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Abstract. In educational and research laboratories, where experiential
learning is essential, the integration of viable teaching methods is necessary to
keep up with the evolving world. This study outlines the design and integration
of digital tools tailored for the Pharmacognosy laboratory at Sofia University
“St. Kliment Ohridski.” Using the ADDIE framework, resources including
interactive laboratory report forms, a digital glossary, photographic repositories,
NFC tag-enabled access points to curated online sources, and 3D models were
chosen, created and integrated within the Moodle e-learning platform. A survey
of students revealed positive perceptions towards these resources, with the
interactive report forms rated highest for usability and impact. Although 3D
models generated considerable interest, their quality concerns highlighted the
need for refinement. The findings suggest that low-barrier, cost-effective tools
offering direct educational support yield the greatest benefit. Overall, digital
transformation in laboratory education demonstrates clear potential to enhance
accessibility, efficiency, and engagement.
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Introduction

Digitisation and digitalisation are purposeful approaches which drive higher
education towards transitioning from a purely physical to a virtual world. These
processes are carried out not only as a means to streamline the educational process
in the reality of an ever more sophisticated curriculum (Rhoney et al., 2021)
but as strategic goals set at the national® and international® level. As technology
advances, so should our understanding of the capabilities of the tools we utilize
and the opportunities that they present. A potential first step towards this is the
digitisation of available analog data. Although physical data storage methods are
arguably more durable (Hooper, 2021), digital data has the advantage of being easy
to access and disseminate, which is one of the factors driving the processes of
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digitalisation (Lee et al., 2002). Creating virtual classroom activities for distance
learning; interactive live inventories for the laboratory; digitized instructions
and other helpful information, such as readily available operating procedures for
different experiments and apparatuses; sample and terminological glossaries, etc.;
are all examples of workflow optimization both for students engaged in experiential
learning and any academic research carried out within the laboratory, dependent on
digital tools (Renn et al., 2018).

Several attempts at implementing this approach have been carried out.
Examples include the implementation of automated specimen tracking and digital
ready slides in Pathology laboratories (Schwen et al., 2023); improving lab-to-lab
communication (Comeaga, 2022), inventory management through the creation
of live databanks (Rihm et al., 2024), standard operating procedures and results
documentation through electronic laboratory notebooks (Gerlach et al, 2019), etc.
The goal of these efforts have been directed at improving research output, but they
do not necessarily take into consideration the potential impacts in laboratories
geared towards education as well as academic work. It appears that the majority of
digitisation and digitalisation work relating to student education has been aimed at
improving existing physical resources by supporting access to educational methods
such as the implementation of websites and social networks (Mukhametgaliyeva
et al., 2022) (e.g. digital learning platforms) and little work has been done in an
effort to bridge the gap between experiential laboratory learning and digital access
to resources housed in the laboratory. An important consideration is that digital
resources as well as the processes of digitisation and digitalisation are likely to be
specific to the course subject matter as well as the facilities in which experiential
learning is carried out (Rihm et al., 2024). Pharmacognosy is a core discipline in the
master’s program in Pharmacy taught at Sofia University “St. Kliment Ohridski”,
Faculty of Chemistry and Pharmacy. According to the course outline Pharmacognosy
is a multidisciplinary science, exploring natural compounds as sources for the
development of medicinal, borderline and other products®. The practicums in
Pharmacognosy have students performing complex experiments which require
an in-depth understanding of different biological, chemical and physiochemical
concepts as well as adhere to well-structured standard operating procedures in
order to facilitate the effective acquisition of skills required for the identification,
authentication, quality analysis and use of natural compounds® (Stoyanov, 2024).
So far in the Pharmacognosy laboratory of the Department of Chemistry and
Pharmacy of the Faculty of Chemistry and Pharmacy at Sofia University “St.
Kliment Ohridski”, the majority of these resources have remained accessible only
on physical format (e.g. herbarium specimens, dried herbal substances, operational
manuals and laboratory guides, unstructured hand-written laboratory reports, etc.).
Strides have been made to digitize the herbarium and herbal substance collection
by creating a gallery of photographic materials, however a method to readily access
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these materials has not been crafted. Classical digital learning resources like lecture
materials and textbooks, as well as student result evaluation methods have been
implemented by leveraging the university’s online learning platform — Moodle.
However, highly rated, modern educational methods have not been introduced.
Thus, the goal of this work is to define and evaluate digitisation and digitalisation
tools for the Pharmacognosy, taking into account the cost of implementation in
terms of labor hours required to craft and introduce a defined set.

