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SUMMARY:  22 
To examine mouse vision, we conducted a looming test. Mice were placed in a large square arena 23 
with a monitor on its ceiling. The looming visual stimulus consistently evoked freezing or flight 24 
reactions in the mice. 25 
 26 
ABSTRACT: 27 
The visual system in the central nervous system processes diverse visual signals. Although the 28 
overall structure has been characterized from the retina through the lateral geniculate nucleus 29 
to the visual cortex, the system is complex. Cellular and molecular studies have been conducted 30 
to elucidate the mechanisms underpinning visual processing and, by extension, disease 31 
mechanisms. These studies may contribute to the development of artificial visual systems. To 32 
validate the results of these studies, behavioral vision testing is necessary. Here, we show that 33 
the looming stimulation experiment is a reliable mouse vision test that requires a relatively 34 
simple setup. The looming experiment was conducted in a large enclosure with a shelter in one 35 
corner and a computer monitor located on the ceiling. A CCD camera positioned next to the 36 
computer monitor served to observe mouse behavior. A mouse was placed in the enclosure for 37 
10 minutes and allowed to acclimate to and explore the surroundings. Then, the monitor 38 
projected a program-derived looming stimulus 10 times. The mouse responded to the stimuli 39 
either by freezing or by fleeing to the hiding place. The mouse’s behavior before and after the 40 
looming stimuli was recorded, and the video was analyzed using motion tracking software. The 41 
velocity of the mouse movement significantly changed after the looming stimuli. In contrast, no 42 
reaction was observed in blind mice. Our results demonstrate that the simple looming 43 
experiment is a reliable test of mouse vision.  44 
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 45 
INTRODUCTION:  46 
The visual system starts at the retina, where visual signals are captured by photoreceptors, 47 
channeled to bipolar cells (2nd-order neurons), and finally passed to ganglion cells (3rd-order 48 
neurons). Retinal 2nd- and 3rd-order neurons are thought to form multiple neural pathways that 49 
convey particular aspects of visual signaling such as color, motion, or shape. These diverse visual 50 
features are relayed to the lateral geniculate nucleus and the visual cortex. In contrast, visual 51 
signals leading to eye movement are sent to the superior colliculus. Classically, two retino-cortical 52 
pathways have been identified: the magnocellular and the parvocellular pathways. These 53 
pathways encode moving and stationary objects, respectively, and their existence embodies the 54 
basic concept of parallel processing1-6. Recently, more than 15 types of bipolar cells7-11 and 55 
ganglion cells12-16 have been reported in the retina of many species, including the primate retina. 56 
These cells are distinguished not only by morphological aspects, but also by the expression of 57 
distinct markers and genes8,10,17,18, suggesting that various features of visual signals are processed 58 
in parallel, which is more complicated than originally anticipated.  59 
 60 
Cellular and molecular technologies have contributed to our understanding of visual processing 61 
and potential disease mechanisms that may arise from aberrant visual processing. Such an 62 
understanding may contribute to the development of artificial eyes. Although cellular 63 
examinations and analysis offer in-depth knowledge at a cellular level, a combination of 64 
behavioral experiments and cellular experiments would significantly augment our current 65 
understanding of minute visual processes. For example, Yoshida et al.19 found that starburst 66 
amacrine cells are the key neurons for motion detection in the mouse retina. Following cellular 67 
experiments, they performed the optokinetic nystagmus (OKN) behavioral experiment to show 68 
that mutant mice in which starburst amacrine cells were dysfunctional did not respond to moving 69 
objects, thereby confirming their cellular investigations. In addition, Pearson et al.20 conducted 70 
photoreceptor transplantation in the mouse retina to restore vision in diseased mice. They 71 
conducted not only cellular experiments, but also measured mouse behavior through the use of 72 
optomotor response recordings and water-maze tasks thus allowing Pearson et al. to verify that 73 
transplanted photoreceptors restored vision in the formerly blind mice. Taken together, 74 
behavioral experiments are strong tools to assess mouse vision.  75 
 76 
Multiple methods are available for measuring mouse vision. These methods have advantages and 77 
limitations. In vivo ERG provides information on whether the mouse retina, particularly 78 
photoreceptors and ON bipolar cells, appropriately responds to light stimuli. ERG can be tested 79 
either under scotopic or photopic conditions21,22. However, ERG requires anesthesia, which might 80 
affect the output measurement23. The optokinetic reflex (OKR) or optomotor response (OMR) is 81 
a robust method to assess contrast sensitivity and spatial resolution, both functional components 82 
of mouse vision. However, OKR requires surgery to attach a fixation device to the mouse skull24. 83 
OMR requires neither surgery nor mouse training; however, it requires training to allow an 84 
experimenter to subjectively detect subtle mouse head movements in response to a moving 85 
grating in an optic drum 25,26. Pupil light reflex measures pupil constriction in response to light 86 
stimuli, which does not require anesthesia and exhibits objective and robust responses 19. 87 
Although the pupil reflex simulates retinal light response in vivo, the reflex is mediated mainly by 88 



  

the intrinsically photosensitive retinal ganglion cells (ipRGCs) 27. Because ipRGCs represent a 89 
small minority of RGCs and do not serve as conventional image-forming ganglion cells, this 90 
measurement does not provide information pertaining to the majority of ganglion cells. 91 
 92 
The looming light experiment has not previously been considered a major test for measuring 93 
mouse vision. However, it is also a robust and reliable vision test across various species, such as 94 
mouse28,29, zebrafish30, locust31,32, and human33-35. Importantly, the looming experiment is one 95 
of only a few methods to test the image-forming pathway—it is not a reflex pathway—given the 96 
visual and the limbic systems in the central nervous system are involved in this circuit36-38. We 97 
have established a looming visual stimulus system and have demonstrated its ability to elicit 98 
motion detection in the mouse, which we use as a proxy to assess the intactness of the mouse 99 
visual system. 100 
 101 
PROTOCOL:  102 
 103 
All experiments and animal care were conducted in accordance with protocol approved by the 104 
Institutional Animal Care and Use Committees at Wayne State University (protocol no. 17-11-105 
0399). 106 
 107 
1. Preparation for the experiment 108 

