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Abstract: 48 

Forced swim test (FST) and tail suspension test (TST) are commonly used behavioral 49 

tests for screening antidepressant drugs with a high predictive validity. These tests have 50 

also proved useful to assess the non-motor symptoms in the animal models of 51 

movement disorders such as Parkinson’s disease and Huntington’s disease. Manual 52 

analysis of FST and TST is a time-consuming exercise, and has large observer-to-53 

observer variability. Automation of behavioral analysis alleviates these concerns, but 54 

there are no easy-to-use open source tools for such analysis. Here, we describe the 55 

development of DBscorer, an open source program installable on Windows®, with an 56 

intuitive graphical user interface, that helps in accurate quantification of immobility 57 

behavior in FST and TST from video analysis. Several calibration options allow 58 

customization of various parameters to suit the experimental requirements. Apart from 59 

the readout of time spent immobile, DBscorer also provides additional data and 60 

graphics of immobility/mobility states across time revealing the evolution of behavioral 61 

despair over the duration of the test and allows the analysis of additional parameters. 62 

Such comprehensive analysis allows a more nuanced understanding of the expression 63 

of behavioral despair in FST and TST. We believe that DBscorer would make analysis 64 

of behavior in FST and TST unbiased, automated and rapid, and hence prove to be 65 

helpful to the wider neuroscience community.   66 
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Significance Statement: 67 

FST and TST are commonly used to rapidly screen novel antidepressant compounds. 68 

They are also used to assess the non-motor behaviors in models of Parkinson’s and 69 

Huntinton’s disease. However, the manual analysis of behavior is time-consuming and 70 

subject to observer-to-observer variability. The tools available for automation are either 71 

difficult to use, are expensive, require special apparatus, or not comprehensively 72 

validated. DBscorer, described here, is an open source software for Windows®  with a 73 

user-friendly GUI, which we have extensively validated against the performance of 74 

highly trained human scorers. We believe that the ease of installation and use, as well 75 

as the high accuracy would lead to a widespread adoption of DBscorer by the 76 

neuroscience community. 77 

 78 

  79 
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Introduction: 80 

The serendipitous discovery of antidepressant drugs in the 1950s (Kuhn, 1958; Loomer 81 

et al., 1957) led to a quest to understand their mechanisms of action. This necessitated 82 

the development of suitable rodent models to study the action of antidepressant drugs. 83 

In the 1970s, Porsolt and colleagues described a new test to model behavioral despair 84 

in rodents (Porsolt et al., 1978, 1977). The test, called the Forced Swim Test (FST), 85 

involves introducing the animal (mouse or rat) into a narrow cylindrical container 86 

containing water. After the initial period of vigorous swimming activity, the emergence of 87 

behavioral despair is evident from the time spent immobile. It was shown that a single 88 

injection with various classes of antidepressant drugs was sufficient to decrease the 89 

time spent immobile in the FST (Detke et al., 1997; Porsolt et al., 1978, 1977). Further, 90 

a dry version of FST, called the Tail suspension test (TST), was proposed, where a 91 

mouse is suspended by its tail and the time spent immobile is scored as a measure of 92 

despair (Steru et al., 1985). 93 

Both FST and TST have become classical tests for assessing depressive-like behavior 94 

in rodents. Since the initial study by Porsolt and colleagues, several other studies also 95 

reported that a single injection with antidepressant drugs significantly reduces the 96 

immobility in both FST and TST, allowing the test to be used to rapidly screen novel 97 

compounds for antidepressant-like activity (Castagné et al., 2009). Since these tests 98 

require the rodents to perform vigorous and coordinated motor activity under a stressful 99 

environment, these tests also find use in the fields of movement disorders (Bonito-Oliva 100 

et al., 2014; Campos et al., 2013; Du et al., 2015; Pouladi et al., 2009; Soylu-Kucharz et 101 

al., 2016). 102 

However, these tests often suffer from observer-to-observer variability; and 103 

reproducibility is often a concern (Kara et al., 2017; Smalheiser et al., 2021; Trunnell 104 

and Carvalho, 2021). Moreover, the manual analysis of behavior is extremely time-105 

consuming, thus hampering the utility of these tests for high throughput screening of 106 

candidate compounds. 107 
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Automation of the behavioral analysis in FST and TST could help in objective, quick and 108 

highly reproducible analysis of behavior. TST lends itself to easy automation through 109 

the use of a strain gauge to which a mouse is suspended by its tail and the changes in 110 

the force on the strain gauge is measured, which can then be used to distinguish 111 

mobility from immobility. This approach was first described in 1987 and multiple 112 

manufacturers now have strain gauge-based TST devices available for purchase (Cryan 113 

et al., 2005; Mombereau et al., 2004; Steru et al., 1987). Apart from the costs of 114 

acquisition and maintenance, a big disadvantage with this method is the number of mice 115 

that can be studied in parallel, which is dictated by the configuration of the device. On 116 

the other hand, the automation of FST is principally done through video analysis 117 

