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Abstract
Increasing evidence underscores the influence of social determinants and cultural factors on brain structure and function.
Neurophysiological approaches offer unique advantages for assessing brain physiology and cognitive functioning, but challenges remain
in building the capacity necessary to support the use of these resources in low- andmiddle-income countries (LMICs). The establishment
of a first-of-its-kind neurophysiology lab in East Africa in January 2022, the Moi University Clinical and Cognitive Neuroscience Center
(MUCCNC), promotes dedicated research infrastructure for patients within Moi Teaching and Referral Hospital (MTRH), the second-
largest national referral hospital in Kenya, which serves about 24million individuals. Built within theAcademicModel Providing Access to
Healthcare (AMPATH), a three-decade long collaboration betweenMTRH and a consortiumofNorth American universities, the critical
lessons learned while building this infrastructure in a low-resource setting included overcoming barriers to using and maintaining highly
sensitiveequipment in a settingwith substantial environmental noise andelectrical interference, ensuring secureandaccuratedata storage
for complexfiles fromprecisely synchronizedprograms, andestablishing standardoperatingprocedures for laboratory continuity.Within
the first two years of the establishment of the lab, capacity building has been prioritized, with a focus on extending neurophysiology train-
ing to research staff, students, and faculty throughout Kenya and developing research questions that can be addressed with lab methods
and resources. By describing the process of developing a comprehensive human electrophysiology lab in a LMIC, we hope to streamline
implementation for researchers to establish neurophysiology infrastructure in similar settings.
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Introduction
Despite remarkable stridesmade in thefield of human neuroscience,
significant knowledgegaps remainwith respect to understanding the
neural processes associatedwith neurocognitive function andmental
health. One substantial gap lies in comprehending how these neural
processesmay vary among different global populations, particularly
those residing in low- and middle-income countries (LMICs).
Astonishingly, despite 85% of the world’s population residing in
LMICs, there is a glaring scarcity of neuroscience research originat-
ing from these regions.1,2Considering the profound impact that indi-
vidual, environmental, and social determinants of health and cultural
factors wield over development, epigenetics of neurological pro-
cesses, andmentalhealth, these factors represent a substantial imped-
iment toourprogress incomprehendingbrain functionacrossdiverse
global populations.3-5

One of the predominant factors contributing to this gap in neu-
roscience is the lack of infrastructure for conducting human
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neuroscience research in LMICs.6 Some cutting-edge neuroimag-
ing approaches, like functional magnetic resonance imaging
(fMRI), require expensive equipment and highly trained techni-
cians, making them primarily accessible in high-income countries
(HICs).7-9 However, other neuroimaging methods, such as elec-
troencephalography (EEG), offer less financially costly and non-
invasive means of assessing neural function. EEG, in particular, is
a valuable tool to assess cognition, beginning with early sensory
processing and extending to later stages of cognitive operations
when event-related brain potentials (ERPs) are measured,10 with
the potential to assess psychophysiological processes and identify
potential biomarkers and therapeutic targets.

Fortunately, international organizations and governmental
funding agencies are actively dedicating resources to the develop-
ment of research infrastructure.11,12 Nevertheless, establishing
new research facilities for human neuroscience, particularly those
involving neuroimaging techniques like EEG, presents a formida-
ble challenge. While there are existing descriptions of how to set
up an EEG laboratory, none of them are tailored to the unique
considerations required in LMICs.13 Establishing a comprehen-
sive neurophysiology lab in such settings demands a range of spe-
cific considerations, including ensuring basic infrastructure like
reliable electricity, minimizing ambient noise in open-air build-
ings, provision of appropriate technical training, and optimizing
laboratory design.

To address this gap, we describe the process undertaken to
establish a neurophysiology laboratory within Moi University
in Eldoret, Kenya, with a specific focus on strategies used to
overcome challenges common in LMICs. We discuss various
aspects of our process, including laboratory design, equipment
procurement, and, briefly, the training of local research person-
nel to troubleshoot technical issues and collect high-quality
EEG and ERP data in a resource-constrained environment.
By sharing our experiences developing this laboratory, we
hope to facilitate and streamline the process for other clinical
and cognitive neuroscience researchers.

