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ABSTRACT – The application efficiency of several statistical methods was tested based on an open field 
behavior test of mice. The examined trait was the duration time until the animals approached the ex-
perimenter’s hand. The available time was fixed in 300 seconds. There were monitored 80 mice be-
longing to two different species of the Mus genus in equal proportion. Besides, male and female and 
young and adult animals have also represented the evaluated groups in equal proportions. The data of 
the examined trait was analyzed with Generalized Linear Models, Kaplan-Meier survival curves, and 
with Cox Proportional hazard model. The applied statistical procedure provided completely discordant 
results. According to the GLM results none of the examined factors (species, sex, and age) had signifi-
cant effects on the examined variable. On the contrary, all factors proved to be significant using a pro-
cedure based on the survival analysis. Kaplan-Meier survival curves indicated a higher proportion of 
individuals successfully approaching the experimenter’s hand in all of the compared groups represent-
ing different species sexes and ages, respectively. The estimated Cox regression coefficients were sig-
nificant indicating the significant effects of the species, sex, and age on the investigated trait. Based on 
the estimated Hazard ratios the probability that in the next time unit a successful approach of the ex-
perimenter’s hand would occur is three times more likely for one species than the other, twice as much 
for males and the juveniles than for the females and for the adults. Based on the present study it could 
be concluded that the successful approach of the experimenter’s hand by the mice is clearly “time to 
event data” thus it is suitable to be analyzed with survival analysis procedures. It could be concluded 
that applying conventional GLM was not adequate because due to the lack of the successful approach 
and approach times the censored data should not be used and thus the sample size would largely be 
reduced. 
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INTRODUCTION 

In any statistical analysis (depending on the research hypothesis) type and dis-
tribution of the utilized data will determine the applied statistical method. In 
animal science, most of the economically important traits are quantitative so 
that they can be measured and they can be characterized by real numbers 
providing also the unit of measurement. For these cases, the applied statistical 
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methods are generally straightforward and widely known. There are however 
some other data types that are much less common and consequently, adequate 
analyzing methods are less frequently used. One of these method is survival 
analysis which is a statistical method targeting the so called time-to-event 
data. The meaning of the term “event” could be death (Moreno-Bentancur et al., 
2017), developing a disease (Lánczky et al., 2016; Li et al., 2018), or any other 
well-defined action that can unambiguously be detected on a time scale. Con-
ventionally from the human aspect, the occurrence of the event was usually 
negative therefore it is often called “failure” but the character of the event can 
also be positive such as the necessary time for the unemployed people to find 
a new job (Brück-Klingberg et al., 2011). One of the most peculiar characteris-
tics of the survival analysis is that at the end of the predefined examination 
period generally not all of the monitored subjects had achieved the event (i.e. 
they are not yet died from cancer, they may not have found a new job, etc). This 
phenomenon is called censoring which means that at the end of the study the 
fate of these subjects is simply unknown. Probably the most invaluable char-
acteristic of survival analysis is that the data of these subjects are not wasted 
but also utilized in the statistical analysis by including a binomial variable 
providing the status of every subject (i.e. if the event happened or not). Inter-
estingly for certain diseases like AIDS, the related data is left-censored because 
of the detection limits of this disease (Chen et al., 2014). 

In animal science, the most obvious application possibility is to analyze lon-
gevity (Baginé Hunyadi et al., 2016a; Soltész et al., 2016; Török et al., 2021) 
where longevity is describing productivity and usually covers the period be-
tween first parturition and culling. Longevity has high economic importance 
as culling of the animals is involuntary and related to developing certain dis-
eases or leg problems (Balogh et al., 2015). However, depending on the utili-
zation of the animals’ longevity can also describe the length of their successful 
sport carrier (Sole et al., 2017). Nevertheless, other time-to-event data can also 
be examined such as farrowing interval (Baginé Hunyadi et al., 2016b). An-
other area where survival analysis is the adequate method for statistical anal-
ysis is the animal behavior studies especially those describing the animals’ ex-
ploratory behavior (Hansen et al., 2015). In earlier studies, exploratory behav-
ior was investigated based on either novel object test (Fox et al., 2009) or open 
field test (Fitzgibbon, 1994), however according to more recent findings these 
tests measure several dimensions of the behavior and characterize several ar-
eas of personality (Coleman et al., 1998). One of the main benefits of these tests 
is that results are generally repeatable both in novel and in accustomed envi-
ronments. Performing these tests provides insight to the area of exploration 
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while in the accustomed environment it characterizes boldness (Coleman et al., 
1998). The present study aimed to demonstrate the adequacy of survival anal-
ysis using the example of an open field behavior test in mice where its effi-
ciency is compared to an other conventional statistical method. Besides, ac-
cording to the intention of the authors, the detailed explanation of the survival 
analysis procedure could also increase its recognition and more frequent use 
in animal science. 