 109 
1.1. Build a rectangular open-lid enclosure to house the mouse during looming visual stimuli 110 
presentation. We constructed a 40 cm x 50 cm x 33 cm enclosure using aluminum framing and 111 
PVC panels (Figure 1A,B). Lay a sheet of paper to cover the entire floor of the enclosure to ensure 112 
easy cleanup between trials. Add an opaque shelter in a corner of the enclosure with an entrance 113 
facing the center of the arena for easy entrance and exit. 114 

 115 
1.2. Set up a camera with a wide-angle lens for capturing the mouse’s behavior. Secure the 116 
camera to a table-mounted stand adjacent to the enclosure. For best quality video capturing, use 117 
a camera frame rate of 60 FPS or higher.  118 

 119 
1.3. Set up a computer monitor on top of the enclosure. Because the monitor could not be seen 120 
from the outside, a second monitor was prepared, which duplicated the images shown on the 121 
primary monitor. 122 

 123 
1.4. Prepare a looming pattern for projection. One way to do this is to use the PsychToolbox3 124 
within MatLab software to code for an expanding black circle (Figure 1C). Set the stimulus to 125 
begin at a visual angle of 2° and expand to 50° over 250 ms; these parameters determine stimulus 126 
speed (see Figure 1D for visual angle calculation). Set the code to repeat the stimulus 10 times 127 
with an interval of 1 s.  128 

 129 
NOTE: The stimulus began each repetition immediately upon termination of the previous 130 
presentation. For further information on stimulus presentation, please refer to section 3. 131 

 132 



  

1.5. Select mice of interest for the looming stimuli. Here, use 32 healthy-eyed mice of a C57 133 
background, male and female, 4 to 14 weeks old. Also, use 3 blind mice (severe cataracts in both 134 
eyes) to assess whether the response to looming stimulus was truly a visually guided behavior. 135 
These blind mice had no pupillary light reflex and no optomotor response. 136 
 137 
2. Mouse acclimation 138 

 139 
2.1. Place a mouse in the enclosure and let it freely explore its surroundings. If possible, try to 140 
minimize stress during animal transfer by using the back of your free hand as a resting place for 141 
the mouse instead of letting it hang without support. The mouse should find the entire enclosure 142 
to be safe and should discover the hiding place. Drop a few food pellets in the corner opposite 143 
the refuge to encourage the mouse to remain outside the refuge. 144 

 145 
2.2. Allow the mouse to acclimate anywhere from 7 to 15 min29,39. We allowed 10 min of 146 
acclimation prior to stimulus onset. Furthermore, 10 min acclimation one day prior to the 147 
experiment may ease the mice.  148 
 149 
3. Looming visual stimuli projection 150 

 151 
3.1. Prior to inserting the mouse into the arena, make sure the stimulus code is ready to run to 152 
facilitate as few lighting changes as possible while the mouse is in the enclosure. Once the 153 
software is ready to run, gently place the mouse in the enclosure. 154 

 155 
3.2. 10 seconds prior to the stimulation, start the video capturing. 156 

 157 
3.3. Start the looming visual stimuli when the mouse is away from the shelter and moving freely 158 
in the open arena. Wait 10 seconds after the last stimulus presentation to terminate the 159 
recording. 160 

 161 
3.3.1. Begin the stimulus presentation when the mouse is in the corner farthest from the refuge. 162 
However, when mice seem unwilling to explore the far corner, present the stimulus when the 163 
mouse is in a different corner of the arena. This does not appear to make a difference in animal 164 
behavioral response. 165 

 166 
3.4. Transfer the mouse back to its original cage. Clean the enclosure for the next mouse by 167 
spraying the walls and refuge with 70% ethanol and wiping it down. Replace the paper floor liner 168 
if soiled and reposition the refuge to the same initial location if moved during animal transfer and 169 
enclosure cleaning. 170 
 171 
4. Video analysis 172 

 173 
4.1. Save the video clip for each mouse in .avi format without file compression in order to ensure 174 
no data loss during transfer to the analysis software. 175 

 176 



  

NOTE: Lack of compression will lead to larger file size; therefore, use external hard drive for 177 
storage.  178 

 179 
4.2. Use analysis software to track the animal’s motion around the arena prior to, during, and 180 
after stimulus presentation. Use commercially available software (see Table of Materials) with a 181 
manual tracking ability to track the position of the mouse head in every video frame, which 182 
generated X and Y coordination every 1/60 ms. Other motion-tracking software includes FIJI 183 
(NIH)40 and EthoVision (Noldus). 184 

 185 
4.3. Calculate the velocity and the distance of the mouse from the refuge. If the image of the 186 
arena is distorted due to the video angle, correct the X and Y coordination prior to the calculation 187 
(Figure 2). 188 

