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IntroducUon
• Network science approaches are increasingly used in the
cognitive sciences
o Cognitive structures such as semantic memory (i.e., long-term
memory store of conceptual knowledge and facts) can be
analyzed as complex networks (Christensen & Kenett, 2020)

• Semantic fluency tasks are commonly used to estimate
semantic networks in psychology (Siew et al. 2019; Zemla & Austerweil, 2018 ;
Monsch et al. 1992, Hills et al. 2013 & Gollan et al., 2002).

o Cue word from a semantic category (e.g., animals)
o Participants recall as many items from that category (e.g., dog,
cat, rabbit, fish, …) as possible within a fixed period of time

• Knowledge representation structures in academic disciplines
have been less examined

Method
Participants
• Students from the University of
Kansas, USA
• 200 students enrolled in an
introductory biology
• 200 students enrolled in an
introductory psychology
Procedure
• Semantic fluency task
• 2 minutes to recall as many concepts
for the cue words “biology” and
”psychology”
• Longitudinal design: Students
completed the task at the beginning
and end of semester

o Studying the way mental representations change with
experience has important implications for education and
learning sciences

• Aim of study: Investigate changes in fluency networks of
students enrolled in academic modules (i.e., Biology and
Psychology) over the course of a semester.
Method
Community Network
(Goñi et al., 2011)

Naïve Random Walk

(Lerner, Ogrocki, & Thomas,
2009)
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Analysis
• Used the SemNA R package4 for
network analysis
1. Pre-Processing
• Cleaning and standardizing
responses across participants (i.e.
singularization, spellcheck)
2. Network Estimation
• 3 methods: Community Network,
Naïve Random Walk, Pathfinder (see
Table 1)
3. Bootstrapping Analysis
• 100 iterations
• Case-wise sampling with
replacement

Naïve Random Walk

• Our expectaUon that networks would show greater
connecUvity as learners gain knowledge was not
completely borne out
o Discrepancy across esUmaUon methods

• Post-networks tended to have lower ASPL, lower CC,
lower Q than pre-networks
o Pathﬁnder networks displayed the opposite trend for
ASPL and Q
o NRW Psych networks displayed the opposite trend for CC

• Demonstrates the challenges associated with
invesUgaUng the structure of knowledge
representaUons using the semanUc ﬂuency task.

Pathfinder

ASPL

Description
Co-occurrence matrix where two responses have occurred within a fixed
parameter (i.e. distance) from each word are counted as a co-occurrence.
Using confidence intervals from a binomial distribution, responses that
are significantly unlikely to occur by random chance are then used to
estimate a network.
Co-occurrence matrix where the number of co-occurrences of adjacent
pairs across the response matrix is counted and a threshold is then
applied to it such that only adjacent pairs that co-occur at least as many
times as the threshold are estimated to have an edge in the network.

A proximity matrix between every pair of responses in the binary
(Paulsen et al., 1996; Quirin, response matrix is computed. Only the path with the shortest distance
Cordón, Guerrero-Bote,
between every pair of nodes is retained, and the network is then
Vargas-Quesada, & Moyaestimated by using a set of edges that links all nodes in the network while
Anegón, 2008)
minimizing the total distance of all edges in the network.

Table 2. Mean and SD of network measures of bootstrapped
networks.
CC

Biology

Psychology

Pathﬁnder

Q

Table 1. Brief descripUon of network esUmaUon methods.

Figure 2. Violin plots of network measures for 100 bootstrapped semantic networks.
All comparisons (corrected for # edges) significant except for NRW-ASPL-Psych
networks. Legend: Bio-networks in purple; Psych-networks in red
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Figure 1. Biology (lev) and psychology (right) pre- and post-ﬂuency networks
at the beginning and the end of the semester as generated by the community
network esUmaUon method.

Table 3. Top 10 concepts with highest proportionate increase or
decrease in frequency across pre- and post-Biology (left) and
Psychology (right) networks.
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