Methods

Setting
This first-of-its-kind neurophysiology laboratory is housed in Moi
University’s Medical Education Center as part of the Academic
Model Providing Access to Healthcare (AMPATH), an ongoing
collaboration established over 30 years ago between Moi
University and Moi Teaching and Referral Hospital (MTRH) in
Eldoret, Kenya, where the partnership is based, and a consortium
of North American universities led by Indiana University (IU).
AMPATH was established in 1990 as a bilateral exchange pro-
gram, initially known as the IU-Kenya Partnership, with a tripar-
tite mission focused on advancing clinical care, education, and
research in partnership with Kenyan counterparts.14

In 2010, the AMPATH Mental Working Group—consisting
of Kenyan, North American, and European mental health
experts—was formed, contributing to increased interest in the

biological aspects of mental health and neuroscience methods
across of faculty, students, and graduates. By 2019, the ground-
work for the establishment of the Moi University Clinical and
Cognitive Neuroscience Center (MU CCNC) was laid, based
on bilateral interest in facilitating the promotion of clinical
and cognitive neuroscience methods to serve research and train-
ing needs. The opening of the MU CCNC in early 2022
enhanced research capacity within the partnership and created
a dedicated space for projects relevant to patients cared at
MTRH—the second largest national referral hospital in
Kenya serving about 24 million individuals in western
Kenya, eastern Uganda, and southern Sudan.15

Team Composition
AMPATH-based North American and Kenyan faculty spear-
headed the development of this neurophysiology lab, with
key collaboration between pediatricians with expertise in neu-
rology and physiology and chairpersons of the respective uni-
versities’ psychology departments. Moi faculty led efforts to
establish a secure and appropriate space for the lab, as well as
support from the university. North American faculty led efforts
to optimize the lab space, minimize electrical and environmen-
tal interference, and oversee equipment set-up and mainte-
nance. Key personnel, including clinical psychology and
neuroscience PhD students, an EEG specialist, a research scien-
tist, and research technicians, helped with the initial develop-
ment of the CCNC and implementation of the initial project.

Moi University Clinical and Cognitive Neuroscience
Center (MU CCNC) Equipment and Processes Assessed
The MU CCNC was equipped with a 32-channel EEG system
from BrainVision (Brain Products, Munich, Germany) and
ActiiCAP slim 32-channel electrode set and eight EEG caps
(Brain Products GmbH, 2017) for neurophysiological recording,
and E-Prime (Psychology Software Tools, Pittsburgh, PA) and
MATLAB for stimulus presentation (The MathWorks Inc.,
2022); thus, allowing for the recording of ERPs. Paired with
this stimulus presentation software, the EEG system can record
ERPs during passive or active task conditions or continuously
record the electroencephalograph when a participant is at rest.
The initial battery of ERP procedures established at the CCNC
assessed sensory and cognitive processes: auditory steady state
response (ASSR)16; dual-click P50 sensory gating17; mismatch
negativity (MMN)18 P300 auditory oddball task19; and error-
related negativity (ERN).20 The CCNC also has capability to
assess two neuromotor processes: delay eye blinking conditioning
(dEBC),21 which utilizes the bioamplifiers to record electromyo-
graphic (EMG) recordings on the orbicularis of the eye, and pos-
tural sway recorded using an AMTI Accusway (Watertown, MA)
force platform.22 Electrocardiogram (EKG) is also passively
recorded utilizing two bipolar sensors (electrodes) placed on
each forearm a few centimeters above the wrist; these recordings
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may be used to assess heartrate variability and the heartrate
evoked potential.23 Taken together, these procedures provide an
expansive neural assessment of sensory, motor, and cognitive
function.

Considerations for Laboratory Development
The CCNC was established to conduct state-of-the-art research
on cognitive processes in children and adults in western Kenya.
Located within a public academic medical referral center, the
CCNC is uniquely positioned to support research across a
wide range of disease and conditions. In addition to research,
the center serves as a training platform for undergraduate and
master’s-level students in psychology and medicine, supporting
instruction in medical physiology and cognitive neuroscience.
The CCNC will also host investigator-initiated studies led by
Moi University faculty and, through partnerships with local fac-
ulty investigators, will facilitate national and international
research collaborations. Clinical EEGs performed to diagnosed
epilepsy take place in a separate clinical laboratory located
within the referral hospital campus.