 189 
4.4. Compare the parameters before and after looming stimulus onset to determine how the 190 
mouse responded to the stimuli, whether by freezing, fleeing, or demonstrating no change in 191 
behavior29. Define freezing as episodes where speed was less than 20 mm/s for 0.5 s or longer. 192 
Define flight as episodes where speed increased to 400 mm/s or greater and ended with the 193 
mouse in the refuge. Definitions for freezing and flight were based on those set by Franceschi et 194 
al.29 195 
 196 
REPRESENTATIVE RESULTS:  197 
A mouse with healthy eyes was placed in the enclosure and allowed to acclimate for 10 min. The 198 
arena with the monitor on the ceiling was kept under mesopic light conditions (7 x 105 199 
photons/μm2/s). During the acclimation period, the mouse explored the space and found the 200 
opaque dome as a refuge. When the mouse moved away from the refuge, video capturing 201 
started, followed by initiation of the visual stimulus. In response to the looming stimulus, most 202 
mice ran into the dome (flight response), which was observed in 30 out of 31 mice (97%). Some 203 
of the mice exhibited freeze responses before they fled (19/31 mice, 61%). The looming stimulus 204 
reduced the light condition 1 log (6 x 105 photons/μm2/s).  205 
 206 
Captured video clips were analyzed using either a commercial analytics software with a manual 207 
tracking function (Image Pro Plus) or FIJI (NIH). Using the tracking feature, the mouse’s position 208 
was identified in each frame of the video (60 frames/s) before, during, and after the looming 209 
stimuli. We analyzed the velocity changes over time as well as the distance to the shelter (Figure 210 
3). When flight occurred, the velocity abruptly increased and the distance to the shelter reduced 211 
accordingly. In contrast, the velocity was near 0 mm/s when mice froze. The latency from the 212 
onset of the looming stimuli to flight ranged from 0.1 to 6.0 seconds (average 2.2 s, 30 mice). The 213 
range of maximum velocity for flight response was 500–3000 mm/s (30 mice). 214 
 215 
FIGURE AND TABLE LEGENDS: 216 
Figure 1: Experimental system. (A) Schematic of the looming stimuli enclosure. A computer 217 
monitor (21”) covers the ceiling. There is an opaque dome in one corner of the enclosure in which 218 
a mouse may take refuge. A video monitor with a wide-angle lens captures the mouse behavior. 219 
(B) Overall view of our entire setup. The secondary monitor duplicates the image showing on the 220 



  

stimulus display. (C) Diagram of the looming stimulus. The looming stimulus begins at 2° (1.15cm) 221 
and holds at this size for 250 ms. It then expands to 50ۦ  (30.8cm) over the course of 250 ms and 222 
remains 50° for an additional 500 ms. This 1s sequence then repeats 9 more times prior to 223 
terminating. (D) Diagram of stimulus calculations. The height of the cage dictates the necessary 224 
start and end size (in centimeters) of the stimulus in order to produce a stimulus that expands 225 
from 2° to 50° when directly above the mouse.  226 
 227 
Figure 2: Analysis calculations. Calculations to correct skew from wide-angle lens. Due to the 228 
placement of the camera, the floor of the arena appears as a trapezoid instead of a rectangle 229 
(left). Therefore, the X and Y coordinates of the mouse must be corrected to accurately analyze 230 
mouse position (mid). Using the geometry of congruent triangles, it is possible to find how much 231 
the x-coordinate must shift in order to correctly represent the mouse’s movement in the 3-232 
dimensional space (right).  233 
 234 
Figure 3: Representative responses to looming stimuli. (A) An example of a mouse’s movement 235 
tracked within the arena. A red circle shows the dome where the mouse fled to and stayed until 236 
the looming disappeared. 1 = mouse position starting point when video capturing started. 2 = 237 
movement prior to stimulus onset when the mouse explored the arena. 3 = looming stimulus 238 
started. The mouse dashed to the dome (shown by a red dashed line). 4 = the mouse stayed in 239 
the dome until and after termination of the stimulus. (B) Velocity changes as a function of time 240 
for this mouse. The dotted line indicates when the looming stimulation began. Stimulus duration 241 
is indicated by the yellow background. The full 10 second cycle is not shown here since the mice 242 
remained stationary in the refuge for the entire stimulus duration. (C) Distance from the dome 243 
over time for the same mouse in (A) and (B). (D) and (E) The velocity and distance to the dome 244 
for a mouse that exhibited the freeze reaction (freezing duration shown by the red double sided 245 
arrow) prior to flight. The velocity was reduced compared to the control (before looming). The 246 
distance to the dome did not change during this period. 247 
 248 
DISCUSSION: 249 
With the looming visual stimuli system, a majority (97%) of healthy eye-mice showed flight 250 
response. One of 29 mice did not show an obvious flight response. However, the mouse walked 251 
toward the dome and remained near it until looming disappeared, indicating that the mouse was 252 
at least cautious when the looming stimuli occurred. Therefore, the looming stimuli consistently 253 
elicited innate fear responses in healthy-eyed mice. On the other hand, three blind mice did not 254 
show any responses to the looming (preliminary results). Taken together, we demonstrate that 255 
looming experiments are a useful and consistent vision test for mice.  256 
 257 
We set the speed of the looming stimuli at 192 degree/s. Franceschi et al.29 examined the looming 258 
responses at varying speeds, 5 to 84 degree/s and observed freeze responses preferentially at 259 
lower speed levels. Yilmaz and Meister28 observed flight responses at 35 to 350 degree/s; 260 
however, flight latency was longer at higher speeds. Therefore, to evoke consistent flight 261 
responses, looming should be at a speed of 50 degree/s or above. Looming stimuli can be 262 
generated easily even with standard presentation software. However, such software cannot 263 
create higher speeds of looming stimuli. We instead used MatLab and PsychToolbox3 to create 264 



