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Often, researchers must coordinate several behavioral
measures or additional data streams with videotape rec-
ords. The present system provides a straightforward way to
write data directly onto a videotape from the PC that con-
trolled the learning experiment in real time and to extract
these data synchronizedwith the videotaperecord. This sys-
tem takes advantage of the videotape recorder’s time coded
track and its two audio channels (not available on low-end
VHS) and allows researchers to record PC status signals,
such as the onsets of conditionedstimulus (trial onsets) and
unconditionedstimulus, as well as animals’ response events
during shuttlebox learning. Otherwise, these important
schedule components would not be apparent to the obser-
vational data file (ODF), and the key-defined insertion of
trial onsets and animal responses using the keyboardof the
analysis PC would have to be performed manually (and
time-consumingly)by a person watching the videotapedur-
ing behavioral analysis.

Studying animal learning merely on the base of particu-
lar behavioral measurements (i.e., the rate of conditioned
responses) might lead to an incompleteconclusion.Thus,
the observationof several further behavioral events can aid
in a more complete understandingof learningmechanisms.

METHOD

The Experimental Setup
This setup consisted of a shuttlebox, a PC, a shuttlebox control

unit with a DTMF coder, and a video camera (Figure 1A).

The shuttlebox was controlled by the PC via a shuttlebox control
unit that was connected to the PC by a digital I/O card. The presenta-
tion of the tone stimuli and the delivery of electric footshock pulses to
the grid floor of the shuttlebox were PC controlled. In parallel, the PC
status signals, such as tone stimulus onset, footshock onset, and ani-
mal response, were transformed into the exceptionally noise-resistant
dual-tone multifrequency (DTMF) code (Figure 2) and recorded on
a videotape by a camcorder (Figure 3). DTMF is the touch-tone sound
that is familiar to telephone users.

During the shuttlebox experiment, the data logging apparatus Pana-
sonic AG-DP200E S-VHS camcorder recorded the behavior of each
animal and a vertical interval time code (VITC). This is a standard
code that numbers each frame of the videotape. It is available on S-
VHS, 8-mm, Betacam, and some U-matic recorders. Eight status
signals from the PC that controlled the shuttlebox were transformed
by the DTMF code (Figure 2) and inserted on the left soundtrack of
the videotape during the training. These tone-coded markers in-
cluded the trial start (onset of the footshock-announcing tone) and
the animal’s response (changing the shuttlebox compartment). In
this way, these important triggers of the animal’s reaction time were
automatically coded. Up to 16 PC status signals as event markers
could be recorded onto videotape.

The other available right soundtrack could be used for recording
the sounds in the shuttlebox, (i.e., the tone stimuli and animal vo-
calization) or for encoding further important events of the behavioral
experiment.

A monolithic DTMF transceiver MT8889C (Mitel) was adapted
for generating the DTMF code. The input impulses to the DTMF
coder (located in the shuttlebox control unit) were delivered by an
8255 based digital I/O card of the control PC. The output of the
transceiver was connected with the line input of the camcorder (Fig-
ures 1A and 2). The transceiver circuit was initialized and con-
trolled by the shuttlebox software.

The Analysis Setup
This setup consisted of S-VHS video recorder, a monitor, a DTMF

decoder, and a PC for analyzing the behavioral experiments (Fig-
ure 1B).
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The Observer 3.0 (Noldus, 1991) was used as the base for a time-saving fine analysis of animal behav-
ior. A PC controlled a shuttlebox and a shuttlebox control unit. Learning behavior was recorded on
videotapes by an S-VHS camcorder with vertical interval time code (VITC), which was used to gener-
ate an observational data file (ODF). The observational system was enhanced by automatically
recorded status signals from the PC as event markers on the soundtrack of the videotape. These sig-
nals were used to subdivide a training session into numbered trials during generation of the ODF. They
were later used for a PC-aided fine analysis of behavioral events, such as attention responses (AR) and
orienting responses (OR) during shuttlebox learning. In this way, a large number of both automatically
inserted PC event markers and manually inserted, key-defined behavioral events were registered and
analyzed effectively in a semiautomatic fashion. The system is illustrated with an analysis of shuttle-
box avoidance data from gerbils (Meriones unguiculatus).