Location
The CCNC is located at a central location in Moi University’s
Medical Education Center to maximize accessibility to study
participants, faculty, and trainees. The medical campus resides
in the fifth largest city in Kenya, Eldoret, and the lab is located
within a busy health sciences building along a main road,
requiring special attention to minimize acoustic noise from
the street, adjacent rooms, and hallways. Standard operating
procedures (SOPs) were developed to ensure continuity of
training and capacity building across time.

Travel
Team members from USA traveled to Kenya three times during
the five months between delivery and setup of the neurophysi-
ology equipment, training of the laboratory staff, and com-
mencement of data collection. All equipment was carried in
durable carry-on and checked luggage on commercial flights
by team members to ensure safe and timely arrival. It is useful
to have documentation from the partnering universities of the
educational and research purposes of the equipment to present
to border control agents if necessary. Each visit lasted 10 to 14
days.

Members of the USA research team visit three to four times
annually to assist with data quality and processing. Bi-monthly
videoconferencing addresses questions and issues that arise
pertaining to protocols and equipment.

Budget
Budget considerations are crucial when creating and maintain-
ing a neuroscience lab, as they can significantly impact the lab’s

long-term viability and functionality. Major budget items
include: neurophysiology/EEG bioamplifiers; at least two com-
puters (eg, a laptop for stimulus presentation and another for
neurophysiology recording); stimulus presentation and neuro-
physiology recording and analysis software; furniture such as
tables and chairs; supplies such as EEG caps, re-usable sensors,
skin preparation solutions, conductive gel, and data storage
media; white noise generator to drowned out ambient acoustic
noise; long-term maintenance costs for replenishing supplies,
replacing computers, and updating software; and trained per-
sonnel to oversee day-to-day operations. The upfront costs
for this lab (in 2021) were approximately: USD $70,000 for a
32-channel bio-amplifier system, caps, and software; $4500
for two high-performance laptops, a monitor for visual stimulus
presentation, and external hard drives; $1000 for stimulus pre-
sentation software and peripherals; and $2500 for office chairs,
a barber chair for electrode placement, desks, tables, rolling
cart, supplies, and storage cabinets. Additionally, the laboratory
space and associated office(s) will either need to be adapted in
existing building space or built.

Maintenance may vary according to the level of laboratory
utilization. Because the CCNC is housed within the university,
core infrastructure expenses (including rent, internet, and elec-
tricity) are fully covered. Equipment upgrades are supported
through new research grants, as needed. A dedicated, long-term
research staff member oversees routine testing, maintenance,
and troubleshooting of all equipment to ensure ongoing func-
tionality and timely identification of any issues. These respon-
sibilities require approximately 5% of a full-time individual’s
effort.

Electrical Power
A neurophysiology lab requires reliable electrical power, with
an earth ground. For the set-up described here, about 12 power
outlets are required via three power strips with surge-protection.
We selected a rechargeable battery-operated EEG system and
laptops so that transient and short-term power loss would not
disrupt recordings. Another advantage of battery-operated
EEG devices is that they can be disconnected from alternating
current (AC) power outlets to reduce the propagation of 50 Hz
(Africa) or 60 Hz (North America) electrical line noise during
recording. Uninterruptible power supplies (UPSs) can be added
to support electrical equipment and reduce the chance of data
loss during power interruptions. Finally, when setting up a neu-
rophysiology lab one should position pieces of equipment that
utilize AC power as far away as possible from the EEG system
so that line noise doesn’t contaminate the EEG recording.

System Setup
The EEG system was placed in a corner of a large room, away
from windows and power outlets so that acoustic, electrical, and
visual (eg, direct sunlight) noise would be reduced to the extent
possible. System components were arranged to utilize cables
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that were as short as possible and crossed each other as little as
possible to minimize the likelihood of electrical noise contam-
ination. The major connections between components are shown
below (Figure 1).

