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SUMMARY:
The method described here aims to obtain yawn contagion curves in pairs of familiar or unfamiliar male rats. Cages with holes separated by either clear or opaque partitions with (or without) holes are used to detect whether visual, olfactory, or both types of sensory cues can stimulate yawn contagion.

ABSTRACT:
Communication is an essential aspect of animal social life. Animals may influence one another and come together in schools, flocks, and herds. Communication is also the way sexes interact during courtship and how rivals settle disputes without fighting. However, there are some behavioral patterns for which it is difficult to test the existence of a communicatory function, because several types of sensory modalities are likely involved. For example, contagious yawning is a communicatory act in mammals that potentially occurs through sight, hearing, smell, or a combination of these senses depending on whether the animals are familiar to one another. Therefore, to test hypotheses about the possible communicatory role of such behaviors, a suitable method is necessary to identify the participating sensory modalities.

The method proposed here aims to obtain yawn contagion curves for familiar and unfamiliar rats and evaluate the relative participation of visual and olfactory sensory modalities. The method uses inexpensive materials, and with some minor changes, it can also be used with other rodent species such as mice. Overall, the method involves the substitution of clear dividers (with or without holes) with opaque dividers (with or without holes) that either allow or prevent communication between rats placed in adjacent cages with holes in adjoining sides. Accordingly, four conditions can be tested: olfactory communication, visual communication, both visual and olfactory communication, and neither visual nor olfactory communication. As social interaction occurs between the rats, these test conditions simulate what may occur in a natural environment. In this respect, the method proposed here is more effective than traditional methods that rely on video presentations whose biological validity can raise concerns. Nonetheless, it does not discriminate between the potential role of hearing and roles of smell and vision in yawn contagion.

INTRODUCTION:
Traditionally, communicatory behavior has been studied from two perspectives. From one perspective, ethologists observe and record the behavior of animals in natural settings and attempt to recognize its adaptive value1. The particular sense or senses involved have not been the primary interest of these studies. From another perspective, physiologists are more interested in unraveling the mechanisms by which animals communicate1; hence, laboratory studies have provided methods to address the role that sensory modalities play in communication2,3. These two perspectives are indeed complementary, because knowledge of both adaptive value and immediate mechanisms is necessary to gain a comprehensive understanding of communicatory behaviors in the social life of animals.

Yawning behavior is a conspicuous component of the behavioral repertoire in several species of vertebrates4, ranging from fish to primates5. It can be described as a slow opening of the mouth and maintenance of its open position, followed by a more rapid closure of the mouth5. The duration of the whole sequence depends on the species; for example, primates yawn for longer durations than non-primate species6. In many species, with humans being the exception, males tend to yawn more frequently than females7. This feature might underpin the possible communicatory function of yawning, although regular patterns of yawning and its daily frequency may also suggest a physiological function. In rats, spontaneous yawning follows a circadian rhythm, with peaks of high frequency occurring in the morning and afternoon8,9.

One interesting feature of yawning behavior is that it can be a contagious act (when the releasing stimulus of a behavior happens to be another animal behaving in the same way10) in several species of vertebrates11-16, including birds17 and rodents18. Furthermore, recent evidence has indicated that contagious yawning may reflect a communicatory role, because the yawning of one rat can affect the physiological state of another when exposed to olfactory cues19. However, whether or not yawning has a communicatory role is still under debate20,21, and analyzing contagious yawning is an essential first step to solve this issue. 

On the other hand, contagious yawning has been linked to an animal’s ability to empathize with the perspectives of other animals; hence, closely related individuals are more likely to show contagion4. This hypothesis has been frequently tested in laboratory conditions in which animals are presented with yawn stimuli on video12,13; hence, contagion can only occur through visual cues. Other investigations have assessed yawn contagion in more natural conditions using groups of animals14,15. A major problem of this is that socially interacting animals often respond to cues and exchange signals that are conveyed through combinations of sensory modalities. Disentangling the actual senses involved in a given behavior from their combined effects is not always an easy task. Typically, researchers pharmacologically or surgically hinder an animal’s use of a given sense, then infer the role of that sense in the relevant behavior2,3,18,22. Fortunately, there are other methods in which only physical barriers are used to either allow or impede communication between animals23-25, thereby achieving greater biological validity.

