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Abstract

The rise in the number of users and institutions utilizing the rodent touchscreen technol-

ogy for cognitive testing over the past decade has prompted the need for knowledge

mobilization and community building. To address the needs of the growing touchscreen

community, the first international touchscreen symposium was hosted at Western Uni-

versity. Attendees from around the world attended talks from expert neuroscientists using

touchscreens to examine a vast array of questions regarding cognition and the nervous sys-

tem. In addition to the symposium, a subset of attendees was invited to partake in a hands-

on training course where they received touchscreen training covering both hardware and

software components. Beyond the two touchscreen events, virtual platforms have been

developed to further support touchscreen users: (a) Mousebytes.ca, which includes a data

repository of rodent touchscreen tasks, and (b) Touchscreencognition.org, an online commu-

nity with numerous training and community resources, perhaps most notably a forum where

members can ask and answer questions. The advantages of the rodent touchscreen technol-

ogy for cognitive neuroscience research has allowed neuroscientists from diverse back-

grounds to test specific cognitive processes using well-validated and standardized apparatus,

contributing to its rise in popularity and its relevance to modern neuroscience research. The

commitment of the touchscreen community to data, task development and information

sharing not only ensures an expansive future of the use of rodent touchscreen technology

but additionally, quality research that will increase translation from preclinical studies to clini-

cal successes.
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1 | THE RODENT TOUCHSCREEN
OPERANT CHAMBER: A TOOL FOR
COGNITIVE BEHAVIORAL TESTING

The use of rodent touchscreen technology for cognitive testing has

increased from a couple of scientists working at Cambridge University

in the early 1990s, to over 300 different research groups at over

200 research institutes in at least 26 countries (see Figures 1 and 2).

The steady global expansion of rodent touchscreen cognition method-

ology is in direct response to the value this research has to leverage

the advantages of rodent models (eg, genetic models, neuro-

technology such as optogenetics and miniscopes, etc.) with a stan-

dardized, validated, set of cognitive behavioral tasks in the hope that

this approach will lead to a greater understanding of the nervous
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F IGURE 1 A, Geographic distribution of institutes involved in rodent touchscreen focused research. Each of the 206 circles represents a
unique institute that appears in the author affiliation (indexed by Web of Science) of a touchscreen publication as identified by the authors. The
size of circles scales with the number of publications where that institute was listed. B, The institution names by continent. Please note this is not
intended to be an exhaustive list, but simply to illustrate to the global range of touchscreen research and affiliated research institutes
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system in health and disease. Researchers have recognized the trans-