  

the visual stimuli at 192 degree/s.  265 
 266 
We acclimated the mice for 10–15 min before the looming stimuli, which is the acclimation time 267 
previous researchers described 28,29,39. We furthermore tested whether acclimation the day 268 
before changed the looming behavior. We placed the mice in the enclosure for 10 min without 269 
looming stimuli the day before the looming stimuli. This acclimation significantly shortened the 270 
flight latency (p < 0.01, n = 7 mice, data not shown). Although 10 min of acclimation on the day 271 
of looming consistently caused flight responses, 1 day prior acclimation decreased the latency of 272 
flight responses.  273 
 274 
There are some limitations for using looming stimuli as a vision test. First, it is hard to test one 275 
eye at a time. Unless suturing the one eye, both eyes are tested together. Second, the 276 
mechanisms of the behavioral looming response have not been fully established. In the retina, 277 
Yilmaz and Meister 28 suggested that ventral OFF-DSGCs (direction-selective ganglion cells), but 278 
not ON-DSGCs, convey the looming signals to cause responses. This conclusion arose from their 279 
results that mice responded to dark looming stimuli, but not to white looming. In the brain, Wei 280 
et al.36 and Shang et al.37 demonstrated that the pathways from the superior colliculus through 281 
the amygdala and the periaqueductal gray are responsible for the looming. However, more 282 
studies should be conducted to confirm these investigations. 283 
 284 
Even though some limitations exist with respect to the looming experiment, the looming visual 285 
stimulus generates consistent and robust fear response in mice and should be a useful test of 286 
mouse vision which requires minimal training of the experimenter. 287 
 288 
ACKNOWLEDGMENTS:  289 
This work was supported by NIH R01 EY028915 (TI) and RPB grants. 290 
 291 
DISCLOSURES:  292 
The authors have nothing to disclose. 293 
 294 
REFERENCES:  295 
 296 
1 Enroth-Cugell, C., Robson, J. G. The contrast sensitivity of retinal ganglion cells of the cat. 297 

The Journal of Physiology. 187 (3), 517-552 (1966). 298 
2 Boycott, B. B., Wässle, H. The morphological types of ganglion cells of the domestic cat's 299 

retina. The Journal of Physiology. 240 (2), 397-419 (1974). 300 
3 Livingstone, M. S., Hubel, D. H. Segregation of form, color, movement, and depth: 301 

anatomy, physiology, and perception. Science. 240 (4853), 740-749 (1988). 302 
4 Livingstone, M. S., Hubel, D. H. Psychophysical evidence for separate channels for the 303 

perception of form, color, movement, and depth. The Journal of Neuroscience. 7 (11), 304 
3416-3468 (1987). 305 

5 Wässle, H. Parallel processing in the mammalian retina. Nature Reviews Neuroscience. 5 306 
(10), 747-757 (2004). 307 

6 Awatramani, G. B., Slaughter, M. M. Origin of transient and sustained responses in 308 



  

ganglion cells of the retina. The Journal of Neuroscience. 20 (18), 7087-7095 (2000). 309 
7 Ghosh, K. K., Bujan, S., Haverkamp, S., Feigenspan, A., Wässle, H. Types of bipolar cells in 310 

the mouse retina. The Journal of Comparative Neuroscience. 469 (1), 70-82 (2004). 311 
8 Wässle, H., Puller, C., Muller, F., Haverkamp, S. Cone contacts, mosaics, and territories of 312 

bipolar cells in the mouse retina. The Journal of Neuroscience. 29 (1), 106-117 (2009). 313 
9 Helmstaedter, M. et al. Connectomic reconstruction of the inner plexiform layer in the 314 

mouse retina. Nature. 500 (7461), 168-174, doi:10.1038/nature12346 (2013). 315 
10 Shekhar, K. et al. Comprehensive Classification of Retinal Bipolar Neurons by Single-Cell 316 

Transcriptomics. Cell. 166 (5), 1308-1323 e1330, doi:10.1016/j.cell.2016.07.054 (2016). 317 
11 Wu, S. M., Gao, F., Maple, B. R. Functional architecture of synapses in the inner retina: 318 

segregation of visual signals by stratification of bipolar cell axon terminals. The Journal of 319 
Neuroscience. 20 (12), 4462-4470 (2000). 320 

12 Sun, W., Li, N., He, S. Large-scale morphological survey of mouse retinal ganglion cells. 321 
The Journal of Comparative Neuroscience. 451 (2), 115-126 (2002). 322 

13 Volgyi, B., Chheda, S., Bloomfield, S. A. Tracer coupling patterns of the ganglion cell 323 
subtypes in the mouse retina. The Journal of Comparative Neuroscience. 512 (5), 664-687, 324 
doi:10.1002/cne.21912 (2009). 325 

14 Kong, J. H., Fish, D. R., Rockhill, R. L., Masland, R. H. Diversity of ganglion cells in the mouse 326 
retina: Unsupervised morphological classification and its limits. The Journal of 327 
Comparative Neuroscience. 489 (3), 293-310 (2005). 328 

15 Sumbul, U. et al. A genetic and computational approach to structurally classify neuronal 329 
types. Nature Communications. 5, 3512, doi:10.1038/ncomms4512 (2014). 330 

16 Baden, T. et al. The functional diversity of retinal ganglion cells in the mouse. Nature. 529 331 
(7586), 345-350, doi:10.1038/nature16468 (2016). 332 

17 Lindstrom, S. H., Ryan, D. G., Shi, J., DeVries, S. H. Kainate receptor subunit diversity 333 
underlying response diversity in retinal Off bipolar cells. The Journal of Physiology. 592 (Pt 334 
7), 1457-1477, doi:10.1113/jphysiol.2013.265033 (2014). 335 

18 Euler, T., Haverkamp, S., Schubert, T., Baden, T. Retinal bipolar cells: elementary building 336 
blocks of vision. Nature Reviews Neuroscience. 15 (8), 507-519 (2014). 337 

19 Yoshida, K. et al. A key role of starburst amacrine cells in originating retinal directional 338 
selectivity and optokinetic eye movement. Neuron. 30 (3), 771-780 (2001). 339 

20 Pearson, R. A. et al. Restoration of vision after transplantation of photoreceptors. Nature. 340 
485 (7396), 99-103, doi:10.1038/nature10997 (2012). 341 

21 Saszik, S. M., Robson, J. G., Frishman, L. J. The scotopic threshold response of the dark-342 
adapted electroretinogram of the mouse. The Journal of Physiology. 543 (Pt 3), 899-916 343 
(2002). 344 

22 Reuter, J. H., Sanyal, S. Development and degeneration of retina in rds mutant mice: the 345 
electroretinogram. Neuroscience Letters. 48 (2), 231-237 (1984). 346 