The method proposed here has been specifically designed to study contagious yawning in familiar and unfamiliar rats in a social setting. According to the empathetic hypothesis, the former group should be more susceptible to contagious yawning. The method does not require the animals to be surgically or pharmacologically deprived of any senses. Instead, it works by placing the rats in adjacent cages with holes and physically obstructing their communication using either clear or opaque dividers with or without holes. Thus, four test conditions can be examined: (1) olfactory communication (OC, perforated opaque divider), (2) visual communication (VC, nonperforated clear divider), (3) visual and olfactory communication (VOC, perforated clear divider), and (4) neither visual nor olfactory communication (NVOC, nonperforated opaque divider). Therefore, researchers can compare the relative contributions of olfactory, visual, and to some extent, auditory cues in yawn contagion. This approach is not new, as similar methods have been used to isolate the senses involved in certain communicatory behaviors in animals such as lizards23 and mice26. In fact, Gallup and colleagues27 have used a similar method to demonstrate the role of visual cues in contagious yawning in budgerigars. The main features of these methods are simulation of a social context and the minimal stress inflicted on the animals. Furthermore, the use of interacting animals increases the biological validity of the conclusions.

There are several ways to measure contagious yawning25,28. Dr. Stephen E. G. Lea (personal communication, 2015) helped us numerically adapt a method previously employed by primatologists13,14 for an earlier analysis of the data used here18. Presented in this protocol is an enhanced version of this method with a wider range of applications. It consists of weighting the total number of a rat’s yawns, within and outside of a given time window, by the proportion of observation time corresponding to the yawns within and outside the time window. 

For example, if it is assumed that rats A and B are observed for 12 min, their yawning is recorded to the nearest minute, and a 3 min time window is set to measure contagious yawning. Next, the following sequences of yawns for each of those rats are considered: rat A (0,0,0,1,0,0,2,0,0,0,2,1) and rat B (0,1,1,0,1,1,0,0,0,0,0,3). It should be noted that each number (0-3) corresponds to the number of yawns scored at each min. For rat A, during minutes 1, 10, and 11 (numbers in bold type), rat B does not yawn within the preceding 3 min (the chosen time window) or within that minute. In those minutes, rat A yawns a total of 2 times. Therefore, the yawn rate of rat A without any yawn stimulus (non-post-yawn yawn rate) is 2/3 (i.e., 0.67 yawns/min). In the remaining 9 min (numbers in bold type), rat B yawns at least one time in either the same minute or the 3 previous minutes. Rat A yawns a total of four times in those 9 min. Therefore, the yawn rate of rat A in response to a yawn stimulus (post-yawn yawn rate) is 4/9 (i.e., 0.44 yawns/min). The application of the same procedure to rat B yields a non-post-yawn yawn rate of 2/3 (i.e., 0.66) and post-yawn yawn rate of 5/9 (0.55).

On the other hand, if yawning is recorded to the nearest decimal of a minute, yawn contagion will result in an adjusted post-yawn time. For example, if the following yawn times are recorded over a 12 min observation period for rats A and B: rat A (2.3, 5.1, 5.8, 10.4, 10.8, 11.1) and rat B (1.2, 2.4, 4.5, 5.1, 11.2, 11.6, 11.8). For rat A, the time periods over which rat B does not yawn within the past 3 min range from 0 to 1.2 min and from 8.1 to 11.2 min (i.e., 3.1 min), which yields a total of 4.3 min of non-post-yawn time. The number of times that rat A yawns during those times is three (numbers in bold type), so the non-post-yawn yawn rate is 3/4.3 (i.e., 0.69), while the post-yawn yawn rate is 3/7.7 (i.e., 0.38; the denominator from 12-4.3 min). Similarly, for rat B, the time periods over which rat A does not yawn within the past 3 min range from 0 to 2.3 min and from 8.8 to 10.4 min, which yields a total of 3.9 min. The number of times rat B yawns within those periods is one, so the non-post-yawn yawn rate is 1/3.9 (i.e., 0.25). Accordingly, the post-yawn yawn rate is 6/8.1 (i.e., 0.74).