formative potential in creating a rodent cognitive battery to examine

constructs such as learning, memory, attention and motivation

(to name a few) that closely mirrors human and other nonhuman pri-

mate touchscreen batteries, such as the Cambridge Neuropsychologi-

cal Test Automated Battery (CANTAB). Given the broad cognitive

deficits observed following physical injury, and neurodegenerative

and neuropsychiatric disorders, it is not surprising that many research

groups also see the advantages of a standardized, automated and

high-throughput cognitive battery approach with greater flexibility

and face validity than previous approaches could provide. The recog-

nition of the translational potential of touchscreen methodology has

recently been underscored by its inclusion in The National Academies

of Sciences, Engineering and Medicine (operating under the US Con-

gress) policy document “Improving the Utility and Translation of Ani-

mal Models for Nervous System Disorders.”1

2 | THE ADVANTAGES OF RODENT
TOUCHSCREEN TECHNOLOGY

There are several advantages to using touchscreen technology for

rodent cognitive testing compared with other forms of behavioral

testing. First is the strong face validity of rodents performing highly

similar, and in some cases identical, to human cognitive battery tasks

which can greatly improve the potential for clinical translation. This

face validity is one strategy to better achieve translational or

neurocognitive validation whereby the same tests in mice and humans

recruit the same cognitive and neural mechanisms. For example, one

study compared the performance of mice lacking the disks large

homolog 2 (DLG2) gene (Dlg2−/−) with individuals who have DLG2

copy number variant (CNV) deletions on an identical touchscreen

paired-associate learning task that requires learning and remembering

three object-location pairings. Critically, both the Dlg2−/− mice and

the individuals with DLG2 CNV deletions failed to acquire this task,

and were severely impaired compared with control wild-type mice or

age-matched healthy controls, respectively.2 Importantly, human

mutations in DLG2 gene have been associated with psychiatric disor-

ders such as schizophrenia3 and autism.4 More recently, Heath et al

examined apathy(-like) in an R6/1 mouse model and Huntington's dis-

ease patients by giving both groups (and their respective controls) a

progressive ratio task5 using touchscreens and examining their break-

point, which is the highest number of touchscreen responses prior to

task disengagement. Both the R6/1 mice and the patients had lower

break-points compared with control wild-type mice and age-matched

healthy controls, respectively.6 These studies highlight the transla-

tional potential of touchscreen cognitive behavioral testing and sug-

gest that mechanistic insights into cognitive phenotypes from

preclinical animal models may translate into therapeutic interventions

within the clinic.

Touchscreen operant chambers also enable a battery approach to

cognitive behavioral testing, which allows the examination of numer-

ous cognitive domains, within the same experimental apparatus, thus

F IGURE 2 Geographic distribution of countries involved in rodent
touchscreen focused research over time. The number of countries
listed grew from 1 (the United Kingdom) in 1994 to 26 by 2019
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reducing potential confounds. These confounds include different

levels of stress caused by different apparatuses, whether the animal is

rewarded for a behavior compared with spontaneous ones, the

amount of navigation (a complex cognitive process in its own right)

required to make a response or the amount of variability in intra-trial

handling by the experimenter; all of which could differentially impact

behavioral responses. For example, Janickova et al found that mice

with decreased cholinergic signaling by selective deletion of the vesic-

ular acetylcholine transporter gene showed marked impairments on a

test of spatial learning and memory when assessed in the watermaze.

These animals were not, however, impaired when examined on a very

similar, but less stressful, spatial learning and memory test using the

Barnes maze. In both tasks, animals had to use room cues to navigate

to a specific location, either to find an escape platform (watermaze) or

a hole (Barnes maze). The authors reported that these mice had an

altered stress response, which most likely accounts for the deficits

observed in the watermaze task.7 Interestingly, other studies have

found that stress may also enhance performance on selective cogni-

tive tasks.8 Thus, when a cognitive battery is performed across differ-

ent apparatuses with such different features, interpretation of the

results can be highly problematic.

Another advantage of the touchscreen is that, as with other types

of automated operant chambers, several animals can undergo cogni-

tive testing at the same time, allowing for testing that is high-

throughput in comparison to other apparatuses such as an elevated

plus maze, watermaze or open field in which experimenters run each

animal one at a time. Another major advantage of the rodent

touchscreen systems is standardization. In research labs using the

same apparatus and task, rodents are tested in an identical fashion,

using identical chambers, identical testing parameters including stimuli

and critically, data are collected in an identical manner that is largely

free from human error. Because data collection is automated, several

behavioral measures can be simultaneously recorded, including the

number of beam breaks to the food reward magazine, beam breaks

located in the chamber which measures locomotor responses and can

be used to detect general hyper- or hypoactivity as well as nonspecific

motor impairments. Indeed, whether animals respond during a delay

or inter-trial intervals, while performing a task, can provide informa-

tion on premature and/or perseverative responses which can be

related to impulsivity and compulsivity disorders.9 Furthermore, laten-

cies between various responses are recorded and may provide some

important information such as lack of motivation and or locomotor

impairments.10 These automated measures may also lead to increased

sensitivity of the touchscreen platform when compared with the clas-

sic behavioral tests. In fact, by using the touchscreens subtle differ-

ences in the order of milliseconds between groups may be recorded

which may allow for the detection of cognitive impairments that

would be missed in the other behavioral tests. This provides new

opportunities to study interventions and preclinical therapies earlier in

disease progression.

