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Fear conditioning is a frequently used paradigm for assessing learning and memory in rodents. Tradi-
tionally researchers have relied upon scoring of fear-related behavior by human observation, which can
be difficult and subjective and thus vary among investigators. The goal of this study was to evaluate the
ability of EthoVision tracking software (Noldus Information Technology Inc.) to reliably and accurately
score fear-related behavior in mice. Specifically, we were interested in its ability to accurately track mice
obility
ear conditioning
ehavior
utomated scoring

and score immobility as a fear-related behavior during contextual and cued fear conditioning. Contex-
tual and cued fear conditioning were performed in modified PhenoTyper chambers (Noldus Information
Technology Inc.) fitted with grid floors to deliver a scrambled foot shock. Our results demonstrate that
we have identified parameters in EthoVision that can accurately track mice and be used for automated
scoring of immobility that is nearly identical to scoring by human observation. Together, EthoVision soft-
ware and the modified PhenoTyper chambers provide an excellent system for the reliable and accurate

ted b
measurement of fear-rela

. Introduction

Contextual and Cued fear conditioning are Pavlovian or classi-
al conditioning tasks in which an animal learns the relationship
etween an aversive event and external stimuli that predict the
versive event. Fear conditioning is widely used to investigate the
eurobiology of learning and memory at the molecular, cellular,
ystem, and behavioral level (reviewed in Maren and Quirk, 2004).
ur goal was to examine the ability of EthoVision software to
ccurately track and measure immobility in mice subjected to con-
extual and cued fear conditioning.

Measuring fear-related behavior by a human observer can be
ifficult, especially when attempting to analyze the behavior of
ultiple cages in large experiments. Human observers can also

ave subtle yet significant differences in their subjective measure-
ents of fear-related behavior. This variability can potentially mask

mportant performance differences in fear conditioning. In addi-

ion, human observer scoring is highly time-consuming, making
t unsuitable for scientific endeavors that require high-throughput
nalysis. Finally, although human scoring is performed by blind
bservers, there are cases in which different groups can be easily
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identified (i.e. when comparing strains with different coat colors,
drug treatments causing obvious changes in behavior, lesions, etc.),
which compromise the objectivity of human scoring. Because of
the disadvantages of using human observers to score behavior, the
popularity and number of automated scoring software packages
has increased rapidly. Thus, several studies have focused on utiliz-
ing automated scoring software to measure fear-related behavior
in this paradigm. In this study, we examined whether a hardware
and software package (PhenoTyper chambers and EthoVision soft-
ware; Noldus Information Technology Inc.), that are commercially
available and specifically designed to be operated together, could
be used to measure fear-related behavior. We found EthoVision was
capable, when using a proper configuration, of excellent tracking
quality, matched human scoring of fear-related behavior, and that in
combination with modified PhenoTyper chambers can be utilized
for reliable and precise automated scoring of immobility in mice
subject to contextual or cued fear conditioning. The exact values for
each relevant identified parameter in measuring fear conditioning
are reported here.

2. Materials and methods
2.1. Animals

Male C57BL/6J mice bred in our animal facility from mice
originally obtained from Jackson Laboratories were used in most
experiments. Mice were 8–16 weeks old and had free access to food

http://www.sciencedirect.com/science/journal/01650270
http://www.elsevier.com/locate/jneumeth
mailto:mwood@uci.edu
dx.doi.org/10.1016/j.jneumeth.2008.12.021
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nd water in their homecages. Lights were maintained on a 12:12-h
ight/dark cycle, with all behavioral testing carried out during the
ight portion of the cycle. All experiments were conducted accord-
ng to National Institutes of Health guidelines for animal care and
se and were approved by the Institutional Animal Care and Use
ommittee of the University of California, Irvine.

.2. Experimental apparatus and software

Fear conditioning experiments were performed using a set of
our modified Noldus PhenoTyper (Model 3000) chambers (Lees-
urg, VA) with shock floors as previously described (Lattal et al.,
007). The PhenoTyper Model 3000 chamber has a 30 cm × 30 cm
oor and is 40 cm in height. The PhenoTyper chamber is equipped
ith a top unit including a matrix of infrared LED lights and an

nfrared CCD camera, with a high-pass filter blocking visible light.
he floor of the cages was modified to include a stainless steel grid
inter-bar separation: 0.9 cm) connected to an electric shock gener-
tor (Shock Scrambler ENV-414S; Med Associates, St. Alvans; VT).
utomated tracking and shock delivery control were performed
sing EthoVision 3.1 software (EthoVision 3.1; Noldus Information
echnology, Leesburg, VA; Noldus et al., 2001; Spink et al., 2001; see
ttp://www.noldus.com/ethovision for additional references and

