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Assessing convergent and discriminant validity in the
ADHD-R IV rating scale:

User-written commands for Average Variance Extracted
(AVE), Composite Reliability (CR), and

Heterotrait-Monotrait ratio of correlations (HTMT).

David Alarcón & José A. Sánchez

Universidad Pablo de Olavide

dalarub@upo.es

October 22, 2015
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Construct Validity

Campbell and Fiske (1959) proposed two aspects to asses the construct
validity of a test:

1 Convergent validity: is the degree of confidence we have that a trait
is well measured by its indicators.

2 Discriminant validity: is the degree to which measures of different
traits are unrelated.

In structural equation modelling, Confirmatory Factor Analysis has been
usually used to asses construct validity (Jöreskog, 1969).
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Example: Two-factor CFA model
In a Confirmatory Factor Analysis convergent and discriminant validity
examine the extent to which measures of a latent variable shared their
variance and how they are different from others.

Figure 1: Example of two-factor CFA model.
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Convergent Validity

The criterion of Fornell-Larcker (1981) has been commonly used to assess
the degree of shared variance between the latent variables of the model.

According to this criterion, the convergent validity of the measurement
model can be assessed by the Average Variance Extracted (AVE) and
Composite Reliability (CR).

AVE measures the level of variance captured by a construct versus
the level due to measurement error, values above 0.7 are considered
very good, whereas, the level of 0.5 is acceptable.

CR is a less biased estimate of reliability than Chonbachs Alpha, the
acceptable value of CR is 0.7 and above.
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Average Variance Extracted (AVE)

The Average Variance Extracted (AVE) for construct ξj is defined as
follows:

AVEξj =

Kj∑
k=1

λ2
jk Kj∑

k=1
λ2

jk

 + Θjk

Where:
Kj is the number of indicators of construct ξj .
λjk are factor loadings
Θjk is the error variance of the kth indicator (k = 1, ..., Kj) of constuct ξj

Θjk =
Kj∑

k=1
1 − λ2

jk
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Composite Reliability (CR)

The Composite Reliability (CR) for construct ξj is defined as follows:

ρc ξ j =

 Kj∑
k=1

λjk

2

 Kj∑
k=1

λjk

2

+ Θjk

Where:
Kj is the number of indicators of construct ξj .
λjk are factor loadings
Θjk is the error variance of the kth indicator (k = 1, ..., Kj) of constuct ξj

Θjk =
Kj∑

k=1
1 − λ2

jk
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Discriminant validity

According to the Fornell-Larcker testing system, discriminant validity can
be assessed by comparing the amount of the variance capture by the
construct (AVEξj) and the shared variance with other constructs (ϕij ).

Thus, the levels of square root of the AVE for each construct should
be greater than the correlation involving the constructs.√

AVEξj ≥ ϕij ∀i ̸= j

Otherwise, the levels of the AVE for each construct should be greater
than the squared correlation involving the constructs.

AVEξj ≥ ϕ2
ij ∀i ̸= j
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Heterotrait-Monotrait ratio

Recently, it has been proposed the Heterotrait-monotrait ratio of the
correlations (HTMT) approach to assess discriminant validity (Henseler,
Ringle & Sarstedt, 2015).

HTMT is the average of the heterotrait-heteromethod correlations relative
to the average of the monotrait-heteromethod correlations.

HTMTij =

1
KiKj

Ki∑
g=1

Kj∑
h=1

rig ,jh

2
Ki(Ki − 1)

Ki −1∑
g=1

Ki∑
h=g+1

rig ,ih
2

Kj(Kj − 1)

Kj −1∑
g=1

Kj∑
h=g+1

rjg ,jh
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Heterotrait-Monotrait ratio

The HTMT derives from the classical multitrait-multimethod (MTMM)
matrix (Campbell & Fiske, 1959).