Once placed in the touchscreen chamber, animals do not interact

with a human experimenter until their session is complete, reducing

the impact of intra-trial and intra-session handling of animals which

can introduce additional variance into an experiment, as well as

restrict potential experimenter biases. Another advantage that is often

not recognized, but facilitated by standardized testing of the

touchscreen system, is the ability for nonbehavioral experts to con-

duct quality behavioral research in a manner identical to the behav-

ioral experts who have designed and validated the cognitive

behavioral tasks. This allows many laboratory groups who are special-

ized in other neuroscientific subdisciplines such as molecular, genetic

or electrophysical (etc.) an opportunity to conduct behavioral experi-

ments and address scientific questions they may otherwise have been

unable to without hiring new personnel; therefore the use of

touchscreen technology in cognitive behavioral neuroscience greatly

enhances the interdisciplinary nature of neuroscience research.

While many of the advantages mentioned above are true of all

operant chambers, the touchscreen systems have benefits beyond

other traditional operant chambers. Most notably, the touchscreen

provides additional task flexibility as any image can be displayed at

any size, for any duration and in any location on the screen. This has

two benefits above and beyond traditional lever-based operant cham-

bers: First, more complex and different cognitive tasks can be con-

ducted inside the touchscreen system, and second, more subtle

manipulations to stimuli can be examined for their impact on cogni-

tion or even visual perceptual abilities.11-15 Furthermore, by offering

multiple response locations, the touchscreen system reduces the pos-

sibility of mediating strategies such as body position or orientation

noted during some cognitive tasks using lever-based chambers.16,17

Moreover, the touchscreen system is compatible and can be easily

integrated with several other experimental approaches to evaluate

the neuronal circuitry such as electrophysiology,18,19 fiber

photometry,20 optogenetics,21-23 mini scopes 24,25 and chemogenetics

(eg, DREADDs).26 This is done by time stamping relevant events (eg,

presentation of stimuli on screen, response to screen, collection of

reward) and correlating events with neural activity or synchronizing

the onset/offset of different events to also trigger light pulses in the

case of optogenetics.

3 | THE LIMITATIONS OF RODENT
TOUCHSCREEN TECHNOLOGY

Despite the numerous advantages of touchscreen technology, there

are some unfortunate limitations. Perhaps the greatest deterrent to

using the rodent touchscreen is the cost. Although the technology is

getting progressively less expensive, a commercially available

touchscreen system of four chambers can cost upwards of 40K USD

which is substantially more expensive than a maze apparatus (eg,

watermaze, T-maze) and more than most traditional lever-based oper-

ant chambers. Although the cost may be greater upfront, the

touchscreen apparatus may be more economical in the long-run as a

single apparatus can be used in lieu of several different ones each

with their own costs. Furthermore, as the popularity of touchscreen

cognitive testing in rodents has increased, home-made do-it-yourself

touchscreen systems have been developed to try to offset some of

4 of 9 DUMONT ET AL.



the cost.27-31 However, these home-made systems still need to

undergo the same optimization and rigorous validation the commer-

cially available systems have undertaken.32 Furthermore, these home-

made chambers also decrease the standardization of methods across

different research facilities, which as noted above is a major advan-

tage. In addition to the cost upfront, in order to maintain the equip-

ment, replacement parts will eventually be required, which depending

on the piece of equipment can be more costly compared with mainte-

nance costs of other apparatuses. Unfortunately, even in 2019, like all

technology, the rodent touchscreens are also liable to undergo both

software and hardware issues that hand testing and recording typi-

cally circumvent.

A second disadvantage is that while the touchscreens can be

high-throughput, training and cognitive testing of rodents can take

upwards of several weeks to complete. This can be especially prob-

lematic while utilizing neurodegenerative models, such as Parkinson's

or amyotrophic lateral sclerosis disease, where motor deficits may

confound the cognitive behavioral data. However, in contrast to con-

ventional behavioral tests, touchscreen tasks do not depend on chal-

lenging motor behavior and even mice with motor deficits can be

tested without major impact on the results.33 Moreover, several

researchers are refining protocols to try to reduce training and testing

time as well as utilizing data from early training sessions to further tap

into cognitive deficits.34

A third potential drawback of the current use of the touchscreen

system is that all tasks rely on food reward to incentivize the mice to

learn and perform cognitive tasks. While not unique to touchscreen

chambers, the use of positive reinforcement comes with its own set

of caveats. First, animals must be food or water restricted, for a posi-

tive reinforcement for the touchscreen performance35 which requires

researchers to weigh and feed animals. Depending on the size of the

cohort this can take several hours per week. Sometimes, animals need

to be fed separately from cage mates in order to maintain appropriate

weigh, again requiring additional staff time.

