
Could you discuss the nature of the work 
you are currently undertaking? 

My current work aims primarily at getting the 
screening system we have developed used 
in laboratories generating and phenotyping 
genetically altered mice, so that the broadest 
possible spectrum of genetically altered mice 
are screened. As a byproduct of our ongoing 
exploration into what can be learned by varying 
parametric properties of our screens, we make 
discoveries that constrain computational 
models of the mechanisms whose properties 
our screens measure. 

For example, Aaron Kheifets, a student 
in my lab, has discovered the mechanism 
that measures the durations of intervals 
distinguishes between external variability – 
variation in the objective duration of a recurring 
interval – and the noise or uncertainty about 
the true value of the measured interval that 
is inherent in the measuring mechanism. 
None of the extant models of interval timing 
are capable of making this distinction. This 
result forces us to rethink our models of the 
mechanism we are looking for.

The cognitivist view, unlike behaviourism, is 
that it is possible to study the inner workings 
and processes of the mind. How do genetic 
studies, such as with mice, contribute to 
cognitive psychology and neuroscience?

Under favourable circumstances, genetic 
studies identify genes that code for crucial 

components of the molecular machinery that 
implements an important cognitive function. 
When we gain an understanding of a piece 
of the molecular machinery, we can then use 
the evermore powerful tools that molecular 
biology provides to study the cellular 
processes and neural circuits that implement 
the function. 

A paradigmatic illustration of the power of 
this approach is the use of genetic methods 
to reveal the molecular, cellular and systems 
biology of the circadian clock. Thus, the 
contribution of genetically orientated research 
is primarily to neuroscience rather than 
cognitive science. On the other hand, certain 
very basic neuroscientific discoveries, such as 
the molecular mechanism by which acquired 
information is carried forward in time in a 
computational form (that is, the molecular 
basis of memory), would almost certainly have 
important conceptual consequences within 
cognitive science itself.

How closely linked is the genetic 
makeup of an organism with phenotypic 
characteristics? Are humans different to 
animals in this capacity?

There is no simple answer to the first question. 
The beginning of all wisdom in genetics is 
to distinguish between the genotype and 
the phenotype, and to understand that 
the genotype is never fully expressed in a 
phenotype. This might be said to be the 
essence of Mendel’s discovery concerning the 
nature of genetic inheritance. 

As regards the second question, it is a matter 
of strenuous dispute. One school of thought 
is that the plasticity of the human mind 
liberates us from a genetic determinism that 
governs the development of ‘lower’ 
animals. Another school of thought 
is that development is a 
complex process in any 
kind of animal, a process in 
which both genes and the 
environment play important 
and interactive roles. 

Among adherents of this 
latter school, some believe 
the role of genes in human 
development is neither more 

nor less important than in most other 
mammals. Other adherents believe genes 
have a reduced role in the development of 
human mentation. However, for the kind 
of very basic mechanisms that we hope to 
discover – for example, the mechanisms by 
which the brain obtains estimates of interval 
durations – it is reasonable to suppose that an 
alteration in a gene coded for an important 
piece of the machinery would be evident in 
the phenotype, regardless of the species.

What kind of experimental protocols have 
you used to test genetically engineered mice? 

We use protocols from the literature on 
what is called operant conditioning, because 
they do not require any handling of the mice 
during testing and they reveal quantitative 
abnormalities in basic cognitive processes in 
individual animals. The protocols we use are 
matching, autoshaping and timed-switching.

Who are your key collaborators, and what 
roles do your lab members perform in this 
work? 

Adam King, Professor of Computer Science 
at Fairfield University, designed the data 
collection and analysis software at the heart 
of the system. Some of the students in my lab, 
most notably Fuat Balci, David Freestone and 
Aaron Kheifets, have substantially enlarged 
the system. King also wrote the core process-
control code which, again, these students have 
expanded and modified.

Professor Charles Randy Gallistel discusses his innovative screening system for studying genetically 
altered mice, which he hopes will reveal the molecular, cellular and systems biology of interval timing

A matter of time
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COGNITION IS STUDIED in a variety of 
disciplines, from philosophy and linguistics 
to psychology and neurology. The term refers 
to a set of processes that take place in the 
brain, including attention, memory, producing 
and understanding language, reasoning, and 
decision making. By studying cognition from 
a genetics point of view, scientists can better 
understand the neural mechanisms behind 
these processes. 

