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Abstract: This study deals with the descriptive analysis of the opinion of a pilot group of students at
the University of Salamanca about the use of an innovative origami microscope: the Foldscope. Data
were collected from an online satisfaction survey of 92 students of Plant Histology (Degree in Biology)
during their laboratory practices. These surveys collected their opinions about the educational
effectiveness of an innovative and economic foldable microscope made of paper. The foldscope is
easy to use and can be used individually or collectively, thanks to its projection capability. The results
show that the participants have a positive impression regarding the use of this tool to study plant
structures, and they recommend its use in the years thereafter. In this regard, it is demonstrated
that the price of microscopes is no longer a problem for the teaching of some subjects, such as
Plant Histology.
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1. Introduction
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These changes meant teaching staff had to think about innovative alternatives to
counter the deficiencies presented by virtual education compared to face-to-face education,
Academic Editor: James Albright such as the creation of digital learning environments (DLE), which demanded a certain
level of digital competence on the part of the teachers [4]. For some qualifications, especially
for the university degrees of biomedical sciences [5,6], this work was more difficult due to
the use of some essential tools, such as microscopes [7].

These devices allow the visualization of objects that would be impossible to distinguish
Publisher’s Note: MDPIstays neutral  with the naked eye [7,8]. From its most primitive version to that of the modern day, the
with regard to jurisdictional claims in - mjcroscope has evolved extensively. However, simple microscopes are typically comprised
published maps and institutional affil-  of: g pair of ocular lenses, a height regulator, some objective lenses, a condenser, and a light
fations. source. In this iteration, the interior bulb emits a light that crosses the sample of interest.

Then, the image generated is brought into focus by the lenses to finally reach the eyes
(Figure 1).

Despite its simplicity, modern microscopes have become very costly and can require
professional handling to operate or maintain. Hence, the necessary expertise or tools are
not usually available in education or health centers with limited budgets [9]. Furthermore,
they are unusable outside of these laboratories or research centers because they need a
conditions of the Creative Commons  POWeT supply to work [9,10]. This becomes a problem when it is necessary to study the
Attribution (CC BY) license (https://  Samples at the places from which they were extracted, for example, in a river or a field
creativecommons.org/ licenses /by / hospital. It is precisely those places in which it can be harder to bring a microscope or make
40/). it work where some infections, such as schistosomiasis or malaria, prevail [11,12]. The

Received: 14 November 2022
Accepted: 13 December 2022
Published: 15 December 2022

Copyright: © 2022 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article

distributed under the terms and

Educ. Sci. 2022, 12, 927. https:/ /doi.org/10.3390/educscil2120927 https://www.mdpi.com/journal /education


https://doi.org/10.3390/educsci12120927
https://doi.org/10.3390/educsci12120927
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/education
https://www.mdpi.com
https://orcid.org/0000-0003-3980-0390
https://doi.org/10.3390/educsci12120927
https://www.mdpi.com/journal/education
https://www.mdpi.com/article/10.3390/educsci12120927?type=check_update&version=1

Educ. Sci. 2022,12, 927

20f11

microscopic examination of some of these pathogens is a quick method that can accelerate
the treatment of these diseases, and it can be done easily with a simple microscope.

1. Objective
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Figure 1. Scheme of a microscope and its section. Adapted from “Phase Contrast Microscopy”, by
BioRender.com (2022).

On the other hand, the use of microscopes is very interesting as a teaching tool.
In fact, it is mandatory in some university studies. Nevertheless, to have a successful
learning process, students must use microscopes by themselves, which implies a risk
of damage [13,14]. Usually, schools and high schools cannot afford to purchase several
microscopes, especially if the risk of them breaking is high.

Fortunately, modern technology has permitted the manufacture of small plastic lenses
that can be attached to a paper or plastic folded structure to create an ultra-low-cost
microscope [15-17].

The need for usable microscopes under a wide variety of circumstances led to the
creation of the Foldscope (Figure 2) at a Stanford University (California) laboratory. This
“origami microscope” simplifies all the parts of a conventional microscope, which allows
it to be affordable and accessible outside of hospitals and research centers [11,12,18]. The
Foldscope was first presented in 2014, and its use in biomedical sciences has become
so popular that nowadays, more than 1 million Foldscopes have been sold. The cost of
the materials is estimated to be less than one dollar and it can be assembled in 10 min.
Conventional microscopes use a light bulb to illuminate the sample; therefore, they need a
power supply. The Foldscope does not need to be plugged in because it includes an LED
and a small battery [15,19]. To view the sample, the Foldscope must be held with both
hands and placed close to the eye until the eyebrow touches the paper. To focus the image,
a piece of the Foldscope can be moved with the thumbs to change the Z axis [20]. Moreover,
a mobile phone camera can be attached to the Foldscope to take pictures of the samples.
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Figure 2. Photography of a Foldscope.

