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Abstract

Microscopy has become an irreplaceable tool for visualizing, analyzing and quantifying life in
several research fields, such as cell biology and tissue diagnostics. However, to acquire optimal
imaging of a sample, the microscope needs to be correctly operated. While microscopes are
available in many research institutions and laboratories, they often lack proper user and
calibration instructions. Online training materials have become important, but their content is
usually generic, microscope-specific information is unavailable, and they cannot help users on-
site. Therefore, specific microscopy skills are normally transferred from person to person, which
in turn leaves space for subjective errors that can accumulate over time. To meet these
challenges, we developed a mobile application, Ocul-AR, for microscopy teaching and support.
Ocul-AR was designed by a multidisciplinary team to guide microscopy students and users to
learn about microscopy, optimize light paths and operate light microscopes independently. To
investigate the usability and relevance of the application in higher education, a voluntary test
group was collected from a university introductory-level microscopy course, and the Ocul-AR
application was tested in separate sessions during and after the guided hands-on training of the
course. Volunteers were surveyed about their experiences before, during and after the hands-
on training. All respondents (n=11) reported that Ocul-AR helped them to learn hands-on
microscopy (64% replied that the application helped definitely, 36% that it helped somewhat), as
well as helped them to recall microscopy skills (90% definitely, 10% somewhat). Students who
used Ocul-AR during the course felt they gained confidence to operate the microscope during
the hands-on session (82% definitely, 18% somewhat) and that it lowered their threshold for
using the microscope independently (70% definitely, 30% somewhat). Overall, in this article, we
show that the Ocul-AR application offers useful solutions to challenges in microscopy teaching
and guidance, as well as promotes learning microscopy in a higher education context.
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1.Introduction

Microscopy has become an indispensable method for observing living organisms in various
research domains, including cell biology and tissue diagnostics. However, obtaining high-quality
biomedical image data through a microscope needs expertise, which typically requires hours of
practical, in-person training from skilled microscopy professionals. Typically, microscopy training
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consists of theoretical and hands-on exercises. The duration of training varies based on the scientist's
previous experience and the complexity of the system, ranging from a few hours to up to several
days. Previous research has demonstrated that utilizing virtual training methods can reduce hands-
on training time by 10-25% [1].

The use of mobile applications has gained popularity in aiding the acquisition of new skills. The
pedagogical concept of “mobile learning” or “m-learning” refers to using mobile devices as
educational tools. Nowadays it is widely recognized that mobile devices not only facilitate learning
in higher education but also play a vital role in informal and lifelong learning [2].

The integration of virtual reality (VR), augmented reality (AR) and educational online resources
in higher education have gained popularity as it offers a mixed learning environment, allowing the
integration of digital information with the physical environment, creating an interactive learning
experience [3]. Various applications implementing VR and AR technology have been created to
facilitate teaching and learning in life science and biomedicine. For example, Labster VR
(https://www.labster.com/) provides a VR laboratory experience, MyScope is a free online tool that
aids in learning about microscope uses [1] and LudusScope is an interactive smartphone microscopy
platform that promotes the exploration of microscopic organisms, targeted for primary school
children [4]. To our knowledge, there are no AR/VR-based mobile applications for higher education
that teach microscopy with a step-by-step approach.

To facilitate the development of researchers' and students' proficiency in using microscopes easily
and cost-effectively, we developed a mobile application called Ocul-AR. The main aims of Ocul-AR
are to 1) teach students about microscopy, 2) aid during microscope operation, 3) help in
troubleshooting unexpected issues, and 4) help refresh skills after extended periods of not using a
microscope. The overall goal of the Ocul-AR application is to guide students and researchers into
becoming independent microscope users. Here we show that students who used Ocul-AR during a
microscopy course gained more confidence to operate the microscope and that Ocul-AR lowered their
threshold for using the microscope independently. These outcomes suggest that Ocul-AR has the
potential to address obstacles typically associated with teaching and supporting microscopy while
enhancing learning microscopy in a higher education context.

2. Development of the Ocul-AR application
2.1 Groups participating in the Ocul-AR application development

During the development and testing of the Ocul-AR application, there were three different active
groups:

Development team: Experts on mobile application development, state-of-the-art microscopy,
and higher education pedagogics as well as 10 capstone project participants from different disciplines
from the Turku University of Applied Sciences (TUAS).

Needs assessment group: 10 students specializing in bioimaging, biomedicine, and cell biology
participated in the Needs assessment survey designed to assist the development team in identifying
the requirements for the Ocul-AR application.

