conjugated estrogens. 

Bushmakin AG, Abraham L, Pinkerton JV, Cappelleri JC, Mirkin S. 

Menopause. 2013 Dec 30. [Epub ahead of print] 

6. CFA with symptom items: Menopause-Specific Quality of 

Life (MENQOL) example 

The MenQoL consists of 4 domains and one aggregated domain. Domain are scored 

as follows:  

 

(a) Each domain is scored separately.  

 

(b) The scale contains four domains: 

 (i) Vasomotor - Items 1, 2 and 3  

 (ii) Psychosocial - Items 4-10 

 (iii) Physical - Items 11-26  

 (iv) Sexual – Items 27, 28, and 29.  

 

(c) The overall score that can be obtained as the mean of the four above domain 

scores.  
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6. CFA with symptom items: Menopause-Specific Quality of 

Life (MENQOL) example 
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6. CFA with symptom items: Menopause-Specific Quality of 

Life (MENQOL) example 
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6. CFA with symptom items: naïve model. 
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6. CFA with symptom items: final model 

• CFA model for MENQOL data. In the CFA model, the vasomotor, psychosocial, and sexual domains were represented by 

latent (unobserved) variables F1, F2, and F3, respectively.  

 

• The variable V30, defined as the mean score of the 16 items on the physical function domain, represented 

physicalfunction as a manifest (or observed) variable, denoted as observed factor F4.  

 

• The second-order aggregate latent factor F5 subsumes all the other factors. 
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