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Abstract

Background: Communicative behaviors play a vital role in mammals and are highly relevant to 

human neurodevelopmental conditions. Mice produce communicative vocalizations that occur in 

the ultrasonic range, which are commonly analyzed with the Avisoft recording system. Fully 

automated programs such as the Mouse Song Analyzer in MATLAB, have been developed to 

analyze USVs in a shorter time period, however, no study has compared the accuracy of MATLAB 

to Avisoft.

New Method: In order to determine MATLAB’s accuracy, we used data from four different 

mouse strains and assessed whether the total number of USVs detected was similar between 

systems.

Results: We found that there was a high correlation between systems for the number of USVs 

emitted from C57BL/6 and NS-Pten mice however, Avisoft detected significantly more USVs than 

MATLAB for both strains. For Fmr1-FVB.129 and 129 mice, large correlations were observed 

between systems and no significant difference was present in the USVs detected. A partial 

correlation was run to control for the covariates: sex, age, strain, and treatment, and found that 

only strain substantially influences the relationship between the USVs detected in Avisoft and 

those detected in MATLAB.
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Comparison with Existing Method: These findings demonstrate that there is a high degree of 

agreement between Avisoft and the Mouse Song Analyzer however, Avisoft does detect 

significantly more USVs depending on the strain assessed.

Conclusions: Therefore, there are relative advantages and disadvantages with both systems that 

vocalization researchers should be aware of when interpreting USV results, and when using either 

system.
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1. Introduction

Communication encompasses a wide a range of behaviors. One aspect of communicative 

behavior is the production of vocalizations. Vocalizations are emitted in mammals, ranging 

from mice to humans, and have been shown to convey information about an animals’ 

reproductive status, affective state, and social status, as well as ecologically relevant stimuli 

such as the presence of food or predators (Barfield and Thomas, 1986; Fendt et al., 2018; 

Knutson et al., 2002; Moles and D’Amato, 2000; Nyby et al., 1976). In addition to serving 

basic biological needs, communicative behaviors have also been shown to be a pertinent 

indicator for the overall health of the animal. Specifically, alterations in communication 

characterize many neurodevelopmental conditions such as: Autism spectrum disorder 

(ASD), tuberous sclerosis complex (TSC) and epilepsy in both clinical settings (Esposito et 

al., 2017; Esposito and Venuti, 2009; McDonald et al., 2017; Viscidi et al., 2014) as well as 

in preclinical models (Esposito et al., 2017; Esposito and Venuti, 2009; Reynolds et al., 

2017; Scattoni et al., 2008; Tsai et al., 2012). Therefore, due to the ubiquitous nature of 

communication, its importance in mammals, and its relevance to human neurodevelopmental 

conditions, the study of vocal communication has a diversity of applications and is also 

highly relevant to human health.
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Murine models have been widely used in order to better understand the applications and 

function of vocal communication. In mice, vocal communication refers to a behavior known 

as ultrasonic vocalizations (USVs). USVs are aerodynamic whistles that occur between 20–

120 kHz and can be readily elicited from both neonatal and adult rodents (Hoffmann et al., 

2012; Pasch et al., 2017; Riede, 2011; Riede et al., 2017). Murine vocalizations are 

commonly recorded with the Avisoft (v.5.2) recording system, which consists of a 

microphone that detects vocalizations anywhere from 1–125 kHz, and an accompanying 

software that allows for the analysis of both quantitative and qualitative parameters. While 

the Avisoft system is comprehensive, it requires a trained experimenter to manually go 

through each file and remove background noise and ensure that each vocalization is 

accurately detected. This is a significant time expenditure, as a file of 150–300 USVs takes 

approximately 60–90 minutes to assess. Therefore, a project with 4 groups and 10 animals 

per each group would require 2,400 – 3,600 hours to complete. To address this concern, 

fully automated analysis software has been developed that relies on advanced algorithms to 

detect vocalizations. One such software program uses the MATLAB computing environment 

and a freely available MATLAB syntax written by the Jarvis lab called the Mouse Song 

Analyzer (v.1.3) (http://jarvislab.net/research/mouse-vocal-communication/). Since the 

Mouse Song Analyzer is automated, it is significantly more time efficient than Avisoft, as a 

300 USV file takes approximately 2 minutes to assess. Thus, a project with 4 groups of 10 

animals per each group would only require approximately 80 hours to complete, opposed to 

Avisoft’s 2,400. Moreover, the Mouse Song Analyzer is a commonly used tool, which has 

been utilized in various publications (Arriaga et al., 2012; Chabout et al., 2017; Chabout et 

al., 2016; Gao et al., 2019; Holy and Guo, 2005). However, it is unknown if the Mouse Song 

Analyzer’s USV count algorithm detects a similar number of USVs as the manually 

operated Avisoft system.