While a near-contemporaneous match in behavior is an ideal criterion to demonstrate the presence of a contagion, aspects such as the constraints on what an individual attends to, time of reaction to a stimulus, distribution of the behavior over time (e.g., yawning may occur in episodes), and time to acclimatize to the experimental setting all give rise to species differences, making it difficult to use a unique time window. This may be the reason why researchers have used time windows that vary from seconds5 to several minutes11, which creates problems when comparing results28. Because of this, it is proposed to repeat the procedure described above for a range of time windows to obtain yawn contagion curves and compare the yawn contagion curves between species.

Equivalent yawn contagion curves can be compared by randomly distributing the number of yawns observed for each rat over the observation period. Thus, the proposed method to measure yawn contagion offers two types of controls: the (1) yawn rate occurring outside of the time window (non-post-yawn time) and (2) artificial yawn contagion curve obtained from the random distribution of the number of yawns. Therefore, this approach to analyze yawn contagion is a step forward from other procedures, such as those comparing the percentage or frequency of yawning within a single time window to that occurring outside this window25, without taking into account the actual times frames. The method is complemented by an R-based program29 to conveniently and objectively calculate the probability of contagious yawning for one or more time windows.

To illustrate the usefulness of this method and advantages of the R-based program, a data set from a previously published study18 is used. The experimental condition consisted of 144 male rats allocated to either a familiar or unfamiliar condition. The rats in each experimental condition were subdivided into four subgroups of nine pairs and exposed to any of the four test situations described above. The yawning behaviors of the rats in each experimental condition and test situation were then recorded over a period of 60 min. 

PROTOCOL:

The experimental protocols and animal husbandry were conducted in accordance with institutional guidelines.

1. Materials

1.1. Find a complete list of the materials used to implement the method in the Table of Materials. Use Figure 1 and seek expert advice to construct an inverted T-shaped table, observation cages, and cage dividers. Follow the safety indications for the use of sharp tools and potentially dangerous materials.

1.2. Make an inverted T-shaped table by gluing two rail-like wooden bars (45 cm length, separated 0.6 cm from each other) onto the top and in the middle of a piece of wood (100 cm x 45 cm x 1.5 cm). Then, place a second piece of wood (50 cm x 45 cm x 0.6 cm) vertically between the rail-like bars. Ensure that this second piece of wood prevents the pair of rats on one side from seeing the other pair on the opposite side (Figure 1).

1.3. Use glass and acrylic to create eight observation cages. Ensure that each cage (19 cm wide, 19 cm long, 10 cm high, 3 mm thick) has 24 equidistant holes (5 mm diameter) arranged in three rows in the middle of one of its sides. Make this side of acrylic (3 mm thick) and shorten the height of the opposite side by 0.7 cm to allow the rat to breathe.

1.3.1. Make sure each observation cage has a sliding lid made of acrylic to prevent the rat from rearing and distracting itself during the 60 min observation period.

1.4. Make four dividers out of acrylic (19 cm wide, 30 cm high, 3 mm thick). Drill 24 holes (5 mm diameter) that match those in the observation cages, each in one clear divider and one opaque divider.

1.5. Prepare data sheets in advance to record the occurrence of yawns. Include, in the heading of each data sheet, the name of the observer, experimental condition (i.e., familiar or unfamiliar rats), relevant test situation (OC, VC, VOC, NVOC), the date, and initial and final times of the observation. Divide the rest of the data sheet into two columns, each with the number of the rat written in the upper part, to record the yawning behavior of the rats.

