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Abstract Next StepsMachine Learning Analysis
● With the rise of artificial intelligence (AI), machine learning analysis will likely become 

standard use within behavioral laboratory settings. 
● Using machine learning analysis, we analyzed behavior expressed by both rats and mice 

of different strain, sex, age, and housing in order to more closely evaluate behavioral 
differences in exposure to a predator stimulus. 

● The predator stimulus was a 3D printed owl predator that surges towards the center of an 
arena. 

● A training network was taught to base its evaluations of behavior on specific points that 
correspond with body parts of the rodent.

● As the rodent responded to the stimulus, we were able to evaluate behavioral patterns, 
such as time spent in hiding, freezing, fleeing, or near the walls of the arena. 

● This will allow us to look at the overall movement trajectories prior to and during predator 
exposure. 

● Based upon the early stages of behavioral analysis, we found that rats and mice seem to 
have different behavioral reactions to predator exposures, and these seem to be 
dependent on rodent strain, sex, and housing condition. 

● We hope to further investigate the differences between species, strain, and sex using 
machine learning analysis. 

Methodology

Discussion & Future Applications
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● After the videos have gone through pre-processing (cropping, editing, etc.) and 
pose-estimation tracking (DeepLabCut), they are then imported into SimBA.

● Once the project has been imported into SimBA, the tracking results are imported into 
SimBA’s classification projects. 

● Within SimBA, the project will undergo pose-estimation tracking corrections, annotation of 
behavioral events and optimizing the machine learning hyperparameters and discrimination 
thresholds. 

● There are a number of validation checkpoints to increase classifier explainability and 
tunability.

● At the end, there will be visual outcomes for the machine learning analysis. 
● The outcomes we are interested in is the characterization of fleeing, freezing, and general 

movement.
○ Open field 
○ Time by wall 
○ Time spent in hide 
○ Velocity and trajectory when leaving the hide 
○ Grooming 

● Based upon the early stages of behavioral analysis, rats had an initial fear response to the 
predator, but it appeared that most mice did not. 

● However, there seems to be a change in behavior in mice compared to before versus after 
the predator exposure, indicating that the stimulus had an effect that will be tracked by the 
machine learning analysis.
○ Further analysis needs to be done to determine exact differences in fear responses 

when looking at species, strain, sex, and housing condition.
Subjects

● 35 mice
○ 6 CD1 single-housed females
○ 5 CD1 co-housed old males
○ 8 C57 co-housed old males
○ 5 C57 co-housed females
○ 6 C57 young males
○ 5 C57 young females

● 8 rats 
○ 4 Sprague Dawley co-housed males
○ 4 Sprague Dawley co-housed females

Measures
● Habituation 

○ 20 mins in the hide with 10 sugar pellets once a day for 2 days
● Foraging 

○ 5 mins with increasing distance of pellet from hide  
○ 6 days

● Predator Exposure 
○ When the rodent gets within about 30 cm of the pellet in the arena, the owl surges 

approximately 100 cm over the food pellet toward the hide at about 70 cm/s. 
○ This process is run for 3 minutes, regardless of the number of surges. 
○ 2 days

● Machine Learning 
○ Simple Behavioral Analysis (SimBA)  

■ SimbBA is a program that uses machine learning to describe animal behavior in real 
time.

■ It was used to crop the videos to adjust the area space, accounting for the arena. 
■ Open Source code can be found here: https://github.com/sgoldenlab/simba

○ DeepLabCut
■ DeepLabCut is a program that allows us to train a machine learning model in order to 

predict rodent movement and behavior. 
■ After cropping, 20 frames were extracted from each video in order to label body parts 

by hand on the rodent, owl, and owl shadow, as seen in Figures 1 and 2. 
■ These frames were then used to train the model on rodent movement and the 

location of the owl and the owl shadow. 
■ Once the model is fully trained, it can be used to analyze rodent movement and 

behavior (such as grooming and foraging) before, during, and after predator 
exposure. 

■ Open Source code can be found here: https://github.com/DeepLabCut/DeepLabCut
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Figure 3. Model of predator exposure arena

● SimBA and other machine learning algorithms will completely revolutionize the way in which 
scientists conduct research and collect data on animal behavior, as it will increase efficacy 
and accuracy. 

● Prior to machine learning, video analysis was done by hand, requiring a large amount of 
time, and introduced error into studies. 

● However, machine learning removes the need to analyze all videos and cuts down on the 
required time. 

● By automating the analysis process, machine learning allows researchers to focus on the 
interpretation and application of the results rather than spending time on the tedious task of 
manual analysis.

● Using a training network ensures that all videos are analyzed accurately and reliably. 
● With machine learning, we are able to collect data about subtle behaviors and nuanced 

measures of trajectories and fleeing velocities. 
● Machine learning can recognize patterns in the data that humans may not be aware of
● Machine learning can be trained on large datasets.
● Machine learning can help identify new behavioral patterns and phenomena that were 

previously unknown or overlooked.
● This data allows us to compare differences within and between groups. 
● Training the machine learning network provides data for the program to determine rodent 

movement in the arena at various points in time.
● These machine learning programs could provide us with critical information about rodent 

movement and behavior that could be missed by humans.
● Machine learning analysis can determine behavior frame by frame in a way that would be 

unrealistic to expect of human judgement. 
● This model could also be used for future rodent behavior analysis projects.
● Machine learning analysis can be used in any area that requires detailed tracking of the 

movements of humans or animals 
○ For example, testing of new therapies can use machine learning to evaluate the change 

in facial emotion of people undergoing therapy 
○ Another use is tracking the movements of other animals such asfruit flies, zebrafish, and 

monkeys 
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Figure 1. Predator exposure arena pre-owl surge. 
This is during the pose-estimation tracking 
section of the machine learning process. 

Figure 4. This section of code for the training program 
is the only section of code that must be manually 
changed. It corresponds to the body parts in the 
labeling process. Because this is a multi-animal 
model, it is evaluating the movements of three 
individuals: the rodent, the owl, and the owl shadow. 
This way, the program can track how changes in the 
owl cause behavioral changes in the rodent (e.g., as 
the owl surges to the center of the arena, the rodent 
runs to the hide).

Figure 2. Predator exposure arena post-owl surge
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Experimental Timeline Figure 5. Section of the Excel sheet with recorded 
pose-estimation tracking data after frames were labeled. 
This shows the coordinates of the body parts labeled on 
the mouse, owl, and owl shadow. Empty spaces indicate 

that no data was recorded for that body part. 
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