However, food restriction has been shown to be linked to better

physiological conditions in rodents including the delaying the

development of several diseases related to overweight rodents.36-39

Furthermore, the increase handling of the animals during weighing

reduces stress from handling animals while transporting them to the

chambers, and additionally allows researchers increased opportunity

to notice any health concerns, such as the appearance of abscesses

or cataracts in aged rodents. Likewise, animals on food restriction

are healthier and live longer compared with free feeding ones.40-42 A

second concern is that different mice strains or brain manipulations

may influence motivation for the reward which will undoubtably

impact cognitive performance. However, motivation for the reward

can be examined by looking at the number of trials each group com-

pletes, latency to reward collection (ie, latency to breaking an infra-

red beam located in the magazine tray following a correct response)

or assessed more directly using touchscreen tasks, such as progres-

sive ratio.6,10,34 Third, with the growing field of how diet impacts

cognition and the nervous system, it is unclear whether extended

use of some food rewards may impact brain and behavior during

touchscreen testing. Finally, as with all scientific research, the advan-

tage of touchscreen technology depends upon the experimental

question. For instance, if one is interested in navigation, it may

remain more appropriate to use a maze apparatus compared with

touchscreen technology.

4 | THE NEED FOR OPEN SCIENCE
INITIATIVES: BUILDING A TOUCHSCREEN
COMMUNITY

Although there are few limitations to the use of touchscreen technol-

ogy, numerous researchers believe that the advantages far outweigh

them. The increase in popularity of rodent cognitive testing using

touchscreens is not only reflected by the growth in laboratory groups

using this equipment, but also in the increasing number of publica-

tions in recent years (see Figure 3). Indeed, the rise in popularity has

resulted in several methods papers being published to further facili-

tate standardization across facilities.9,43,44 While these publications

F IGURE 3 Publications and citations
of rodent touchscreen focused research
over time. This graph indicates the
number of publications (review, methods
or original research), and corresponding
citations, involving rodent touchscreen
technology across the past 25 years
(1994-2019). Papers were found, and
compiled in a spreadsheet to avoid
duplication, using keyword search of
“touchscreen,” “touch-screen,” “touch
screen,” “rodent,” “rat” and “mouse” in the
search engines Scopus and PubMed
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are beneficial, with a growing group of researchers, they are no longer

sufficient to meet the increased needs of our touchscreen community.

To further improve the quality of rodent cognitive testing using

these systems, Western University prioritized touchscreen-based

rodent cognitive testing as part of its successful Canadian First

Research Excellence (CFREF) Fund funded initiative, BrainsCAN.

CFREF funds have been used to develop the BrainsCAN Rodent Cog-

nition Core (RCC) that, in addition to supporting conventional cogni-

tive testing, supports touchscreen research. The BrainsCAN RCC

stance that there is a need for open science and building a

touchscreen community is exemplified in three key values: (a) data

sharing (open database), (b) knowledge sharing and (c) building a com-

munity. These values are interconnected; by having a community of

touchscreen users networking and collaborating with one another,

knowledge and data can be shared. Therefore, with growing needs in

our community and with these core values, several steps have been

undertaken.

4.1 | MouseBytes

First, the standardized methodology, data collection and extraction of

touchscreen technology data across different facilities allowed for the

creation of the open science data repository mousebytes.ca.45

MouseBytes allows touchscreen scientist to upload and share their

raw data files, which they can choose to leave private until publication

or have their data public. Public data can then be downloaded from

other researchers, compared with other mouse lines or facilities across

the world and reanalyzed using different statistical procedures. For

example, the majority of the touchscreen community has focused on

data averaged across sessions, but researchers in Australia have begun

in recent years to examine trial-by-trial data within sessions.46 Instead

of having to rerun all touchscreen experiments in different mouse

models, researchers can simply download the data and reanalyze it

using different statistical analyses saving time, money and animal lives.