(Crowley et al., 2004; Gersner et al., 2009). Analysis of TST can also be done through 118 

video analysis, thus bypassing the need to use a specialized apparatus. Such analyses 119 

are often performed using commercially available software by tracking the frame-to-120 

frame variations, changes in the position of the centroid etc (Juszczak et al., 2006). 121 

However, to our knowledge, there are no easy-to-use free open-source softwares 122 

available for FST and TST. Furthermore, an easy and intuitive graphical user interface 123 

(GUI) is only possible if the tool is specifically designed for FST and TST, since the 124 

general purpose tools would not allow easy calibration of parameters that are relevant 125 

to FST and TST. Here, we describe the development of DBscorer (Depression Behavior 126 

Scorer), a MATLAB®-based tool, designed for rapid and automated phenotyping of 127 

behavioral analysis in FST and TST. We validated the performance of the software 128 

against that of trained scorers and compared the behavior in an experiment involving a 129 

Chronic Mild Unpredictable Stress (CMUS) in mice. As long as the background provides 130 

sufficient contrast, DBscorer can be used on black as well as white animals. We believe 131 

that ease of installation and an intuitive GUI of DBscorer would help researchers with no 132 

programming knowledge to perform automated analysis of behavior in FST and TST 133 

and would thus help in a standardized, unbiased and objective analysis of behavior.  134 



 

 7 

Materials and methods: 135 

Animals: 6 months old C57BL6/J male mice were used for experiments. Animals were 136 

bred and housed in the [Author University] and the experiments were performed in 137 

accordance with the protocols approved by the institutional animal ethics committee of 138 

[Author University]. Mice were housed in groups of 3-5 animals per cage and were 139 

maintained on a 12:12 hour light:dark cycle with access to food and water ad libitum. 140 

Usage of animals was reduced as much as possible in accordance with the principle of 141 

3Rs. 142 

Forced Swim Test: To quantify the behavioral despair in FST, the mice were allowed to 143 

swim in a 2L glass beaker filled upto 75% of its capacity with water. Before each test, 144 

the beaker was thoroughly cleaned. Water temperature was maintained between 21°C 145 

and 25°C. Mouse was placed in the middle of the container by gently holding its tail. 146 

Their behaviour was videotaped for 5 minutes and the behavior over the entire 5 minute 147 

period was analyzed. The FST protocol was adapted from previous studies (Castagné 148 

et al., 2011; Jaggar et al., 2017). 6 minutes long FST protocols have also been used, 149 

with the first 2 minutes removed from analysis (Can et al., 2012a; Kara et al., 2017). 150 

The choice of the method in this study was based on a protocol standardized earlier in a 151 

similar chronic stress paradigm (Virmani et al., 2021). Every effort was made to 152 

minimise the effects of reflected light from the water surface. Lights were mounted on 153 

top of the behavioral setup at a height of 10 feet, with a light intensity of 100-120 lx at 154 

the level of the beakers. Non-reflective matte-finished white surface was placed behind 155 

the beakers to minimize the glare. The camera was set horizontally at water level and at 156 

a distance of 3 feet from the beakers. The position of the camera and beakers remained 157 

fixed over all the video recordings across multiple days.  158 

After the test, mice were dried and put into a warm cage (30°C-33°C) for 20 minutes 159 

before returning to their home cage. For manual analysis, the mouse was considered 160 

immobile when floating passively and making only movements that were required to 161 

keep its head above water. Time spent immobile was reported as a % of total time. 162 
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Tail Suspension Test: For the tail suspension test, mice were hung by their tails for a 163 

period of 5 minutes. Since C57BL6/J mice show extensive tail climbing behaviour as 164 

reported earlier (Can et al., 2012b), we passed the tail through a lightweight plastic tube 165 

