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WORKSHOP FLOW

Brief recap of Exploratory Factor analysis (EFA) and Confirmatory 
Factor Analysis (CFA)

CFA in SPSS AMOS: model building, interpretation and gender invariance 
practice
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LEARNING OUTCOMES

1. Explain the purpose of EFA and CFA in scale development and validation.

2. Conduct and interpret  CFA in AMOS, including basic multi-group 

measurement invariance testing, through hands-on activities.
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What are EFA and CFA?

• Exploratory Factor Analysis (EFA)

• Confirmatory Factor Analysis (CFA)

Definitions adapted from Brown (2015); Tabachnick & Fidell (2019) 4

Finds a structure

Data-driven. Explores possible factor 
numbers and item patterns.

Tests a structure

Theory-driven. The factors and their items 
are set in advance, then tested for fit.HKUMed



CFA IN SPSS AMOS: TUTORIAL AND HANDS-ON ACTIVITY
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WHY CFA MATTERS
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Use a developed questionnaire with stronger evidence

Check whether its proposed structure works with your participants.

Develop a validation study

Adapting an existing questionnaire for a new language or 

population may offer a research opportunity when there is a clear 

need.

Examples from our team

HKUMed



THE DATASET

Our practice model: Use the three-

factor model here to guide our CFA 

(see learning materials for details).

Please download the dataset and 

save it in a folder: 

https://bit.ly/scaleworkshop2

Parent support

Peer support

Teacher support
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1. Use the correct data: e.g.,the 15 continuous items in this workshop.

2. Check the participants: General Minimum (N ≥ 200) . Each row should 

represent one person, with responses independent of other participants.

3. Check the sample size: Our practice file has 1,669 participants. Other studies 

may need different sample sizes.

4. Use the planned model: Link each item to its proposed factor: e.g., Parent, 

Peer or Teacher Support.

5. Check normality: Follow the AMOS steps on the next slides before interpreting 

the maximum likelihood (ML)  results.

RUNNING CFA

BEFORE RUNNING CFA: ASSUMPTIONS
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CFA assumptions and identification (Brown, 2015).
HKUMed



• Open the IBM SPSS 
AMOS program.

RUNNING CFA

STEP-BY-STEP PROCESS

STEP 1
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THE DATASET

Our practice model: Use the three-

factor model here to guide our CFA 

(see learning materials for details).

Parent support

Peer support

Teacher support
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• Create/draw the model using the        “Draw latent variables and indicators”

RUNNING CFA

STEP 3
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http://amosdevelopment.com/webhelp/drawlatentvariablesandindicators.html


• Click “View variables in Dataset” and name the observed and latent variables

RUNNING CFA

STEP 4
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• Click “Plugins > Name Unobserved Variables” to label the measurement error 
terms

RUNNING CFA

STEP 5
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• Click “Analysis Properties” to set which estimation method and output elements will 
be used and shown in the analysis and results

RUNNING CFA

STEP 6
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• On the Output tab, check the boxes for “Minimization history”, “Standardized 
estimates”, “Modification indices” and “Tests for normality and outliers”. And then, 

click “Calculate Estimates“ button to run CFA

RUNNING CFA

STEP 6 CONT.
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1. Find the value: 

In AMOS output, open Assessment of normality. Find the bottom Multivariate row and 

read the last c.r. column. 
Note. c.r. =critical ratio. It standardises the departure in multivariate kurtosis.

2. Interpret the value:

Between −1.96 and +1.96: No warning from this check.

Below −1.96 or above +1.96: A warning. Review the data and analysis approach before 

interpreting ordinary ML results.

RUNNING CFA

MULTIVARIATE NORMALITY: THE RESULT
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INTERPRETATION OF CFA OUTPUT

FIT INDICES: MEANINGS AND READING GUIDES
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Fit index Brief meaning Reading guide

Chi-square (CMIN) Tests whether the model matches the relationships in 

the population exactly.

p > .050: exact fit is not rejected. Read 

other indices too.

GFI

Goodness-of-Fit Index

Summarises how closely the model reproduces the 

observed data.

Higher is better. Use as a supporting 

index.

CFI

Comparative Fit Index

Compares our model with a model in which the items 

are unrelated.

