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Utilizing a psychological network approach to 
improve insights into science attitudes
Monique Chambona and Bastiaan T. Rutjens

Positive public attitudes towards science are of pivotal 
importance in combating societal and environmental chal
lenges. To better understand these attitudes, an integration of 
different research lines is needed. We argue that adopting a 
psychological network approach presents one viable way to
wards such integration. In this paper, we present a brief 
summary of the field’s current research lines, explain the 
psychological network approach towards attitudes and how it 
can improve our understanding of science attitudes, and 
finally present an empirical case study to exemplify this 
network approach and its added value. Adopting the psy
chological network approach will improve our understanding 
of science attitudes, which will help inform theory as well as 
strategies for improving public attitudes towards science.
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A growing body of research into science attitudes pro

vided valuable insights in their correlates and de

terminants [1—5]. Nevertheless, science rejection in 

domains ranging from vaccination to climate change is 

still prevalent, which demonstrates the importance of 

continued efforts to improve our understanding of 

negative science attitudes. In a recent review study, 

Rutjens and Hornsey [5] argue that, thus far, the field 

has predominantly focused its research efforts on siloed 

aspects of science attitudes, and that the way forward 

should be to integrate these largely isolated elements 

[5]. Using a puzzle analogy, one could say that there have 

been important advances in identifying the various 

pieces, yet the complete puzzle still needs to be put 

together. A more complete picture is needed to facilitate 

theory development [6] and evidence-based input for 

interventions geared toward improving science attitudes.

In this paper, we argue that adopting a psychological 

network approach in future research — an approach that 

allows for examining a diverse set of psychological de

terminants and their interactions simultaneously - would 

be a viable way to such integration and will help move the 

field forward. We will present this argument in three 

steps. First, we briefly summarize the current state of the 

field and the necessity for integration of a diverse set of 

determinants. Second, we explain what the psychological 

network approach towards attitudes entails and how it 

can be employed to improve our understanding of sci

ence attitudes. Finally, we present an empirical case 

study to exemplify this approach and its added value.

Pieces of the puzzle
A recent review covers three main lines of research into 

understanding the public’s science attitudes [5]. The 

first research line builds on the information deficit 

model of science communication and proposes that 

negative attitudes are primarily the result of the public 

not having enough information and/or cognitive abilities 

to understand science [7—9]. The second research line 

applies the attitude roots model science rejection 

[10,11]. This model conceptualizes science attitudes as 

the visible branches of a tree representing the overt 

evaluations of science (i.e., surface attitudes), while the 

covert roots of the tree represent the underlying causes 

(i.e., attitude roots). These roots are ideologies, vested 

interests, conspiracist worldviews, social identities, 

personal identity expression, and anxieties/phobias [10]. 

The model states that, although these roots are 

conceptually distinct, the field would benefit from un

derstanding the complex interrelations between these 

roots that are expected to exist in practice. The third 

research line aims to understand science attitudes by 

focusing on experienced psychological distance to sci

ence [12]. Building on Construal Level Theory [13], 

this model aims to predict science attitudes by 

measuring four types of distance: spatial and temporal 

distance (science’s impact in the here and now, 

respectively), social distance (i.e., between scientists 
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and oneself), and hypothetical distance (i.e., real 

world application).

Some research has started to combine these research 

lines. For example, in the context of climate change, 

combining psychological distance to science and science 

knowledge explained more variance than the separate 

determinants [12]. Moreover, research demonstrated 

that determinants can vary depending on the science 

domain, pointing to the heterogeneous character of sci

ence attitudes [14]. This is another reason for gauging 

the interaction between various lines of research [5]. 

Additionally, research into science attitudes has so far 

taken a rather descriptive approach, with little theory 

development [6] and also not that much experimental 

research that can help uncover causal mechanisms. We 

argue that the next step is to integrate various research 

lines to deepen the field’s understanding of science at

titudes, thereby enabling future studies to more effi

ciently uncover key causal relationships, design effective 

interventions, and advance the development of theory.