550 BISCHOF ET AL.

After the behavioral experiments, the videotape, on which the an-
imal behavior and the DTMF tone-coded PC status signals were re-
corded, was monitored by the person who analyzed the behavior dur-
ing shuttlebox learning, using a video recorder. Observer’s codes for
the specific time-coded behavioral events, such as AR and OR, were
manually entered into the analysis PC during the running of the Nol-
dus database program. Each behavioral event was marked as a key
code by pressing the appropriate key on the keyboard of the analy-
sis PC. The Noldus database software collected this information and
transferred it into the ODF (Figures 1B and 5) (Noldus, 1991; Noldus,
Trienes, Hendriksen, Jansen, & Jansen, 2000). During this procedure,
up to 84 behavioral events could be manually entered using the key-
board, and up to eight DTMF-coded signals could be automatically
inserted.

For decoding of the DTMF signals, we used a DTMF transceiver
MT8889C. The decoder was built as a small device, containing the
MT8889C and a BASIC-Stamp II Module (Parallax, Inc., 599 Menlo
Dr., Suite 100, Rocklin, CA 95765), whose input was connected to the
video recorder (Figure 4). The BASIC-Stamp II Module is a simple

one-chip microcontroller programmable in a BASIC subset, with
16 digital in/outputs.

The DTMF transceiver was connected to seven output pins of the
BASIC-Stamp. The interface to the analysis PC keyboard was com-
posed of eight relays triggered by the outputs of the microcontroller.
The contacts of these relays were connected in parallel to eight pre-
def ined keys of the keyboard. A BASIC program running in the
Stamp module initialized the DTMF transceiver, and, in this way, the
relays were related to the decoded tones. As a result, eight decoded
tones simulated eight defined keystrokes. The limitation to 8 of 16
tones is nonrelevant for this presentation. An upgrade to the full range
of 16 tones is possible by modification of the BASIC program and
some additional hardware logic.

Evaluation of the Behavioral Experiment
During monitoring, the ODF generated by the Noldus program was

automatically imported by Visual Basic macros (Microsoft Excel
5.0). The key-defined PC status signals and the manually defined be-
havioral events, all VITC coded, such as tone onsets, footshock on-

(A) EXPERIMENTAL APPARATUS

(B) ANALYSIS APPARATUS
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Figure 1. Experimental and analysis apparatus.
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sets, animal responses, attention responses, and orienting responses,
were analyzed trial by trial of the training session as well as from trial
onsets up to the end of trials (Figures 5, 7). For this, the Excel macros
used the automatically inserted event markers for tone onsets (trial

onset) and gerbil’s compartment changes to calculate, for example,
the conditioned responses (in case of compartment change before
footshock onset). After this analysis, the Excel macros automatically
generated diagrams, which allowed us to follow the development of
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Figure 2. Schematic block diagram of the dual-tone multifrequency (DTMF) coder using the Mitel monolithic DTMF transceiver
MT8889C.
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Figure 3. Integration of automatically recorded PC event markers and manually inserted observations from a shuttlebox ex-
periment and transformation into an observational data file (ODF).
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Figure 4. Schematic block diagram of the dual-tone multifrequency decoder consisting of a Mitel DTMF transceiver MT8889C and
a BASIC-Stamp II from Parallax, Inc.

Figure 5. Analysis of PC-generated and Observer-generated data streams by custom-made macros programmed in Excel Visual
Basic. The Excel macros sorted PC status signals from the shuttlebox and the continuously stored behavioral events into numbered
trials based on the VITC-coded impulses for trial onset. The times of occurrence of the PC impulses and the key-coded behavioral
events were rescaled to the corresponding trial onset times. These files simplified the analysis of the data. AR, attention response; OR,
orienting response; CR, conditioned response; CS, conditioned stimulus; US, unconditioned stimulus.
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Figure 6. The upper frame depicts the averaged learning curves during two con-
secutive avoidance training sessions for the avoidance control group ( , n 5 5) and a
test group subjected to a preexperience ( , n 5 5). No significant differences were
found in the avoidance performance. CR, conditioned response. The lower frame de-
picts mean reaction times from the trial onset to change of shuttlebox compartment
of the control group and the test animals. No differences were found.

conditioned responses (Figure 6) and the development of behavioral
events, such as the AR during the course of the sorted trials within a
training session (Figure 7).