Special considerations were taken for placement of electro-
cardiogram (EKG) and EEG sensors on participants, so that
they did not need to adjust or remove typical clothing items.
For example, sensors to record heart rate (EKG) were placed
on each forearm medial to the wrist instead of on the torso

and shoulder regions. A 32-lead EEG cap was utilized to posi-
tion sensors on the scalp following the 10–20 system (Figure 2).
This method was selected due to its ability to maximize preci-
sion and rigor of the resulting data for hypothesis-driven
research, as well as aid to electrode placement with variety of
hair styles and textures. Labs should discuss and decide on
which sensor locations are best suited to capturing the EEG
and ERP signal of interest.24 EEG recording was conducted
in accordance with established protocols.25

Environmental Sources of Noise
Special consideration was taken to minimize electrical, acous-
tic, visual, physiological, and motion-based noise. Line noise
originates from alternating current (AC) power lines, which
in Kenya alternate at 50 cycles per second (50 Hz) at 220 volts
(compared, for example, to 110 volts in the USA). To reduce
50 Hz line noise, we selected a battery-powered EEG system
that can be disconnected from AC power during recording
and positioned away from wall outlets. AC-powered equipment
(eg, video monitors) was placed far from EEG devices. A volt-
age regulator (1000 W) with input/output display ensured com-
patibility with 110 V devices using a step-down converter.
Power needs were calculated using device specifications.

Initial setup revealed high 50 Hz noise, suspected to stem from
either a floating electrical ground or ground-loop issues.
Removing metal furniture and ensuring sensor leads avoided con-
tact with metal and other cables resolved this. Relocating the par-
ticipant further from AC sources helped. Additional noise was
caused by dry gel increasing sensor impedance. This discovery

Figure 1. Electrophysiology lab set-up.

Figure 2. EEG cap configuration utilized.
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precipitated new protocols being introduced to meticulously but
gently clean sensors to avoid this source of noise.

Impedance refers to the electrical resistance of the scalp sen-
sor, measured in kilo-ohms (kΩ). Maintaining low impedance
(<10 kΩ) is critical for EEG data quality. Since perspiration
from the head can adversely affect impedances, it is desirable
to conduct testing when participants are not perspiring, which
was generally not an issue in our temperate setting.

Distractions of any of the five senses can lead to participant
movement or cognitive processes related to the distractions and
compromise the data quality. To reduce disruptions, windows
were kept closed, white noise generators used, and “quiet” signs
printed. Visual distractions were controlled by placing the dis-
play screen against plain backgrounds in a dim room with
sunlight-blocking curtains.

Participant motion can introduce muscle artifacts. Instructions
were given to remain still, and staff monitored recordings in real
time. A comfortable barber chair supported posture to reduce
movement.

Equipment layout was optimized for consistency and data
quality. Cables and devices were fixed in place, and battery-
powered components were positioned near sensitive amplifiers.
EEG sensor leads were routed neatly, avoiding folds or pinches.
Amplifiers were placed on rolling carts to facilitate easier setup
and cleanup.

Connectivity
Access to an internet connection is key to maintaining open com-
munication, updating software, and uploading data to the cloud.
Since the building is not wired with internet connections, a mobile
hotspot was purchased to provide internet connectivity. This fea-
ture proved invaluable on several occasions, including when the
labneeded toconductvideoconferencingwith theEEGsystemsup-
plier to troubleshoot the environmental electrical noise and with
North American colleagues about updating software licenses.

It is important to note that theMUCCNCdoes not allow the lap-
top used for stimulus presentation to connect to the internet in order
to prevent automatic updates to the acquisition laptop’s software.
Some software and hardware components might not work if a sys-
tem update disrupts the way the software interacts with the com-
puter operating system or hardware. Following acquisition, a
second laptop may be used for cloud upload with transferred data.

Data Storage and Backups
Ensuring secure and accurate data storage for complex data files
was another important consideration. Google Drive is utilized as
a HIPAA compliant cloud service, where only study personnel
have access. Utilizing a cloud service allows critical functionality
forpersonnel indifferent countries toeasilyaccess sharedmaterials.
A password protected and encrypted hard drive is utilized locally.
To prevent data loss, data is immediately backed up and stored in
multiple secure locations (eg, Google Drive & hard drives).