2. [bookmark: _Hlk2688039]Procedure

2.1. House 144 male rats in groups of four in plastic cages (home cages) from weaning until they reach 2.5 months in age. Do not use female rats, because they tend to show greater variation in behavior due to hormonal cycles, which may be confused with the effects of the test situation. Make sure that the rats in each cage are not siblings.

NOTE: It might be difficult to obtain all the rats together. In that case, create blocks of at least 8 familiar rats and 8 unfamiliar rats so that every test situation is represented once in each experimental condition30.

2.2. To identify the rats, mark them with symbolic numbers on the tails using a commercial marker. For example, represent the numbers 1 to 4 by combining dots and lines (e.g., one dot for number 1 and one line for number 4). Identify familiar and unfamiliar rats using different colors.

NOTE: Handle the rats following safety directions provided by animal facility staff, and comply with recommendations concerning the correct use of laboratory animals at the institution where experiments will be performed.

2.3. Randomly choose which home cages will house the group of familiar rats and which will house the unfamiliar group. For example, suppose there are 16 available rats living in four home cages: number the home cages 1 to 4, then use R (download it at http://cran.r-project.org/) as follows [after the prompt (>)]:
>sample(4,4)
[1] 4 3 2 1

2.3.1. Group the familiar (or unfamiliar) rats in home cages 4 and 3, and group the unfamiliar (or familiar) rats in home cages 2 and 1. Make sure the animal facility staff maintains the identity of each cage and handles the rats in the same manner as all other rats in the animal facility.

2.3.2. Use the R program again and randomly choose rats to form each pair in each experimental condition. Ensure that the rats in each pair of familiar rats originate from the same home cage, and ensure that the opposite is true for the pairs in the unfamiliar group. Randomly choose pairs of rats for each test situation in each experimental condition.

2.4. Perform two test sessions per day with two of the eight possible test situations (four for each familiar and unfamiliar rats) per test session (i.e., 60 min observation period). Conduct the two test sessions consecutively within 3 h.

NOTE: Make sure to conduct all test sessions (four pairs of rats per day) either in the morning or afternoon to avoid any confounding factors. Run a complete replicate (eight test situations) of the experiment over two consecutive days.

2.4.1. Make sure to use the test situations in a random sequence for each replicate of the experiment. For example, use numbers 1 to 8 to identify each test situation, then use R as follows:
>sample(8,8)
[1] 8 7 4 6 5 1 2 3

2.4.2. Allocate test situations 8 and 7 to test session 1, test situations 4 and 6 to test session 2, and so on. Then, randomly choose the side of the inverted T-shaped table where each pair of rats (test situation) will be placed.

2.5. Repeat the same procedure (steps 2.3 to 2.4.2) for a second replicate (i.e., block) of the experiment.

NOTE: If the aim of the study is to test the effects of a social condition (i.e., two interacting rats) on yawning frequency, use one rat placed in an observation cage next to an empty observation cage as a control for each of the four test situations. Perform this experiment 2x for each test situation for a control group of eight rats.

2.6. Set up the test session by transferring the first four rats from the animal facility to the observation room, where they will remain for 15 min to acclimate to the novel environment. Transport the rats in individual cages and keep them separated from each other during transportation and in the observation room.

NOTE: Follow the safety directions for transporting animals provided by the animal facility staff and use the indicated clothes to work with animals in the laboratory. The rats will not have access to food and water while they are in the observation room.

2.7. After the acclimatization period has passed, place the inverted T-shaped table on a larger rectangular table. Make sure there is a ceiling lamp that sufficiently lights the room when making observations.

2.8. Put filter paper on the bottom of each observation cage and place the cages in pairs on each side of the inverted T-shaped table. Position the corresponding divider in between each pair of cages.