Shuttlebox Procedure
Briefly, the shuttlebox (Coulbourn Instruments) consisted of two

compartments that were separated by a barrier. This box was placed
within a sound-attenuating chamber.

The experimental procedure as an avoidance paradigm presented
to the gerbils a frequency-modulated sine tone (0.9–10 kHz, modu-
lation frequency 2.0 Hz, 60 dB SPL) as an auditory conditioned
stimulus (CS). The tone was followed, after 5 sec, by the uncondi-
tioned footshock (unconditioned stimulus, US), which was gener-
ated from a constant-current source of the control unit (0.6-mA
pulses for a maximum of 15 sec via a grid floor). Every 0.33 sec,
the polarity of the grid rods in the shuttlebox was changed. Tone and
shock stopped as soon as the gerbil changed shuttlebox compart-
ments. The reaction time, calculated by Excel macros as time inter-
val from onset of conditioned stimulus until change of shuttlebox
compartment, was automatically tone-coded by PC signals. In this
way, during an avoidance learning paradigm, a compartmen t

change within 5 sec after tone onset (i.e., before the onset of the
footshock) was also rated automatically as an avoidance response
during the ODF analysis using Excel macros.

For the behavioral fine analysis of shuttlebox learning, further be-
havioral events were considered (such as the AR as a short arrest of
ongoing behavior and the OR as an orientation of the animal toward
the other shuttlebox compartment) as indicators of motor response
preparation, but not the execution itself. AR and OR were manually
key-defined and inserted into the analysis PC by the person ana-
lyzing the videotapes. In this way, both behavioral events were time-
coded and transferred into the ODF (Figure 2B).

RESULTS

For validation of the experimental setup and the analy-
sis setup described above,we demonstrate an evaluationof
a shuttleboxexperiment. The following behavioral param-
eters from the ODF were analyzed: (1) the avoidance per-
formance (i.e., the percentage of conditioned responses to
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the conditioned stimuli CS; mean of 5 trials), (2) the reac-
tion time, (3) the AR after toneonset in terms of movement
arrest as a sign of signal detection and informationprocess-
ing, and (4) the OR toward the hurdle as a first indicator of
initiation of the motor response (not demonstrated here).

The control group (n 5 5) was composed of naive an-
imals that were subjected to an avoidance paradigm with
two training sessions on 2 consecutivedays. The CS tone
was followed, after 5 sec, by the US, an unconditionedfoot-
shock. Tone and shock were interruptedby a compartment
change. The test group (n 5 5) was pretrained in the first
session with a behavioral paradigm that varied from the
following avoidance training. The 6-sec ongoing tone and
the 7-sec ongoing footshock were separated by an inter-
stimulus interval of 8 sec and the option to interrupt the
footshock stimulus by change of shuttlebox compartment
(Bischof, Stark, Wagner, & Scheich, 2000). The pretrain-
ing session was followed by the two above-mentioned
avoidance training sessions.

Although there was no difference in their avoidanceper-
formances and reaction times (Figure 6), the distinction in
the AR frequency between the groups (Figure 7) demon-

strates the utility of a behavioral fine analysis (Stark, Bis-
chof, Wagner, & Scheich, 2000).

DISCUSSION

The introductionof the described tone-codingsystem of
PC status signals in combination with The Observer 3.0
(Noldus, 1991;Noldus et al., 2000)generated an ODF with
event markers. These events were used to structure a train-
ing session into numbered trials, which were further ana-
lyzed by the custom-made Excel macros. This method al-
loweda powerful and time-saving semiautomaticcollection
and analysisof behavioraldata.This useful completionfor
The Observer system can be adaptedwithout considerable
efforts. The behavioral fine analysis using the AR data re-
vealed differences in the behavioral strategiesbetween the
groups that were not found by exclusively analyzing the
standard parameters, such as conditioned responses or
reaction time.

For more detailed information and technical requests
concerning the hardware or for further information on the
behavioral research, readers should contact the authors.

Figure 7. Averaged frequencies of attention responses (AR) between 0 and 45 sec
after trial onset separately for Trial Intervals 1–10, 11–20, and 21–30 of the control
group ( ) and the test group ( ) during the first avoidance training session. The
filled rectangles indicate the periods of significant differences between these groups
(least significant difference test, p # .05). Data are mean values.
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