Figure 2: Example of MTMT matrix.
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Heterotrait-Monotrait ratio

The HTMT is an estimate of the correlation between the constructs ξi and ξj :

HTMT values smaller than 1 show that the true correlation between the two
constructs should differ.

As a criterion HTMT values are compared with a predefined threshold:
If the value of the HTMT is higher than this threshold, there is a lack of
discriminant validity.
Some authors suggest a threshold of 0.85 (Kline 2011), whereas others propose a
value of 0.90 (Teo et al. 2008).

Otherwise, the bootstrapping procedure allows for constructing confidence
intervals for the HTMT:

This test the null hypothesis (H 0: HTMT ≥ 1) against the alternative hypothesis
(H 1: HTMT < 1)
A confidence interval containing the value 1 indicates a lack of discriminant
validity.
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Objetives

1 The present work presents a series of user-written commands to
assess convergent and discriminant validity for confirmatory factor
analysis models.

2 This commands compute AVE, CR and HTMT ratio; and their
confidence intervals are estimated using the bootstrap method.

3 To demonstrate the use of these commands we use data from a
sample of high school students who have been administered the
ADHD-R IV rating scale.
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avecr: AVE & CR

Figure 3: avecr.sthlp
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avecr: AVE & CR

Figure 4: avecr.sthlp
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avecr: AVE & CR

Figure 5: avecr.sthlp
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htmt: Heterotrait-Monotrait ratio

Figure 6: htmt.sthlp
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htmt: Heterotrait-Monotrait ratio

Figure 7: htmt.sthlp
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htmt: Heterotrait-Monotrait ratio

Figure 8: htmt.sthlp
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Example: Assessing convergent and discriminant validity in
the ADHD-R IV rating scale

The ADHD-R IV rating scale assess 18 symptoms of diagnosis of the
disorder for deficit of attention / hyperactivity (ADHD) given in the
DSM-V.

Usually, the ratters are parents and teachers. However, it has not been
proven if teenagers affected with ADHD can reliably self-report on these
symptoms.

The objective of this example is to check the convergent and discriminant
validity of the ADHD-R IV scale administered to different three ratters
(teachers, parents and teenagers).
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Method

Participants:

On an approximate population of 1500 students between 12 and 15 years,
300 subjects were randomly selected, of whom we attempted to obtain
scores on the ADHD-RS-IV scale from their teachers, parents and students
themselves.

In total, complete three scales were obtained from 203 students.

Participants were distributed uniformly by gender (102 women) and
age groups (M=13,35; DT=1,07).
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ADHD-R IV rating scale

The ADHD RS-IV scale consists of 18 items fully consistent with the list
of symptoms of ADHD criterion on the DSM-IV.

9 items assess inattention (INAT. subscale, odd items).
9 items assess hyperactivity/impulsivity (HYPER. subscale, even
items).

Each item was scored on a Likert scale of 0 "never or rarely" to 3 "Very
often".

To avoid identification problems we use item parcelling in the CFA Models:

Three parcels were created for inattention and hyperactivity factors
composed by each three consecutive items (Gomez, Burns, Walsh, & De
Moura, 2003).

David Alarcón & José A. Sánchez (UPO) Spanish STATA Meeting 2015 October 22, 2015 21 / 1



.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

Confirmatory Factor Analysis Nested Models

Model 0: Two-factor model with correlated factors (Jöreskog, 1967).

Model 1: Two-factor model with correlated uniqueness (Kenny &
Kashy, 1992).

Model 2: Multitrait-multimethod model (Jöreskog, 1974).