Thanks to the advantages of the Foldscope, several clinical studies have arisen. One
of them implied the examination of urine and dental plaque samples with conventional
microscopes and Foldscopes operated by 12-year-old children. This study demonstrated
that Foldscopes were as effective as conventional microscopes for the detection of the
studied infections [21]. Moreover, it showed that the Foldscope was simple enough to
be handled by children. In addition, the group that studied their own samples with the
Foldscope became more concerned about their own dental hygiene than did the group
that could not use the Foldscope. Hence, this confirms that the Foldscope is a valuable
motivational teaching tool [21].

To summarize, Foldscopes showed several advantages over conventional microscopes:
(i) these new microscopes are so easy to handle that even children can use them; (ii) even
though the resolution they have is lower than that of conventional microscopes, they are
good enough to distinguish tissular structures; (iii) their creators claim that the Foldscope
can be thrown from a 3-story building or be stepped on by a person; (iv) it has a good
acceptance between the students; and finally, (v) this microscope is so cheap that it can be
bulk bought, and there is no problem if it breaks, although it is unlikely to happen. Given
this scenario, the objective of this article is to analyse the effectiveness of the Foldscope
in a pilot trial done by the University of Salamanca during the COVID-19 pandemic. In
this project, the students were given each a Foldscope so they could study plant samples
in their own houses. Furthermore, this study aims to examine the possibilities that these
microscopes present in university education, and more specifically, to evaluate student
acceptance of this innovative microscope.

2. Materials and Methods
2.1. Objective

The objective of this paper is to propose the Foldscope as an innovative teaching tool
that compensates for the lack of microscopes in non-face-to-face education for subjects
that require their use. This way, the students can be the protagonists of their own learning
process, and can explore the tissular organization of the organic objects that surround them.
To support this proposal, a series of data from a satisfaction survey will be shown.

2.2. Participants of the Project

The pilot trial was offered to 92 students (18-19 years old) of the Plant Histology
subject, which is part of the Biology Degree in the University of Salamanca, Spain. This
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Project was granted by the University of Salamanca as a program to innovate teaching, and
was devised to address the exceptional circumstances of the COVID-19 lockdown. In this
case, even though the microscopes were made available to all the students, two students
did not want to participate. At the end of the academic year, the students had to return
the Foldscopes and they were asked to complete a satisfaction survey that was available
at the virtual campus (University online platform where students download or upload
information related to their studies).

2.3. Instrument

To collect the students” opinions, they were given a satisfaction survey with 4 questions
(Table 1); 2 of them were dichotomic and the other 2 were Likert-type questions with a
range of 4 options: very much, somewhat, not really, and not at all.

Table 1. Dependent variables.

Do you think the use of the
Foldscope is an Yes No
instructive activity?
Would you recommend the use
of the Foldscope in Yes No
other courses?
Has the Foldscope helped you
to know better the Very much Somewhat Not really Not at all
plant structures?
Do you think the Foldscope has
served you as an assistance in Very much Somewhat Not really Not at all
the subject learning?

2.4. Use of the Foldscope

Each student received a Foldscope kit that contained a Foldscope, a 140-magnification
lens, paper slides, instructions, and identification stickers, all in a nylon bag.

The first step the students had to take was the assembly of the Foldscope. After the
final assembly, the students had to insert the lens. Once the microscope was completed,
the students had to prepare their own plant samples, so they searched for a place to gather
several plant tissues. The most common samples that were brought were petals, pollen,
roots, stems, or leaves. One of the most common problems of microscopy is that light
must pass through the tissues, and if the sample is too big or thick, it becomes opaque.
Consequently, the students had to prepare the tissues; on the one hand, they could choose
a small or thin sample (onion skin, pollen, small seeds), or on the other hand, they could
make them thinner. To do this, they could cut the tissues with various tools (scissors, knifes)
or tear them by hand. The prepared tissues were placed in the paper slide that was included
in the kit with some tape, then, they were observed aiming the microscope towards a light
source and focusing with their thumbs. The students had the opportunity to take some
photographs with their own mobile phones, as the Foldscope integrates an accessory that
allows for the attachment of a smartphone. Once the course was finished, the students
returned the Foldscopes and they were asked to complete the aforementioned survey.