Pilot testing group: 11 students participating in a basic microscopy course and the pilot study.
This group responded to the pilot testing survey during different phases of the pilot study. Members
of the Pilot testing group were different from the members of the Needs assessment group.

2.2. Needs assessment for microscopy learning supporting application

The application development started with brainstorming in the multidisciplinary Development
team. Concurrently, a Needs assessment survey was sent by email to the students in order to
investigate the biggest challenges when trying to use a microscope independently (Table 1), and 10
anonymous replies were received from students who then formed the Needs assessment group. The
resulting needs were divided into four thematic groups, and the features of the Ocul-AR application
and the project outline were designed based on these themes, complemented by the expertise of the
Development team. The project was included in a TUAS capstone course



(https://innovaatioprojektit.turkuamk.fi/en/home-english), where students from different disciplines
work in groups with external projects. The capstone group joined the Development team, the visual
identity of the application was designed, and the application prototype was created.

Table 1
Needs assessment survey for identifying the requirements for the Ocul-AR application.

QUESTIONS ASKED FROM STUDENTS

Question 1: What is your level of education?

Question 2: What is the name of your program and the university you are studying in?

Question 3: How much hands-on experience do you have in microscopy?

Question 4: What do you think is most difficult in microscopy?

Question 5: What do you think is the most difficult part about using a microscope?

Question 6: What would you like the application to help you with?

Question 7: Would you be interested in using a mobile application based on augmented reality (AR) to
help you in learning how to use a microscope?

Question 8: The application will likely include some elements of progress-tracking and user-rewarding.
Do you think these would make learning with the application engaging?

Question 9: What would motivate you in learning how to use a microscope using a mobile application?
Question 10: Your idea of a reward system?

Question 11: Do You have any other suggestions or comments regarding this application?

2.3. Results of the Needs assessment survey: Students are interested in
using a mobile application for microscopy teaching and support

At the early stages of the Ocul-AR application development, students with none or some hands-
on experience with microscopes (Needs assessment group) were asked what they find the most difficult
in microscopy, and if they would like to use a mobile application to support their microscopy learning
(Table 1). Ten responses were received, and these students indicated encountering challenges in getting
started at the microscope (20%), aligning the light path (20%) and other settings (20%) for optimal
illumination, and achieving optimal localization and visualization (40%) of the sample (Figure 1). In
addition, students reported that they would benefit from an application that would help them align the
light path, focus on the sample and fine-adjust the microscope for optimal visualization. All
respondents showed interest in using a mobile application for learning microscopy, 70% very much
and 30% maybe. Students were interested in a feature that would allow them to track their progress
during learning and said that getting rewards would inspire them to continue learning by using the
application.

getting started

20.0%

light path settings
20.0%

instrument settings
20.0%

sample localization

40.0%

Figure 1: Biggest challenges in using microscopes identified by the Needs assessment group.



2.4. Technical implementation of the application

The Ocul-AR design prototype was created and iterated on in the Figma web-based design
software. The source code for the application was written in the Unity 2020.3.3 real-time development
platform using the C# programming language, resulting in a mobile application based around a
singleton class that manages various application states. These states include an interface, data manager,
page manager, quiz feature, and AR feature.

A three-dimensional (3D) model of a Leica DM RXA microscope was created using Blender, a free
and open-source 3D creation suite. This model was then used as the basis for implementing a
microscope simulation that allows for interaction with different parts of the microscope model, and a
simulation of the Kohler illumination alignment process.

The AR feature was implemented using EasyAR Sense 4.4. Quick response (QR) code markers
placed on different parts of the microscope allow the user to scan and retrieve information about
specific parts.

The application was designed to run on the Android mobile operating system and was distributed
to end-user devices via Android Package (APK) files. During the development, incremental updates
were distributed to users by updating the APK.

2.5. The Ocul-AR application features and content

The teaching content of the Ocul-AR application was first drafted based on the results of the Needs
assessment survey, the experiences of the Development team and planned so that they would support
the curriculum of microscopy teaching in Turku. The content is divided into three main hierarchical
categories: Level 1 (main menu), Level 2 (submenu), and Level 3 (content), visually represented in
Figure 2. At Level 1, there are three categories: Teach me microscopy, Help me at the microscope and
Help me to troubleshoot (Figure 2, Figure 3A).