At Rutgers University in the US, Professor 
Charles Randy Gallistel is developing a system 
for cognitive phenotyping in mice, funded by 
grants from the National Institutes of Health 
(NIH). He exploits psychophysical methods 
to measure quantitative properties of basic 
mechanisms in genetically manipulated mice; 
the measurement and memory mechanisms 
that enable animals to locate themselves in 
space and time and assess risks. The ultimate 
purpose of his work is to provide molecular 
biologists and pharmacologists with a turn-
key system that delivers physiologically 
meaningful quantitative characterisations of 
these basic mechanisms. 

MEMORY MALFUNCTION

His methods address the shortcomings 
of current testing methods, which test for 
behavioural abnormalities in categories of 
learning – such as spatial learning, temporal 
learning or fear learning – instead of focusing 
on quantitative properties of the underlying 
mechanisms, such as the mechanism measuring 
temporal duration (the interval timer) or the 
mechanism that measures distance run (the 
odometer). 

Gallistel’s system screens for changes in 
memories in the form of abstract quantities 
such as interval duration, time of day, number 
and probability. His work is psychophysical 
in nature – by eliciting repeated simple 
‘judgments’ (of, for example, elapsed time) 

from individual mice, he can conduct statistical 
analyses commonly used in the psychophysical 
work on sensory systems, which has successfully 
measured many properties of molecular and 
cellular mechanisms (for example, absorption 
spectra). Gallistel’s investigations have been 
inspired by the late Seymour Benzer’s forward 
behavioural genetics work. Benzer used 
behavioural screens to find genetic variation in 
the period of the circadian clock.

THE CIRCADIAN CLOCK

Circadian rhythms represent the body’s 
built-in clock, so to speak, which times 
cycles throughout the day. Studying these 
rhythms could provide interesting insights 
into the innate ability of the body to make 
exact timings. While the circadian clock has 
been identified by genetic methods, Gallistel 
explains there is still more to learn: “What has 
not been identified is the clock whose phases 
are stored in memory when animals learn the 
times of day at which particular types of events 
tend to happen, such as the times when food 
becomes available”. Importantly and perhaps 
bizarrely, this ability remains intact even if the 
body’s circadian clock has been genetically 
manipulated or destroyed. 

MONITORING MICE

In contrast to the methods currently used to 
study the underlying mechanisms of memory, 
which are largely low volume, low throughput 
and labour intensive, Gallistel’s system 
is a high-throughput, high-volume, fully 
automated behavioural testing approach. 

It consists of a standard mouse housing 
tub attached to a standard mouse test box, 
containing hoppers that are connected to pellet 
feeders for the mice. Using these, the mice 
are fed at least twice a day and their feeding 
habits are monitored by infrared beams. 
“High-throughput psychophysical screening 

methods involve encouraging lots of mice to 
perform a simple task over and over again, and 
then measuring aspects of their performance 
that reveal quantitative properties of basic 
mechanisms,” Gallistel expands. “For example, 
by getting mice to anticipate the onset of 
feeding opportunities that occur at fixed times 
of day, this procedure can reveal the intrinsic 
period of the clock that enables the brain to 
remember the times of day at which events 
have occurred.”

The information gathered from the mice’s 
feeding habits is analysed using sophisticated 
quasi-real-time data analysis and graphing 
software for which Gallistel and his 
collaborators have created an open source 
Matlab toolbox. The high-level toolbox 
commands allow large quantities of data to be 
analysed, summarised and graphed. The data-
analysis code harvests data several times a day 
and runs the information through statistical 
and graphical analyses. Results are stored 
automatically on computers within Gallistel’s 
lab as well as in ‘the cloud’. This allows for daily 
updates on the progress of individual mice. 

PHYSIOLOGICALLY MEANINGFUL

Forward genetics requires that many mice 
be screened. By automating the process, 
Gallistel’s system optimises the number 
of animals that can be screened at any 
particular moment, thereby making best use 
of laboratory space. While the volume of data 
is maximised, the amount of effort required 
to gather data is minimal, meaning results are 
available more quickly.