(0.5g) to prevent tail climbing as described previously (Can et al., 2012b). The lighting 166 

conditions and camera placement were similar to FST. After the tests were done, mice 167 

were returned temporarily to a holding cage until all the animals from their home cage 168 

were tested.  169 

CMUS: Chronic mild unpredictable stress was performed as described earlier (Virmani 170 

et al., 2021). In brief, mice were subjected to 1-2 stressors per day for 21 consecutive 171 

days. Stressors were picked randomly from a set of stressors described earlier (Virmani 172 

et al., 2021) and were administered at a random time during the day. FST was 173 

performed on day 1 and day 19. TST was performed on days 2 and 17. These tests not 174 

only served as stressors, but helped in the assessment of the emergence of behavioral 175 

despair as a result of CMUS. 176 

Video Acquisition: The videos were acquired using a Nokia 6.1 mobile camera mounted 177 

horizontally at the level of the animal. The videos were converted to 15 fps mp4 format 178 

using the ffmpeg tool (http://ffmpeg.org/). The lighting conditions as well as the white 179 

background were selected so as to provide the best possible contrast, while minimizing 180 

the glare. 181 

Development of DBscorer: Code for the DBscorer software was written in MATLAB®   182 

2020 (www.mathworks.com). Code can either be run on MATLAB® or as a standalone 183 

program on Windows® requiring matlab runtime 9.9 (www.mathworks.com). The user 184 

interface was built using the MATLAB® App Designer. The interface is very intuitive and 185 

easy to use. The program analyzes video files in multiple video formats like .avi, .mp4, 186 

.mov which are supported by MATLAB®.  It takes various user inputs like start and 187 

endpoints, area within the video to be analyzed, blurring and threshold values. Then it 188 

converts each frame to binary images according to user inputs. Threshold values were 189 

extensively tested and the recommended thresholds are given in Table 1. 190 
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Difference between the area of the binarized image as a percentage of area of the 191 

previous frame is then calculated and averaged for each second. When this number is 192 

below a given threshold, the animal is considered to be immobile. The data is analyzed 193 

in blocks of user-defined timelengths, and immobility time is then calculated for each of 194 

these blocks.  195 

For optional calibration or manual scoring of behaviour, videos can be analysed 196 

manually by the user using the software interface.  It is recommended to use a video 197 

with approximately equal time of two states (mobility and immobility) to avoid any bias 198 

during calibration. The user has to press a toggle button when the animal becomes 199 

immobile to start quantification of immobility time, and then to press it every time when 200 

the animal transitions between the mobility and immobility states.  For each video, an 201 

output file is created containing the timestamp for every second.  Score of ‘1’ is 202 

assigned to immobility (magenta toggle) and ‘0’ to mobility (green toggle) for each 203 

second.  204 

We have used 60% of all videos from each set to get the optimum threshold. The 205 

change in percentage area is then analyzed automatically by the software using various 206 

area threshold values and results for each second are systematically compared with the 207 

manual score to generate a ROC curve. We observed that humans typically take 208 

between 1-3 seconds to respond to the change of behavioral state with a key press, 209 

perhaps as a result of a combination of indecisiveness, inherent ambiguity in assessing 210 

an animal's behavior and a lag in motor response. On the other hand, the behavioral 211 

state transitions are instantaneous in the case of automated analysis. Hence, the match 212 

between the 2 methods was poor around the boundaries between immobility and 213 

mobility states, but the match was stronger away from the boundaries. Since the time 214 

lags for a human scorer are not constant throughout, we could not artificially align the 215 

data by shifting the time-series. Hence, we removed 3 seconds around the boundaries 216 

while obtaining the optimum thresholds. The optimal threshold is determined from the 217 

ROC curve and reported in the user interface and in the output file. The formula is given 218 

below, where c is the cut-point. 219 
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Optimum Cut-Point (c)= Sensitivity(c) ✕ Specificity(c) (Unal, 2017)  220 

We take the threshold with the maximum value of the optimal cut-point. 221 

Code Accessibility: The source code is available as supplemental data and in the online 222 

repository at http://github.com/swanandlab/DBscorer under a GPLv3 license. Periodic 223 

updates to this code, if any, will be made available on the link provided above. 224 

Statistical Analysis: All analyses were done in MATLAB® (2020b) or GraphPad Prism. 225 