MATERIAL AND METHODS 

In the present study, an open field was used to describe mouse behavior. The 
experiment was performed in the rodent house of the Kaposvár Campus of the 
Hungarian University of Agriculture and Life Sciences. The rodent house has 
its mouse breeds, where individuals of known ages, sexes, and backgrounds 
are kept. The current stock came from several wild populations captured from 
different parts of the country. The study was performed on 80 laboratory-born 
offspring of wild animals belonging to two different species of the Mus genus 
in equal proportion. Besides, male and female and young and adult animals 
have also represented the evaluated group in equal proportions. Animals were 
housed in standard laboratory plastic rodent boxes at standard laboratory 
temperatures of 20-22 ° C. For littering, purified wood chips (LIGNOCELL J. 
Rettenmaier & Söhne GmbH, Rosenberg, D) were used, complete rodent feed 
(Ssniff S8106-SO11 Spezialdiäten GmbH, Soest, D) and water were available to 
the animals ad libitum. For the study, selected individuals were tested individ-
ually in a 36.5 x 21 x 18 cm white plastic box. The time of the test is 300 sec-
onds, during which the behavior of the animal was recorded (approach, num-
ber of approaches, first approach). Mice were grouped by species, sex and age 
group. Young mice were selected from 28 to 35 days of age while adult mice 
from around 500 days. 

The statistical analysis of the duration of approaching the experimenter’s 
hand was performed by several methods. After showing with the Shapiro-Wilk 
normality test that the normal distribution of the data was not given (p<0.001) 
Generalized Linear Model was applied using the SAS 9.4 software (PROC GLM), 
where species (one and two) sex (male and female) and age (juvenile, adult) 
were treated as fixed factors. Besides, the duration of approaching the re-
searcher’s hand was analyzed separately for the species, sex and age using the 
Survival function (Kaplan and Meier, 1958) where the survival function (S (t)) 
estimates the probability (P) that the object of the experiment survives longer 
(T) than some specified time (t): S(t) = P(T >  t) in this study, it means that the 
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animal did not yet approach the hand of the experimenter. Significant differ-
ences between the various survival function curves were determined by ap-
plying the Log-rank test (Kaplan and Meier, 1958). Finally, the effects of spe-
cies, sex and age on the duration of approaching the experimenter’s hand was 
also analyzed applying Cox Proportional Hazard model (Cox, 1972) (also called 
Cox Regression) where the hazard is the probability that after a certain period 
the event would occur during the next time unit (i.e. the successful approach-
ing will occur in the next second). The Cox regression will provide the regres-
sion coefficients (b) for the breed and the age and raising the coefficients to 
the power of the exponential constant (appr. 2.718) will provide the hazard 
ratio or the relative hazard: 

Hazard ratio = exp(b) 

The hazard ratio is constant for the whole examination period (5 minutes 
in this case). In the present study, the relative hazard shows the ratio of the 
probabilities that during the next unit of time a successful approach of the ex-
perimenter’s hand will occur in the examined species, sex, and age groups, re-
spectively (Woodward, 2014). These statistical analyses were performed using 
the SAS 9.4 software package applying the LIFEREG (SAS Inst. Inc., 2013) and 
PHREG (SAS Inst. Inc., 2014) procedures. To guarantee the repeatability of 
these procedures all the SAS script with the embedded data is provided as sup-
plementary material (S1.sas). 

RESULTS AND DISCUSSION 

The descriptive statistics of the analyzed variable are provided in Table 1. It 
has to be mentioned that in 28 cases the animal did not approach the experi-
menter’s hand at all. According to the data pattern of the groups, the animals 
representing the first species generally approached the experimenter’s hand 
slower than that of the mice in the second group. Besides, the males and juve-
niles showed shorter approaching times than that of the females and adults, 
respectively, however, all group means coincided with large standard devia-
tions. Consequently, according to the GLM results none of the examined factors 
(species, sex, and age) had a significant effect on the examined variable 
(p>0.05).  
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Table 1 
The descriptive statistics of the duration of approaching the experimenter’s hand 

Factor N Mean Standard  

deviation 

Min. Max. 

