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University makerspaces provide students with an
opportunity to develop their design and prototyping skills.
Modelling makerspaces as a network allows researchers to
identify underlying trends in the space. This work utilizes
bio-inspiration from ecological network modelling &
analysis techniques to analyze makerspaces through data
from end of year surveys. This provides valuable insights
into usage trends and community formation within a
space.

• Student users completed tool usage surveys at the end
of each semester

• Weighted and unweighted bipartite network models
created from usage data

• Metrics quantify the impact of disturbances/policies

Figure 1. Bipartite network creation: a) sample makerspace with 3 students 
& 3 tools, b) network graph - lines represent interactions between students 
(left) & tools (right), and c) network matrix (1’s = student-tool interaction)
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Figure 2. Percentage of student users who used a tool group at School A 
(top) and School B (bottom)

Figure 5. Comparison of weighted and unweighted modularity for overall 
population (top) and gender breakdowns (bottom)

• Modularity (Fig. 4) was higher at School A suggesting a more
defined community structure

• Nestedness (Fig. 4) was higher at School B suggesting higher
levels of integration of network specialists with generalists

• Connectance (Fig. 4) indicates Spring 2021 drop in tool
usage at both schools, confirmed by survey results

• Modularity and nestedness (Fig. 5) maintained similar trends
from unweighted to weighted data corroborating accuracy of
previous conclusions

• Weighted analysis (Fig. 5) depicts both of the schools as being
less nested and more modular than the unweighted model
reflecting the significance of certain connections

a) b) c)

0%

20%

40%

60%

80%

100%

Spring 2021, N = 178 Spring 2022, N = 77 Spring 2023, N = 74

0%

20%

40%

60%

80%

100%

Spring 2021, N = 94 Spring 2022, N = 95 Spring 2023, N = 84

School A

School B

• P. Thelly, A. Layton, and J. Linsey. (under review) “Bipartite Network Analysis for Understanding Tool Usage Patterns.” (ISAM)
• Kaat, C., S. Blair, A. Layton, and J. Linsey. (under review) “A Study of Makerspace Health and Student Tool Usage During and After the COVID-19 

Pandemic.” Design Science
• Blair, S., G. Hairston, H. Banks, J. Linsey, and A. Layton. (2024) “Bio-inspired Human Network Diagnostics: Ecological Modularity and Nestedness as 

Quantitative Indicators of Human Engineered Network Function.” Systems Engineering.
• Crose, C., S. Blair, A. Layton, and J. Linsey. (2023) “Measuring the Health of Makerspaces During Large Disruptions such as the COVID-19 Pandemic.” 

ASME 2023 International Design Engineering Technical Conferences and Computers & Information in Engineering Conference (IDETC-CIE). Boston, 
MA, USA.

• Blair, S., G. Harriston, H. Banks, J. Linsey, and A. Layton. (2022) “Makerspace Network Analysis for Identifying Student Demographic Usage.” 
International Symposium on Academic Makerspaces (ISAM). Atlanta, GA, USA.

• Blair, S., H. Banks, G. Harriston, J. Linsey, and A. Layton. (2022) “Modularity Analysis of Makerspaces to Determine Potential Hubs and Critical Tools in 
the Makerspace.” ASEE 2022 Conference & Exposition. Minneapolis, MN, USA.

• Blair, S., H. Banks, J. Linsey, and A. Layton. (2021) “Bipartite Network Analysis Utilizing Survey Data to Determine Student and Tool Interactions in a 
Makerspace.” ASEE 2021 Conference & Exposition. Long Beach, CA, USA. (virtual due to COVID-19)

Quantitative Network Metrics
Modularity: (0-1) how partitioned makerspace interactions
are. Groups of actors/tools (“modules”) created based on
interaction patterns
Nestedness: (0-1) how students interact with tools, highly
nested spaces have students using wider variety of
“generalist” and “specialist” tools and are more resistant to
external changes
Connectance: (0-1) actual student-tool interactions vs.
total possible

Research Objectives:
• Explore modelling student-tool interactions in

makerspaces as bipartite networks
• Identify extra insights provided by modelling as a

weighted bipartite network as opposed to a binary network
• Develop method to minimize any usage differences

between different user communities
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• Network analysis validated by survey results.
• Bipartite metrics capture changes in usage patterns &

operational policies.
• Weighted data provides further insights into the

intricacies of a space resulting from both highly and lowly
connected actors

Figure 3. Unweighted modularity, nestedness, & connectance metrics 
compared across semesters & schools
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Figure 4. Weighted modularity, nestedness, & connectance metrics 
compared across semesters & schools