LEVEL 1 LEVEL 2 LEVEL 3

3D model

- microscpe parts
- Kéhler alignment
- Sample focusing

Virtual microscope

- 6 categories

[TeGCh me microscopy ] Test your knowledge || 99725

Training materials
Learn more ~| - 6 categories

[Help me at the microcope] AR microscope

Troubleshooting checklist
- Sample focusing

Help me to troubleshoot ] Troubleshooting help

Figure 2: Schematic representation of the Ocul-AR application content. The content is divided into three
hierarchical categories: Level 1 (main menu), Level 2 (submenu), and Level 3 (content).



The first level 1 category, Teach me microscopy, is intended mainly for independent studies before
or during microscopy sessions. This section is further divided into three sections (Level 2); Virtual
microscope, Test your knowledge and Learn more. The Virtual microscope contains a 3D model of a
typical brightfield microscope, the Leica DM RXA microscope (Leica Microsystems), with an
interactive tutorial about microscopy parts, how to set optimal Kohler alignment and how to focus on
the sample (Figure 3B). This feature can also be used as a step-by-step guide while at this specific
microscope. Test your knowledge contains a quiz with questions in six different categories: Microscope
parts, Kohler illumination, Widefield microscopy, Phase Contrast microscopy, Widefield fluorescence
microscopy and Confocal microscopy. The quiz questions can be reviewed at the end of the quiz and
the success for each category will be decorated with 1-5 stars (5 being the best), indicating the student’s
performance. The Learn more category consists of training materials from the same six categories
above, intended for independent studies or ad hoc help while operating the microscope.

The second level 1 category, Help me at the microscope, is intended to be used as support while at
the microscope. This feature is currently available for the Leica DM RXA microscope (Leica
Microsystems), which is used as a training microscope in our institution. After pressing Help me at the
microscope, the application opens an AR environment, where it is possible to scan markers or QR codes
that have been attached to the microscope beforehand (Figure 3C). These markers guide the student in
finding different parts of the microscope and their functions and switching the microscope on and off.

The third level 1 category, Help me to troubleshoot, helps the student in case of acute problems.
Currently, it offers help in sample focusing by providing a checklist for troubleshooting.

Figure 3: Ocul-AR interface and user experience. A) Ocul-AR main user interface. B) Ocul-AR
virtual microscope highlighting microscope parts. C) A student at the microscope using Ocul-AR.

3. Implementing the Ocul-AR application for learning
3.1. The Ocul-AR Pilot study

The application was piloted in a university basic-level microscopy course. The course included an
introductory lecture on the parts of the microscope and setting the Kohler illumination alignment, after
which information about the Ocul-AR pilot study was delivered to the 45 course participants. Eleven
of these volunteered to test the Ocul-AR application as a part of the hands-on microscopy session and
responded to the pilot testing survey. Participation in the pilot study and filling out the pilot testing
survey was voluntary, and the participating students were rewarded with additional ECTS points. The
data collected from the pilot study was used to understand if students benefited from using the Ocul-
AR application as support during a basic microscopy course and to facilitate further development of
the application. Each volunteer received a personal link to the pilot testing survey and used the same
link in every phase of the study. The pilot study consisted of four phases (0-3) and a corresponding set
of questions in the pilot testing survey (Figure 4, Table 2).



3.2. Usability of the Ocul-AR application

During phases 1 and 2 of the pilot study, the students were given instructions on how to install
Ocul-AR applications and perform designated exercises. Seven participants using an Android operating
system on their phones were able to install the application, and 72 % of them were able to install the
application directly from the link and follow the phone installation process without needing step-by-
step instructions provided by the Ocul-AR Development team. The rest reported that detailed written
instructions were helpful for installation. All the participants indicated that the Ocul-AR application
was aesthetically pleasing and simple to navigate. The participants noted that the application was
appropriate for novice users but suggested that it should include more advanced content if intended
for advanced users.

Students also reported how they used the application at the microscope. Without prior knowledge
of the microscope, the students were asked to identify microscope parts, perform Kéhler illumination,
and localize their sample with the help of the Ocul-AR application. To solve these tasks, more than
90% of the students relied on the following three features of the application: Teach Me Microscopy -
Virtual Microscope - Microscopy parts, Teach Me Microscopy - Virtual Microscope - Kohler it, and Teach
Me Microscopy - Virtual Microscope - Focus it. Additionally, 36% of the students used the Help me at the
microscope AR microscope feature. Students reported that the step-by-step guide available for the
identification of microscope parts, Koéhler alignment and focusing were the most helpful features of
Ocul-AR.