NOTE: The filter paper makes it easier to clean the cages and provides a rough surface on which the rats can move without slipping.

2.9. Strategically place two digital camcorders such that each records the yawning behavior of each pair of rats. Make sure the camcorders are safely fixed to tripods and correctly orientated to the observation cages. Connect the camcorders to a desktop computer to simultaneously monitor the behavior of the rats.

NOTE: Store the digital information on flash drives to permanently archive the experimental sessions. Use flash drives with a high storage capacity.

2.10. Following the acclimatization period, place the rats in the observation cages according to the allocation previously determined. Set the automatic focus of the camcorder and start the video recording simultaneously with a stopwatch. Stop the video recording at the end of the 60 min observation period.

NOTE: While the experimenters may be outside of the room during the test session and observing remotely, it is recommended that one person is in the observation room (as far away as possible from the experimental setting) while monitoring the behavior of the rats to ensure that the test session proceeds without interruption.

2.11. When the observation is over, return the rats to their home cages in the animal facility. Ask the animal facility staff to ensure that the rats have access to food and water again. Thoroughly clean the observation cages using a nontoxic detergent and prepare the experimental set-up to perform the second and final test sessions of the day.

NOTE: Clean the wood to remove any scents left by the rats when placed in the observation cages, which could affect the behavior of the next pair of rats tested.

2.12. Train one to two volunteers partially blind to the assigned treatments to identify and record yawning using an all-occurrence sampling method. Make sure the observers use the definition of yawning described in the introduction section.

2.13. Play back and project each video on a computer screen using any standard playback system. Ask the observer to view each video and observe and record yawning behavior using the previously prepared data sheets, then allow him/her to review the videos at slower speeds to enhance the ability to observe and measure yawning.

2.13.1. Ask the observers to score yawning using a notation system similar to the following: use vertical lines with the minute written as a superscript to represent the occurrence of a yawn (e.g., |3 ||6 |9, indicating one yawn at minute 3, two yawns at minute 6, and one yawn at minute 9). Score yawning as a sequence (e.g., 1.2, 2.2, 3.2, 5.0, 5.8) to record it with greater precision (minutes rounded to one decimal place).

2.13.2. Alternatively, directly input data from the videos into a computer using standard data collection programs. Make sure the observer is acquainted with such programs.

NOTE: If necessary, allow the observer to view each video in more than one session. Ensure that one observer views all the videos corresponding to one block of experiments. If two different observers viewed these videos, there may be a risk that differences in their abilities to observe and record yawning will confound the effects of the test situations. It is important to score the intra-observer reliability between different observers on 10%–20% of the videos to ensure that yawning is annotated in the same way.

3. Data processing

3.1. Transcribe the temporal sequence of yawns in each rat from the data sheets to a spreadsheet. Ensure there is one column for each rat with a short heading (e.g., fr1.l and fr1.r to indicate the first pair of familiar rats on the left and right sides, respectively). Ensure that all columns are the same length by filling the empty cells with either 0 s or NA (see below).

NOTE: Use the general guide provided as a supplementary document to fully understand the following steps to process the data, measure contagious yawning, and obtain contagious yawning curves.

3.1.1. If yawning was recorded to the nearest minute, type in the number of yawns at each relevant minute and use 0 s (no yawn) to fill in the cells when no yawn occurred in a given minute. Save the worksheet as a text file (.txt).

3.1.2. If yawning was recorded to the nearest decimal of a minute, type in the sequence top down and use “NA” to fill in the empty spaces of columns (rats) in which the numbers of yawns (rows) is lower than that of the column with the maximum number (rows) of yawns recorded for a rat. Save the worksheet as a text file (.txt).

NOTE: As R has the ability to work with empty cells, the worksheet can be saved with columns of different lengths. Use the help options provided by R to handle missing data.