Pearson’s correlation and corresponding p-values were calculated and the scatter plots 226 

with linear regression were made using GraphPad Prism. The Bland-Altman plot was 227 

plotted and the bias was calculated using GraphPad Prism. The two group comparisons 228 

for the CMUS experiments were made using paired 2-tailed student’s t-test and the data 229 

were plotted as bar graphs depicting mean ± SEM with overlaid scatter plot using 230 

GraphPad Prism. All other plots were prepared in MATLAB®. 231 

  232 
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Results: 233 

Development of DBscorer and the GUI, and the estimation of optimum threshold 234 

We developed DBscorer in MATLAB® as described in the materials and methods. The 235 

GUI (Figure 1A) was designed in MATLAB App Designer and the script was compiled 236 

as an executable file using MATLAB Compiler™. This allows direct installation on 237 

Windows® as a standalone program. A typical workflow (Figure 1A, Movie 1) involves 238 

loading the video, selecting time boundaries of the part of the video that needs to be 239 

analyzed and marking the minimum area such that the animal remains within the 240 

selected area throughout the test. The area is marked using a multi-point selection, after 241 

which a rectangular area from the video is cropped out for analysis. This is followed by 242 

automated thresholding, though it is possible to input a user-defined binary threshold 243 

value. By pressing the “Background Fill” button and by marking the outer boundaries of 244 

the animal, we can estimate the background behind the animal. Following this, the 245 

analysis can be done completely automatically by pressing “Automatic Analysis”. 246 

DBscorer can also be used to perform the analysis manually by pressing the “Manual 247 

Analysis” button. For manual analysis, video playback can be controlled using the 248 

Play/Pause toggle switch. Another toggle switch called “State” is used to alternate 249 

between mobility and immobility during manual analysis.  250 

For automated analysis, we tested 3 different parameters for their correlation with 251 

human scorers. These parameters included changes in object length, object area and 252 

frame-by-frame variation. While change in object length was marginally better in the 253 

case of TST, change in area was more versatile and suited for both FST as well as 254 

TST. Hence, change in the area of the object was used for further validation (Figure 255 

1B). Δ Area Threshold as a % of the area of the previous second is used to classify the 256 

data into mobility or immobility (Figure 1B). Furthermore, manual analysis can be done 257 

to automatically calibrate the Δ Area Threshold (%). Table 1 summarizes the Δ Area 258 

Thresholds from our calibrations, which we recommend to the users. 259 

We used the ROC curves to obtain an optimum threshold for each test as described in 260 

the materials and methods (Figure 1C and 1D; and Table 1). Using these thresholds, 261 
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we sought to compare the performance of DBscorer and human scorers in FST and 262 

TST. 263 

Comparison of automated analysis with DBscorer against manual analysis in TST 264 

To validate the performance of the DBscorer, comparisons with the manual analysis 265 

were made for both TST as well as FST. For TST, we used 20 videos from C57BL6/J 266 

mice subjected to TST. We computed 3 parameters for each mouse, namely percent 267 

time spent immobile, Latency to the first bout of immobility, and the longest bout of 268 

mobility. Although the traditional method of manual analysis using a stopwatch does not 269 

allow the measurements of parameters other than the time spent immobile, manual 270 

analysis on DBscorer allows these measurements. We used the Bland-Altman plots to 271 

assess the agreement between the two methods for all 3 parameters. We found a good 272 

agreement between DBscorer and manual scoring on all 3 parameters for TST (Figure 273 

2 A, 2B and 2C). The bias for the immobility % was 5.4 and 95% limits of agreement 274 

from -7.40 to 18.20 (Figure 2A). For latency to immobility, the bias was -1.35 the 95% 275 

limits of agreement were -18.05 to 15.35 (Figure 2B).  In the case of the longest bout, 276 

the bias was 4.25 and the 95% limits of agreement were from -9.13 to 17.63.  277 

We next assessed the correlation between the results obtained using the 2 methods. In 278 

the percent time spent immobile, we found a strong correlation between DBscorer and 279 

manual analysis (R² (20) = 0.87, p < 0.0001) (Figure 2D). The correlation coefficients 280 

and p values for latency to immobility were R² (20) = 0.83 and p < 0.0001 respectively 281 

