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Appendix A Why do we expect a biased location
model to have a larger scale error?

Let us simplify the problem by considering the following generative process:
Y =0X+e¢

with € ~ N(0,w).
A biased scale model can be expressed as:

Y=(B8+06)X+¢

with € ~ N(0,w’) and § the bias from the true coefficient.
Computing the difference between the generative process and the biased model
results in:
€ =ec—-6X

with X ~ MV N(0,%). And therefore, one can express the variance relation as:

W =w+6T%8



Note that the exact quantification of these quantities is dependent upon the correlation
structure between covariates. However, as X is positive semi-definite:

w > w

This means that the estimated variance of a biased model is larger than the variance
of the data.

Appendix B Additional metrics

In addition to the coverage and estimates presented in the main text, we present
the additional metrics of the average credible interval width (CI(6)), the standard
deviation of the estimates SD(0), and average posterior standard deviations €(6) for
the same parameters of interest across the different replications.

B.1 Practice 1: Ignoring heteroscedasticity

These tables echo the same conclusions as the main text, with the correctly specified
model presenting smaller credible interval widths, deviations of the estimate, and
average standard errors by an order of magnitude. Increasing numbers of individuals
or points also result in improvements across all metrics.

SD(BY[Age]) CI(BY[Age]) &BY[Age])

Models
100  Correct 0.017 0.063 0.016
300  Correct 0.009 0.035 0.009
500  Correct 0.007 0.026 0.007
1000  Correct 0.005 0.018 0.005

Table B1 Measures of errors of age effect on location for
increasing number of individuals.

SD(B“[Age]) CI(B“[Age]) &B“[Age])

Models
100  Correct 0.024 0.092 0.023
300  Correct 0.013 0.053 0.013
500  Correct 0.010 0.041 0.010
1000  Correct 0.008 0.029 0.007

Table B2 Measures of errors of age effect on scale for
increasing number of individuals.



SD(BY[Age])  CI(BY[Age])  &(BY[Age])
Models
5 Correct 0.021 0.082 0.021
10 Correct 0.013 0.055 0.014
20  Correct 0.009 0.037 0.009

Table B3 Measures of errors of age effect on location for
increasing number of points.

SD(B“[Age])  CI(B“[Age])  &B“[Age])
Models
5 Correct 0.039 0.140 0.036
10  Correct 0.022 0.084 0.021
20  Correct 0.014 0.055 0.014

Table B4 Measures of errors of age effect on scale for
increasing number of points.



B.2 Practice 2: Misspecifying location and scale in MELSM

Similarly, this section illustrates how different misspecifications affect the different
fixed effects with regard to these metrics. Interestingly, the model that considers all
covariates and the correctly specified one are indistinguishable from these metrics.

SD(BY[Age])  CI(BY[Age]) &BY[Age])

Models
Correct 0.011 0.043 0.011
All 0.011 0.043 0.011
Mis. w 0.018 0.056 0.014
No u® 0.017 0.065 0.017
No u® + Mis. w 0.044 0.109 0.028

Table B5 Measures of errors of age effect on location.

SD(B[Age])  CI(6[Age])  &(B[Age])

Models

Correct 0.016 0.065 0.017
All 0.016 0.065 0.017

Mis. y 0.017 0.068 0.017

No u% 0.032 0.055 0.014

Table B6 Measures of errors of age effect on scale.

SD(oy) C7—7(‘7y) &(oy)

Models

Correct 0.054 0.217 0.055
All 0.054 0.218 0.056

Mis. y 0.054 0.218 0.056

Mis. w 0.058 0.234 0.060

No u¥ 0.055 0.219 0.056

No u* 4 Mis. w 0.071 0.266 0.068

Table B7 Measures of errors of standard
deviation of random intercepts for location.




SD(oy) Cl(oy,) &(ow)
Models

Correct 0.031 0.123 0.031

All 0.031 0.124 0.032
Mis. y 0.029 0.109 0.028
Mis. w 0.041 0.185 0.047

Table B8 Measures of errors of
standard deviation of random intercepts
for scale.



B.3 Practice 3: Ignoring non-linear time trend in location
model

The following tables illustrate these metrics when the correctly specified model
depends on the sine of age. Interestingly, these metrics do not capture the bias in the
estimated fixed effect, even if the improperly specified model shows narrower param-
eter estimates. This aligns with the intuition that more complex models may lead to
larger standard deviations for the different parameters of interest.

SD(BY[Age]) CI(BY[Age]) &BY[Age])

Models
Correct 0.015 0.058 0.015
Non sinus 0.014 0.047 0.012

Table B9 Measures of errors of age effect on location.

SD(B[Age])  CI(B“[Age]) &B[Age])

Models
Correct 0.016 0.065 0.017
Non sinus 0.016 0.065 0.017

Table B10 Measures of errors of age effect on scale.



B.4 Practice 4: Misspecifying the random effect structure

In this setting, the metrics again do not capture the estimate bias, as the correctly
specified model presents worse performance on the random effect estimates despite
presenting less bias.

The tables show the effect of removing the random slope for age in each of the two
submodels. We observe that, once we remove the random slope coefficient from the
location submodel, the corresponding fixed effect is affected by low coverage and the
estimates of the metrics in the tables are different from those in the correct model. A
similar behaviour is observed for the random slope in the scale submodel.

The metrics for the standard deviation of the random intercept in the location and
scale submodels remains essentially unaltered after removing the random slopes.

SD(BY[Age])  CI(BY[Age]) &Y [Age])

Models

Correct 0.031 0.120 0.031
No ugge 0.032 0.121 0.031
No slopes 0.046 0.066 0.017

Table B11 Measures of errors of age effect on location.

SD(B“[Age]) CI(B“[Age]) &(B“[Age])

Models

Correct 0.029 0.114 0.029
No ugge 0.033 0.068 0.017
No slopes 0.032 0.068 0.017

Table B12 Measures of errors of age effect on scale.

S8D(oy) ClI(ay) &(oy)

Models
Correct 0.060 0.236 0.060
No u¥ 0.060 0.237 0.061

age

No slopes 0.053 0.223 0.057
Table B13 Measures of errors of
standard deviation of random intercepts
for location.




SD(oy) Cl(oy,) &(ow)
Models

Correct 0.034 0.132 0.034
No ugge 0.034 0.129 0.033
No slopes 0.032 0.125 0.032

Table B14 Measures of errors of standard
deviation of random intercepts for scale.




B.5 Practice 5: Misspecifying random effect distributions

In this final experiment, the proposed metrics reveal limited differences between the
two distribution specifications of the random effects (except for SD(o¥), which is
dependent on the different distribution parameterisation). This is consistent with the
findings on the limited impact of distribution misspecification.

SD(oy) CVI(Oy) &(oy)
Models

Correct 0.147 0.345 0.093
Gaussian 0.190 0.329 0.086

Table B15 Measures of errors of
standard deviation of random intercepts
for location.

SD(ow) Cl(ow) &(ow)
Models

Correct 0.068 0.190 0.051
Gaussian 0.142 0.182 0.047

Table B16 Measures of errors of standard
deviation of random intercepts for scale.
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