The lack of comparisons between Avisoft and the Mouse Song Analyzer is significant, as 

there is little validation of vocalization systems, which can lead to inconsistent results. For 

instance, a previous study in our lab compared the quantity of USVs detected in Avisoft to 

those detected in an older recording program known as Ultravox (2.0) and reported 

significant differences in USV production and weaker than expected overall correlations 

between the systems under congruent detection parameters (Binder et al., 2018). Therefore, 

in a separate study, we have demonstrated that two programs under identical detection 

parameters can detect significantly different quantities of vocalizations. This is notable, as 

researchers would draw opposing conclusions from the same data set depending on which 

system was used in analysis. In light of this, and in order to continue to assess the 

reproducibility of findings between vocalization programs, the current study directly 

compared the Avisoft analysis system to the Mouse Song Analyzer’s analysis system to 

assess whether the total vocalizations detected in one program are similar to the total 

vocalizations detected in the other. Any significant differences in the total vocalizations 

detected could indicate the need for a reappraisal of previous findings.
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2. Materials and methods

2.1 Animals and housing

Data from several projects using C57BL/6, FVB.129, FVB, and 129 mice were used in the 

present study to evaluate the relative accuracy of the Mouse Song Analyzer’s automated 

USV count algorithm to the manually operated Avisoft program (Binder et al., 2020; Binder 

and Lugo, 2017; Hodges et al., 2017; Nolan et al., 2019). These specific strains were chosen 

since they comprise 52% of the most popular mouse strains purchased from Jackson labs, 

increasing our study’s generalizability (Jackson Lab). For specific methods for each project, 

see individual references. From our previous paper examining high seizure load and USVs 

on postnatal day (PD) 12 in the C57BL/6J strain, the following numbers were used: male 

control = 15, female control = 18, male seizure = 17, female seizure = 20 (Nolan et al., 

2019). From our previous paper examining the production of neonatal vocalizations in the 

neuronal subset-specific phosphatase and tensin homolog (NS-Pten) knockout mouse on a 

FVB based background, two timepoints were used (PD 8 and PD 11) and the sample sizes 

were as follows: male wildtype (WT) = 14, female WT = 15, male knockout (KO) = 12, 

female KO = 13 (Binder and Lugo, 2017). From our recent study examining vocalizations 

on PD 8 in Fmr1-FVB.129 mice, we had the following numbers: male WT = 17, female WT 

= 12, male KO = 12, female KO = 12 (Nolan et al, under review). From an unpublished 

dataset examining vocalizations on PD 12 in the 129 background strain after multiple 

flurothyl seizures across PD 7–11, the respective sample sizes were: male control = 3, 

female control = 6, male seizure = 6, female seizure = 5. In addition to neonatal USVs, adult 

USVs were also included, however, due to the nature of the paradigm, only adult male mice 

were assessed. Specifically, for our previous study examining vocalizations in Fmr1-
FVB.129 adult mice, we had 19 WT males and 18 KO males (Hodges et al., 2017). From a 

recent study using this same mating-based paradigm in NS-Pten adult mice, we had 14 WT 

males and 12 KO males (Binder et al., 2020). Altogether, this gave us a final n of 314 data 

files. Across all experiments, animals had ad libitum access to food and water. All 

procedures performed were in accordance with Baylor University’s Institutional Animal 

Care and Use Committee, as well as the National Institutes of Health Guidelines for the Care 

and Use of Laboratory Animals. All testing was conducted during the light cycle, 

specifically between 8 am and 5 pm.