Additionally, mousebytes.ca45 allows researchers to visualize graphi-

cally the data online and can easily tailor comparisons based on inter-

ests: sex, age, genotype, location of research facility, etc., all in a

matter of a few computer clicks. Currently, there are 1341 mice regis-

tered in the database representing data collected from three different

countries: Canada, United Kingdom and Australia.

4.2 | Touchscreencognition.org

A second major undertaking is the creation of an online touchscreen

community: touchscreencogntion.org. On this website, users have

access to several resources including task-specific standard operating

procedures, which allows for protocols and protocol modifications to

be shared with other users, without necessarily having to wait for

such modifications to appear in published papers. There are also video

tutorials to facilitate training for new touchscreen users with addi-

tional best practices that may not always be conveyed in the

literature. In addition to resources, members are encouraged to

become active participants by posing and answering questions on The

Forum. The Forum has become a great place for cutting-edge knowl-

edge sharing; for instance, several different research groups have

experienced similar troubleshooting issues when trying to combine

novel neurotechnology with the touchscreens and have discussed dif-

ferent approaches to resolving these issues. For example, one com-

mon issue across several novel neurotechnological approaches has

been the noted reluctance of mice to enter their heads into the maga-

zine tray in order to initiate trials once they are fitted with optrodes,

electrodes, fibers or miniscopes. The end result of this discussion has

not only resulted in home-made modifications to equipment,47 but

also led to the development of novel food trays from companies such

as Lafayette (for the Bussey-Saksida touchscreen system).This com-

munication and community-building reduces time wasted by

researchers struggling with similar problems. Additional information

can also be shared on “The Wall,” where individuals can post

touchscreen related publications, posters, news articles, job advertis-

ing or events. This form for community engagement has been active

since December 2018, logging over 2018 unique visitors over more

than 4633 sessions and 16 369 page views. These numbers reiterate

the growing interest in this once niche field.

4.3 | International touchscreen symposium

In addition to mousebytes.ca45 and touchscreencognition.org, the

International Society for Neurochemistry (ISN) and BrainsCAN pro-

vided funding to host the first international touchscreen symposium,

new frontiers in cognitive testing using touchscreen technology on

5, 6 June 2019 at Western University, London, ON, Canada. Western

University is not only the location of world-renown rodent cognitive

touchscreen testing experts, Dr Tim Bussey and Dr Lisa Saksida, but

also the home of the largest rodent touchscreen facility; therefore,

Western was the ideal location for the first touchscreen symposium.

The main goals of the symposium were to increase collaborative

research, share knowledge and pinpoint common issues to resolve in

order to improve cognitive testing. About 100 neuroscientists and

touchscreen enthusiasts from around the world attended the 2-day

meeting to listen to talks, have discussions and network among each

other. Approximately 40% of attendees were not local to the area,

with national participants coming from Ontario, Quebec and British

Columbia and international attendees hailing from 11 different coun-

tries. The role of participants was about 25% faculty and 75%

trainee/technician/other, suggesting a core utility of the symposium

was knowledge sharing and community building (networking) among

labs on the technical specifics of rodent touchscreen research

(Figure 4). Highlights of the symposium included: opening remarks by

Dr Tim Bussey describing the history of the development of the

rodent touchscreens, topics from speakers spanning various cogni-

tive domains (from learning and memory to executive function), neu-

rotechnology (from fiber photometry data to miniscopes) and various

psychiatric and disease models (including addiction, Fragile X
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syndrome, autism spectrum disorder, Huntington's disease,

Parkinson's disease, etc.). It also provided an ideal moment to share

information about the aims of both mousebytes.ca45 and

touchscreencognition.org, allowing attendees to log onto the website

and provide feedback on the Rodent Cognition Core's open science

initiatives. Many discussions and data sharing that began during the

symposium were expanded on these online open science platforms.

