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Network approach in psychometric

”One bird in the flock flies in a particular direction because its
neighbouring birds do so; in a latent trait scenario, all birds in the flock
fly in a particular direction because of the instructions of an invisible (i.e.
latent) bird” (Cramer et al., 2012)

Figure: Flock of birds
analogy (Cramer et al.,
2012)

Figure: Symptoms of depression (An et al.,
2019)



.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

. .. .. .Introduction
. .. .Theory

. .. .Methods
. .. .. .. .Results

. .. .. .Discussion
. .. .. .. .. .. .Conclusions

Network approach in political science

Figure: Attitude network towards Bill Clinton (Borsboom et al., 2021)

Applications of the network approach focused on the measurement
of single attitudes and their impact on behavior. Instead, here I
investigate the network of predictors of vaccine hesitancy
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Vaccine hesitancy in Italy

Relevance
• Vaccines are crucial to react against COVID-19

(Schoch-Spana et al., 2021)
• Vaccine hesitancy as one of the top ten threats to global

health (WHO, 2019)

Case selection
• Italian hesitancy rates are among the highest in the world

(Sallam, 2021)
• Vaccine hesitancy is extensively studied in Italy (Aw et al.,

2021)
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Theory
Definition

• “Delay in acceptance or refusal of vaccination despite the availability
of vaccination services” (MacDonald & SAGE, 2015, p. 4163)

Figure: Theoretical predictors of hesitancy worldwide (Aw et al., 2021)
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Italian studies

Highly researched
• Twelve peer-reviewd publications
• All theoretical predictors are confirmed in the Italian case

Limitations
• Only three investigated hesitancy conforming to SAGE’s

definition (Reno et al., 2021; Priori et al., 2021; Ladini and
Vezzoni, 2022)

• Reductionist approach
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Methods

• Data: ResPOnsE data wave three, March 17 - June 16, 2021
(Vezzoni et al., 2020; Biolcati et al., 2021)

• Variable selection and sample: inclusion of theoretical
predictors only. Listwise deletion: from 3767 to 1540
respondents

• Empirical expectations: the network approach will give
insights on the often overlooked between-determinant
relationships.

• Hesitancy is the most important node in the complex system
of its predictors

• Hesitancy is only involved in positive linear relationships
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Research design

1 Data management
• Polarity recode: high values = increased hesitancy
• PCA: for compliance with preventive behaviors, disapproval of government and distrust of

institutions

2 Network estimation: mgm (Haslbeck and Waldorp, 2020)
• Loop of node-wise LASSO regressions
• Tuning parameter set according to k-fold cross-validation (k=10)
• Coefficients are averaged and become edge weights

3 Social network analysis of the network of predictors
• Walktrap community detection algorithm (Pons and Latapy, 2005)
• Strength and Degree centrality (Opsahl et al., 2010)
• Backbone reduction (Neal, 2022). Edges are retained if their actual weights are greater than their

expected weight in a null model where the total weight of each node is uniformly distributed across
its edges

4 Isolate empirical predictors of vaccine hesitancy in Italy
5 Comparison with regression models
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Methods

Figure: Descriptives of the selected theoretical predictors
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Results

Figure: Centrality table
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Results

Figure: Empirical predictors of vaccine hesitancy in Italy
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Comparing the network approach with other methods

Other methods for multivariate analyses are of course available.
But the network approach has some advantages.

• Regression analysis can not deal with statistical model of
this size

• Unlike Factor analysis, partial correlation networks focus on
the unique variance shared by each pair of variables

• Being more established, SEMs have a wider toolkit, but they
rely on a strong theoretical framework
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Complementary, not alternative

Figure: Strength centrality and regression coefficients (odds ratio). Coefficients are
obtained with node-wise logit (DV = hesitancy; C = sex, age, educ, reg, economic
insecurity)
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Complementary, not alternative

Figure: Comparison of Strength, Regression Coefficient, and Edge Weight of
theoretical predictors (Z-scores)
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Conclusions

• Empirical contributions
1 Empirical predictors of vaccine hesitancy in Italy
2 Conspiracy theories are central to the complex system of

predictors of Italian vaccine hesitancy
• Methodological contributions

1 First application of the complex system approach to the study
of Italian hesitancy

2 Theory-driven variable selection
• Limitations

1 Cross-sectional data do not give insight on causality
2 List-wise deletion
3 Network analysis depends on variable selection, which was

deficient
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Thank you!

arturo.bertero@unimi.it
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