Species1 

Sex 1 

Age 1 

10 140,20 30,982 0 234 

Species 1 

Sex 1 

Age 2 

10 121,50 27,237 0 204 

Species 1 

Sex 2 

Age 1 

10 61,30 31,232 0 212 

Species 1 

Sex 2 

Age 2 

10 82,00 27,395 0 177 

Species 2 

Sex 1 

Age 1 

10 89,80 19,994 0 152 

Species 2 

Sex 1 

Age 2 

10 52,90 7,288 0 78 

Species 2 

Sex 2 

Age 1 

10 102,80 28,082 0 187 

Species 2 

Sex 2 

Age 2 

10 55,40 12,387 0 94 

 

The survival function curves for the different breed and age groups were 
provided in Figures 1-3, respectively. The lower curves of a species, sex, or age 
group indicate a higher proportion of individuals successfully approaching the 
experimenter’s hand compared to the animals of the other group. Log-rank test 
showed significant effects of all factors (p<0.05). 
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Figure 1. Survival curve of the species 

 
Figure 2. Survival curves for the sexes 
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Figure 3. Survival curves for the age groups 

In Figure 1. it is shown that for the mice of the first group it took appr. 130 
seconds until the first animal managed to approach the hand of the experi-
menter while for the second group this time was 100 seconds faster. The nec-
essary time by which 50% of the mice completed their first hand approach was 
211 and 130 seconds, in the first and second groups respectively. The propor-
tion of animals failing to perform any approach was substantially higher in the 
first species (42,5%) than in the second group (25%). Interpretation of Figures 
2-3. are the same and it can be seen that the necessary time by which 50% of 
the male and female and juvenile and adult mice performed their first ap-
proach were 179 and 204 and 158 and 207 seconds, respectively. Besides, the 
proportion of animals failing to perform any approach was substantially 
higher in the female (45%) than in the male (22.5%) and in the adult (40%) 
than in the juvenile (27.5%) group.  

The Cox regression parameters estimated by the PHREG procedure are pre-
sented in Table 2. 

The estimated Cox regression coefficients were significant indicating the 
significant effects of the species, sex, and age on the investigated trait. Based 
on the estimated Hazard ratios the probability that in the next time unit a suc-
cessful approach of the experimenter’s hand would occur is three times more 
likely for one species than the other, twice as much for males and the juveniles 
than for the females and for the adults. 
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Table 2 
Maximum Likelihood estimates of Cox regression coefficients (b) and Hazard ratios exam-
ining the effects of species, sex, and age of mice on the duration of their first successful ap-
proach to the experimenter’s hand. 

Factor b SE p Hazard ratio 

Species 1.12 0.30 0.0001 3.08 

Sex -0.77 0.29 0.008 0.46 

Age 0.81 0.28 0.005 2.25 

 
Looking at the relevant literature, it is clear that the conventional ANOVA 

is a frequent evaluation method analyzing behavior tests (Brantsater et al., 
2017, Lee et al., 2021). Brantsater et al. (2017) even emphasized that ANOVA 
(rather than Survival Analysis) was used analyzing the approaching time of 
poultry to a novel object during 120 seconds which trait was a right-censored 
time to event data. Looking at the observations, of the present study the main 
problem with ANOVA/GLM was that 28 out of 80 animals did not approach at 
all the experimenter’s hand (S1.sas) which is 35% of the investigated sample. 
However, a general approach from the researchers that the so-called censored 
data is often coded as the possible maximal value of the examined trait, and 
the data is analyzed with ANOVA afterward. This procedure is not appropriate 
however, as for the censored data the exact value is not known so it should not 
be included in the analysis at all. The survival function curves are not affected 
by this problem since the status of the animals (data censoring) has been taken 
into account. Another advantage of the survival curves is that they are highly 
informative and provide a clear overview of the number of completed ap-
proaches of the experimenter’s hand throughout the whole examination pe-
riod in the examined groups. The only unfavorable characteristic of the Kaplan 
Meier curves is that they can only describe one factor at a time. Examples for 
applying Kaplan Meier survival curves can be found in various studies exam-
ining for example pig longevity (Baginé Hunyadi, 2016a) or mink behavior 
(Haage et al., 2017). The problem of investigating one factor at a time was not 
apparent in the Cox regression where the species, sex, and age effects could be 
examined simultaneously. Using the same methodology as in this study similar 
results were received in a rabbit behavior study where the running rejection 
behavior of rabbits on a treadmill was investigated (Nagy et al., 2004). Another 
example of applying Cox Proportional Hazard was reported in a behavior study 
of spotted hyenas (Greenberg et al., 2017) where it was observed that the Cox 
proportional hazards model was significant indicating that subjects in the 
high-disturbance area were significantly less neophobic than subjects in low-
disturbance areas. 
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CONCLUSIONS 

Based on the present study it could be concluded that the successful approach 
of the experimenter’s hand by the mice is clearly “time to event data” thus it is 
suitable to be analyzed with survival analysis procedures. Applying conven-
tional GLM would not be adequate because due to the lack of successfully ap-
proaching the experimenter’s hand and approach times the censored data 
should not be used and thus the sample size would largely be reduced. 
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