23 Woodward, W. R. et al. Isoflurane is an effective alternative to 347 
ketamine/xylazine/acepromazine as an anesthetic agent for the mouse 348 
electroretinogram. Documenta Ophthalmologica. 115 (3), 187-201, doi:10.1007/s10633-349 
007-9079-4 (2007). 350 

24 Cahill, H., Nathans, J. The optokinetic reflex as a tool for quantitative analyses of nervous 351 
system function in mice: application to genetic and drug-induced variation. PLoS One. 3 352 



  

(4), e2055, doi:10.1371/journal.pone.0002055 (2008). 353 
25 Prusky, G. T., Alam, N. M., Beekman, S., Douglas, R. M. Rapid quantification of adult and 354 

developing mouse spatial vision using a virtual optomotor system. Investigative 355 
Ophthalmology & Visual Science. 45 (12), 4611-4616, doi:10.1167/iovs.04-0541 (2004). 356 

26 Lu, Q., Ganjawala, T. H., Hattar, S., Abrams, G. W., Pan, Z. H. A Robust Optomotor Assay 357 
for Assessing the Efficacy of Optogenetic Tools for Vision Restoration. Investigative 358 
Ophthalmology & Visual Science. 59 (3), 1288-1294, doi:10.1167/iovs.17-23278 (2018). 359 

27 Xue, T. et al. Melanopsin signalling in mammalian iris and retina. Nature. 479 (7371), 67-360 
73, doi:10.1038/nature10567 (2011). 361 

28 Yilmaz, M., Meister, M. Rapid innate defensive responses of mice to looming visual 362 
stimuli. Current Biology. 23 (20), 2011-2015, doi:10.1016/j.cub.2013.08.015 (2013). 363 

29 De Franceschi, G., Vivattanasarn, T., Saleem, A. B., Solomon, S. G. Vision Guides Selection 364 
of Freeze or Flight Defense Strategies in Mice. Current Biology. 26 (16), 2150-2154, 365 
doi:10.1016/j.cub.2016.06.006 (2016). 366 

30 Temizer, I., Donovan, J. C., Baier, H., Semmelhack, J. L. A Visual Pathway for Looming-367 
Evoked Escape in Larval Zebrafish. Current Biology. 25 (14), 1823-1834, 368 
doi:10.1016/j.cub.2015.06.002 (2015). 369 

31 Guest, B. B., Gray, J. R. Responses of a looming-sensitive neuron to compound and paired 370 
object approaches. Journal of Neurophysiology. 95 (3), 1428-1441, 371 
doi:10.1152/jn.01037.2005 (2006). 372 

32 McMillan, G. A., Gray, J. R. A looming-sensitive pathway responds to changes in the 373 
trajectory of object motion. Journal of Neurophysiology. 108 (4), 1052-1068, 374 
doi:10.1152/jn.00847.2011 (2012). 375 

33 Vagnoni, E., Lourenco, S. F., Longo, M. R. Threat modulates neural responses to looming 376 
visual stimuli. Eur The Journal of Neuroscience. 42 (5), 2190-2202, doi:10.1111/ejn.12998 377 
(2015). 378 

34 Coker-Appiah, D. S. et al. Looming animate and inanimate threats: the response of the 379 
amygdala and periaqueductal gray. Social Neuroscience. 8 (6), 621-630, 380 
doi:10.1080/17470919.2013.839480 (2013). 381 

35 Tyll, S. et al. Neural basis of multisensory looming signals. Neuroimage. 65, 13-22, 382 
doi:10.1016/j.neuroimage.2012.09.056 (2013). 383 

36 Wei, P. et al. Processing of visually evoked innate fear by a non-canonical thalamic 384 
pathway. Nature Communications. 6, 6756, doi:10.1038/ncomms7756 (2015). 385 

37 Shang, C. et al. Divergent midbrain circuits orchestrate escape and freezing responses to 386 
looming stimuli in mice. Nature Communications. 9 (1), 1232, doi:10.1038/s41467-018-387 
03580-7 (2018). 388 

38 Salay, L. D., Ishiko, N., Huberman, A. D. A midline thalamic circuit determines reactions to 389 
visual threat. Nature. 557 (7704), 183-189, doi:10.1038/s41586-018-0078-2 (2018). 390 

39 Vale, R., Evans, D., Branco, T. A Behavioral Assay for Investigating the Role of Spatial 391 
Memory During Instinctive Defense in Mice. Journal of Visualized Experiments. (137), 392 
doi:10.3791/56988 (2018). 393 

40 Tungtur, S. K., Nishimune, N., Radel, J., Nishimune, H. Mouse Behavior Tracker: An 394 
economical method for tracking behavior in home cages. Biotechniques. 63 (5), 215-220, 395 
doi:10.2144/000114607 (2017). 396 



  

 397 



A B

enclosure

Stimulus 
display

Secondary 
monitor

Video 
camera

computer

C D

tan 𝛉𝛉 =
𝑥𝑥

33

x = tan 𝛉𝛉 ∗ 33

2x = diameter of stimulus

∆ 𝛉𝛉
𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑡𝑡𝑡𝑡 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒

=
50⁰ − 2⁰

0.25𝑠𝑠
= 1920/𝑠𝑠

x

𝛉𝛉

33
cm

x

𝛉𝛉

-1s

0s

0.35s

0.25s

0.5s

1s

2°

21.2°

50°

Figure 1 Click here to access/download;Figure;Figure_1.pdf

https://www.editorialmanager.com/jove/download.aspx?id=1001512&guid=07b1b774-cc0f-4a87-8788-bd9630b192ea&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1001512&guid=07b1b774-cc0f-4a87-8788-bd9630b192ea&scheme=1


tan 𝜃𝜃 =
100
500

=
𝑎𝑎

500− 𝑦𝑦

𝑎𝑎 = 100− 0.2𝑦𝑦

𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑅𝑅 = 350−𝑥𝑥
350−𝑎𝑎

𝑛𝑛𝑛𝑛𝑛𝑛 𝑥𝑥 = 𝑥𝑥 − 𝑎𝑎 ∗ 𝑅𝑅

Figure 2 Click here to access/download;Figure;Figure_2.pdf

https://www.editorialmanager.com/jove/download.aspx?id=1001513&guid=0d5a5e36-7975-45ab-9c5c-52e825b05332&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1001513&guid=0d5a5e36-7975-45ab-9c5c-52e825b05332&scheme=1