Putting the puzzle together
An established approach that allows for integrating a 

diverse set of determinants―with roots in complexity 

science―is the psychological network approach 

[15—17]. While psychology traditionally approaches 

psychological constructs as latent variables, this 

approach considers constructs to be emergent proper

ties of interacting network elements. In the field of 

social psychology, this has been translated to the Causal 

Attitude Network model [18,19]. This model concep

tualizes attitudes as networks of interacting attitude 

elements, that is, affective, cognitive, and behavioral 

elements (cf. Tripartite model of attitudes; [20]). The 

rationale behind this model is that attitudes (e.g., atti

tudes towards cultured meat) are the result of attitude 

elements (e.g., beliefs people hold regarding the taste 

and safety of cultured meat, emotions that people 

experience in relation to eating cultured meat) and their 

interactions (e.g., when people think it tastes bad 

because they had a negative experience, they are likely 

to experience more disgust). Mapping such attitude 

networks provides insight into how attitudes are struc

tured and how its elements are interconnected.

Attitude networks can be estimated with (survey) data, 

with the term ‘estimated’ referring to the fact that re

lationships between elements cannot be directly 

observed but are derived from the data (e.g., survey 

responses). In such empirical attitude networks, the 

observed variables are displayed as circles (i.e., nodes) 

and the statistical relationships between them as lines 

(i.e., edges). These edges represent partial relation

ships, that is, relationships between nodes after con

trolling for the other nodes in the network. As such, 

edges provide insight into unique relationships between 

nodes that cannot be explained by other nodes in the 

network. Edges can be either positive (excitatory) or 

negative (inhibitory) and can vary in weights (cf. co

efficients). Figure 1 shows a hypothetical example of an 

attitude network towards cultured meat.

In addition to providing a visually attractive overview of 

the interrelations between multiple variables, the 

structure of the network provides valuable information. 

In the context of attitudes, research showed that the 

connectiveness of the entire network (i.e., network 

connectivity) can be interpreted as a proxy for attitude 

strength, with highly connected networks being more 

stable and having a stronger impact on behavior [21,22]. 

A network approach also allows for identifying relatively 

important nodes in the network by examining how 

connected a particular node is to the other nodes in the 

network (i.e., node centrality). Theoretically, change in 

nodes that are highly connected to other nodes has a 

larger impact on the entire network than change in less 

connected nodes. This also means that highly central 

Figure 1 

Hypothetical Attitude Network Towards Cultured Meat 
Note. This network consists of several psychological determinants that 
are related to a behavioral element (Consuming cultured meat). The 
statistical relationships can be either positive (blue) or negative (red), and 
the strength of the relationships is indicated by edge width. As indicated 
by edges stretching outside of the figure, these nodes are part of a larger 
network of psychological determinants. In this hypothetical example, the 
positive (blue) relation between Consuming cultured meat and Belief that 
cultured meat is safe to consume indicates that thinking cultured meat is 
safe for consumption tends to co-occur with consuming cultured meat 
and vice versa, that is, consuming cultured meat tends to co-occur with 
thinking that cultured meat is safe to consume. Conversely, the negative 
(red) relation between Consuming cultured meat and Disgust indicates 
that experiencing disgust in the context of cultured meat tends to co- 
occur with consuming less cultured meat and vice versa, that is, 
consuming less cultured meat tends to co-occur with experiencing 
disgust.
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nodes are presumably more difficult to change, as the 

relationships between nodes keep each other in check. 

As such, insight into network structures and nodes’ 

relative importance provides insight into potential for 

change and in how change can spread throughout the 

network. Taken together, although node centrality 

cannot be interpreted in a causal manner since the di

rection of effects is unknown, it can provide a viable 

starting point to test for interventions aimed at changing 

the network. Empirical research into attitudes has 

shown that more central nodes have a stronger impact 

on behavior [21,23]. Additionally, intervention studies 

demonstrated that this approach can successfully iden

tify viable intervention targets from a network of 25 

attitude elements and a behavioral variable [24] and 

that changing a node that is central in the network can 

have downstream effects on connected nodes [25]. 

Note that, similar to conventional research, when net

works are estimated with cross-sectional data, associa

tions between nodes should be interpreted on a group 

level and cannot be interpreted as causal relationships. 

Nevertheless, such attitude networks provide viable 

starting points for efforts aimed at stimulating positive 

science attitudes, such as experimental research into 

causal relationships and interventions. Interestingly, a 

psychological network approach even allows for statis

tical comparison of networks of different groups to test 

whether meaningful differences can be observed in the 

overall network structure and/or specific edges.

Building on renowned theoretical models such as the 

Theory of Planned Behavior [26,27] showing that atti

tudes are part of a larger psychological system and 

interact with constructs such as perceived control and 

social norms, the attitude network approach has been 

extended in empirical research to encompass a diverse 

range of psychological constructs beyond attitudes [28]. 