3.2. Initiate R. Import the data from the file in which they were previously located.

3.3. Save the program codes with the extension “.R” (provided as supplementary material), then download the specific program code (see general guide) depending on whether yawns were recorded as integers or fractional numbers. Run the program for each pair of rats and desired number of time frames.

3.3.1. Run the program again, now using a random distribution of the number of yawns from each rat (see general guide). Follow the same steps (steps 3.3 to 3.3.1) for all experimental conditions (i.e., familiar and unfamiliar rats) and/or all the test situations. Proceed as indicated in the general guide and export the results to Excel.

NOTE: Instead of importing a previously saved program, as suggested above using a text editor, copy and directly paste the program into R’s workspace.

3.4. To create yawn contagion curves, use the data previously saved in an spreadsheet. Subtract the non-contagion rates from the contagion rates for each pair of rats, time window, and test situation. Separate the analyses of the observed data and artificial (randomly distributed) data.

3.4.1. Next, calculate confidence intervals (CI) for each time window and test situation using a bootstrap procedure (see the general guide). Separate the analyses for familiar and unfamiliar rats. Then, combine the artificial data from the four test situations for each experimental condition and calculate the CI for each time window using a bootstrap procedure.

3.4.2. Next, create plots for each test situation and experimental condition (see Figure 2 and Figure 3). Finally, perform a multiple regression analysis to compare the intensity of yawn contagion between test situations (see below).

REPRESENTATIVE RESULTS:

The rats were selected from a previously produced sub-line of Sprague-Dawley rats that were selected for frequent yawning (approximately 22 yawns per hour31). However, the nine pairs of unfamiliar and nine pairs of familiar male rats (between 2.5 and 3 months of age) used per test situation yawned approximately 12 times per hour, on average18. Therefore, the test situations to measure yawn contagion partially inhibited yawning behavior.

Yawn contagion was measured over a range of time windows that varied from 1 to 10 min. Figure 2 shows the mean difference in the yawn rates between unfamiliar male rats in contagion and non-contagion conditions for each time window and test situation. These yawn contagion curves indicate that only OC rats (in cages with a perforated, opaque divider) showed yawn contagion, which is evident from time window 4 and onwards, because the CI of the averages does not overlap with the CI of the randomly allocated numbers of yawns over the 60 min period. The band indicated, as expected, that a random allocation of the number of yawns in each rat in the observation period produced yawn rates that oscillated at approximately zero, without showing any apparent pattern. 

The multiple linear regression model fitted to the data indicated that the curves from the four test situations were significantly different (F1,3 = 11.5, p < 0.0001). Specifically, yawn contagion was stronger in OC rats than: VC rats (rats in cages with a nonperforated, clear divider; t = -3.8, p < 0.001), VOC rats (rats in cages with a perforated, clear divider; t = -5.74,  p < 0.0001), and NVOC rats (rats in cages with a nonperforated, opaque divider; t = -2.64, p < 0.01). In all cases, the degrees of freedom were 695, since the analysis took into account not only the four test situations, but also the 10 time windows. As these conditions generated autocorrelated measurements, an autocorrelation term was added (ARMA, autoregressive moving average) to the statistical model. The overall trends over the 10 time windows also differed statistically from a 0 slope (F1,1 = 11.99, p < 0.0001). Figure 3 shows the same analysis as that in Figure 2, applied to familiar male rats. In this case, none of the four test situations stimulated yawn contagion because their CI overlapped with the randomly generated CI band. There were no differences among the four test situations (F1,3 = p = 0.14); although, the overall increase in yawn contagion over the 10 time windows differed from a 0 slope (F1,1 = 9, p < 0.01).

The role of olfaction in the social life of mammals may be the reason why only the OC rats showed yawn contagion and yawned more frequently than the VC rats18. Visual cues may not have facilitated yawning, because albino rats do not see as well as non-albino rats. However, the VC rats yawned twice as much as the group of rats individually placed in an observation cage next to an empty cage18. This finding definitively supports the social nature of yawning and suggests that yawn contagion in rats is dependent on olfactory cues. However, the latter only supports the degree of familiarity between pairs of rats as being involved in yawn contagion, and auditory cues are the likely channel by which yawn contagion occurs18.