3

2 1 4

Mouse velocity

Time (s)

0 2 4 6 8 10

V
el

oc
ity

 (m
m

/s
)

0

200

400

600

800

1000

1200

1400

1600

Distance to nest

Time (s)

0 2 4 6 8 10

D
is

ta
nc

e 
(m

m
)

0

200

400

600

Mouse velocity

Time (s)

0 2 4 6 8 10

V
el

oc
ity

 (m
m

/s
)

0

200

400

600

800

1000

1200

1400

1600

Distance to nest

Time (s)

0 2 4 6 8 10

D
is

ta
nc

e 
(m

m
)

0

200

400

600

A B D

C E

Figure 3 Click here to access/download;Figure;Figure_3.pdf

https://www.editorialmanager.com/jove/download.aspx?id=1001514&guid=72837c05-afae-4239-bdb2-c530f6dec48a&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1001514&guid=72837c05-afae-4239-bdb2-c530f6dec48a&scheme=1


Material Company

10.1" monitor (2° display) Elecrow

14" Business Class Laptop 5490 Dell

20" x 50" Absorbant Liners Fisher Scientific

21.5" monitor (1° display) Acer

CCD Camera Lumenera Corporation

Enclosure (alminum frames and PVC panels) 80/20 Inc.

Ethanol Fisher Scientific

Excel Spreadsheet Software Microsoft Office

Freearm Amazon

ImagePro Premiere 3D Media Cybernetics

Matlab software (Psychotoolbox 3) MathWorks

SteamPix sorftware Norpix

WD My Book External Hard Drive Western Digital

Wide angle lens Navitar

Table of Materials Click here to access/download;Table of Materials;Materials List
for JoVE_Koehler et al.xlsx
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Cat. No.

Elecrow 10.1 Inch Raspberry Pi 1920x1080p Resolution Display

84 / rcrc961481-4860836

AL2050

Acer R221Q bid 21.5-inch IPS Full HD Display

Infiniyy3S-1UR

4x cat.#9010, 4x cat.#9005, 1x cat.#9000, 5x cat.#65-2616

22-032-601

version 9.3

Matlab R2018b 64-bit (9.5.0.944444)

StreamPix 7 64-bit Single Camera

 WDBBGB0080HBK hard drive 8 TB USB 3.0

NMV-5M23



Comments/Description

works well to protect floor of arena, could use any type of liner

excellent for behavioral studies due to high fps rate (60 fps)

excellent, used quick build tab to find PVC, joints, and frame

user friendly and widespread knowledge of Microsoft Office software

used to mount camera to the table, could use any mountable extendable arm

good program, could use some updating with the automated tracking feature

excellent software to generate pattern stimuli of any conditions

works well, a few problems with frame dropping but good customer service

necessary if using .avi files with no compression codec due to large size of files

excellent and necessary to capture entire arena



Click here to access/download;Author License Agreement
(ALA);Author_License_Agreement_signed.pdf

https://www.editorialmanager.com/jove/download.aspx?id=999211&guid=1d9583ff-96b8-4818-8abe-1ce42798724d&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=999211&guid=1d9583ff-96b8-4818-8abe-1ce42798724d&scheme=1






The authors thank the editor and the reviewers for their insightful comments on our manuscript. 
We have thoroughly revised the manuscript based on their criticisms and added detailed 
descriptions to clarify the protocol. 

 

Editorial comments: 
General: 
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are 
no spelling or grammar issues. 

We have corrected all spelling and grammar errors to the best of our knowledge.  
 

2. Please ensure that the manuscript is formatted according to JoVE guidelines–letter (8.5” x 
11”) page size, 1-inch margins, 12 pt Calibri font throughout, all text aligned to the left margin, 
single spacing within paragraphs, and spaces between all paragraphs and protocol 
steps/substeps. 

We have fixed them throughout the manuscript. 
 

3. JoVE cannot publish manuscripts containing commercial language. This includes trademark 
symbols (™), registered symbols (®), and company names before an instrument or reagent. 
Please limit the use of commercial language from your manuscript and use generic terms 
instead. All commercial products should be sufficiently referenced in the Table of Materials and 
Reagents. 
For example: Quick frame, 80/20 Inc, Image Pro Plus, 
We have eliminated words that would be considered commercial language. This information has 
been updated in the Table of Materials and Reagents. However, we still used commercial 
language software programs such as Matlab and Image Pro Plus (Protocol 1.4 and 4.2). 
Reviewers requested a more detailed explanation of the software, thereby necessitating the use 
of commercial names. Please advise if we still need to eliminate these software names, and if 
so, how we can discuss without using software names. 

 

Protocol: 

1. Please include an ethics statement before your numbered protocol steps, indicating that the 

protocol follows the animal care guidelines of your institution. 

An ethics statement has been added prior to the protocol.  

2. Please add more details to your protocol steps. Please ensure you answer the “how” 

question, i.e., how is the step performed? Alternatively, add references to published material 

specifying how to perform the protocol action. If revisions cause a step to have more than 2-3 

actions and 4 sentences per step, please split into separate steps or substeps. 

The authors have included more detail in the protocol steps upon the recommendation of the 

editor. These revisions can be found throughout the entirety of the protocol section, taking 

special care to answer the “how” question to the best of our ability.  