The applied value of this approach has been demon

strated for varied topics―many of which are relevant for 

or related to science attitudes―, ranging from compli

ance with behavioral guidelines and vaccine uptake 

during the COVID-19 pandemic [29,30] to preference 

for types of medical plastic [31]. As such, we argue that 

applying a psychological network approach to science 

attitudes can foster the understanding of these attitudes 

by providing a more complete empirical picture than the 

field thus far has established. In the next section, we 

describe how we envision employing this approach in 

the context of science attitudes, including an empirical 

case study.

A psychological network approach to 
science attitudes
A psychological network approach allows for examining a 

diverse set of variables and their interrelations simulta

neously, which enables painting a more complete picture 

of science attitudes [5]. This approach helps researchers 

integrate a diverse set of psychological constructs that 

have been shown to be relevant in the attitude network - 

for instance, science knowledge and literacy [9]; beliefs 

and emotions about science and scientists, ideologies, 

conspiracist worldviews, social identities, and anxieties/ 

phobias [10]; psychological distance to science, 

including spatial, temporal distance, social distance, and 

hypothetical distance [12], demographic variables, and 

political discontent [32], as well as specific characteris

tics of a scientific message such as content and source 

[3,33,34]. The resulting network allows for examining 

the unique contribution of different constructs and the 

complex interplay between them. One could also 

combine topic-specific sciences in one network to 

examine interrelations between attitudes towards 

different sciences and their determinants. For example, 

one could combine multiple topic-specific sciences from 

one domain (e.g., cultured meat and genetically modi

fied food from the food domain) or from multiple do

mains (e.g., vaccination and climate change) to gain 

insight into the heterogeneity [35] of predictors of sci

ence attitudes. Moreover, one could include behavior as a 

node in the network (e.g., vaccination status, pro- 

environmental behavior). Additionally, one could 

formally compare network structures between different 

groups such as countries or political orientation.

To illustrate, we next present a case study with sec

ondary analyses from a research project on science 

skepticism in 23b countries [36]. Note that although 

this dataset does not contain elements from all three 

research lines discussed above, it does contain proxies of 

the deficit model and attitude roots research lines and 

serves to illustrate the added value of combining mul

tiple lines of research. Figure 2a presents the psycho

logical network of science skepticism from all countries. 

As mentioned, the observed variables are displayed as 

nodes. The edges in this network can be interpreted as 

partial correlations, with thicker edges corresponding to 

stronger coefficients (see Table 1 for corresponding 

edge weights). The network shows that both research 

lines (i.e., deficit model and attitude roots) contain el

ements that are informative for understanding topic- 

specific science skepticism (i.e., edges between the 

variables), and that the relative importance of the 

research lines depends on the topic (i.e., varying edge 

weights). For example, science literacy is related to 

genetic modification, vaccine, and evolution skepticism, 

but less so to climate change skepticism. Moreover, the 

network of science skepticism shows a positive rein

forcing structure between genetic modification, vaccine, 

and evolution skepticism (i.e., triangle of positive re

lations), which could imply a reinforcing feedback loop. 

This could indicate that decreasing one of these forms 

of skepticism will likely be accompanied by a decrease in 

the other forms. Climate change skepticism is not part 

b There are originally 24 countries in the dataset, but spirituality data for China are 

missing (Rutjens et al., 2022) [36]. 
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of this structure, which suggests that climate change 

skepticism is a different manifestation of skepticism.

Additionally, the psychological network provides a higher 

order understanding about how science skepticism is 

structured. Figure 2b displays a node centrality measure 

named ‘Node strength’, which is the sum of the absolute 

edge weights a node has with other nodes in the 

network. This metric is an indicator of how connected a 

particular node is to the rest of the network and can thus 

be interpreted as a proxy for a node’s relative importance 

in the network. Results show religious orthodoxy, faith in 

science and evolution skepticism to be relatively central 

to the network. This result suggests that faith in science 

might be an interesting candidate for future research 

into interventions, especially given its relationships with 

other forms of skepticism.