Overall, these are unexpected results according to the prediction that familiar rather than unfamiliar rats will show contagious yawning. Although the results presented do not use a positive control (we have no data in which contagious yawning is observed in closely related individuals), it is believed that this method is unbiased for contagious yawning in unfamiliar rats. Several elements support such a claim. First, familiar and unfamiliar rats did not differ in the average frequencies of yawning18; thus, the differences in yawn contagion detected here did not seem to depend on how frequently they yawned. Second, the fact that the same numbers of yawns per rat were randomly allocated to the observation period and that this did not produce yawn contagion in any group renders the finding of contagious yawning in unfamiliar rats more robust. Finally, a cross-correlation analysis (to detect contemporaneous matching of behavior) was previously applied18 to the same dataset used here, and the result coincided with what was found. Therefore, this method is sensitive enough to detect and measure changes in contagious yawning.

Alternatively, it may be questioned whether what was found here is contagious yawning. Such a concern is not exclusive to this study. There are two perspectives from which contagious yawning and its causality have aroused concerns. First, empathy does not seem to be the only factor underlying contagious yawning18, as species not expected to show empathy and/or mental state attribution skills such as sheep and rats can still show contagious yawning. Second, there is growing concern that what is called contagious yawning might not be as such. For many decades (Thorpe, 1956; cited previously10), contagious, stereotyped behavior patterns and contagious yawning in particular have been regarded as an expression of social facilitation. More recently, Kapitány and Nielsen25 suggested through the use of simulated data that what is a perceptual pattern-recognition error may be incorrectly called contagious yawning. Therefore, the problem may not lie in the way contagious yawning is being measured but rather in how it is defined.

In summary, the method proposed here is useful to detect yawn contagion. In addition, it is useful to discard some sensory cues, thereby reducing the number of sensory cues to only one or two. Further experiments to test specific predictions are necessary to distinguish the effects of one sense from the others.

FIGURE AND TABLE LEGENDS:

Figure 1: Schematic of the observation set-up to measure contagious yawning. Four individual cages were arranged in pairs on each side of the inverted T-shaped table. In each pair, the cages were facing each other with acrylic dividers in between. The specific test situation determines whether the divider in between the cages has holes and whether it is clear or opaque. The camcorders were strategically placed to record any instance of yawning behavior.

Figure 2: Yawn contagion curves for nine pairs of unfamiliar male rats exposed to (A) olfactory cues, (B) visual cues, (C) olfactory and visual cues, and (D) neither visual nor olfactory cues. Each circle represents the average difference in yawn rate with 95% confidence intervals (CI) from a rat that yawned in the same minute or in the minute (time window) preceding the yawn of the other rat and when it did not yawn. Yawn rate values above the dashed line indicate yawn contagion, whereas values below the dashed line indicate non-yawn contagion. The solid line joining the points at each time window is used to indicate the average difference in yawn rates at each time window when the number of yawns of each rat was randomly allocated to the 60 min observation period. The dark gray band indicates a 95% CI obtained by combining the random dataset from the four test situations at each time window (a continuous shade is used to facilitate the interpretation of the figure). One pair of rats exposed to olfactory cues was removed from the analysis because neither of the rats yawned.

Figure 3: Yawn contagion curves for nine pairs of familiar male rats exposed to (A) olfactory cues, (B) visual cues, (C) olfactory and visual cues, and (D) neither visual nor olfactory cues. Each circle represents the average difference in yawn rate with 95% confidence intervals (CI) from a rat that yawned in the same minute or in the minute (time window) preceding the yawn of the other rat and when it did not yawn. Yawn rate values above the dashed line indicate yawn contagion, whereas values below the dashed line indicate non-yawn contagion. The solid line indicates the average difference in yawn rates at each time window when the number of yawns of each rat was randomly allocated to the 60 min observation period. The dark gray band indicates a 95% CI obtained by combining the random dataset from the four test situations at each time window. One pair of rats exposed to visual cues was removed from the analysis because one of the rats did not yawn.