David Alarcón & José A. Sánchez (UPO) Spanish STATA Meeting 2015 October 22, 2015 22 / 1



.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

Model 0: Two-factor model with correlated factors

Figure 9: htmt.sthlp
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Model 1: Two-factor model with correlated factors and
correlated uniqueness
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Model 2: Multitrait-multimethod model (MTMM)
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Models Estimation and Fit

Table 1: Model Test and Fit indices

Model χ2 (df) RMSEA CFI TLI ∆ χ2

Model 1: CFA 1209.44* (134) 0.199 0.625 0.571 —

Model 2: Corr. Uniq. 1015.51* (110) 0.201 0.684 0.560 193.92*

Model 3: MTMM** 310.78* (113) 0.093 0.931 0.907 704.73*

*Prob > chi2 = 0.0000

Root mean squared error of approximation (RMSEA)

Comparative fit index (CFI)

Tucker-Lewis index (TLI)

Models Differences χ2 Test

**MTMM was the best model to explain ADHD-R IV scale measures.
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avecr for Model 2: Multitrait-multimethod model
(MTMM)

Figure 10: avecr, ci(norm) seed(425)
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avecr for Model 2: Multitrait-multimethod model
(MTMM)
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avecr for Model 2: Multitrait-multimethod model
(MTMM)

David Alarcón & José A. Sánchez (UPO) Spanish STATA Meeting 2015 October 22, 2015 29 / 1



.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

avecr for Model 2: Multitrait-multimethod model
(MTMM)
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AVECR
Table 2: AVECR INDECES SUMMARIZED BY MODEL

Model AVE* CR
√

AVE INAT. HYPER. STUD. FAM. TEACH.

Model 1: CFA

INATTENTION 0.470 0.880 0.685 0.685

HYPERACTIVITY 0.414 0.851 0.643 0.719 0.643

Model 2: Corr. Uniq.

INATTENTION 0.479 0.888 0.692 0.692

HYPERACTIVITY 0.423 0.867 0.650 0.612 0.650

Model 3: MTMM**

INATTENTION 0.296 0.786 0.544 0.544

HYPERACTIVITY 0.184 0.603 0.428 0.311 0.428

STUDENTS 0.422 0.808 0.649 0.649

FAMILY 0.443 0.824 0.665 0.581 0.665

TEACHERS 0.530 0.869 0.728 0.381 0.467 0.728

*There was a lack of convergent validity on inattention and hyperactivity latent variables.
**MTMM model discriminate better the shared variance between the latent variables.
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htmt for Model 2: Multitrait-multimethod model (MTMM)

Figure 11: htmt, ci(all) seed(425)

David Alarcón & José A. Sánchez (UPO) Spanish STATA Meeting 2015 October 22, 2015 32 / 1



.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

htmt for Model 2: Multitrait-multimethod model (MTMM)

David Alarcón & José A. Sánchez (UPO) Spanish STATA Meeting 2015 October 22, 2015 33 / 1



.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

htmt for Model 2: Multitrait-multimethod model (MTMM)

Figure 12: htmt if sexalumn==2, ci(all) seed(425)
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HTMT

Table 3: Heterotrait-Monotrait ratio of correlations (HTMT)

FACTOR INAT. HYPER. STUD. FAM. TEACH.

INATTENTION

HYPERACTIVITY .677

STUDENTS .778 .805

FAMILY .839 .843 .661

TEACHERS .764 .790 .513 .608

The ADHD-R IV scores are biased by the rating method.

Teacher ratings on ADHD symptoms are more discriminant and less biased
than the other methods
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Conclusions

avecr and htmt commands asses CFA construct validity
Convergent validity can be assessed by AVE and CR.
Discriminant validity can be assessed by AVE vs factor correlation
parameters.
HTMT ratio of correlations assesses discriminant validity.

avecr and htmt commands remarks
Help files describes options and functionalities.
Analysis are optimized with mata for matrix algebra operations.
Confidence intervals are computed by bootstrap method.
Weight and groups analysis are allowed.
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Thank you!
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Assessing convergent and discriminant validity in the
ADHD-R IV rating scale:

User-written commands for Average Variance Extracted
(AVE), Composite Reliability (CR), and

Heterotrait-Monotrait ratio of correlations (HTMT).
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