Digital tools have inherently different drawbacks and advantages. Careful
consideration of these is paramount to their successful implementation within
the workflow of the Pharmacognosy laboratory (DiVall et al., 2013). Usually, a
priority is finding low-cost tools. This can be interpreted as the tool itself being
easy to implement or requiring little to no financial investment (Dugan et al.,
2000). Student predisposition to digital tools should also be taken into account.
A tend has been demonstrated towards the preferred use of smart devices such as
phones, as opposed to desktop computers, in contrast to desktop computers being
better mediums for performing tasks (Adepu & Adler, 2016). Furthermore, the
Pharmacognosy laboratory is not capable of supporting larger personal electronic
devices. This frames the exploration within the confines of a narrow spectrum of
unobstructive tools, when discussing physical points of interaction with the digital
tools. The student body is increasingly more diverse in terms of acquired skills
prior to the start of higher education. Thus, it is prudent to assume that low-barrier
of entry tools would have greater impact and higher engagement. In term of threats
one ever persistent hazard is the risk of data breaches and integrity loss (Cremer et
al., 2022). The dynamic, live nature of these tools also increases the risk of loss of
backwards compatibility (e.g. updating software or hardware makes already created
and implemented resources incompatible or otherwise inaccessible) (Ponomarenko
& Rubanov, 2012). Thus, striking a balance between low-cost, high-efficiency
tools, which are low-barrier of entry for users in tandem with having high impact
on education and few associated risks is crucial. A summary of these considerations
available in the published literature is provided in Table 1 in the form of a SWOT
analysis.
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Table 1. SWOT analysis of key considerations regarding the digitisation
and digitalisation of laboratory workflow as outlined in published literature

Strengths Weaknesses

Enhanced  accessibility  through  remote | Initial setup and training costs (Lopes et al, 2023)
participation (Hunter, 2015)
Technical limitations for certain equipment
Cost savings on consumables and equipment | (Mhlongo et al., 2023)

wear (Abdel-Aty et al, 2024)
Reduced hands-on experience (Zhang et al,
Improved data storage, accuracy and automation | 2021)

(Comeaga, 2022)
Scalability for large student cohorts (Renn et al., | Learning curve for students and faculty staff

2018.) (Elliott & Kukula, 2007)
Enhanced laboratory workflow (Schwen et al., . . .
2023.) Ongoing maintenance and required updates

Hybrid education models combining virtual and | (Kurtz etal, 2025)

physical labs (Son et al, 2016)
Opportunities Threats

Empowering rapid researcher collaboration | Cybersecurity risks and data breaches (Cremer
(Rihm et al, 2024) etal., 2022)

Digital divide and unequal access (Jafar et al,
Integration of artificial intelligence and virtual | 2024)

reality for immersive learning (Costabile et al., | Rapid software and hardware planned or
2025) accidental obsolescence (Ponomarenko &
Rubanov, 2012)

Adding co.mputati'onal systems that process and | Registance to adopting new technologies
store data in real time (Stoyanov et al, 2025) (DiVall et al., 2013)

Dependence on external vendors (Zhang &

Using devices that collect and share data over the Huo, 2013)

internet (Jovici¢ & Viktus, 2023)

Methods

The ADDIE model was used to correctly assess which tools were needed and how
they performed in terms of helping the educational process. ADDIE is a five-step
framework for instructional design that stands for Analysis, Design, Development,
Implementation, and Evaluation, developed by Branson et al. (1975). Several
modern digital tools were highlighted as perspective when ADDIE was applied to
the Pharmacognosy laboratory educational and research workflow.

The online e-learning platform developed for Sofia University “St. Kliment
Ohridski”, powered by Moodle, is highlighted as an intuitive, secure and easy to
access virtual interface and storage for terminological, photographic, video, etc.
repositories (Rakic¢ et al., 2020). The varying activities and modules supported by
the platform are leveraged for the implementation of all other digital tools. Several
digital repositories were created to support the rest of the selected digital tools.
A complete inventory database of all herbaria, herbal substances, reagents and
solvents and a glossary of Pharmacognostic nomenclature were created. Digital
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copies of apparatuses user manuals were uploaded to an accessible cloud storage,
accompanied by videos of device specific relevant operating procedures. The same
storage functionality was leveraged to embed live three dimensional (3D) models
of herbal substances and plants, and interactive student laboratory report forms on
the course page.