2.2 Isolation-induced ultrasonic vocalizations

For projects where subjects were assessed prior to PD 14, vocalizations were recorded using 

the isolation-induced ultrasonic vocalization paradigm that has been previously described 

(Scattoni et al., 2008; Shair, 2007). On the day of testing, all of the test pups were brought 

down from the colony room in their home cages and allowed to habituate to the testing room 

for 30 minutes prior to the testing period. At the time of testing, pups were separated from 

their parents and placed into a clean housing cage, warmed to an ambient nesting 

temperature of approximately 35° C. The pups were then individually removed from the 

holding cage and placed into a clean cage contained within a 40 cm × 40 cm × 30 cm 

acrylic, sound-attenuated chamber, which ensured that vocalizations produced by any animal 

other than the test animal would not be detected by the recording microphone. Vocalizations 

were recorded using a condenser microphone (CM16/CMPA, Avisoft Bioacoustics, 
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Germany) that was connected to a recording interface (UltraSoundGate 116Hb, Avisoft 

Bioacoustics). The microphone is broad spectrum and records USVs from 1–125 kHz. 

Vocalizations were recorded for a 2-minute duration, after which the pup was removed from 

the test chamber. Once all mice were tested, they were returned to their parents in the home 

cage.

2.3 Adult female-urine induced ultrasonic vocalizations

The methods for adult USV collection have been previously described (Wöhr et al., 2011). 

Briefly, one week prior to testing, male mice were paired with females for a 5-minute 

duration. This was done to standardize the social experience in males, a necessary 

prerequisite for eliciting adult vocalizations (Scattoni et al., 2008). Twenty-four hours prior 

to testing, estrus was induced in females by placing male bedding into the female cage that 

had been previously introduced to the test males. On the day of testing, fresh urine was 

collected from females that were in estrus and 20 uL of the urine was then pipetted into the 

center of a testing chamber. The chamber was sound attenuating to ensure an accurate 

detection of the test mouse’s USVs. Males were placed in the chamber and all vocalizations 

were recorded for a 5-minute duration using a condenser microphone (CM16/CMPA, 

Avisoft Bioacoustics, Germany) coupled with a recording interface (UltraSoundGate 116Hb, 

Avisoft Bioacoustics). After testing, the males were returned to their home cages.

2.4 Avisoft analysis

All ultrasonic vocalizations collected were analyzed using Avisoft SASLab Pro software 

(Avisoft SASLabPro, RRID:SCR_014438). The parameters consisted of: a fast Fourier 

transformation (FFT) length of 1024, time window overlap of 75%, a 100% hamming 

window, a time resolution of 1 ms, and a sampling frequency of 250 kHz, per established 

protocol (Scattoni et al., 2008). Files were cleaned by a trained experimenter that was 

blinded to the treatment condition and identity of the animal. Each file was manually 

assessed, and each vocalization was identified using the Avisoft software. Any extraneous 

noise was manually removed from the spectrogram.

2.5 MATLAB Mouse Song Analyzer analysis

The MATLAB Mouse Song Analyzer analysis procedure has been previously described 

(Arriaga et al., 2012; Chabout et al., 2017). Briefly, all .wav files were converted to 

sonograms using freely available MATLAB syntax developed by the Jarvis lab (http://

jarvislab.net/research/mouse-vocal-communication/). Once the files were converted, the 

sonograms were processed using the graphical user interface with a density inter-syllable 

interval (ISI) of 0.25. The minimum frequency was set to 15,000 Hz, the max frequency to 

125,000 Hz, the sampling frequency to 250 kHz, and the threshold to 0.3. The parameters 

used were the same as those used in previous studies and are comparable to Avisoft’s USV 

count parameters (Arriaga et al., 2012; Chabout et al., 2017). All other parameters assessed 

can be found in Chabout, 2017.
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2.6 Statistical analysis

All data was analyzed using IBM SPSS Statistics 21.0 (IBM, USA) or GraphPad Prism 7 

software (La Jolla, CA). To determine the accuracy of the Mouse Song Analyzer’s 

automated processing to the manually operated Avisoft program, correlations for each strain 

assessed were performed. Additionally, to examine if Avisoft and the Mouse Song Analyzer 

detected a significantly different quantity of calls from one another, independent t-tests or 

nonparametric Mann-Whitney U tests (when homogeneity of variance was violated) per 

each strain were run. A partial correlation analysis was then conducted to control for the 

following covariates: sex (male, female), strain (C57BL/6, Fmr1-FVB.129, NS-Pten-FVB, 

129), age (PD 8,11,12,49, 60), and treatment (genotype or seizure status). A correlation that 

did not control for covariates (a zero-order correlation) was also calculated to determine the 

influence the covariates had on the relationship in USV detection between Avisoft and the 

Mouse Song Analyzer. A value of p < .05 was considered significant for each statistical test 

and the figures depict the mean ± standard error of the mean (SEM). The effect sizes for the 

correlations are as follows: small effect r = 0.1, medium effect r = 0.3, large effect r = 0.5.