Cultural Considerations
Cultural and language adaptations were necessary. First, each
EEG procedure had two language versions created so that
instructions could be presented in both in English and
Swahili. Second, thicker hair types present challenges in plac-
ing the EEG sensors near to the scalp so that the sensor gel
forms an electrically conductive bridge between the surface
of the scalp and the sensor (see26,27 for detailed discussion of
this issue). The lab has a wide selection of EEG cap sizes so
that a tight-fitting but comfortable cap size can be used to posi-
tion sensors as close to the scalp as possible. When necessary to
position certain areas of the EEG sensor cap closer to the scalp,
medical elastic tubular mesh bandage is wrapped around the
head and over the surface of the cap to make the cap more
secure against the head. Additionally, funds were included in
the budget to reimburse participants for a haircut if they pre-
ferred to cut their hair prior to their participation in the research,
based on information about the placement of the EEG sensors.

Considerations During a Typical Visit
To ensure precisely timed stimulus presentation, BrainVision’s
StimTrak (Brain Products, Munich, Germany) was used as a
peripheral add-on. The StimTrak detects when auditory and
visual stimuli are presented to the participant by intercepting
the audio and video signals, then sending a digital signal to
the BrainVision recording software. In this manner, the exper-
imenter can track if the triggers generated by the stimulus pre-
sentation software and embedded in the EEG consistently align
with the actual onset of stimuli being presented to the partici-
pant. If not, the experimenter can try to optimize the code to
eliminate the lag or use the markers generated by StimTrak
embedded in the EEG record to adjust the latency of ERPs dur-
ing processing of the data.

Given the EEG assessment protocol contained multiple
EEG/ERP task procedures, the lab had to consider the cost ver-
sus benefit of having participants complete all the procedures in
one long testing session versus breaking up the assessments
across multiple days. Since some of our participants travel
from distant locations, it was decided that one long EEG testing
session in a single day would be best for the participants and
enhance comparability of data across task procedures. To
reduce monotony and fatigue, planned breaks were built into
testing sessions and EEG staff were trained to be vigilant to par-
ticipant energy fluctuations throughout the testing.

Software Selection
TheMUCCNCutilizesE-Primecomputer software (Psychology
Software Tools, Pittsburgh, PA), MATLAB computer software
(The MathWorks Inc., 2022), and BrainVision Recorder (Brain
Products, Munich, Germany). In order to make the EEG system
as accessible as possible to researchers with little or no
coding experience, we selected well-documented and supported
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graphical user interface (GUI) software. Our group utilizes these
programs across two sites in North America and two sites in
Africa; thus, it is easy for us to update and test EEG task proce-
dures at any one of our sites and share it widely.

EEG Setup Training
Staff and a graduate student from the United States systematically
trained Kenyan staff in the Eldoret laboratory space in EEG setup,
recording, and in how to back up EEGdata. Research staff provided
an overview of neural sources of human EEG, how it is measured,
what canbe learned from the signal, aswell aswhat artifacts can con-
taminate EEG signals, how to recognize them, and how artifacts can
bemitigated. The staff learned about equipment function, individual
components of the Brain Vision 32-channel EEG system (Brain
Products, Munich, Germany), and how to properly connect them.
Precautions included not allowing any liquid to touch the system
except for conductive gel on sensors, keepingwires free from entan-
glement and crossing, regularly assessing for loose connections, and
keeping the area surrounding the equipment clean and free from
food. Approximately 10 sessions were required to achieve consis-
tent, acceptable electrode placement among three EEG laboratory
staff using the standard 10–20 system. Fewer sessions would likely
be sufficient if a shortcut placementmethodwere used. Practices and
procedures for operating BrainVision Recorder, E-Prime, and
Matlab software for data collectionwere alsodemonstrated.Aweek-
long training period on EEG best practices was led by a professor
with expertise inEEG, aPhD student, and an experienced laboratory
manager from the USA. Finally, potential problem scenarios were
practiced with the Moi-based research staff to increase awareness
of possible threats to stimulus presentation and data collection,
increase mastery, and increase self-sufficiency. To maintain consis-
tencyandassureself-relianceonceUSApersonnel left,acomprehen-
sive SOPs manual was created that focused on system set up,
impedance checks, recording and collecting data, sensor cleaning,
aftercare, and sway platform setup. An example of one such SOP
is found within Appendix A. Additionally, annual workshops on
EEG principles and techniques to aid with sustainability in neuro-
physiology teaching and research nationwide have been hosted.