nformation on EthoVision software). EthoVision software works as
contrast engine, recognizing objects by their differences in shade.
he program takes samples, or screenshots, of video data and calcu-
ates the area of the subject depending on the difference of contrast
etween the subject and the defined arena, as designated by each
ixel’s gray value. The detection method itself can be configured as
subtraction, or gray scaling method. A subtraction method uses
reference image of the experiment background, without the sub-

ect, to calculate where the subject is by subtracting real-time video
ata from the reference image. This method works well for exper-

ments, in which the experimental background does not change
ften. The gray scaling method uses light and dark thresholds to
etermine the subject within the designated experiment arenas.
or the purpose of our experiments, we chose to work with a gray
caling method, as it provided the most flexibility.

Every experiment is also recorded as MPEG-4 format video files
sing video capture software (Mediacruise, Canopus, San Jose, CA).
his allowed us to run MPEG videos through EthoVision 3.1 soft-
are to optimize parameters used to score immobility. Parameters

nclude: sample rate (described in detail in Section 3); process-
ng and detection method (grey scaling); object intensity (object is
lways darker than background); immobility threshold (5%); strong
obile threshold (95%); mobility averaging interval (20); erosion

nd dilation filters (erosion by 1 pixel, then dilation by 1 pixel). The
obility averaging interval averages the current sample taken with

he previous 19 (when set to 20) in order to adjust for false sam-
le detection issues. Freezing behavior was also assessed by hand
Fanselow, 1980). Freezing was defined by the absence of detected

ovement and continuously monitored across the whole session
ength by an experienced single observer blind to the experimental
onditions.

.3. Fear conditioning protocol

Mice were handled for three consecutive days for 1 min each day.
oth, contextual and cued fear conditioning protocols consisted of
ne session of conditioning followed, 24 h later, by a retention test
Vecsey et al., 2007; Wood et al., 2005, 2006). For contextual fear,

uring the conditioning session C57BL/6J mice were placed into the
onditioning chamber and received three 2 s 0.75 mA scrambled
ootshocks 2.5 min, 3.5 min, and 4.5 min after placement into the
hamber. Mice were removed from the chamber after 5 min. Dur-
ng the testing session, mice received one 5 min exposure to the
Methods 178 (2009) 323–326

same conditioned context in the absence of shock. For cued fear
conditioning, C57BL/6J mice handled in a similar fashion to those
used in contextual fear conditioning were placed into a chamber
and an audible cue (a built in buzzer housed in the PhenoTyper
chamber) was presented three times during a 5-min conditioning
trial. The buzzer was turned on for 30 s at 2 min, 3 min, and 4 min
after placement into the chamber. The CS-only group received only
those three audible cues. The CS/US group was subject to the same
three audible cues, but they each co-terminated with a 2-s 0.75 mA
footshock (thus three CS/US pairings). Mice were removed from
the chamber 5 min after initial placement into the chamber. A 24-h
retention test was performed the next day. Mice were introduced
into a novel context (the same conditioning chamber modified to
have a smooth flat floor, altered dimensions, and a novel odorant)
for a 5-min test trial. Fear testing was performed for two separate
durations during the test; the first 2 min without the audible cue
(Pre-CS) and from 2 min to 5 min when the audible cue was present
(CS). For both contextual and cued fear conditioning, the EthoVision
software was used to control shock periods/amplitude, cue presen-
tation (for cued fear conditioning), and experimental parameters
such as time trial and testing zones via user-defined variables.

2.4. Data analysis/interpretation

Data were analyzed using SPSS (Version 13.0 for MAC OS
X). Most of the results were analyzed by means of ANOVA,
including a repeated measures factor when necessary. Follow
up between groups multiple comparisons were conducted using
Student–Newman–Keuls or, in those cases involving a set of com-
parisons against a control group, Dunnett’s post hoc test (Seaman
et al., 1991).

Covariance and agreement between automated and trained-
observer scores of freezing/conditioned fear were assessed by
means of Pearson’s correlation index as well as the intraclass cor-
relation (Shrout and Fleiss, 1979) and bias coefficients (as derived
from Bland–Altman plots; Bland and Altman, 1986), respectively.
The intraclass correlation coefficient is an omega-squared like
statistic used as a measure of inter-judges reliability because it esti-
mates the proportion of variance in the data that is due to group
differences. This is because in contrast to Pearson’s Correlation,
where the variables of interest are modeled as two distinct traits,
with the mean and variance of each being estimated separately
(and, therefore, both variables do not share neither their metric or
variance), in the intraclass correlation the trait’s mean and variance
are derived from pooled estimates across all members of all groups.
Therefore, while the Pearson gives the proportion of shared vari-
ance between the two members of a pair without respect to group
membership, the intraclass correlation gives the proportion of vari-
ance accountable to group differences, rather than differences in the
judges, judge × subject interaction, or error (McGraw and Wong,
1996). On the other hand, the Bland–Altman plots is the standard
statistical approach used in clinical research when comparing two
different methods of measuring the same variable (McCluskey and
Gaaliq, 2007) because it provides both an average discrepancy index
between both methods (bias) as well as an individual treatment of
the sample studied