PHASE 0 PHASE 1 PHASE 2 PHASE 3
before using the app independent work hands-on training knowledge recall
App installation Hands-on training Testing the app
Testing the app as part of the - find microscope
I§ - find microscope course parts
parts - focus sample

- focus sample
- perform Kohler
alignment

- perform Koéhler
alignment

Questions 1-7 Questions 8-23 Questions 24-27 Questions 28-39
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What are the Does Ocul-AR help How does Ocul-AR  Does Ocul-AR help in

students' current beginners to learn affect learning recalling previously

views on hands-on microscopy?  during hands-on learned microscopy
microscopy? training? skills?

Figure 4: Schematic illustration of the Ocul-AR pilot study.

3.3. Phase 0-1 results: The Ocul-AR application helps students to learn
hands-on microscopy

The respondents of the pilot testing survey were novice microscope users, with 64% reporting having
no more than 2 hours of prior experience with microscopy. 18% reported having 2-5 hours of experience,
while only a small number had more than 10 hours of experience. Respondents reported having
participated in short microscopy sessions during their studies, but the majority had not adjusted
microscope settings themselves and reported not being independent microscopy users. According to the
respondents, when learning microscopy, course materials and lectures were the main sources of



knowledge acquisition (82%), followed by hands-on training (55%) and online videos (45%). Following
their initial independent use of the microscope supported by the Ocul-AR application, all participants
reported that the application helped facilitate their understanding of microscopy. Specifically, 64% of
participants reported that the application was definitely helpful, while 36% reported that it was
somewhat helpful. Furthermore, all participants indicated that they would definitely use the application
in the future to support their use of microscopes.

Table 2
List of the key questions in different phases of the pilot testing study.
PHASE 0
e How much hands-on experience on microscopy do you have so far?
e Describe what kind of hands-on experience you have.
e  Evaluate your hands-on skills in microscopy
e What do you think is the most difficult in learning microscopy?
e  What materials are you using when learning hands-on microscopy.
PHASE 1

e  How much hands-on experience on microscopy do you have so far?

Describe what kind of hands-on experience you have.

How did you use Ocul-AR?

Describe the usability of the app

How was the setup of Ocul-AR? (downloading, opening, etc..). Feel free to comment.

How many times have you opened the Ocul-AR app?
How much time did you spend using the application altogether?

What sections of the application were you using?

What was the most useful content for you?

Did the application help you learn hands-on microscopy?

Please comment on how the application helped you learn hands-on microscopy

At the microscope, three different AR markers were used. Which one did you like the best?
How was the visual appearance of Ocul-AR?

Would you use the application in the future?

How would you improve the app?

PHASE 2

e Did how the application testing help you to follow better the teaching in the hands-on
microscopy session?

e In general, how useful do you think mobile applications are in teaching/learning?

e How did the hands-on microscopy session change your thoughts about the app? What do you
think about Ocul-AR now?

e In what situations do you think the Ocul-AR application would be helpful?
® Do you have any additional comments about the app, the project or this survey?

PHASE 3

e Evaluate your hands-on skills in microscopy

What do you think is the most difficult in learning microscopy?
Have you used light microscopy after the pilot in autumn 20227
Have you needed Koéhler illumination after the pilot in autumn 2022?

Did the application help you to recall hands-on microscopy?

Please comment on how the application helped you to recall hands-on microscopy.
What sections of the application were you using?

What was the most useful content for you?

Has Ocul-AR lowered the threshold for operating the microscope independently?
How comfortable do you feel using the microscope independently?




3.4. Phase 2 results: Self-study with Ocul-AR application by the
microscope helps students to follow the conventional microscopy hands-
on training

Following the initial independent session at the microscope during pilot study phase 1, the
students participated in a teacher-guided hands-on session that was a mandatory part of the course
that provided the framework for the pilot study. The pilot testing survey results showed that 82% of
the respondents who had used Ocul-AR before the hands-on microscopy session reported that the
application was helping them to follow the teaching during the session. 18% reported that following
was somewhat easier. None of the participants thought that the application would have interfered with
the guided hands-on training. Instead, the student that tested the application during training reported
that the application made them more comfortable around microscopes and helped them to follow the
hands-on session.

3.5. Phase 3 results: The Ocul-AR application supports students in
becoming independent microscopy users

Pilot study phase 3 was conducted to evaluate the long-term effectiveness of Ocul-AR in learning
microscopy. During this phase, students were requested to perform the same tasks as in phase 1, but
after a gap of three months following the guided hands-on session of the course. In both phases, the
students spent were given one hour on the microscope. To solve the given tasks, in phase 1 the
respondents reported using mostly the Virtual microscopy section with three topics (Microscopy parts,
Kohler it, Focus it). The same three topics were popular also in phase 3. However, the use of self-study
material where the emphasis was on knowledge recall (Test Your Knowledge, Learn more sections, Help
me at the microscope) increased in phase 3. The usage of Help me at the microscope increased from 11%
to 21% from phase 1 to phase 3 (Figure 5A).