Moreover, to demonstrate the resolution of the Foldscope, several photographs of
processed tissues were taken. The pictures were taken by placing the camera phone to touch
the lens; the light source was the LED incorporated in the kit. In addition, the projection
capacity of the Foldscope was tested; if an intense light crosses the sample, an image can be
generated over a flat surface. Consequently, by using a smartphone flashlight, a projection
of a sample can be observed on a wall.
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3. Results
3.1. The Resolution of the Foldscope Is Enough to Distinguish Cell Structures

Onion skin is the classic vegetal tissue used to introduce microscopy and Plant His-
tology; therefore, the students selected this vegetable to learn the basics of the Foldscope.
As shown in Figure 3, the unique cell part that can be distinguished from the plant cells
without staining is the cell wall. Thanks to its structure, the polygonal form of the cells can
be seen.

Figure 3. Microphotography of onion skin. Image taken by a student with their own mobile phone.

Unfortunately, there were few students who shared their own photographs. Besides,
they did not have access to tissues processed by an expert; therefore, most of their pho-
tographs could not validate the actual resolution of the microscope. To do that, some
micrographs of expert-processed tissue were taken. The plant structures selected were
Tilia sp. in three different developmental stages: (1) meristematic stem (a plant tissue
consisting of undifferentiated cells; Figure 4), (2) 1 year stem (Figure 5) and (3) 2 years stem.

Finally, apart from Tilia samples, various photographs of Cannabis sativa. stem were
taken as well (Figure 5). Again, the Foldscope allowed the visualization of specific struc-
tures, such as the characteristic trichomes of Cannabis sativa.

As described, the projection capacity of the Foldscope was tested. To do so, the
flashlight of a smartphone was used. The Foldscope only works in one light direction. In
this case, the light must cross from the yellow part to the blue part, which allows the image
to be generated against a surface. As can be seen in Figures 6 and 7, the image quality is
good enough to distinguish between the different structures. This can be helpful if it is
necessary to project an image in a class to show the same structure to all the students.
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Figure 4. Tilia sp. meristem. The Foldscope resolution was good enough to allow to distinguish the
different plant cells. As the Foldscope lens is a sphere, the central region of the generated images can
be blurred ((A,B) red circle). On the other hand, the periphery of this blurred region presents good
optic qualities as it is shown with a red arrow (B) that marks the external layer of the epidermis, a
plant structure difficult to see without a good microscope.

Figure 5. Cross section of Cannabis sativa. Red arrows mark trichomes, an outgrowth of the epidermis

where the cannabinoids are stored.
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Figure 6. Micrographs of 2 years old Tilia stem. In (A) a cross section of a Tilia sp. stem can
be distinguish. To take image (B) the 3x amplification lens of the mobile phone was used. The
Foldscope includes a 140 x magnification lens, this implies that using the 3x lens incorporated in
some smartphones make possible the acquisition of photographs with 420 magnifications.

Figure 7. 1 year old Tilia sp. stem. In (A) the disposition of the Foldscope with a mobile phone can
be seen, in (B) the image is projected at 1 m and in (C) a photograph of the same plant structure
is shown.

3.2. Students Have a Positive Opinion about the Foldscope

The students did not have a strong opinion about the use of the Foldscope: the
percentage of students who thought that the Foldscope was very useful for learning the
plant structures was about 10%. Secondly, the highest percentage corresponded to the
students who thought it was somewhat useful; more than 50%. On the contrary, the
percentage of the students who thought that the Foldscope was not really useful was 30%.
Finally, the students who voted that the Foldscope was not useful at all was less than 10%
(Figure 8). Some plant structures are distinguishable after proper treatment of the tissue,
and as described before, the tissues were selected and treated by the students. Even though
this method helps the students learn the basics of microscopy on their own, this could be
the reason why they could not study all the structures. Previously, some pictures of tissues
treated by a professional histologist were shown, and it was evident that the Foldscope
provided enough resolution to study them. That is why it is logical to think that use of this
tool with prepared tissues could give better results.
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Has the Foldscope helped you to know Do you think the Foldscope has served you as
better the plant structures? an assistance in the subject learning?
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Figure 8. Students’ opinion about the usefulness of the Foldscope. About 62% of the students
thought that the Foldscope had helped (Very much or Somewhat) them to better understand the
plant structures, while approximately 37% (Not really and Not at all) had a negative answer to this
question. In addition, almost 60% (Very much and Somewhat) had a positive answer when asked if
they thought that the Foldscope was an assistance for the subject learning, while almost 40% of the
students had a negative answer.