3. Results

3.1 Association and number of USVs detected between Avisoft and the Mouse Song 
Analyzer

For the C57/BL6 strain, there was a large correlation between the total number of USVs 

detected by the Mouse Song Analyzer and the total USVs detected by Avisoft (r (69) = .71, 

p < .001) (Figure 1A). A Mann-Whitney U test was then used to assess if one program 

detected a significantly greater quantity of USVs than the other and found that Avisoft 

detected significantly more vocalizations than the Mouse Song Analyzer (U = 640, p < .001) 

(Figure 1B). For the Fmr1-FVB.129 model, there was a large correlation in the USVs 

detected between the two programs (r (88) = .95, p < .001) (Figure 1C). There was no 

significant difference in the quantity of vocalizations detected between Avisoft and the 

Mouse Song Analyzer (t (176) = .99, p = .32) (Figure 1D). In the NS-Pten-FVB model, there 

was a large correlation between the Mouse Song Analyzer and Avisoft for the total USVs 

that were detected (r (132) = .61, p < .001) (Figure 1E). However, upon analysis with a 

Mann-Whitney U test, Avisoft was found to detect significantly more vocalizations than the 

Mouse Song Analyzer (U = 7539, p < .001) (Figure 1F). In the 129 strain, there was again a 

large correlation present for the quantity of USVs detected in the Mouse Song Analyzer and 

those detected in Avisoft (r (19) = .99, p < .001) (Figure 1G). No significant difference in 

USV detection was found between the two systems (t (38) = .30, p = .77) (Figure 1H).

3.2 Correlation controlling for variables of assessment

A partial correlation was performed to determine the strength of the relationship between the 

number of USVs detected by the two systems whilst controlling for sex (male, female) 

(Figure 2A), strain (C57BL/6, Fmr1-FVB.129, NS-Pten-FVB,129) (Figure 2B) age of the 

animal (PD8,11,12,49,60) (Figure 2C) and treatment (genotype or seizure status) (Figure 

2D). There was a large positive correlation between the number of USVs detected across the 

two systems, which was statistically significant (r (307) = 0.69, p < 0.001). The zero-order 

correlation also showed that there was a large statistically significant correlation between the 
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number of USVs detected across the two systems (r (310) = 0.66, p < 0.001), indicating that 

these covariates had little influence in controlling for the relationship between the two 

systems (Figure 2E).

Due to our earlier comparisons, which found a statistically significant difference in the 

number of USVs detected between systems for the C57BL/6 and NS-Pten-FVB strains, 

another partial correlation was run with the strain variable only including the C57BL/6 and 

NS-Pten-FVB mice. This was done to assess whether the extremely strong correlations 

between programs for 129 mice were biasing the earlier partial correlation and masking a 

weaker relationship between systems for the C57BL/6 and NS-Pten-FVB mice. Upon 

running this analysis, we observed a large positive correlation between systems while 

controlling for sex (Figure 3A), strain (C57BL/6, NS-Pten-FVB) (Figure 3B), age (Figure 

3C), and treatment (Figure 3D) (r (201) = 0.66, p < 0.001). However, the zero-order 

correlation was notably weaker (r (201) = 0.54, p < 0.001) with strain accounting for .36 of 

the variance (Figure 3E). Therefore, while the sex, age, and treatment covariates have little 

influence on USV detection between systems, the strain of the mouse does substantially 

influence the relationship between USVs detected in Avisoft and those detected in the 

Mouse Song Analyzer.

4. Discussion

The present study compared the Avisoft analysis system to the MATLAB Mouse Song 

Analyzer analysis system in order to assess the reproducibility of findings between 

programs. The USV detection parameters (sampling frequency, high and low cut offs etc.) 

were congruent between systems in order to ensure a fair comparison. The C57BL/6, Fmr1-
FVB.129, NS-Pten-FVB, and 129 strains were assessed since they are commonly used, 

comprising 52% of the most popular mouse strains purchasable from Jackson labs (Jackson 

Lab). Upon assessment, large correlations were found between systems for each strain. 

However, accompanying tests did indicate that Avisoft selectively detected significantly 

more USVs than the Mouse Song Analyzer. The strain of mouse assessed was shown to 

significantly influence the relationship between recording systems, while the variables of 

sex, age, and treatment did not significantly affect USV detection for Avisoft or the Mouse 

Song Analyzer.