When asked how the Ocul-AR application impacted the students’ confidence in using a
microscope, 90% reported that the application helped them to recall hands-on microscopy, while 10%
reported a slight improvement. Most participants reported having forgotten how to perform Kohler
alignment or how to focus on the sample after the guided hands-on session. As the application was
used for these specific tasks during teaching, the students reported that it was a familiar resource for
revising how to perform these tasks. 64 % of the students felt that the Ocul-AR application definitely
helped them in becoming independent microscopy users, whereas 27 % reported that the application
helped somewhat. 9 % of the students felt that Ocul-AR did not significantly help them in becoming
independent microscopy users (Figure 5B).
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Figure 5. Ocul-AR application in knowledge recall.



4. Discussion

The journey of becoming an independent microscopy user typically begins during master's degree
level studies. To be able to efficiently implement microscopy in the later stages of a career, it is crucial
to develop a solid foundation in imaging techniques. However, since everyone’s career path and
learning are unique, proficiency in microscopy may develop earlier or later during one’s career. It is
important to make microscopy training and knowledge easily accessible to everyone, at any time. To
support microscopy learning, we created the Ocul-AR application, which aims to teach students about
microscopy, support students while using the microscope and help in refreshing skills after a break in
microscope usage. The effect of Ocul-AR on learning was studied in conjunction with a university-
level theory and hands-on microscopy course. We show in this pilot study that students who used the
Ocul-AR application during the course experienced that they gained more confidence to operate the
microscope during the course and it supported them in becoming independent microscopy users
afterwards.

Mobile learning can take a formal or informal learning approach [5]. While a traditional classroom
setting (formal learning) is fundamental in facilitating learning, it is equally important for students to
have access to dependable study resources in a format that suits their preferred learning environment.
Further, students and teachers operate in complex and constantly evolving learning environments,
which they adapt to based on different needs, preferences, and abilities [6] and therefore innovative
teaching and learning approaches are necessary to empower students to enhance their learning
experience and reach their academic objectives more efficiently [7]. Ocul-AR’s interactivity is crucial
when adapting it for higher educational purposes. As a result of the VR and AR features, students could
engage with the microscope and access microscope-specific information from their homes or while
physically using the equipment. By combining mobile learning in the classroom with practical training,
a broader range of learners could be accommodated. Furthermore, some students with learning
difficulties can benefit from utilizing diverse types of learning materials. While practical hands-on
training cannot be entirely replaced, our solution can supplement it by providing additional support.

Most students who participated in the pilot testing study were beginners in hands-on microscopy.
The abundance of knobs and controls on microscopes can be intimidating and overwhelming for a
first-time user. The objective of this project was to assist students in becoming independent microscopy
users by incorporating the Ocul-AR application into hands-on training. Our results suggest that
training students using the Ocul-AR application improved their confidence in operating microscopes
independently and that the feeling of being lost was avoided. One respondent described their
experience with the following words: “It [Ocul-AR] helped me identify the parts correctly and easily. I
liked that the virtual microscope was modelled after the real one. I think the app with the visual aid was a
lot more helpful in setting the focus and Kohler illumination than a set of written instructions could have
been. It also made me more confident that I was for sure tweaking the right parts.”

The Ocul-AR application provides an easy and accessible tool to support microscope learning and
teaching, as well as refreshing skills. However, the Ocul-AR application still has several limitations.
The current version of Ocul-AR supports only one type of microscope. However, we aim to expand its
compatibility to include more microscopes and microscopy techniques in the future. Furthermore, the
application does not currently provide teachers with the ability to modify or add new content. This
feature is slated for inclusion in the next version of the Ocul-AR application, making it more
customizable for each imaging facility, and useful to a broader community. In addition, other prospects
include the implementation of gamification to the Ocul-AR application to increase the motivation to
learn more about microscopy independently. Overall, the Ocul-AR application has the potential to
provide helpful solutions to typical challenges in microscopy teaching and support, as well as promote
learning microscopy in a higher education context.

5. Application availability

The Ocul-AR application with user instructions and scan markers for AR are all available on the
Turku Bioimaging website: www.bioimaging.fi/ocul-ar.

The source code for the Ocul-AR mobile application is currently not available for general
distribution pending plans for further technical development. In some cases, the source code may be



shared subject to the discretion of Turku Biolmaging. Please contact the corresponding author for more
information.
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