
Novel automated training platform for

studying flexible switching among natural

motivated behaviors in mice

Balázs Hangya based on peer reviews by Ede Attila Rancz and Ewelina
Knapska

Clara Hartmann, Ambika Mahajan, Vinicius Borges, Lotte Razenberg, Yves Thönnes,

Mahesh M. Karnani (2024) The Switchmaze: an open-design device for measuring

motivation and drive switching in mice. bioRxiv, ver. 2, peer-reviewed and recommended

by Peer Community in Neuroscience. https://doi.org/10.1101/2024.01.31.578188

Submitted: 18 February 2024, Recommended: 18 April 2024

Cite this recommendation as:

Hangya, B. (2024) Novel automated training platform for studying flexible switching among natural motivated behaviors in

mice. Peer Community in Neuroscience, 100180. 10.24072/pci.neuro.100180

Published: 18 April 2024

Copyright: This work is licensed under the Creative Commons Attribution 4.0 International License. To view a copy of this

license, visit https://creativecommons.org/licenses/by/4.0/

As our understanding of the building blocks of mammalian behavior improves, there is a shifting focus

towards addressing the brain mechanisms of behavioral flexibility, strategy learning and behavioral switching

(Banerjee et al., 2020; López-Yépez et al., 2021; Manzur et al., 2023). This requires novel behavioral paradigms

and new tools: Hartmann and colleagues started filling this gap by presenting an open-source automated

training system for studying motivational switching, which they coined the ‘Switchmaze’ (Hartmann et al., 2024).

Instead of training mice on specific tasks, Hartmann et al. chose to quantify switching between spontaneous

motivated behaviors like feeding, drinking, and engaging in social interactions in a type of foraging task. These

behaviors were spatially separated by a smart design using distinct compartments with unidirectional doors,

allowing the counting of discrete cycles of food and water intake in unitary quantities.

Switching behavior was quantified by the ratio of shifting from one behavioral chamber to another (single

probe entries) versus exploitation of a single chamber through multiple consecutive entries (continuous

exploitation runs), termed ‘motivation switching rate’ (MSR). Interestingly, the measured MSR values were well

within the distribution of randomized data in which the trial sequence was shuffled. The Authors suggest

that this may be an adaptive strategy to decrease behavioral predictability and thus fool competitors and

predators; however, determining the significance of this finding will require further testing. For instance, is

a ‘more random mouse’ indeed more successful in a competitive setting where the total amounts of food

and water are limited? Food deprivation increased, while re-feeding decreased switch rate, strengthening the

arguments for the MSR being a strategically controlled parameter.
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Hartmann et al. further demonstrated the utility of the Switchmaze by performing chemogenetic inhibition

of prefrontal cortical neurons projecting to the hypothalamus, a pathway thought to be involved in controlling

feeding behavior (Petrovich et al., 2005; Cole et al., 2020; Padilla-Coreano et al., 2022). Mice showed an

increased MSR upon inhibition, now significantly different from randomized distributions. Further analysis

revealed that the difference was driven by a selective reduction of food-to-food transitions, that is, a decreased

tendency for repetitive feeding. Moreover, this was due to a decrease in the number but not the duration of

food runs, suggesting a specific behavioral role of the prefrontal-hypothalamic pathway in promoting repetitive

feeding.

In summary, Hartmann and colleagues showcased an affordable, open-source behavioral design and

demonstrated its usefulness for quantifying flexible switching of natural behaviors. It is ideal for testing the

effect of pharmacological and chemogeneticmanipulations, but it can likely be combinedwith electrophysiology,

fiber photometry orminiscope imaging, greatly broadening its potential. Therefore, the Switchmaze is a valuable

member of the growing family of open source, automated rodent training tools (Puścian et al., 2016; Erskine et

al., 2019; Qiao et al., 2019; Birtalan et al., 2020; Cano-Ferrer et al., 2024) that represent the logical next step for

high-throughput, stress- and bias-free behavioral experimentation.
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Download author’s reply
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Decision by Balázs Hangya, posted 19 March 2024, validated 19 March 2024

Invite a revision

The Authors present an open-source system for testing flexible behvior in mice. The study has been seen by

two Reviewers. The general opinions are positive, while the Reviewers suggested points of clarification and

improvement. Based on these, I suggest clarifying definitions in the Abstract and Introduction, differences

across behavioral groups (including number of mice tested) as well as methodological details (including

compatibility) highlighted by the Reviewers. Additionally, I suggest citing those publications pointed out by the

Reviewers on similar applications.

Reviewed by Ewelina Knapska, 08 March 2024

Download the review

Reviewed by Ede Attila Rancz , 24 February 2024

Hartmann et al. present a new, open-source device to measure mouse foraging behaviour in a close-to-

natural environment.

The presentation of the design choices and the build instructions are exemplary, allowing prettymuch any lab to

build its device. The use of food deprivation, swapping of feeding areas and pharmacogenetic interference with

specific neuronal pathways elegantly demonstrates the device’s utility in investigating motivated behaviours,
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particularly motivational switching.

I congratulate the authors on their approach and the work done and look forward to exciting experimental

work using the device. I only have a few minor suggestions.

In the current form of the supplementary material, the Bill of Materials points to tinkercad files. I suggest

referencing the OSF repo files, which are likely more future-proof. In addition, a ”version of record” depository

should be produced upon publication. Further versions can then be used for future modifications and

improvements to the design.

I want to draw the authors’ attention to two similar publications which use a similar approach to designing

novel research equipment. These papers and repositories could guide readers willing to design their tools,

and the authors may consider referencing them.

https://doi.org/10.1371/journal.pone.0211571
https://doi.org/10.1016/j.jneumeth.2023.110002 (conflict of interest: this paper is from my lab)

”sleep mix” is a colloquial term and should be removed.

In the methods section, I struggled to follow what viral constructs were injected for what purpose in which

animals. While it is deducible, it requires unnecessary effort, and I suggest restructuring these few sentences.

Relatedly, the histology figures referenced in the manuscript are missing from the supplementary material.

They are present on the OSF data repository without legends, making it difficult to square with the methods

section.

I struggled to understand what epoch in Figure 2 could correspond to the ”appetitive” epoch mentioned in

the second line of the results.

In Figure 1C, please mark the position of the FED3, SWD, HSD and SEM devices.

Please provide the weight of the individual mice during the whole experiment in Figure 2.

A furtherminor suggestion to ensure animal wellbeing is automaticmonitoring ofmouseweight and foraging

with a warning system (i.e. automatic warning email if a mouse drops below 85% of initial weight or doesn’t

visit the maze for 12 hours).

A sentence about the device’s compatibility with tethered optical and electrophysiological measurement

systems is warranted.
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