(Figure 2E), while those for the longest bout were R² (20) = 0.52 and p < 0.0003 282 

respectively (Figure 2F). 283 

Comparison of automated analysis with DBscorer against manual analysis in FST 284 

For FST, we used 20 videos from C57BL6/J mice subjected to FST. We found a good 285 

agreement between DBscorer and manual scoring on all 3 parameters for FST (Figure 286 

3A, 3B and 3C). The bias for % immobility was 2.3 and 95% limits of agreement were 287 

from -8.58 to 13.18 (Figure 3A). For latency to immobility, the bias was -1.10 the 95% 288 

limits of agreement were -29.55 to 27.35 (Figure 3B).  In the case of the longest bout, 289 
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the bias was -5.95 and the 95% limits of agreement were from -37.57 to 25.67 (Figure 290 

3C).  291 

We next assessed the correlation between the results obtained using the 2 methods. In 292 

the percent time spent immobile, we found a strong correlation between DBscorer and 293 

manual analysis (R² (20) = 0.90, p < 0.0001) (Figure 3D). The correlation coefficients 294 

and p values for latency to immobility were R² (20) = 0.87 and p < 0.0001 respectively 295 

(Figure 3E), while those for the longest bout were R² (20) = 0.73 and p < 0.0003 296 

respectively (Figure 3F). 297 

 298 

Analysis of TST and FST behavior in the CMUS paradigm 299 

To test DBscorer in a real-world experiment, we used a 21 days CMUS paradigm. It 300 

was shown that such a paradigm leads to a significant increase in immobility and other 301 

related parameters (Virmani et al., 2021). TST was a part of the CMUS paradigm as 302 

mentioned in the materials and methods section and was performed on day 2 and day 303 

17 of the paradigm. In agreement with previously reported data, there was a significant 304 

increase in immobility at day 17 as compared to day 2 as seen from the raster plots of 305 

immobility (Figure 4A and 4B). Comparisons using paired t-tests also showed a 306 

statistically significant increase in the % time spent immobile (Day 2: 34.92 ± 3.25 %, 307 

Day 17: 63.08 ± 3.95 %; p = 0.0015) (Figure 4C), a decrease in the latency to immobility 308 

(Day 2: 50.88 ± 3.98 seconds, Day 17: 19.63 ± 4.44 seconds; p = 0.0002) (Figure 4D) 309 

and an increase in the length of the longest bout of immobility (Day 2: 19.00 ± 2.74 310 

seconds, Day 17: 29.50 ± 2.89 seconds; p = 0.0221) (Figure 4E). 311 

Time spent immobile in FST was analyzed on day 1 and day 19 of the CMUS paradigm, 312 

which showed an increase at day 19 as compared to day 1 as can be seen from the 313 

raster plots for FST (Figure 4F, 4G). Paired t-test analyses also showed a significant 314 

increase in time spent immobile (Day 1: 44.00 ± 4.34 %, Day 19: 73.17 ± 2.76 %; p = 315 

0.0013) (Figure 4H), a decrease in the latency to immobility (Day 1: 67.63 ± 9.37 316 

seconds, Day 19: 6.12 ± 1.63 seconds; p = 0.0003) (Figure 4I) and a significant 317 
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increase in the duration of the longest bout of immobility (Day 1: 29.63 ± 4.44 s, Day 19: 318 

44.50 ± 5.27 seconds; p = 0.0232) (Figure 4J).  319 

Taken together, the automated analysis on DBscorer revealed the emergence of the 320 

depressive-like behavior in a CMUS paradigm not just with the conventional parameter 321 

of the % of time spent immobile, but also with additional parameters and a raster plot. 322 

We believe that the DBscorer would prove to be a faster and more objective analysis 323 

method that will accelerate the screening for novel antidepressant compounds. 324 

 325 

  326 
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Discussion: 327 

Shortcomings of currently prescribed antidepressants have necessitated the search for 328 

novel antidepressant drugs. This search requires screening methods that are easy, 329 

efficient, and objective. FST and TST provide a quick behavioral test for screening novel 330 

compounds for their antidepressant-like activity. The analysis of behavioral despair in 331 

these tests typically involve the quantitation of the time that the rodents spend immobile. 332 

While manual analysis by a trained scorer is a norm, such manual analyses are often 333 

tedious, inefficient and subject to high inter-scorer variability. Fortunately, these 334 

methods do lend themselves to automation based on video analysis. Automated 335 

detection of the rodents in the video frame followed by measurements of the changes in 336 

various features of the object between frames has been tried and published before 337 