Another advantage of Gallistel’s system is that 
the mice live in the test environment and are 
not handled during testing. This eliminates 
contact between researchers and mice during 
testing, so students and technicians need 
little procedure-specific training, and health 
concerns are reduced. 

Automating behavioural testing
Improving psychophysical screening methods designed to detect effects of genetic manipulation on mechanisms of 
cognition and learning in mice, a lab at Rutgers University has established a new behavioural testing system

PROFESSOR CHARLES RANDY GALLISTEL
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Gallistel’s technique is capable 

of yielding useful behavioural 

measurements related to the basic 

mechanisms of cognition

However, the most important innovation 
in Gallistel’s approach is that it produces 
physiologically meaningful measurements. 
Just as the behaviourally measured period and 
phase of the circadian clock may be compared 
to the period and phase of a biochemical 
oscillation in isolated brain cells, so too may 
the behaviourally measured precision with 
which interval durations are measured be 
compared to the precision with which neuronal 
processes represent those same intervals. With 
this innovation, the researchers can begin to 
put together connections between what takes 
place at the level of a cellular mechanism 
and the behaviours that result from that 
mechanism. The quantitative properties of the 
cellular-level mechanisms are made evident at 
the behavioural level.

TEST TIME

Efficacy of Gallistel’s technique was recently 
put to the test when it was used to analyse 
two strains of heterozygous null-mutation 

mice, Batface (Bfc) and L1, and their wild type 
littermate controls. The aim was to better 
understand certain characteristics of basic 
cognition mechanisms in the mice. These 
specific mutations were chosen because the 
target genes play a role in setting up and 
maintaining synapses.

The test was successful and revealed new 
insights into basic mechanisms of cognition. 
It was found that the Bfc heterozygotes were 
less precise in their ability to represent interval 
duration. In contrast, the L1 heterozygotes 
were more precise in their interval timing. 
Since other characteristics observed in the 
mice remained unaltered, it is believed that 
these changes are highly functionally specific. 
Further research will be needed to determine 
the extent to which the effect of these genetic 
variations is limited. 

Nevertheless, the test proved that Gallistel’s 
technique is capable of yielding useful 
behavioural measurements related to the 
basic mechanisms of cognition. The aim now 
is to raise awareness of this technique, so 
that it can benefit researchers globally who 
are conducting studies with similar goals. 
“Our principal focus is to get this screening 
system into labs all over the world that 
want to cognitively phenotype genetically 
or pharmacologically manipulated mice,” 
Gallistel stresses. “Effective, efficient screening 
is the crucial first step in a genetic approach to 
discovering the underlying mechanisms.”

COGNITIVE PHENOTYPING 
IN THE MOUSE 

OBJECTIVES

To develop a high-throughput, high-
volume, fully automated, live-in 24/7 
behavioural testing system for assessing 
the effects of genetic and pharmacological 
manipulations on basic mechanisms of 
cognition and learning in mice.

KEY COLLABORATORS

Professor Adam King, Fairfield 
University, USA

Aaron Kheifets, Rutgers University, USA

Dr David Freestone, Center for Neural 
Science, New York University, USA

Assistant Professor Fuat Balci, Koç 
University, Turkey 

FUNDING

National Institutes of Health (NIH)

CONTACT

Charles Randy Gallistel 
Distinguished Professor

Rutgers Center for Cognitive Science 
(RuCCS) 
Psychology Building Addition 
Busch Campus 
152 Frelinghuysen Road 
Rutgers University – New Brunswick 
Piscataway  
NJ 08854-8020  
USA 

T +1 848 445 8086 
E galliste@ruccs.rutgers.edu

http://ruccs.rutgers.edu/faculty/GnG/
gallistel.html

PROFESSOR CHARLES RANDY 
GALLISTEL received his PhD from Yale 
University in 1966. 10 years later he 
was made Professor at the University of 
Pennsylvania. In 1981 he became Chair 
of the Department of Psychology, before 
moving to the University of California, 
Los Angeles in 1989. 2000 saw Gallistel 
become Professor (II) of Psychology and 
Cognitive Science at Rutgers University 
and since 2002 he has been co-Director of 
the Rutgers Center for Cognitive Science.

Rutgers Center for Cognitive Science

INTELLIGENCE

 WWW.RESEARCHMEDIA.EU 111


