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Gaussian graphical modelling

Graphical models are an important tool of multivariate analysis for assessing the dependence
structure of several variables. Gaussian graphical models are employed for continuously dis-
tributed data (i.e., not discrete), where a multivariate normal (or Gaussian) distribution is
adequate.

In a graphical model, such as depicted in Figure 2 of the article, an edge between two nodes
(representing variables) represents partial correlation, or the absence of an edge a near-zero
(non-significant) partial correlation. Partial correlation is a measure for conditional dependence
between two variables, conditional on all remaining variables, which, in a very loose sense, can
be understood as a measure for dependence which is not explained by the joint dependence on
other variables.

These conditional dependencies are arguably more important than the ordinary, marginal
dependence, as soon as more than two variables are considered: they may suggest and may help
to verify causal relationships. While ice cream sales and criminal assault rates on any given
day are certainly positively correlated, their conditional independence given a suitable mediator
variable (such as outside mean temperature) provides evidence for our hypothesis why this may
be so.

Graphical modelling refers to the statistical task of finding an appropriate graph that describes
the dependence structure of a given data set, i.e., identifying all zero partial correlations. The
aim is to find a parsimonious (as few edges as possible) that does not contradict the data. A
full graph, with all edges present, means no restriction and contains no structural information.
A completely empty graph, with no edges at all, means all variables are independent, which is
rarely the case.

The goodness of the fit of any graph G can be tested by means of the deviance test (i.e.,
testing if all partial correlations corresponding to absent edges are simultaneously zero) with
the test statistic

Dn(G) = n(log det(Σ̂G) − log det(Σ̂)),

where n is the sample size, Σ̂ the usual sample covariance matrix, and Σ̂G the maximum-
likelihood estimator of the covariance matrix under the Gaussian graphical model G. The
latter, generally, has no closed-form solution, but various algorithms are available, see, e.g.,
Lauritzen (1996), Chapter 5, or Hastie et al. (2004), Chapter 17. The p-value for the deviance
test is obtained by comparing the test statistic to the χ2

q distribution (with q degrees of freedom),
where q is the number of absent edges.

In the present situation, to obtain a suitable candidate graph G, we removed all edges with
a partial correlation of absolute value less than 0.18, which resulted in a graph G1 with 17
(out of 28 possible) missing edges and a p-value 0.70. Hence, this graph fits the data well.
To check if sparser graphs may also fit, we computed the partial correlations from the model-
constrained covariance estimate Σ̂G1 and further removed the edge with the smallest absolute
partial correlation. The resulting graph G2 with 18 absent edges, depicted in Figure 2, has a
p-value of 0.51. The next edge removal resulted in a graph G3 with a p-value of 0.07, which
is occasionally categorized as mildly ’significant’. Our aim is not to find necessarily the most
parsimonious graph which is non-significant at the 5% level, but to find a parsimonious graph
that fits well. Hence we decided for G2 as the appropriate graph, which is communicated in the
article. Such an iterative search procedure is common for graphical modelling and was, in fact,
prior to the mid-2000s the only way of selecting a suitable graph.
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Table 1: Descriptive analysis of all anxiety measures (N =82).

Questionnaire [possible range] Mean (SD) 95% CI of Mean Median Min/ Max
K-MPAI

Total [0-240] 99.6 (40.6) 90.7-108.5 101.5 32/199
Agoraphobia (AG)

AG raw score [0-40] 2.2 (4.4) 1.3-3.2 0 0/29
AG average total score [0-4] 0.2 (0.4) 0.1-0.3 0 0/3

Generalised anxiety disorder (GAD)
GAD raw score [0-40] 6.8 (6.2) 5.4-8.2 5.0 0/30
GAD average total score [0-4] 0.7 (0.5) 0.5-0.8 0.5 0/3

Panic disorder (PD)
PD raw score [0-40] 2.5 (4.9) 1.4-3.6 1 0/26
PD average total score [0-4] 0.3 (0.5) 0.1-0.4 0.1 0/3

Separation anxiety disorder (SEP)
SEP raw score [0-40] 4.6 (6.8) 3.1-6.1 2 0/40
SEP average total score [0-4] 0.5 (0.7) 0.3-0.6 0.2 0/4

Specific phobia (SP)
SP raw score [0-40] 4.3 (6.9) 2.8-5.9 2 0/31
SP average total score [0-4] 0.4 (0.7) 0.3-0.6 0.2 0/3

Social anxiety disorder (SAD)
SAD raw score [0-40] 5.2 (7.0) 3.6-6.7 2.5 0/32
SAD average total score [0-4] 0.5 (0.7) 0.4-0.7 0.3 0/3

Illness anxiety disorder (ILL)
ILL raw score [0-40] 3.5 (5.7) 2.2-4.7 1 0/27
ILL average total score [0-4] 0.3 (0.6) 0.2-0.5 0.1 0/3

Abbreviations: Kenny Music Performance Anxiety Inventory (K-MPAI)
Note: The average total score, calculated by dividing the raw score by the number of items, is thought
to provide guidance of the severity indicating none (0), mild (1), moderate (2), severe (3), or extreme
(4) manifestation of any anxiety disorder.
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Table 2: Pearson’s correlation matrix of all anxiety measures (N =82).