 

Specific Protocol steps: 

1. I’m not sure what ‘set the speed of looming…’ means, exactly. 

Manuscript Click here to access/download;Rebuttal Letter;Rebuttal_Koehler
et al.docx

https://www.editorialmanager.com/jove/download.aspx?id=999221&guid=51ba3318-2c7f-4ab1-a947-b6ab7040a7e2&scheme=1
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The phrasing above has been removed from the manuscript and revised with more detailed 

explanation (Protocol 1.4). Furthermore, we added Figure 1C and 1D to support the 

explanation.  

2. 1.5: What age/sex/strain of mice do you use? 

We described in Protocol 1.5. We used C57 background mice of male and female, and 4-14 

weeks old.  

 

3. Please provide more details regarding the use of analysis software or a citation. 

We have included more information about its use in our experiment (Protocol 4.2). 

 

Figures: 

1. Please remove ‘Figure 2’ and ‘Figure 2’ from the Figures themselves. 

We removed the titles “Figure 1” and “Figure 2” from their respective figures.  

 

References: 

1. Please do not abbreviate journal titles. 

We did make sure that titles are not abbreviated. 

 

Table of Materials: 

1. Please ensure the Table of Materials has information on all materials and equipment used, 

especially those mentioned in the Protocol. 

The authors have ensured that the Table of Materials includes all equipment and reagents used 

in the experiment.  

 

Reviewers' comments: 

 

Reviewer #1:  

Manuscript Summary: 

The authors describe a simple setup to measure the looming behavior in mice. The behavior is 

robust and reliable and a good test of mouse vision. 

The Introduction is strong and convincingly details the advantages and disadvantages of other 

tests of mouse vision currently used in the field to assess retinal and visual behavior. A few 

minor comments on other aspects of the manuscript are listed below. 

 

Major Concerns: 

Is the analysis software available to other users? 

The analysis software is available to other users commercially. The authors have made note of 

this in the protocol (Protocol 4.2) and have also given suggestions for similar software—also 

tested in consideration for this set of experiments-- that is freely available. 

 

Minor Concerns: 

Protocol: 

*Ln 112: It will be helpful for the reader interested in building the device to know how the 

looming speed (in units of degrees per second) was determined. Perhaps include a diagram 



indicating the geometry of the setup and the corresponding calculation relating the linear seed 

of the looming object and the position of the mouse. 

We have added a diagram (Figure 1D) to better explain the calculations to readers. We have 

also inserted additional stimulus information in section 1.4 of the protocol in order to clarify 

stimulus parameters. 

 

*Include a diagram illustrating what a looming stimulus looks like and how it moves along the 

monitor. What is the size of the looming object? 

We have included size information (Protocol 1.4) and have also added a diagram (Figure 1C) 

which illustrates how the stimulus expands on the monitor. 

 

*Indicate the irradiance (illuminance) of the mouse environment and the contrast of the object. 

The ambient level of the arena was measured and described in the Representative Results 

section.  

 

*Ln 114. Says 'we set the looming stimulus 1 second in duration and 10 times in a row'. How 

was the stimulus introduced into the field? In what region of the field? Does it make a 

difference? At a speed of 50 degrees per second, the object will only move over a small portion 

of the overhead field (visual angle) during a one second presentation… See comments below. 

*The time between repetitions is not indicated here. How is it controlled? Does it provide enough 

time for the mice to come out of the refuge? Perhaps refer the reader to the next section (3.3.3 

where more details are indicated) 

We have added more schemes to explain our stimulus (Figure 1). The looming started 

expanding from the center to the edge of the monitor (2 to 50 degree). We repeated the 

stimulus presentation 10 times. This procedure is nowdescribed in Protocol 1.4 and Figure 1. 

Upon your recommendation, we also refer the reader to section 3.3. 

 

Video analysis 

*Ln 4.2: Is this custom software? Is the software available to the readers? Perhaps the info in 

line 166 could be moved up to this section 

The software is not custom, but it is available to readers should they wish to purchase it (Table 

of Materials). We have clarified this and suggest other possible software that is freely available 

in Protocol 4.2 

. 

Representative results: 

*Ln 170: unclear how the latency time was measured. Was this from the onset of the looming 

stimulus? If the duration of the looming stimulus is 1 second (see above) does this mean that 

the response delay can over-extend the duration of the stimulus (indicated to be between 0.1 to 

6 seconds)? 

Mice were exposed to the looming stimulus for 10 seconds (250 ms duration, 10 times with an 

interval of 1 second). The delay time was measured from the onset of the looming stimuli to 

mouse flight. Therefore, flight occurred during the looming stimuli. We clarified parameters of 



the looming stimulus in Protocol 1.4 and modified the latency description in the Representative 

Results.  

Discussion: 

*ln 220: does this paragraph belong in the introduction? 

While we understand the suggestion, we feel the limitations of the study are more appropriately 

examined in the Discussion section. 

 

*Perhaps include a reference to Huberman's work (Salay et al, 2018) describing the central 

circuitry involved in looming responses? 

We have cited this paper in the last paragraph of Introduction. Thank you for your suggestion. 

 

Figure 2: Legend Fig 2 states that the stimulus duration was 10 seconds not 1 second as 

indicated in the text. 

We clarified the stimulus procedure (Protocol 1.4) in order to avoid confusion about stimulus 

duration. 

 

How is the 'freezing behavior' defined? By looking at the C and D graphs this mouse seems 

frozen at 5.5 seconds. Can a more quantitative definition of 'frozen' be introduced. Perhaps by 

setting noise thresholds for each of the output parameters (velocity and distance)? 

We have replaced the figures in question with graphs that have lower noise levels in order to 

avoid confusion. We have also cited our definitions for both freezing and flight in the manuscript 

(Protocol section 4.4). 