Near-field communication (NFC) tags have been used to enable communication
between two devices in close proximity (Zurbi & Gregor-Svetec, 2024). One of these
is equipped with an NFC reader, while the other device is the NFC tag itself that
transmits prerecorded data. Most modern smartphones have such functionality for
receiving, reading and programming such data (Vazquez-Briseno et al., 2012). This
posits NFC tags as intuitive and easy to use and maintain, which is why they were
selected as the physical tool through which to access digitized resources within the
laboratory. Additionally, NFC tags are relatively inexpensive and come in a variety
of sizes and colours, which is in line with our criteria for minimally obstructive
hardware. A total of 20 NFC tags were placed in strategic stops throughout the
laboratory as shown in Figure 1. The setup of the tags was carried out with the
mobile app NFC tools by wakdev (last updated in May 2025).
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Figure 1. Layout of Pharmacognosy laboratory 412. The locations of NFC tags
is shown with an X symbol on the schematic

3D models of plants and herbal substances included in the Pharmacognosy
courses and published prior to the 10™ of August on the Sketchfab open repository
were searched for and evaluated. The search terms included the entire species

30



Digitisation and Digitalisation Tools in the Pharmacognosy Laboratory

name of the plant in Latin, the generic name of the plant and common vernacular
name of the plant in English. The Pharmacognostic Latin and common name of the
herbal substance were also included in the search terms. Discovered models were
evaluated based on their level of detail as it relates to Pharmacognostic examination
of natural sources. Useful models for teaching were required to display either of
the three — 1) the habit of the plant, 2) general morphology (e.g. leaf shape, stem
branching, etc.), 3) detailed morphology (e.g. flower structure, presence and location
of trichomes, etc.). Hyperlinks leading to the model in the database were recorded
and embedding codes were generated for use in Moodle using Sketchfab’s built
in features. In addition, several attempts at creating personalized 3D models were
made with a Samsung Galaxy A34, leveraging RealityScan Mobile 1.7.1 from Epic
Games International (Kozov & Ivanova, 2023), following provided instructional
resources®. This software is free to use for educational institutions and suited to
mobile devices. It was favoured for being equipped with all the tools needed to
create photogrammetric models and based on personal experience, faster than
manual generation with applications like Meshroom 2025.1.0, or Blender v4.5.3
LTS.

Interactive PDF forms have been adapted as an industry standard in Pharmacy
(Qiu et al., 2024) and require a basic working knowledge of text editors and Adobe
software to create. Interactive PDF laboratory report forms were created with
Adobe Acrobat Pro 25.001.20672 to reflect this practice in practicum experiential
learning. These can be filled on a personal device by students and submitted on the
Moodle platform for evaluation by educators. They offer the opportunity for both
textual and graphical input and are Practicum specific — i.e. reflect the unique tasks
and experiments caried out and were highlighted as another affordable and easy to
implement digitalisation tool.

After structured access to these resources was made available, 18 students who
successfully took the final exams from the Pharmacognosy courses were invited
to interact with the implemented digital tools and fill in a questionnaire aiming to
evaluate their perceptions of these tools. The questionnaire contains 10 questions.
Question 1 to 9 collected quantitative and question 10 collected qualitative data.
The quantitative data was collected as a standard array from 1 to 5. Qualitative
data was collected in the form of unstructured textual input. With the lowest value
being the worst and the highest value being the best. The complete structure of
the questionnaire is available in Table 2. Results were obtained from a total of
7 respondents. The survey was completely anonymous, and no personal data was
collected from respondents. Integrity was assured by carrying out the survey on
the course page in Moodle where the digital resources were published and made
available and only one response per course participant was permitted.
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Table 2. Student questionnaire structure

Question Question text
order

| What is your opinion about the introduction of digitalisation into the educational
process?

2 How easy is it to navigate through the exercise-related materials you reviewed?

3 How convenient is the numbering system for herbarium specimens?

4 How useful is it to have a 3D image of the plants being examined?

5 How good are 3D models compared to looking at real samples?

6 How easy is it to navigate through the dictionary you looked at?

7 How convqnient. do you ﬁngi a dictionary that includes the names of the plants
under consideration along with photographs?
How easy to use is the practicum related laboratory report form?

9 How convenient do you find an interactive laboratory report form?

10 Do you wish to express anything further considering the reviewed digital tools?

Developing these digital tools requires labor intensive work, hardware and
software skills and established digital proficiencies, which differed for each
approach. Because all these tools were created with overview of Pharmacognosy
practicums — an inherent proficiency in Pharmacognosy is implied. These efforts
are summarized in Table 3.