DISCUSSION:
There are critical steps in the method that should be taken into account to obtain successful results. Familiar rats must share home cages for at least 1.5 months after weaning and before running the experiments. However, unfamiliar rats must live in separate home cages. In both cases, the pairs of rats must come from different litters but be as similar in age as possible. Regarding the observation cages, their holes should match those in the dividers, because this is the only way to guarantee olfactory contact between the rats. The dividers, on the other hand, should be clear enough to ensure visual contact or opaque enough to ensure no visual contact. The wooden partition between one pair of rats and the other must be sufficient to prevent the rats on one side from seeing those on the other side. Another crucial aspect is the appropriate design of the experiment. Whenever there is a suspicion that a process may be biased, a random procedure should be implemented30.

The method should not present serious problems to users. Making the holes in the glass was the main technical problem faced, and because of that, acrylic was used instead. Nonetheless, glass may be used for making the entire observation cages, provided professional advice is obtained. It should be ensured that the edges of the holes are filed to avoid glass splinters that may injure the rats. However, modifying the main method is not recommended (e.g., making the holes larger). Additionally, use of a combined group of males and females may make it difficult to detect yawn contagion.

The dividers used here may be insufficient to prevent the rats from using auditory cues, because rats are able to produce and perceive sounds at frequencies at which the materials of the observation cages and dividers likely did not block. However, this situation itself makes it possible to infer that auditory cues caused yawn contagion18 and that olfactory cues only facilitated the recognition of the partner’s degree of familiarity. Therefore, the method proposed here still provides reasonable evidence to identify the senses involved in contagious yawning and their intensities.

Earlier methods have been designed to study contagious yawning in laboratory conditions mainly by presenting videos to the experimental individuals12,13, but these were questionable approaches in terms of biological validity. The method presented here solves this concern by using socially interacting animals in conditions more similar to what occurs in the real world. Furthermore, it is possible to simultaneously explore the participation of several sensory modalities in a single experimental set-up. It is recognized that this method does not absolutely discriminate between the effects of auditory cues and other sensory cues. However, a well-designed further experiment may allow researchers to infer the most likely sensory modality involved18. One possible noninvasive solution is the use of white noise to mask sounds and eliminate auditory cues. Similarly, researchers may expose naïve rats to bedding from OC rats to determine the role of olfactory cues, which is a proven procedure in social facilitation studies32. 

The use of this method can be extended to study yawn contagion in other species. For example, this set-up can be used after simple modifications with animals such as mice and hamsters to compare yawn contagion curves. Comparisons among different species may reveal unexpected patterns. The basic experimental plan can work with larger animals such as guinea pigs, cats, and rabbits. Likewise, the method can be used to study other potentially contagious behaviors such as grooming and scratching. The R-based program can reduce the time spent calculating yawn contagion for several time windows and can be used to measure yawn contagion in other vertebrate species, provided the user has previously collected relevant data.

In summary, the main advantages of this method are the leading to acquisition of yawn contagion curves and aiding in discrimination between the relative roles of sensory modalities involved. The acquisition of yawn contagion curves is, as far as we know, a novel approach that may be useful to measure the strength of a contagion and observe how this intensity varies among species. Accordingly, the method can also be used with some modifications in other animal species such as sheep16, wolves15, dogs33, snakes34, and fish5. In all these species except snakes, yawning has been previously documented. In fact, a method similar to the one presented here has been used successfully in budgerigars27. This method may also be used to study other types of behavior that are contagious. For example, behaviors such as emotional reactivity, grooming, and scratching in rodents may be contagious. In fact, the method proposed here showed contagious emotional reactivity in familiar rats18.
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