K-MPAI AG GAD PD SEP SP SAD ILL
K-MPAI 1.00***
AG 0.29** 1.00***
GAD 0.65*** 0.55*** 1.00***
PD 0.44*** 0.54*** 0.74*** 1.00***
SEP 0.46*** 0.61*** 0.78*** 0.65*** 1.00***
SP 0.26* 0.59*** 0.54*** 0.56*** 0.60*** 1.00***
SAD 0.56*** 0.54*** 0.85*** 0.73*** 0.80*** 0.50*** 1.00***
ILL 0.34** 0.50*** 0.68*** 0.70*** 0.60*** 0.61*** 0.61*** 1.00***

Abbreviations: Kenny Music Performance Anxiety Inventory (K-MPAI); disorder-specific anxiety mea-
sures of the DSM-5 including agoraphobia (AG), generalised anxiety disorder (GAD), panic disorder
(PD), separation anxiety disorder (SEP), specific phobia (SP), social anxiety disorder (SAD), and
illness anxiety disorder(ILL).
Note: *p<0.05, **p<0.01, ***p<0.0001

Table 3: Partial correlation matrix of all anxiety measures (N =82).

K-MPAI AG GAD PD SEP SP SAD ILL
K-MPAI 1.00***
AG -0.02 1.00***
GAD 0.44*** 0.02 1.00***
PD -0.01 0.11 0.16 1.00***
SEP -0.09 0.21 0.26* -0.05 1.00***
SP -0.04 0.28* 0.01 0.10 0.23* 1.00***
SAD 0.09 0.02 0.38*** 0.25* 0.41** -0.12 1.00***
ILL -0.13 0.01 0.25* 0.32** -0.02 0.29* 0.00 1.00***

Abbreviations: Kenny Music Performance Anxiety Inventory (K-MPAI); disorder-specific anxiety mea-
sures of the DSM-5 including agoraphobia (AG), generalised anxiety disorder (GAD), panic disorder
(PD), separation anxiety disorder (SEP), specific phobia (SP), social anxiety disorder (SAD), and
illness anxiety disorder (ILL).
Note: *p<0.05, **p<0.01, ***p<0.0001
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Table 4: Pearson’s correlation matrix of all anxiety measures in Cluster 1 (N =74).

K-MPAI AG GAD PD SEP SP SAD ILL
K-MPAI 1.00***
AG 0.12 1.00***
GAD 0.59*** 0.27* 1.00***
PD 0.32* 0.58*** 0.47*** 1.00***
SEP 0.38** 0.23* 0.57*** 0.25* 1.00***
SP 0.06 0.46*** 0.27 0.42** 0.13 1.00***
SAD 0.45*** 0.40** 0.59*** 0.30** 0.61*** 0.17 1.00***
ILL 0.11 0.36** 0.29* 0.25* 0.04 0.15 0.22 1.00***

Abbreviations: Kenny Music Performance Anxiety Inventory (K-MPAI); disorder-specific anxiety mea-
sures of the DSM-5 including agoraphobia (AG), generalised anxiety disorder (GAD), panic disorder
(PD), separation anxiety disorder (SEP), specific phobia (SP), social anxiety disorder (SAD), and
illness anxiety disorder (ILL).
Note: *p<0.05, **p<0.01, ***p<0.0001

Table 5: Partial correlation matrix of all anxiety measures in Cluster 1 (N =74).

K-MPAI AG GAD PD SEP SP SAD ILL
K-MPAI 1.00***
AG -0.11 1.00***
GAD 0.38** -0.20 1.00***
PD 0.15 0.46** 0.28* 1.00***
SEP -0.03 0.04 0.33** -0.03 1.00***
SP -0.11 0.30* 0.17 0.16 -0.03 1.00***
SAD 0.19 0.32** 0.25* -0.15 0.39** -0.06 1.00***
ILL -0.07 0.28* 0.26* -0.03 -0.20 -0.07 0.04 1.00***

Abbreviations: Kenny Music Performance Anxiety Inventory (K-MPAI); disorder-specific anxiety mea-
sures of the DSM-5 including agoraphobia (AG), generalised anxiety disorder (GAD), panic disorder
(PD), separation anxiety disorder (SEP), specific phobia (SP), social anxiety disorder (SAD), and
illness anxiety disorder (ILL).
Note: *p<0.05, **p<0.01, ***p<0.0001