Table 3. Summary of efforts required to create and implement
the selected digital tools for the Pharmacognostic laboratory

Digital tool Required skills and Total labor hours including
proficiencies conceptualization and
implementation
Spreadsheet editing software
Inventory databases Moodle activity editing %8
Selected programing software
Placement of NFC tags Moodle activity editing 2
Glossary of terms Moodle activity editing 24
Photographic material gallery — | Photography 122
herbarium collection Image optimization software
Photography
. . | Image optimization software
Photographic matetial ggllery Software for micromorphological 133
herbal substance collection S
examination
Moodle activity editing
Database searching
3D photogrammetric model Working with HTML embedding 47
sourcing codes
Moodle activity editing
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Photogrammetry software
Photography 210
Moodle activity editing
Text editing software

Interactive laboratory forms Preparing interactive forms 54
Moodle activity editing

3D photogrammetric model
creation

Results

Digitisation of Pharmacognosy course resources as well as on site laboratory
materials generated hundreds of data entries for the newly created databases. The
largest database was that of the herbal substance collections curated and maintained
in the Pharmacognostic laboratory. After complete itemization it stands represented
by 441 unique entries, followed closely by the glossary of Pharmacognostic
nomenclature which has 292 unique entries. In practical terms this means that the
laboratory has 441 dried herbal substances, and 292 herbal substances are studied
theoretically — of these 138 are examined in the course of student’s practical work.
These have their own dedicated gallery of photographic materials, which was
incorporated into the glossary. The herbarium digital inventory is comprised of
280 unique entries for which 177 photographic materials have been developed.
The reagents and solvents inventory features 95 entries. A total of 10 user manuals
and guidelines were sourced from the manufacturers of the Pharmacognostic
laboratory equipment and were made available, covering the entire range of utilized
apparatuses for educational and academic pursuits. Examples of these digital tools
are shown in Figure 2, Figure 3 and Figure 4
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Equisetum talmateia L.- Tonam xsoLu,.

-

L1

Equisetum telmateia (Giant horsetail) by Cal Poly Humboldt Library on Sketchfab

Equisetum arvense L.- NMoncku xsoL.

o /)

CCo0 R¥F+ V4 24 L ¢ Bottlebrush, E. arvense by ffish.asia / floraZia.com on Sketchfab

Equisetum palustre L.- BaateH xsoL.

Figure 2. 3D photogram metric models of Equisetum spp.
embedded on the Pharmacognosy course page
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aBpaMOoBO [bpBO/agnus castus

Vitex agnus-castus

A. MokpwBHYM Tpuxomu (Covering trichomes)

0 &) ~ |B. Kneauctv Tpuxomu (Glandular trichomes)

C. KneTkn Ha enuaempuca (Epidermal cells)

D. MoneHoBw 3bpHa (Pollen grains)

i _‘\ i S e Enugepmuc oT BeHue, ¢ nanvam (Petal epidermis with
/ Ny P papillae)

F. HabpasaeHa napeHxvMHa TekaH (Striated parenchymatous
tissue)

G. Crnepenau (Sclereids)

H. CenTnpaHa napeHxuMHa TbkaH (Septate parenchymatous
tissue)

Keyword (s):| Lamiaceae *

Figure 3. Data entry for Vitex agnus-castus L. in the Pharmacognostic
nomenclature glossary, showcasing an original microscopic diagnostic
characteristic labelled illustration

LY Rotavapor® R-100 Manual PDF

Substance Vapor Pressure (kPa) Vapor Pressure (mBar) Temperature (°C)
Ethylene glycol 09 9.13 50
Water 42 42 50
Toluene 48 48 50
Methanol 218 218 50
Acetone 370 370 50
Benzene 162 162 50
Isopropyl alcohol 78 78 50
Diethyl ether 838 838 50
Ethanol 97 97 50

Figure 4. User manual and dedicated video guide and reference values for the
process of extract concentration by means of rotary evaporation

Actotal of 10 interactable PDF laboratory report forms were crafted. A portion of

the laboratory form prepared for submission after Practicum 1| in Pharmacognosy
1 is depicted in Figure 5.
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_ CODMUCKM YHUBEPCUTET .CB. KAUMEHT OXPUACKHU"
4 OAKYATET 10 XUMUA 1 QAPMALIMA " #
E\ MATVCTbPCKA [TPOTPAMA DAPMALLIA MAIMCTBECKA [1POT PAMA DAPMALLVA
SEEES DAPMAKOTHO3MA | DAPMAKOTHO3HA |