(Cryns et al., 2006; Gao et al., 2014; Hayashi et al., 2011; Hédou et al., 2001; Juszczak 338 

et al., 2008; Kulikov et al., 2010; Kurtuncu et al., 2005; Pennington et al., 2019; Rocha 339 

et al., 2005; Sturman et al., 2020; Yuman et al., 2008).  TST has also been automated 340 

using a strain-gauge apparatus (Alexandre et al., 2006; Crowley et al., 2004; Cryan et 341 

al., 2005; Mombereau et al., 2004; Steru et al., 1987; Strekalova et al., 2004). But video 342 

analysis is preferred since it does not require any special apparatus, and the number of 343 

animals that can be simultaneously tested is not dictated by the configuration of the 344 

apparatus (Can et al., 2012b). 345 

To our knowledge, there is a dearth of video analysis tools that are user friendly with a 346 

GUI, free-to-use and extensively validated. Here we describe the development of 347 

DBscorer, an open-source software written in MATLAB®, and has an intuitive GUI for 348 

ease of use. We tested the performance of DBscorer against that of experienced 349 

scorers. We found a significant correlation between manually scored data and the data 350 

obtained from DBscorer (Figure 2, 3). Furthermore, we also used DBscorer to analyse a 351 

real-world experiment to monitor behavioral changes as a result of a 21-day CMUS 352 

paradigm. In addition to the parameters that can be calculated manually, DBscorer 353 

returned additional parameters as well as a raster plot depicting the evolution of 354 

behavioral despair as a function of time (Figure 4). These parameters and graphics can 355 

also be generated using event recording tools such as ETHOM (Shih and Mok, 2000), 356 
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but this needs a completely manual analysis of behavior. We believe that the detailed 357 

behavioral analysis by DBscorer can provide additional insights into the effects of 358 

experimental interventions.  359 

When an animal is first introduced into the water during FST, or suspended by its tail for 360 

TST, they typically exhibit erratic mobility behavior for some initial duration that can 361 

obscure the real effects of the treatment being studied. Hence, typically the initial period 362 

is removed from the analysis. Every lab has its standard operating procedure, and 363 

anywhere from 0-2 initial minutes are removed from the analysis. We believe that this 364 

would not only depend on the species and the strain of animals being tested but may 365 

also vary depending on the specific experimental intervention being studied. The raster 366 

plot provided by DBscorer would help make a more informed and objective decision on 367 

the specific period to analyse from the total length of the test. In addition, other 368 

parameters such as latency to immobility and the duration of the longest bout could also 369 

provide additional insights into the animals’ responses to the experimental interventions. 370 

Furthermore, the source code for DBscorer has been made open source so that the 371 

wider community can collaboratively improve upon the analysis and add additional 372 

features that may further our understanding of behavioral despair in rodents.  373 

We believe that the availability on the Windows® platform and an intuitive GUI would 374 

help DBscorer to be easily adopted by users with no knowledge of computer 375 

programming. On the other hand, more advanced users can modify and adapt the 376 

software as per their requirements. Moreover, continued collaborative development of 377 

DBscorer would help further improve the software. In summary, we believe that 378 

DBscorer would prove to be incredibly useful for the scientific community working on 379 

depression and antidepressant treatments in rodent models.   380 
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Legends: 524 
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Figure 1:  525 

Development of DBscorer and the GUI, and the estimation of optimum threshold 526 

(A) shows a screenshot of the DBscorer user interface showing a tail suspension test 527 

(TST) video loaded for analysis. (B) The representative line plot shows the % change in 528 

the area as a function of time. Epochs of immobility are shown in magenta and epochs 529 

of mobility are depicted in green based on the optimized threshold. Receiver operating 530 

characteristic (ROC) curves for (C) TST and for (D) Forced Swim Test (FST) with 0 531 

(red), 1 (blue), 2 (magenta) or 3 (green) seconds removed from the behavioral state 532 

transitions. Sensitivity values at the optimum thresholds are shown by black dots for 533 

each ROC curve. 534 

 535 

Figure 2: 536 

Comparison of automated analysis with DBscorer against manual analysis in the 537 

tail suspension test (TST) 538 

Bland-Altman plots for TST are plotted using the data obtained with DBscorer and 539 

manual analysis for (A) % time spent immobile, (B) Latency to the first bout of 540 

immobility (seconds) and (C) the duration of the longest bout of immobility (seconds). 541 