Communication
Regular communication among study personnel has proven to
be essential for smooth operation and to work through various
issues as they arise. Study collaborators communicate consis-
tently across various mediums, including videoconferencing,
email, and hand-held device applications (eg, WhatsApp),
with formal meetings bi-monthly. Furthermore, written logs
are kept to document data collection issues (eg, impedance
problems, observed data artifacts, etc) and to be alert to the
need to restock certain supplies.

Maintenance
To keep equipment and lab space working efficiently, special
considerations were taken. Staff were trained to clean and store
sensors and maintain a clean workspace. As commercial sensor
disinfectants are not readily available in Kenya, the lab was pur-
posefully located near a water source, so that staff can utilize a
water and diluted alcohol solution to clean sensors. Disinfecting
the reusable EEG sensors and storage in clean containers is
important, as reusable sensors are vulnerable to bacteria.28

For more information about EEG sensor impedance, see
Ferree et al29 and Kappenman and Luck.30 The lab also utilizes
baby soap, which is less abrasive than regular soap, to clean the
lycra EEG sensor caps. Due to periods of high humidity in
Eldoret, Kenya, plastic containers that seal tightly are used to
store the EEG sensors once they are fully cleaned and dried.
Prolonged exposure to humidity can decrease the lifespan of
the sensors.

Open Science Resources
While the lab chose to use widely available proprietary soft-
ware, open source software such as Python programming lan-
guage could have been utilized for creation of scripts
responsible for stimulus presentation.31 As open-source pro-
grams are readily available, use of such software could be of
benefit to labs which have personnel with coding experience.
The use of open-source programs can reduce financial burden
and open access to a community of users for assistance; how-
ever, it can require significant knowledge of coding.
Proprietary software, such BrainVision’s acquisition and anal-
ysis software and E-Prime, requires a minimal level of coding
ability, but can be costly. Labs must weigh such pros and
cons. Training staff to code beforehand or hiring personnel
with coding abilities would be of benefit for labs aiming to uti-
lize open-source software. Further, there are growing open-
source repositories of paradigms for EEG research such as
the ERP CORE, which contains protocols for several common
ERPs.32 As open-access resources are increasingly available on
the internet, the creation of EEG labs will be possible with less
financial investment and greater support from other users.

Conclusions
Through the process of building human neurophysiology
research infrastructure in a resource-constrained environment,
we gained invaluable insights and learned critical lessons
described here, which we hope will be of benefit to others
who undertake similar projects. Beyond securing funding,
one of the most significant challenges in establishing the labo-
ratory was minimizing acoustic, visual, and electrical noise in
this environment- an essential step in ensuring the collection
of high-quality data with highly sensitive equipment.
Through a bi-national and bi-university collaboration, we
addressed potential barriers and established a world-class
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human neurophysiology lab in an environment where extraordi-
nary research can be conducted. The development of infrastruc-
ture to support and advance human clinical and cognitive
neuroscience research has empowered our team of faculty, stu-
dents, and staff to lead new initiatives, such as managing a com-
prehensive pilot study, developing a graduate program
curriculum, and organizing multiple research meetings and
workshops featuring prominent clinical and basic researchers
from across Kenya.

It is crucial that labs consider the potential pitfalls that could
arise during all phases of lab setup because proper planning and
early precautionary steps can ensure high quality data from the
outset and greatly limit the number of issues that arise later.
Apart from this work, various published works have written
on best practices for setting up an EEG lab and potential issues
that should be taken into consideration.24,33 These guides
should serve as a foundation for lab development, with the con-
siderations we have described as a supplement when develop-
ing a lab in LMICs. While many considerations were
apparent before our lab was set up, additional factors became
apparent during the lab setup and testing phase.

To our knowledge, this human neurophysiology research
laboratory is the first of its kind at a public academic institution
in sub-Saharan Africa. This newly established clinical and cog-
nitive neuroscience research infrastructure holds immense
promise for promoting equity in research utilizing neurophysi-
ological, psychological, and cognitive methods. This infrastruc-
ture facilitates the generation and exploration of research
questions by local scientists, clinicians, students, and commu-
nity members who are best situated to identify and prioritize
physical and mental health needs. The establishment of this
infrastructure, coupled with capacity-building efforts to provide
intensive training in these research techniques, is poised to
enhance neurophysiology, cognition, and neurodevelopmental
outcomes throughout western Kenya and across the entire
continent.
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