3. Results

In the first experiment, the objective was to establish parame-

ters within EthoVision to accurately score fear behavior in C57BL/6J
mice subjected to contextual fear conditioning. To score fear-related
behavior, we used the mobility detection function on EthoVision,
which has a lower threshold to separate immobility from mobility,
and an upper threshold to separate mobility from strong mobil-

http://www.noldus.com/ethovision
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Fig. 1. Establishing automated scoring of immobility using EthoVision. (A) Mice
were subject to contextual fear conditioning and then received a 24-h retention
test in the conditioned context. The retention test lasted for 5 min during which
EthoVision was used to score immobility and compared to scoring by human
observation. MPEG video was generated during the retention test in order to run
multiple times through EthoVision to optimize parameters to match performance
scored by human observation. Sample rate configurations included 1 sample/6 s,
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rent attempt to identify the molecular, cellular and physiological
sample/1 s, and 6 samples/s. (B) 6 samples/s most closely matched freezing scored
y human observation (Hand Scoring) and reduced measurement bias as calculated
y Bland–Altman plots. Values are mean ± S.E.M.

ty. The lower threshold was set to 5.0% to score immobility, which
eans there can be no more than 5.0% change in the pixels of a

etected object between current sample and previous sample (see
ection 12.3.3 of EthoVision 3.1 Reference Manual). Another impor-
ant factor in adjusting the automated scoring to match our hand
coring was to set the averaging interval to 20.0. The averaging
nterval will smooth the mobility parameter, which means potential
roblems with tracking will be smoothed out.

Using these parameters (more fully described in the Section 2),
e studied the effect of different sample rates on the score accuracy
rovided by EthoVision software as compared to those provided by
n experienced human observer assessing the same group of mice
Fig. 1). Increasing sample rate resulted in higher freezing scores.
his effect was confirmed by means of an ANOVA, which yielded a
ignificant difference between groups (F(3,20) = 17.0, p < 0.0001). As
etermined by Dunnett’s post hoc comparisons, low to interme-
iate sample rates (1 sample/6 s or 1 sample/s) resulted in a poor

dentification of freezing, that is, significantly lower than the scores
rovided by a human observer (p < 0.01). However, when sample
ate was increased up to 6 samples/s, there were no differences
etween automated and hand scoring (Fig. 1A).

These results are in agreement with the increasing covariance

bserved between hand-scoring and EthoVision software provided
cores as a function of sampling rate (r = 0.49, p = .41; r = 0.81,
= 0.05; r = 0.96, p = 0.003 for 1 sample/6 s, 1 sample/s, 6 samples/s,

espectively). However, covariation does not necessarily imply
Methods 178 (2009) 323–326 325

agreement and comparing two methods of measuring the same
variable using only this kind of covariation indexes can be mislead-
ing (i.e. two methods can show a clear concordance in the relative
allocation of the subjects of a sample but little agreement in the
overall estimate of the measured variable). Therefore, we calcu-
lated the intraclass correlation between the freezing EthoVision
software scores obtained at each sample rate and those obtained
by a human observer. Once again, we observed that increasing the
sample rate allowed EthoVision scores to reach human observation
scores (intraclass correlation indexes were 0.024, p = 0.266; 0.239,
p = 0.01; 0.909, p = 0.001, for 1 sample/6 s, 1 sample/s, 6 samples/s,
respectively). Finally, we constructed different Bland–Altman plots
and calculated the bias index provided by this method. More specif-
ically, the bias (average discrepancy) was calculated by averaging
the difference between the scores obtained for each individual by
hand scoring and by the software at each sample rate. Fig. 1B depicts
how bias is reduced as a function of the sample rate. This effect was
confirmed by means of ANOVA [F(2,10) = 105.656, p < 0.0001] and
subsequent SNK post hoc multiple comparisons, which revealed
that higher the sample rate, lower the bias (1 sample/6 s versus
1 sample/1 s, p < 0.05; 1 sample/6 s versus 6 samples/1 s, p < 0.01).
Taken together, these data suggest that with the appropriate sam-
ple rate, freezing scores obtained by the EthoVision system are
analogous to those obtained by well-trained human observers.