Black solid line at zero denotes complete agreement between the two methods. Dotted 542 

black line denotes the mean. Dotted magenta lines depict 1.96 standard deviations 543 

(95% limits of agreement) away from the mean. Scatter plots with an overlaid linear fit 544 

showing the correlation between the manually obtained data with the data obtained from 545 

DBscorer for (D) % time spent immobile, (E) Latency to the first bout of immobility 546 

(seconds) and (F) the duration of the longest bout of immobility (seconds). Pearson’s 547 

correlation coefficient and p-value were used to determine the correlation. n=20 videos. 548 

Figure 3: 549 

Comparison of automated analysis with DBscorer against manual analysis in the 550 

forced swim test (FST) 551 
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Bland-Altman plots for FST are plotted using the data obtained from DBscorer and with 552 

manual analysis for (A) % time spent immobile, (B) Latency to the first bout of 553 

immobility (seconds) and (C) the duration of the longest bout of immobility (seconds). 554 

Black solid line at zero depicts complete agreement between the two methods. Dotted 555 

black line denotes the mean. Dotted magenta lines depict 1.96 standard deviations 556 

(95% limits of agreement) away from the mean. Scatter plots with an overlaid linear fit 557 

showing the correlation between the manually obtained data with the data obtained from 558 

DBscorer for (D) % time spent immobile, (E) Latency to the first bout of immobility 559 

(seconds) and (F) the duration of the longest bout of immobility (seconds). Pearson’s 560 

correlation coefficient and p-value were used to determine the correlation. n=20 videos. 561 

 562 

Figure 4: 563 

Analysis of tail suspension test (TST) and forced swim test (FST) behavior in the 564 

chronic mild unpredictable stress (CMUS) paradigm 565 

Raster plots show the bouts of immobility (black) against time in the TST at (A) day 2 as 566 

compared to (B) day 17 of the 21 day long CMUS paradigm. Bar graphs comparing the 567 

behavior in TST at day 2 and day 17 show (C) a significant increase in the % of time 568 

spent immobile, (D) a significant decrease in the latency to the first bout of immobility 569 

(seconds) and (F) a significant increase in the duration of the longest bout of immobility 570 

(seconds). Raster plots reveal the bouts of immobility (shown in black) as a function of 571 

time in the FST at (F) day 1 and (G) day 19 of the 21 day long CMUS paradigm. Bar 572 

graphs show (H) a significant increase in the % of time spent immobile, (I) a significant 573 

decrease in the latency to the first bout of immobility (seconds) and (J) a significant 574 

increase in the duration of the longest bout of immobility (seconds) in the FST paradigm 575 

shows. * denotes p < 0.05, 2-tailed paired t-test. n= 8 mice per group. 576 

 577 

Table 1: 578 
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Receiver-Operating Characteristic (ROC) Analysis and optimum threshold values 579 

To find the optimum Δ Area thresholds for each test, ROC curves were plotted with 0-3 580 

seconds removed around the behavioral state transitions. The table shows the area 581 

under the ROC curves and corresponding optimum thresholds. ** denotes the 582 

recommended Δ Area Threshold (%) for each test. 583 

 584 

Movie 1: 585 

Demonstration of installation and use of DBscorer 586 

The video shows how to install the appropriate version of the MATLAB® runtime and 587 

DBscorer and how to perform the analysis automatically as well as manually. 588 

 589 

Extended Data 1 Code zip file: 590 

Zip file containing the source code of DBscorer 591 

Zip file contains the original source-code of DBscorer written in MATLAB® as well as 592 

the installation files. The source code is open source under a GPLv3 license and the 593 

updated versions can be accessed in future on http://github.com/swanandlab/DBscorer.  594 

  595 
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Table 1: 596 

TST Time (Sec) removed Area Under the Curve Optimum Threshold 

0 0.9047  0.5806 

1 0.9598 0.6506 

2 0.9775 0.7407 

3  0.9847  0.7808** 

FST Time (Sec) removed Area Under the Curve Optimum Threshold 

0  0.9154 2.2207  

1 0.9600  2.2306 

2  0.9694 2.2306 

3 0.9735 2.5861** 

 597 

 **Recommended thresholds for each test. 598 
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