Although large correlations between Avisoft and the Mouse Song Analyzer were detected 

for the total quantity of USVs emitted in C57BL/6 and NS-Pten-FVB mice, the correlations 

were lower than expected, as they were .71 and .60, respectively. This is less than ideal, 

since the standard in the literature for two systems under analogous detection parameters is a 

correlation between .9–1 (McHugh, 2012). Notably, data that is less highly correlated may 

lead to USV findings that are not consistent across analysis programs. Our study supports 

this, as we found that Avisoft detected significantly more USVs than the Mouse Song 

Analyzer for both C57BL/6 and NS-Pten-FVB mice. Additionally, upon further assessment 

with a partial correlation, these two strains were shown to substantially influence the 

relationship between Avisoft and the Mouse Song Analyzer for USV detection. Altogether, 

this indicates that results attained in one system for either the C57BL/6 or NS-Pten-FVB 

mouse strains may not be reproducible in the other system.
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Interestingly, while lower than expected correlations were observed for C57BL/6 and NS-

Pten-FVB mice, this was not the case for the Fmr1-FVB.129 and 129 mice. Each of these 

strains exhibited correlations greater than .9 (.95 and .99 respectively). Furthermore, there 

was no statistically significant difference in the total quantity of USVs detected between 

programs and neither strain was shown to substantially influence the relationship between 

Avisoft and the Mouse Song Analyzer. Therefore, for the 129 background strain, results 

appear to be reproducible across systems.

The selective variability in USV detection between Avisoft and the Mouse Song Analyzer 

may best be attributed to the cut off parameters of the automated software. Specifically, for 

C57BL/6 and NS-Pten-FVB mice, the MATLAB algorithm that breaks down clusters of 

USVs may do so in a manner that occasionally counts 2 USVs that occur close together in 

time as one larger USV. Since Avisoft requires an operator to manually examine each 

vocalization, such a potential pitfall could be corrected or outright avoided, resulting in a 

larger total USV count for Avisoft. Specifically, the Avisoft program avoids the problem of 

USV clustering by rending a two-dimensional representation of each vocalization in addition 

to transducing USVs to put them into the human auditory spectrum. Therefore, Avisoft 

provides both visual and auditory cues to the user in order to ensure a valid and accurate 

detection of the USVs. However, for the 129 strain, it is possible that these mice simply 

vocalize in a pattern that better conforms to the automated detection algorithm, perhaps 

displaying a larger interval of time between vocalizations than either the C57BL/6 or NS-

Pten-FVB strains, thereby avoiding any discrepancies in USV detection. Furthermore, a 

previous study by Wiaderkiewicz (2013) found that 129 mice emit fewer clusters of USVs 

than C57/BL6 mice. While this difference was non-significant, any reduction in the clusters 

of vocalizations may decrease the complexity of USV detection, and in turn better conform 

to the Mouse Song Analyzer’s algorithm (Wiaderkiewicz et al., 2013). Altogether, several 

factors may contribute to the strain-specific differences in vocalization detection between the 

Mouse Song Analyzer and Avisoft. Due to the growing prominence of automatic detection 

software, the elucidation of potential factors that may bias automatic USV detection 

represents a compelling future direction for further study.

Previous studies have found that a significant amount of published scientific literature is 

unable to be reproduced. Specifically, past studies assessed 170 papers published in 

psychology, behavioral, or medical journals and found that only 36–61% percent of the 

assessed studies were able to be replicated (Camerer et al., 2018; Ioannidis, 2005; OCS, 

2015). Due to the cumulative nature of science, any inability to reproduce prior findings can 

have a long-lasting impact for basic, translational, and clinical research. Failures in 

replication have spurred the NIH to initiate a charge to enhance rigor and reproducibility in 

science (NIH). While our study takes a valuable step towards fulfilling this charge, more 

studies need to follow in order to ensure consistent results in vocal communication research, 

as there are numerous USV analysis programs available that are often not externally 

validated. Thus, future studies could continue to compare Avisoft and the Mouse Song 

Analyzer across other commonly used mouse strains, as our study indicates that strain is a 

more important variable in USV detection than the age, sex, or treatment (knockout, or 

seizure status) of the mice. Future investigations could also compare the reliability of 

automatic and manual programs when assessing the spectral and temporal characteristics of 
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USVs, as well as the types of USVs being emitted, as these parameters have also been 

shown to be relevant to communication and neurodevelopmental disorders (Binder and 

