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Abstract “Experimenta con PREM” (meaning “Let’s Experiment with PREM”) is a two-week summer research
program at the University of Puerto Rico for high school students (HS). Experiment with PREM showcases materials
science as an inclusive discipline that covers diverse interests and competencies, including materials characterization,
device fabrication, soft matter, crystallography, and both experimental and theoretical-computational approaches. Within
this context, atomic force microscopy is one of the most valuable techniques for characterizing nanomaterials. For the 2025
summer camp, Surfmera America Inc. partnered with the University of Puerto Rico at Humacao to offer AFM experiences
to high school students. The students prepared their AFM probes, characterized a surface with a bit pattern similar to a
compact disk, and performed nanolithography. After completing the experimental acquisition, the students prepared a
report that included a theoretical background and surface image analysis. A student survey reveals great satisfaction with

the AFM experience. This partnership proved to be an enhanced experience for the future STEM students' development.
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1. Introduction

A summer research program for high school (HS)
students, from grades 10 and 11, has been organized since
2005 by the NSF-funded program, UPR-PENN Partnership
of Research and Education in Materials, at the University of
Puerto Rico at Humacao [1]. The program name “Experimenta
con PREM” (ECP, Spanish acronym), includes a week of
immersion in hands-on laboratory experiences. Generally,
participation in summer STEM programs as early as
possible enhances the likelihood of pursuing a STEM career
[2]. In addition, these early-career research experiences in
STEM offer students the opportunity to engage in genuine
scientific research, thereby exposing them to the work and
perspectives of STEM researchers [3]. For many years, these
activities have been successfully targeted at undergraduate
students, as evidenced by the NSF-sponsored Research
Experiences for Undergraduates (REU) programs [4].

Materials Science offers an ideal environment for high
school research experiences due to its highly interdisciplinary
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and collaborative nature. It welcomes researchers with a
diverse range of skills, including theoretical, computational,
experimental, engineering, synthesis, and characterization.
The creation and analysis of new materials, the immediate
visibility of applications, and the experience of teamwork
are key features of the discipline, which help guide HS students
toward nanomaterials specifically and STEM disciplines
in general. Expanding access to research opportunities has
been recognized as a crucial strategy for diversifying the
STEM pipeline [5,6]. Therefore, initiatives to provide
STEM research experiences to these students are essential.
The ECP program is designed to mirror the comprehensive
experience that students encounter in a REU Summer
Program, spanning from the initial application to the
presentation of their research findings. This year, Surfmera
America Inc. joined efforts with ECP by providing one of
the research experiences to HS students. Surfmera America
Inc. is a company specializing in AFM instrumentation for
cutting-edge nanoscience and nanotechnology research.
AFM enables 3D surface topography imaging at nanometer
resolution and measures surface properties, including
roughness, grain size, and step heights. AFM is a
fundamental technique used in Materials science (studying
thin films, polymers, and nanomaterials), Biology (imaging
cells, membranes, proteins, and DNA without staining or
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fixation), Chemistry (in investigating surface reactions and
functionalization), and Physics (understanding surface forces,
mechanical properties, and nanoscale phenomena). AFM
isn’t just for imaging; it can measure mechanical properties
(e.g., stiffness, adhesion), electrical and magnetic properties
(with conductive or magnetic AFM modes), and chemical
mapping (via force spectroscopy or functionalized tips).
Unlike electron microscopy, AFM operates in ambient,
liquid, or vacuum environments and is non-destructive,
making it crucial for biological or soft samples. Proficiency
in AFM is highly valued for careers in nanotechnology,
biomedical research, the semiconductor industry, surface
science, and engineering. For all these reasons, AFM remains
a fundamental technique in nanomaterials science and is
relevant for developing the next generation of scientists.
Some teaching approaches have been designed to expose
students to AFM and provide them with experiences in
AFM, either through simulations or basic instrumental
models [7]. One of the significant obstacles to exposing the
students to AFM is the cost of the instrument and its
availability. [8-10] In this regard, simulations and cost-effective
instrumentation have been proposed. [8,10-14].

Among an extensive product line, Surfmera America Inc.
offers the AFM model Spark, a multi-purpose research tool
that is also an ideal instrument for educational purposes.
Spark can work with standard AFM cantilevers, but it can
also use other cantilevers made of etched tungsten wire.
This reduces the microscope's operating costs, a significant
advantage when it is used for educational purposes. Spark
is a compact, robust AFM designed for small samples (up
to 12 mm). It features key techniques such as Amplitude
Modulation AFM, Electrostatic force microscopy (EFM),
Magnetic force microscopy (MFM), Kelvin probe force
microscopy (KPFM), and various spectroscopic modes.