Higher is better. ≥ .900: older, lenient 

guide. Around .950: stricter guide.

TLI

Tucker–Lewis Index

Like CFI, Compares our model with a model in which 

items are unrelated, while taking model complexity 

into account.

Higher is better. ≥ .900: older, lenient 

guide. Around .950: stricter guide.

RMSEA

Root Mean Square Error of 

Approximation

Estimates remaining model error, taking degrees of 

freedom into account.

Lower is better. < .080: reasonable-fit 

guide. Around .060: stricter guide. Read 

the 90% CI.

SRMR

Standardized Root Mean 

Square Residual

Summarises the standardised gaps between 

observed and model-predicted relationships.

Lower is better. < .080 is a common 

guide.

Hu & Bentler (1999); Browne & Cudeck (1992). 
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INTERPRETATION OF CFA OUTPUT

WHAT AFFECTS THE FIT INDICES?
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Fit index What can affect the result?

Chi-square (CMIN) With a large sample, even small differences between the model and the data can give p 

< .050.

GFI Sample size and model complexity can affect it. Use it as a supporting index.

CFI Can be lower when the items are only weakly related to each other.

TLI Can decrease if we add more links without improving the model enough.

RMSEA Can look too high when there are few degrees of freedom, especially with a small 

sample.

SRMR Incorrect or missing links can increase SRMR because the model does not match the 

relationships between items well.

Sample size: more participants can improve precision. They do not automatically repair an incorrect 

factor model.

Shi et al., (2019); Maydeu-Olivares, (2017); Kenny et al., (2015)HKUMed



Menti-meter Activity: CFA Decision in Practice
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1. Scan the QR code with your phone.

2. Choose one answer for each question.

3. Let’s discuss the answers after each vote.

HKUMed



• Check the Output page by clicking       “Text Output“ button. Then, click on “Model 
Fit“

• Get the results from the Default Model

RUNNING CFA

STEP 7

Chi-square

GFI

CFI, TLI
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• Check the Output page by clicking       “Text Output“ button. Then, click on “Model 
Fit“

• Get the results from the Default Model

RUNNING CFA

STEP 7 CONT.

RMSEA

90% CI
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• For SRMR, return to the diagram window. Click Plugins > Standardized RMR, as 
shown below.

RUNNING CFA

STEP 7 CONT.
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• Read the Standardized RMR plugin result as SRMR. The ordinary RMR in Model Fit 
is not the same statistic.

RUNNING CFA

STEP 7 CONT.

SRMR
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SRMR and unstandardised RMR differ (Brown, 2015).
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• Check the Output page by clicking       “Text Output“ button. Click on “Estimates” to 
check the factor loadings of the items to the latent variable

RUNNING CFA

STEP 7 CONT.
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INTERPRETATION OF CFA OUTPUT

ESTIMATES

• Check if each item loads on its 
intended factor in the expected 

direction. Check reverse coding if a 

sign is unexpected.

• If standardised loadings is below .500. 

Consider item wording, purpose and 
the other results before deciding 

whether to keep an item.
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1. Write the corresponding values for each of the fit indices on the blanks provided.
2. Write the values needed on the Table. 
• Refer to your CFA results following what you learned from the tutorial.
3. Screenshot the CFA measurement model and paste it on the Figure page.

INTERPRETATION OF CFA OUTPUT

ACTIVITY 1
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TASK 1 TASK 2 (add the 
acceptable fit)

TASK 3HKUMed



POOR FIT: CHECKS AND JUSTIFIED CHANGES
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1. Check the data and diagram

Check item coding, the attached dataset file and the item-to-factor links. 

2. Inspect where the model struggles

In Text Output, read Estimates > Standardized Regression Weights. Review weak loadings and the item wording 

together.

3. Request diagnostic output

View > Analysis Properties > Output: tick Modification indices. Run again, then open these sections in Text Output.

4. Make a change only with a clear reason

For example, similarly worded items may share extra error. A large modification index alone does not justify linking 

their errors or deleting an item.

5. Check the revised model

Save a copy, make one justified change and rerun. Record the reason and compare fit. Check the revised model in 

another sample when possible.

Brown, (2015); MacCallum et al., (1992). HKUMed



THANK YOU!

For further queries, please email: Mr Samson Shen (samson66@hku.hk)
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