CODUACKM YHUBEPCHTET .CB. KAMMEHT OXPUACKH™
DAKYATET 110 XMMMS MALLAS

Figure 5. Pages 1 and 2 (of 5) of the provided to students interactive laboratory
report form. The coloured fields are intended for textual input or selection
from a pre-defined dropdown menu or checkbox, whereas white boxes execute
JavaScript which allows for attaching images, illustrations
or other graphical materials

The Sketchfab search yielded a total of 105 available unique 3D models of plants
and herbal substances studied in the Pharmacognosy course. Based on the defined
selection criteria Most of the models showcased the basic morphological features
of the plants and herbal substances (66, 62.9%), followed by models showcasing
detailed morphology (47, 44.8%) and habitus (42, 40.0%). Creating personalized
3D photogrammetric models of herbal substances or plants proved challenging
with the available materials. Out of 24 dedicated attempts, only one yielded a semi-
successful model of a Chrysanthemum morifolium Ramat. sensu lato inflorescence
provided in Figure 6. Despite managing to capture the general morphology of the
inflorescence, model creation attempts were thwarted by failing to remove artifacts
post processing. The current prevailing hypothesis as to the failure to create a clean
3D model has to do with the lack of a suitable, well-lit background.
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Figure 6. Personalized 3D photogrammetric model of Chrysanthemum
morifolium Ramat. sensu lato inflorescence

Questionnaire results reveal a significant interest from students towards the use
of the selected modern digital tools in the Pharmacognostic practicums. Responses
were overwhelmingly positive with the average score achieved across the entire
survey being 4.17. Respondents gave the highest score on question 8, which had
to do with the interactive laboratory report form and specifically dealt with their
perception of its ease of use. Other questions with high results (an average score
of 4.9) asked respondents about their perception of the ease of navigation of the
provided digital tools and the usefulness of 3D models. Conversely, lower results
were given regarding the system for herbarium categorization and the convenience
of having a Pharmacognostic glossary in tandem with a photographic material
gallery. The lowest result obtained was on the question asking respondents to rate
the quality of the 3D models. These responses suggest there is inherent potential in
plant and herbal substance 3D models use in education, but more work is needed
in order to produce high quality educational resources needed in Pharmacognosy
education. In hindsight of the cost in terms of labor hours, described in Methods,
emphasis is placed on prioritizing other digital tools for incorporation into
Pharmacognosy education. A similar case can be made for the implementation of
photographic material galleries, which are skill and labor intensive to build but were
valued lower by students overall. Unfortunately, qualitative data failed to provide
further insight into student perceptions, as only one response was submitted and
read “IlozapaBnenus 3a nodpata padota’”, which translates to “Congratulations on
the work carried out!”. A complete overview of survey results is provided in Table 4
and visualized in Figure 7.
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Table 4. Student perceptions questionnaire responses

Question Responses
1 2 3 4 5 Average score
1 1 (14%) 0 1 (14%) 0 5 (71%) 4.1
2 0 0 0 1 (14%) 6 (86%) 4.9
3 2 (29%) 0 2 (29%) 0 3 (43%) 33
4 0 0 0 1 (14%) 6 (86%) 4.9
5 3 (43%) 1 (14%) 0 2 (29%) 1 (14%) 2.6
6 0 0 0 1 (14%) 6 (86%) 4.9
7 1 (14%) 0 3 (43%) 1 (14%) 2 (29%) 3.4
8 0 0 0 0 7 (100%) 5
9 1 (14%) 0 0 0 6 (86%) 4.4
Response
K | ®@ © o e o
4 @ o0 ©
@
2 L
® { J @
0
1 2 3 4 5 6 7 8 9

Question

Question

®: ©:2 3 @4 @5 @56 7 @8 @9

Figure 7. Visualization of responses obtained in student perceptions
questionnaire. The black horizontal line represents the total average score
achieved across the entire questionnaire (4.17)

Conclusions and summary

Digitisation and digitalisation are dynamic and perpetual processes. Student
perceptions reveal a budding receptivity to modern digital tools and serve as a
source of direction in hindsight of the practical aspects of their implementation in
experiential learning. A balance between quality, ease of use, ease of navigation,
ease of access, security, labor intensity and maintenance is necessary for rational
incorporation of digital tools in a laboratory geared towards education as well as
research. Specifically, for Pharmacognosy it appears that digital tools that offer
direct structured support for students, like fillable laboratory report templates,
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are perceived as the most valuable by students, while at the same time being
some of the least demanding in terms of required proficiency. The novelty of 3D
photogrammetric plant and herbal substance models does not seem to outweigh
student perceptions of their quality which reflects the author’s own evaluation.
Further research is required in order to frame these attempts in the context of course
outcome impact and student academic performance.
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