Lugo, 2017; Esposito et al., 2017; Esposito and Venuti, 2009; Esposito and Venuti, 2010; 

Scattoni et al., 2008). Additionally, studies comparing Avisoft to other recently developed 

USV analysis programs such as the DeepSqueak or MUPET, automated and semi-automated 

programs, would provide pertinent points of comparison as well as further validation, and 

could help researchers make more informed decisions when selecting data extraction 

methods (Coffey et al., 2019; Van Segbroeck et al., 2017). These studies could also be 

extended to include rats as well, since any inconsistency between USV analysis programs 

would similarly affect rat communication research. Overall, this process of internal 

validation is of the utmost necessity and will allow for the reproducibility of vocalization 

results to be independent from the software used in analysis.

4.1 Conclusion

Altogether, large correlations between Avisoft and the Mouse Song Analyzer were observed 

for each strain assessed. Furthermore, there were near perfect correlations between programs 

for the 129 mice indicating a high degree of reproducibility when USV counts are low. 

However, for the C57BL/6 and NS-Pten-FVB strains, which emit a greater quantity of 

USVs, Avisoft was shown to detect significantly more vocalizations than the Mouse Song 

Analyzer, which indicates that some findings in these strains may not be reproducible with 

both programs. Therefore, while large correlations between systems were present, the 

overall data indicates that Avisoft is superior to the Mouse Song Analyzer when assessing 

the total USV count, particularly when USV counts are high, which may be attributed to 

different cut off parameters between systems. However, while Avisoft is selectively more 

sensitive, it also comes at a significant time expenditure that is largely avoided in the Mouse 

Song Analyzer program. Therefore, both systems have relative advantages and 

disadvantages that should be taken into consideration by researchers in the vocalization field 

before either program is utilized or results interpreted.
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Highlights

• There were significant strain-specific differences in USV detection across 

systems

• Avisoft requires more time but detects more USVs than the Mouse Song 

Analyzer

• The Mouse Song Analyzer takes less time but detects fewer vocalizations

• There are relative advantages and disadvantages with both programs

• Not all vocalization findings may be reproducible across systems
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Figure 1. The Avisoft system detects more vocalizations in the C57BL/6J and NS-Pten-FVB 
background strains, but not the Fmr1-FVB.129 and 129 background strains, when compared to 
the Mouse Song Analyzer.
(A). There is a large correlation between systems for C57BL/6 mice. (B). Avisoft detected 

significantly more USVs than the Mouse Song Analyzer for C57BL/6 mice. (C). There is a 

large correlation between systems for Fmr1-FVB.129 mice. (D). There is no statistically 

significant difference in the quantity of calls detected between Avisoft and the Mouse Song 

Analyzer for Fmr1-FVB.129 mice. (E). There is a large correlation between systems for the 

NS-Pten-FVB mice. (F) Avisoft detected significantly more USVs than the Mouse Song 
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Analyzer for NS-Pten-FVB mice. (G). There is a large correlation between systems for 129 

mice. (H). There is no statistically significant difference in the quantity of calls detected 

between Avisoft and the Mouse Song Analyzer for 129 mice. The data points represent the 

mean and the error bars represent the standard error of the mean. * = p < .05, ** = p < .01, 

*** = p < .001.
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Figure 2. Overall, sex, strain, age, and treatment do not moderate the relationship between 
vocalizations detected by the MATLAB and Avisoft systems.
(A-D). Upon controlling for the variables of sex, strain, age, and treatment, a large 

correlation of r = .69 was found. (E). The zero-order correlation of .66 indicates that none of 

these covariates substantially influence the relationship between USVs detected in Avisoft 

and those detected in the Mouse Song Analyzer (p < .05).
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Figure 3. When assessing the C57BL/6 and NS-Pten-FVB strains, strain substantially moderates 
the relationship between Avisoft and MATLAB but sex, age, and treatment do not.
(A-D). Upon controlling for the variables of sex, strain, age, and treatment in the C57BL/6 

and NS-Pten-FVB strains, a large correlation of r = .66 was found. (E). The zero-order 

correlation of .54 revealed that strain substantially influences the relationship between USVs 

detected in Avisoft and those detected in the Mouse Song Analyzer, whereas the sex, age, 

and treatment variables do not substantially influence this relationship (p < .05).
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