A particularly impactful session was the “data blitz” that enabled

young scientists, primarily graduate students, to share their data and

obtain invaluable feedback on their work from leading cognitive

behavioral experts.

4.4 | Touchscreen training course

Prior to the symposium, BrainsCAN's Rodent Cognition Core also

hosted their first hands-on 2-day touchscreen training course

(funded by ISN and BrainsCAN) at Western University. This course,

designed and developed by postdoctoral and research associates,

covers a variety of modules including: getting started, touchscreen

maintenance, data collection and analysis, mousebytes.ca,45 task

development and modification as well as combining touchscreen

technology with other neuroscience techniques. The course

attracted a diverse group of participants from around the world,

including China, Australia, Brazil, United States and Canada. Because

the training course helps fill the gap of missing information not

found in the literature as well as insight that was gained from the

instructor's experience, it is particularly helpful for researchers who

are in laboratory groups with limited cognitive behavioral expertise,

newly established groups, those who learn best in an activity-based

group environment or individuals with limited access to training. The

training course also enables trainees to interact with peers, learn

from one another and establish life-long connections which can lead

to future collaborative research.

Indeed, the popular demand and success of the first hands-on

touchscreen training course resulted in a second session in the fall of

2019. In addition to the hands-on training course, the symposium also

received positive feedback from participants both directly to Rodent

Cognitive Core and indirectly via a thoroughly animated twitter feed.

Attendees of the symposium found the meeting beneficial and

requested making it an annual event, suggesting that the increased

use of rodent touchscreen technology to study cognition has reached

large enough groups of scientists who believe that communicating

openly will only further improve quality of rodent cognitive

behavioral data.

5 | THE FUTURE OF RODENT
TOUCHSCREEN TECHNOLOGY

The rise in popularity of touchscreen technology for cognitive behav-

ioral testing in rodent neuroscience research suggests that accumu-

lating knowledge and collaborating through an annual or biennial

symposium, twice-yearly hands-on training course and through our

virtual community on touchscreencognition.org ensures that com-

mon issues can be addressed which can further improve standardized

testing. Some of these issues involve optimizing touchscreen systems

such as the hardware,47 and development of new touchscreen tasks

which is easily achievable because of the flexibility of the

touchscreen systems.15,48,49 For example, Piantadosi et al48 have

developed a novel multichoice task for assessing cognitive flexibility.

The multichoice paradigm allows researchers to further tease apart

whether response errors are because of perseveration, inability to

learn or other issues with updating. Other avenues of future growth

include how to improve cross-species translation. In fact, in addition

to rodents, the touchscreen technology, analog to the CANTAB, has

been developed to evaluate cognition in nonhuman primates such as

rhesus macaque,50,51 squirrel monkeys52 and marmosets52-56 as pre-

clinical models. Furthermore, while most of the effort to date has

been to adapt touchscreen tasks from clinical batteries for use in

rodent models, more recent undertakings have focused on translating

the parameters of the rodent touchscreen tasks for clinical applica-

tion (Translational Cognitive Neuroscience Lab, personal communica-

tion). It is easy to envisage a future where rodents, nonhuman

primates and humans are tested on near identical cognitive task via

the use of touchscreen systems. In addition to improved standardized

testing, resources for more novice touchscreen users facilitates the

collection and analysis of quality data, all leading to improved reliabil-

ity and validity of cognitive behavioral results. The results can be

uploaded and made available openly in mousebytes.ca enabling sci-

entists to perform analyses comparing data across facilities or using

different statistical approaches to reanalyze existing data. Ultimately,

all these endeavors have the goal of improving our knowledge of the

nervous system in health and disease with the aim of better clinical

translation.

F IGURE 4 The origin (local, national or international) and
employment type of touchscreen symposium attendees. The
breakdown of attendees was 61.2% local to Western University,
19.4% national (Canadian) and 19.4% international (11 countries). In
all groups the number of trainees outnumbered faculty members
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