This work describes the 2025 summer research experience
for HS students that resulted from the partnership between
ECP at the University of Puerto Rico at Humacao (UPRH)
and Surfmera America Inc. Scientists from Surfmera
America Inc. travelled to UPRH and participated in the ECP
summer research program. The experience was programmed
for a four-hour laboratory session and 3 hours to write
a report. The experiment introduces the concepts of AFM
microscopy, optical magnification, nanolithography, and
surface analysis. These topics are relevant because the HS
students lacked prior knowledge of the basic principles of
AFM. We recognized that a day-long workshop does not
make an expert in AFM, but for HS students, sparking
the young generation's interest in the nanoworld is worth it.
We also present the findings from a survey of the research
experience. Altogether, the partnership complements ongoing
efforts to provide HS students with access to nanoscience
via AFM.

2. Materials and Methods
The students prepared the AFM probes by etching a

tungsten (W) wire in 10% KOH (w/w) using an etcher
[13,15]. The KOH was transferred to a petri dish and placed
on the etcher to create a small meniscus around the “ring,”
where the W wire was sharpened by applying a constant
voltage of 5V. The etcher features a built-in camera
connected to a computer to display the tip-formation process.
In this way, the students grasp the idea of how the tip is
formed. After sharpening, the tip was transferred to the AFM
Spark instrument to measure the surface, consisting of a bit
pattern similar to a compact disc, using amplitude modulation
mode. [12] In the second part of the experiment, the students
used nanolithography to create the group team logo or any
suggested image [16]. The nanolithography was performed
on a high-density polyethylene sample. All data acquisition
and image analysis were performed using proprietary
software (Surfmera America Inc.). The overall workshop
took approximately seven hours; therefore, organization,
clear instructions, and continuous mentoring follow-up are
essential to fulfill the objectives. Moreover, the required time
for the workshop imposes a strict allocation of time.

3. Results and Discussion

High school students should be exposed to AFM because
it fosters curiosity, develops future skills, links science to
real-world innovation, and prepares the next generation of
scientists. Observing how AFM is used to design better
batteries, medical devices, or drug-delivery systems helps
students connect science to real-world impact. AFM
experiences introduce students to real nanotechnology, not
just textbook science, and help them understand how
scientists perceive atoms and molecules, sparking interest in
research and STEM careers. Moreover, hands-on AFM
experience enables students to visualize and understand the
nanoscale, where many materials exhibit distinct behaviours.
In this way, students recognize that tiny changes at the
nanoscale can have a significant impact on how materials
function (e.g., in electronics, biology, or medicine). Thus,
introducing students to AFM at an early stage is essential
because it provides nanoscale-level insight into the structure,
properties, and behaviour of materials. In summary, learning
AFM opens doors to cutting-edge research and technological
innovation, equipping the students with the tools to explore
and manipulate the world at the nanoscale.

The experiment begins with a brief introduction to
microscopy and magnification. The diffraction limit was
introduced as the limiting factor of optical magnification to
characterize nanomaterials. Thereafter, the introduction of
scanning electron microscopy (SEM) was presented to
establish the requirement to measure nanoscale materials.
The pros and cons of SEM are first discussed, followed by a
discussion of AFM principles and experimental procedures.
A brief experimental procedure is presented to help students
understand the basics of measuring an AFM image. Afterward,
the hands-on experience starts by preparing the probe tip by
etching a tungsten (W) wire in KOH (10% wi/w) with an etcher.
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The students then measured the topography of the
provided sample, which consisted of a bit pattern like that of
a compact disc. Figure 1 shows an example of the obtained
topography image by one of the student groups. A clear
surface pattern with an oval form, characteristic of a bit
sequence, is observed. Image analysis was performed using
the proprietary software. For example, the green line shown
in Figure 1 yields a bit width and depth of 418 and 13.6 nm,
respectively.
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Figure 1. Top) AFM image of the CD surface. Bottom) illustration of the
analysis of a bit with a 418 nm width (DX value blue marker) and 13.6 nm
depth (DY value green marker), serving as an example of image analysis