 

Reviewer #2: 

Manuscript Summary: 

In this manuscript, the authors used looming visual stimuli to evaluate mouse vision. Take the 

advantage of a self-built system, they showed that looming visual stimulus induced consistent 

and robust fear responses in mice, and this behavioral assay could be a useful test of mouse 

vision which required minimal training of the experimenter. 

This method is practical and easy to use. However, I would suggest that the following serious 

issues should be addressed before the consideration of accepting this manuscript to be 

published in JOVE. 

 

Major Concerns: 

1. The aim of using looming visual stimuli was to evaluate mouse vision. However, the authors 

did not provide a specific and quantitative definition of the vision. They just showed that naïve 

healthy-eyed mice exhibited escaping or freezing behaviors and blind mice showed no 

behavioral response. This was just an all-or-none judgment but not a quantitative evaluation of 

vision. 

A few research articles have investigated the mechanisms of looming experiment, which 

revealed that the looming stimulus evokes the fear response via the image-forming pathway. 

Although multiple methods to examine mouse vision are available, many of them, such as pupil 

light reflex and optomotor reflex, are induced by sub-cortical pathways. The looming 



experiments is one of few methods to test the image-forming pathway that arises through the 

visual cortex and the limbic system. Because JoVE is a methodology journal, we do not show 

any results regarding the mechanism of the looming responses. However, the looming 

experiments are unique and important vision tests, and thus this looming test merits introduction 

as a means of assessing vision. We expanded the last paragraph of Introduction to address to 

your concern. 

 

2. Some logical mistakes appeared in the manuscript. For example, lines 71 "…measuring 

mouse behavior, such as electroretinogram (ERG)...", ERG is not a behavior. 

The authors have deleted ERG in line 71 and have also read through the manuscript and edited 

other similar logical errors. 

 

3. In the "protocol" session, the authors did not describe how blind mice were prepared. 

This was an oversight on our part, thank you for finding this error. These mice were blind due to 

severe cataract for both eyes, which was induced spontaneously or by ketamine anesthesia. 

These mice did not show pupil light reflex and OMR. We have included the preparation of blind 

mice (Protocol 1.5). 

 

4. The authors did not show whether this study has been approved by an ethics committee. 

We have now included the Statement at the beginning of the Protocol section. 

 

5. Many descriptions were not accurate enough in this manuscript. The parameters for 

displaying looming stimuli were not accurate enough. Was there any time interval between the 

adjacent two looming stimuli? The visual angles for the same looming stimulus at different 

places of the paper floor should be different. What were the exact size and shape of a looming 

stimulus? 

We apologize for the lack of appropriate description contained within the manuscript and thank 

you for your insight. We have added further detail on the stimulus presentation in section 1.4 

and 1.4.1. Additionally, we have added information concerning the location of the mice in 

relation to the stimulus (presented in section 3.3.1). Additional panels (Figure 1C-D) were also 

included in  figure 1 to show the shape of the stimulus.  The stimulus size parameters are now 

included in Protocol 1.4. 

 

6. In Chapter 4.2, the authors did not introduce what and how analysis software was used. 

We expanded the Protocol 4.2 to fully describe the mouse track analysis. 

 

7. In line 171, did "The latency from the looming stimuli to flight" mean the latency from the 

onset of the first looming stimulus to mouse fight? 

Yes, this was what we meant. We have modified the description in the Representative Results 

section to clarify the meaning of latency.  



 

8. The camera was placed near one side of the arena. Therefore, the shape of the paper floor in 

captured images should be a trapezoid rather than a rectangle. Was there any follow-up 

correction of the shape of the paper floor? 

We have corrected the skewed image by simple calculation. This calculation is now shown in 

Figure 2, and the description is given in Protocol 4.3. 

 

9. Some figures are presented in an appropriate or inaccurate way. In figure 2A, the readers 

cannot distinguish the boundaries between the adjacent two stages. Some markers should be 

added, or different colors should be used. 

The panel has been edited to more clearly demarcate the pre-stimulus (black solid line) and 

during/post-stimulus phase (red dashed line). We also revised the figure legend to further clarify 

this panel. 

 

10. From Figure 2B to 2E, only the first 3 seconds of looming stimuli were shown. The authors 

should show not only the entire stage of looming stimuli but also a few seconds after the end of 

looming stimuli. 

While we understand why this may be helpful in denoting periods before, during, and after the 

stimulus, all animals remained in the refuge once they fled until well past the end of the stimulus 

duration. These figures are simply meant to depict representatively the immediate behavioral 

response to the stimulus. Since the animals remain stationary in the hut following stimulus 

termination, both figures would show a line hovering on the x-axis if extended any further. We 

have added the description of stationary mouse behavior after the flight to Figure 3 legend.  

 

Minor Concerns: 

1. Figure 2D and 2E had no Y-axis label. 

The authors have made sure to correctly format the PDF so that all axes are showing. 

 

2. In figure 2D, a blue arrow could not quantitatively describe the time period of freezing, 

especially the start and end of freezing. Therefore, the authors should use two arrows or a 

background color to illustrate the exact time period of freezing. 

In response to this commentary, the authors have added a pale yellow background during the 

stimulus duration of Figure 3B-E and have inserted a double sided red arrow to denote the 

freezing period in Figure 3D-E. 

 

3. Many grammatical mistakes exist in the manuscript. For example, lines70 and 71 "They 

conducted not only cellular experiments, but also measuring mouse behavior, such as…" should 

be "They not only conducted cellular experiments but also measured mouse behaviors, such 

as…". Line 93 "mouse visual and emotional system" should be "mouse visual and emotional 

systems". Besides, confounding use of present tense and past tense was frequent in this 

manuscript. For example, line 108 and 109 "Because the monitor cannot be seen by the 

experimenter from the outside, a second monitor was prepared, which duplicates..." 



The authors thank the reviewer for finding these grammatical errors and have taken care to 

comb the manuscript to eliminate further errors. All grammatical errors from the above comment 

have been fixed accordingly.  