Regarding the question of “Do you think the Foldscope has served you as an assistance
in the subject learning?”, the students had a similar opinion to the previous question. Less
than 10% though that it was very useful as an assistance and more than 50% thought it was
somewhat useful as an assistance. Additionally, to the contrary, more than 30% voted that
it was not really useful as an assistance, and 5% voted that it was not an assistance at all
(Figure 8). This scenario could be improved if the previous measure was applied. While it
is true that processed samples could be provided to the students, they were not provided
because the objective of the project was to promote autonomous learning. Providing
samples would be against one of the main objectives, and would significantly increase the
cost per student, which is also against the objectives of the project.

The students’ opinions were far better according to the dichotomic questions, as 90%
of the students thought that the Foldscope project was an instructive activity. In addition,
more than 80% of the students would recommend the use of the Foldscope in other courses
(Figure 9). With all these data, it is obvious that whilst the use of the Foldscope in this
educational scenario has room for improvement, the students are in favour of using the
Foldscope in the project subject and others. It is obvious that using innovative tools can
promote the teaching and learning process [22,23].

Do you think the use of the Foldscope is Would you recommend the use of the
an instructive activity? Foldscope in other courses?
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Figure 9. Students’ opinions about the Foldscope. 91% of the students gave a positive answer when
asked if they thought that using the Foldscope was an instructive activity. In addition, 83% of the
students would recommend the use of the Foldscope in other courses.
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4. Discussion

Throughout the present research, an instrument was designed to evaluate students’ opin-
ions about the use of low-cost technologies, such as the Foldscope, in laboratory practices.

The evaluation instrument was developed during the COVID-19 pandemic period.
During the evaluation, two fundamental dimensions were studied: (i) didactic use of the
Foldscope, (ii) opinion about Foldscope (Table 1).

When the results were analysed, it was found that University students considered the
use of the Foldscope positively during their laboratory practices (Figures 8 and 9). Thus,
the specific objective of this work was achieved.

Previous studies agree with the results of the present investigation: a confirmation of
(i) the pedagogical value of the Foldscope, although it is a low-cost microscope [11,12], and
(ii) the motivation that this tool awakens [11,13,15,18,19] for the students, because they can
have the Foldscope in their own homes for experimentation, and for the teachers, because it
is economical and meets the minimum requirements. This microscope has positive features,
such as durability, autonomy (no need to use electricity), and small size. The assessment of
the use of the Foldscope as an alternative instrument to conventional microscopes agrees
with previous studies’ results [11] that evidences its capacities in diverse disciplines.

There are numerous studies analysing teacher opinions about the innovative resources
or methodologies; their general results demonstrate the need for innovative means to
motivate the students, especially since the pandemic, where participation has been mostly
virtual [22-25]. Knowing the opinion of students is necessary in order to promote use of the
Foldscope as a portable tool for fixed use in university practices or in other epidemiological
and clinical settings.

Regarding the use of the Foldscope during the laboratory teachings of superior studies,
the obtained results confirm that students have a positive opinion about it (Figures 8 and 9).
In this sense, the results agree with others obtained previously, which show that the ease
of transport of the microscope for the analysis of samples in any environment or the
autonomous nature of its use guarantee a successful teaching—learning process [11-13,24].
This study also reveals the versatility of this microscope, making it a good candidate as an
innovative tool for biomedical sciences degrees, as well as vaidating its use as a “collective
microscope” due to its ability to project the information analysed on the screen or wall
(Figure 7).

5. Conclusions

The use of the Foldscope is getting more and more attention in the sciences. This can
be observed in the increment of investigations about the possibilities this tool offers from
2019 onwards.

Even though this study analysed the opinion of 92 Biology degree students, the
obtained results could confirm that the Foldscope is a good low-cost alternative to more
expensive microscopes.

The articles regarding the use of the Foldscope as a teaching tool are limited, because
it was initially used as a clinical tool in less favourable regions. The number of participants
and the quality of the instrument of this study are limited to the available means of the
pandemic lockdown.

In summary, it would be appropriate to further study the benefits and possibilities
that the Foldscope can offer to university, secondary and primary studies, as well as
teachers’ opinions.
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