Next, the students analyzed the image and calculated
the surface roughness. Surface roughness in AFM is a key
parameter used to quantify the texture and irregularity of a
surface at the nanoscale. AFM provides 3D topographical
data, allowing precise measurement of surface height
variations. In these contests, the students determine the
roughness of the CD surface using image analysis software,
yielding a value of 2.43 nm. Further image analysis was
performed using the grain analysis threshold method, which
enables quantitative extraction of surface features, such
as grains, particles, or domains, from AFM images. This
analysis is critical in materials science, nanotechnology, and
surface characterization. A typical grain threshold analysis
from the HS student groups is shown in Figures 2 and 3.
These analyses require higher-level statistical knowledge,
which HS students do not have. However, we opt to discuss
the results in terms of the physical morphology interpretation
of the surface. On the final hands-on experience, the students
employed nanolithography to modify the sample surface
(write on the surface). In this experiment, the HS students
use their imagination to draw an image on a high-density
polyethylene substrate using the prepared tip. Figure 4 shows
examples of nanolithography performed by the HS students.
The nanolithography images are the ECP, a star, and a
microwave, representing the group’s name. Additionally,
the students measured the width and depth of the channels

created using cross-sectional measurements. This is important
because the student understands the feeling of working at
the nanoscale. we opt to discuss the results in terms of
the physical morphology interpretation of the surface. On
the final hands-on experience, the students employed
nanolithography to modify the sample surface (write on
the surface). In this experiment, the HS students use their
imagination to draw an image on a high-density polyethylene
substrate using the prepared tip. Figure 4 shows examples
of nanolithography performed by the HS students. The
nanolithography images are the ECP, a star, and a microwave,
representing the group’s name. Additionally, the students
measured the width and depth of the channels created using
cross-sectional measurements. This is important because the
student understands the feeling of working at the nanoscale.
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Figure 2. Grain analysis of the CD surface. Inverted topography (left) and
the detected grains/holes (right)

A post-workshop survey was administered to assess
participants' experience and satisfaction (see supplement
S1: Post-Workshop Survey). The survey included both
quantitative and qualitative items across several categories,
including prior participation in similar events, overall
satisfaction with the workshop, perceived relevance of the
topic, content quality, facilitator/trainer performance, group
activities, materials provided, use of technology, and time
management. Quantitative items were rated using a five-point
scale: “Very Satisfied”, “Somewhat Satisfied”, “Neither
Satisfied nor Dissatisfied”, “Somewhat Dissatisfied”, and
“Very Dissatisfied”. The overall satisfaction rating for the
AFM workshop was 4.88 out of 5.

Notably, 94% of participants (16 out of 17) attended a
similar seminar for the first time, highlighting the program’s
role in expanding access to scientific instrumentation and
hands-on learning for high school students.

Figure 5 summarizes student responses to other key workshop
components. In all the categories, the students rated elements
as either “Very Satisfied” or “Somewhat Satisfied”. The
highest-rated aspects were the use of technology and the
quality of the materials provided.

To further assess the workshop’s educational impact, students
were asked whether the activities and theoretical components
were helpful for their learning. This item received an average
rating of 4.5 out of 5.0, suggesting that participants found the
content valuable and accessible. However, responses also
reflected some uncertainty about how this experience might
influence their future academic or career paths.
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Figure 3. The results from the Grain analysis are presented in a table with data for each grain/hole, as well as in a histogram
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Figure 4. Examples of nanolithography from different HS student groups. A) summer ECP program logo, B) size analysis of the channels produced in the

ECP 2025 logo, C) “nanocheetos”, and D) “nanoondas” team group logos
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Figure 5. Results from the post-workshop survey show participant
satisfaction across key AFM Workshop components. Responses are
presented as percentages for each rating category: Very Satisfied, Somewhat
Satisfied, Neither Satisfied nor Dissatisfied, Somewhat Dissatisfied, and
Very Dissatisfied. In all categories, the responses were “Very Satisfied”
(blue bars) or “Somewhat Satisfied” (orange bars)

Responses to the open-ended question “What did you like

most about the AFM workshop?”” were unanimously positive.

Participants highlighted various aspects of the experience,
including: “I loved the AFM”, “I enjoyed the experience of

working and connecting with highly educated scientists", “I
liked the experiments and how well we all worked as a team”,
“the perfect combination of theory and practice, and how
we were guided to use the AFM”, and “I enjoyed the most
creating the probe for the AFM etching device”.

One question was: What did you like best about the
workshop? Some answers were “Overall I like the workshop
by how it is, but if I had to pick I'd still say the software”, “I
liked the best creating the probe”, “Preparing the samples”,
“Being able to see things that I can't see with my naked eye,
showing me how amazing is the science”, and “Being able to
work with unique equipment”.

Another open-ended question asked “What did you like
best about the workshop?” elicited similarly enthusiastic
responses, such as: “Overall I liked the workshop as it was,
but if I had to pick, I'd still say the software,” “I liked best
creating the probe,” “Preparing the samples,” “Being able
to see things that | can't see with my naked eye—it showed
me how amazing science is,” and “Being able to work with
unique equipment.”
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These responses demonstrate strong engagement with
both the practical and conceptual components of the
workshop, highlighting its effectiveness in fostering students’
appreciation for scientific tools and methodologies.