We next examined the ability of EthoVision to score fear-related
behavior in contextual and cued fear conditioning experiments. For
contextual fear conditioning, one group (CS) only received expo-
sure to the context, but no shock. A different group received three
CS–US pairings during conditioning. There was a significant dif-
ference between the CS and CS–US groups in a 24 h retention
test (F(3,28) = 23.0, p < 0.0001). We observed no differences between
automated scoring of immobility and our hand scoring in either
the CS group or the CS–US group (Fig. 2), using the sample rate of
6 samples/s. Importantly, a higher sample rate of 15 sample/s results
in much higher false positive scoring (data not shown). For cued fear
conditioning, one group (CS) only received exposure to the con-
text and tone, but no shock. A different group received three CS–US
pairings during conditioning, in which the CS is a 30-s tone that co-
terminates with a foot shock. The 24-h retention test, performed in
a novel context, consists of a pre-CS period (time interval before the
tone comes on during the retention test) and a post-CS period (time
interval during which the tone is on in the retention test). There was
a significant difference between CS and CS–US groups in the post-
CS period during the retention test (F(7,46) = 52.0, p < 0.0001). There
were no differences within the CS only group with regard to pre-CS
and post-CS immobility. These results demonstrate that the modi-
fied PhenoTyper cages can be used for contextual fear conditioning
and that EthoVision software parameters can be set to reliably and
accurately match human scoring of fear-related behavior.

4. Discussion

The main conclusion of the present study is that, under the
proper software configuration, the use of the hardware-software
tandem provided by PhenoTyper-EthoVision resulted in fully auto-
mated, reliable, and precise quantification of immobility in mice
subject to contextual or cued fear conditioning. In this regard, the
use of this system might provide a standardized high-throughput
automated set-up to measure fear-related behavior across differ-
ent laboratories. Such a standard would be clearly advantageous
when trying to compare results from different sources in the cur-
mechanisms underlying learning and memory processes.
Unlike many systems, EthoVision software interfaces with the

PhenoTyper chambers directly to operate the chambers and it also
scores the behavior. Further, MPEG videos can be recorded simul-
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Fig. 2. Modified PhenoTyper chambers in combination with EthoVision software
can be used for contextual and cued fear conditioning. (A) Mice were subject to con-
textual fear conditioning and then received a 24-h retention test in the conditioned
context. One group was exposed to the context in the absence of a shock (CS-only
group). A different group received three CS–US pairings (CS–US group). EthoVision
scored immobility nearly identical to scoring by human observation. (B) Mice were
subject to cued fear conditioning and then received a 24-h retention test in a novel
context. The retention test lasted 5 min, which was comprised of a period of time
in the novel context without a tone (Pre-CS) followed by the onset of tone (Post-
CS). One group received the tone but no shock (CS-only). A different group received
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hree CS–US pairings (CS–US group). Again, EthoVision scored immobility very sim-
larly to scoring by human observation. Further, these results also demonstrate the
se of PhenoTyper chambers for contextual and cued fear conditioning. Values are
ean ± S.E.M. *p < 0.05.

aneously such that the videos can be replayed to perform multiple
ounds of additional scoring of other behaviors of interest. Thus,
ardware operation and animal behavior scoring can be finely
uned through the same computer software system. EthoVision per-

its exquisite control over user defined parameters for automated
coring of behavior allowing the experimenter to adjust tracking
ensitivity and behavioral scoring to achieve measures that are vir-
ually identical of those reported by well trained human observers.
mportantly, this close match between human observer and Etho-
ision scores remained regardless of the levels of freezing (e.g. the
ame degree of concordance was observed at low and high levels
f freezing; see Fig. 2).

The PhenoTyper-EthoVision system provides several additional
dvantages over human observers. First, this system allows for the
imultaneous monitoring of multiple chambers, which increases

roductivity and data acquisition in this time-consuming process.
econd, because it can operate under infra-red conditions, we have
bserved that the PhenoTyper-EthoVision system can provide the
ame reliable scores under a wide variety of conditions, including
otal darkness (data not shown). This might be a crucial feature
Methods 178 (2009) 323–326

for growing number of studies dealing with the involvement of
circadian rhythms in learning and memory, and many other behav-
ioral domains (Eckel-Mahan et al., 2008; Perreau-Lenz et al., 2007;
Zueger et al., 2006). Third, because EthoVision software processes
digital video, behavioral set-ups can be run in nearly any location
as long as a digitial video camera is used to capture video, which
can then be processed by EthoVision.

Our results extend previous reports on the different possible
applications of this equipment used to measure locomotor behavior
in rodents (de Visser et al., 2005, 2006, 2007; Dalm et al., 2008). In
summary, the present study shows that the combined use of Pheno-
Typer chambers with the EthoVision software package provides an
integrated system able to measure fear-related behavior generated
by fear conditioning in a fast, reliable and flexible manner.
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