As mentioned earlier, formal network comparison en

ables examining whether meaningful differences can be 

observed between networks. To exemplify, we divided 

the countries in this dataset into WEIRD (i.e., Western, 

Educated, Industrialized, Rich and Democratic) and 

Non-WEIRD subsamples based on a mean split of 

cultural distance to the United States [37]. For the sake 

of conciseness, we will discuss only the main insights 

from this comparison, but note that it is possible to 

formally compare the different metrics discussed above 

(i.e., edges, node strength, network connectivity). The 

comparison reveals that the network of WEIRD coun

tries is more strongly connected than that of Non- 

WEIRD countries, indicating that attitudes in these 

countries are presumably more stable and thus more 

difficult to change. This is insightful information when 

designing interventions, for example. It is also worth 

zooming in on specific edges within the networks. For 

example, differences between the networks suggest that 

the relation between evolution skepticism and religious 

orthodoxy is much stronger in Non-WEIRD countries 

than in WEIRD-countries. Also, results show that the 

relationship between climate change skepticism and 

political conservatism exists only in WEIRD and not in 

Non-WEIRD countries, and that the negative relation 

between evolution skepticism and science literacy is 

only present in WEIRD countries. These examples 

reflect useful additional insights into cultural differ

ences that need to be taken into account for both 

theorizing and designing interventions.

Figure 2 

Psychological Network of Science Skepticism - Corresponding to Edge Weights in Table 1 (dataset with 23 countries; Rutjens et al., [36]) 
Note. GM = Genetic modification. (a) Network graph: The observed variables are displayed as circles (i.e., nodes) and the statistical relationships 
between them as lines (i.e., edges). These edges can be interpreted as partial correlations, (i.e., relationships between nodes after controlling for the 
other nodes in the network). Edges can be either positive (excitatory) or negative (inhibitory) and can vary in weights (see Table 1 for corresponding 
edge weights).; (b) Graph displaying the metric node strength (i.e., sum of the absolute edge weights a node has with other nodes in the network). See 
panel a) for legend.
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Table 1 

Edge weights psychological network of science skepticism - corresponding to network Figure 2a.

Evolution 
skepticism

Faith in 
science

GM 
skepticism

Moral 
purity

Religious 
orthodoxy

Science 
literacy

Science 
support

Spirituality Vaccine 
skepticism

Climate 
skepticism

Perceived 
corporate 
corruption

Perceived 
government 
corruption

Political 
conservatism

Evolution 
skepticism

−0.14 0.10 0.08 0.43 −0.09 0.05 0.10 0.05 −0.03 0.02 0.04

Faith in science −0.11 −0.01 −0.10 0.28 −0.30 −0.03 −0.05 −0.07 0.05 −0.06
GM skepticism 0.04 0.01 −0.15 0.03 0.04 0.21 0.08 −0.05
Moral purity 0.18 −0.12 0.06 0.13 0.01 −0.01 0.07 0.18
Religious orthodoxy −0.04 0.05 0.20 0.01 −0.04 0.18
Science literacy −0.10 −0.04 0.09 −0.08
Science support 0.04 −0.05 −0.14 0.01 0.02 −0.07
Spirituality 0.05 0.00
Vaccine skepticism 0.01 0.07 0.05
Climate skepticism −0.04 0.05 0.13
Perceived corporate 

corruption
0.50 −0.03

Perceived 
government 
corruption

0.01

Political 
conservatism
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To summarize, the results of this case study comple

ment the original study [36] by simultaneously examining 

the diverse set of variables related to science skepticism 

from an agnostic perspective, that is, without prior as

sumptions about whether variables function as predictor 

or outcome variables (i.e., it is data-driven, which is 

particularly important given the correlational nature of 

the data). This provides insight into how all science 

skepticism variables are interrelated, and it does so while 

controlling for all other variables in the network. More

over, the visual character of psychological networks facil

itates interpretation of both direct and indirect relationships 

among the science skepticism variables, as well as po

tential reinforcing structures and feedback loops. Importantly, 

insights from this case study extend our understanding 

of science skepticism beyond the original study by 

providing higher-order insights into the structure of 

science skepticism. That is, in addition to insights on 

relationships between individual science skepticism 

variables, a psychological network approach provides 

insights on a network level (i.e., the relative importance of 

individual nodes within the network and the stability of 

the network when comparing different networks).

Conclusion
This paper provides one response to a recent call to 

obtain a more complete picture of science attitudes [5]. 

We argue that a psychological network approach provides 

the field with a viable way forward towards achieving this 

goal. Subsequently, we hope to stimulate the field to

wards more research into causality and interventions 

aimed at strengthening positive science attitudes. 

Scholars who consider employing a psychological 

network approach are directed towards a practical 

framework for designing such studies, which provides 

practical guidance and recommendations for important 

considerations [38]. Employing a psychological network 

approach can advance the field to improve the under

standing of science attitudes and its various predictors, 

hopefully resulting in a more complete picture that can 

aid both advances in theory and interventions.
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