4. Conclusions

During the laboratory research days of the ECP2025
summer camp, HS students had the opportunity to participate
in a laboratory offered by Surfmera America Inc., an
international company based in Arizona that specializes in
the development of advanced scientific technologies in
partnership with the UPR-Humacao. Surfmera America Inc.
scientists travelled to UPR-Humacao to provide HS students
with the experience of using a compact AFM (Spark model),
which enabled them to visualize materials at the nanoscale, a
key observational level in modern materials research. This
activity exemplifies how collaboration between industry and
academia can open doors for young people to access
cutting-edge technology and experience the highest level of
science. Moreover, it provides a sparkling experience of the
nano-world for HS school students, which is difficult to
achieve under normal conditions.

Supplementary Material: Post-Workshop Survey
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Supplementary Information: Post-Workshop Survey

Responses Overview  Closed

Responses Average Time Duraticn
1 7 0 5: 58 2 Days
1. Cverall, how satisfied are you with the AFM Workshop?

Level 5 I 15

4.88 Level 4 [N 2

#verage Rating Level 3
* * * * * Level 2
Level 1

2. Is this your first time attending events like this?

6%
& Yes 16
@ MNo 1
94%
3. How would you rate the following for the facilitators or trainers?

# Motwell at al & Mot very well Somewhat well & Very well & Extremely well
Explained the purpose of the event N
Presented concepts in a clesr and easy-to-understand way I
Maintzined my interest throughout the duration of the event I
Encouraged attendee participation I
Theroughly answered guestions from participants ey ]
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4, How satisfied are you with the following aspects of the AFM Workshop?

# Very dissatisfied

Facilitator/Trainer

Materizks provided

Topic relevance

Group activities

Overall content

Use of technology

Time management

# Somewhat dissatisfied

Meither satisfied nor dissatisfied

5. How likely are you to recommend the AFM workshop to a friend?

Promoters
Pazsives

Detractors

6. Were your expectations of the AFM workshop met?

# Beyond my expectstions
#® Met az expactad

& Below my expectations

14

# Spmewhat satisfied # Yery satisfied

N
100% 0% 100%

.m‘ 65 L.

NPS®

18%

B2%

43
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7. What did you like most about the AFM workshop?

Latest Responses
1 7 "lloved the AFM"
"l enjoyed the experience of working and connecting with highly educated scientist.”

Responses "I liked the experiments and how well we all worked as a team.”

5 respondents (29%) answered AFM for this question.

theory and practice highly educated Preparing the samples
nano scale experience able scientific experiments
presentation at the beginning working in teams AF M ue mas attention andpatience
device AFM microscope

: studynanoparticles
great experience gustando mucho  experiments and research

8. How could the AFM workshop be improved?

Latest Responses
"NOTHING"
"Maybe by explaning the reascn for the experiment and workshop better”

17

Responses “In my opinion, the AFM workshop is already perfect.”

3 respondents (18%) answered good for this question.

reason for the experiment Manteniendo el properly study
experiment and workshop el taller school students

gooc' WOFkShOp Maybe by explaning

program is good AFM workshop nanoparticles size
con como Estoy

mejorarlo ., rkshop is already perfect

satisfecho que mejorar
tiene

9. Were the activities and thecretical aspects useful for your learmning?

Level 5 I, &

4 47 Level 4 I ©
.

Average Rating Level 3
90 00FC Level 2

Level 1
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10. Was the pace of the AFM workshop appropriate?

12%

@ Too fast z
& Justright 15
& Too slow [i]

88%
11. Was the AFM workshop relevant to your career future decision?
12%

& Very relevant L ’ 29%
& Somewhat relevant T 18%

® Meutral ]

& Motvery relevant 2

@ Motrelevant at all a

41%

12. What did you like best about the workshop?

Latest Responses
1 7 "Everything”
"Being able to work with unigue equipments.”

Responses "I liked the teamwork."

3 respondents (18%) answered AFM for this question.

fue instructors were very nice amazing is the science

unique equipments work

instrumentos probe A M Preparing the samples

probe micrnscnpybest del Overall i like naked eye

sonda M3% gusto topiceasy  apleto seethings

construccion
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13. Do you have any other comments or suggestions?

Latest Responses

"o
1 ? "Well crganized and educacionalworkshop.”
Responses "N

2 respondents (12%) answered workshop for this question.

no comment lab work

guye wo rkshop gusto mucho

educacional
experience organized workshop could be longer

Nope



