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Abstract - In the delivery of higher education, there is a need for 

students to work in real conditions, with real data and real-world 

examples. Therefore, it is necessary to increasingly enrich practical 

teaching in new study programs with real-life practice. However, 

this presents a challenge, since industrial, business, and other real-

world data, as well as insight into actual processes and 

configurations, are in most cases unavailable or restricted due to 

the nature of operations. For this reason, this paper highlights 

research projects in which higher education institutions often 

participate, and which can compensate for these limitations. Such 

projects can provide students, within future study programs, with 

opportunities to acquire practical, real-world knowledge that will 

genuinely benefit their future engineering work. Through real-life 

examples, the paper will demonstrate both the primary and 

extended potential of this approach, as well as its sustainability. 

Keywords - academic curriculum, flow controller, experiment, 
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I. INTRODUCTION

Today’s era can perhaps be considered the most progressive 

period in terms of technological development in recent decades, 

thanks to the enormous growth driven by artificial intelligence 

and its expansion into nearly all segments of society. It can be 

said, conditionally, that new solutions at the global level are 

emerging almost daily, and that there is hardly a week without 

the appearance of a new technique, technology, application 

possibility, algorithm, or improvements to already known 

systems, reducing their complexity, optimizing them more 

effectively, providing better insight into their operation, and 

increasing their performance. 

These developments, driven by the rise of artificial 

intelligence, something few anticipated in previous decades, 

undoubtedly affect not only the AI market and directly related 

sectors such as IT, but also markets that were until recently 

considered only indirectly connected to these changes. 

In line with this, the landscape of education for future 

engineers is also changing. Even before the rapid rise in the use 

of artificial intelligence, higher education institutions were 

already facing the challenge that traditional teaching approaches 

were no longer sufficient to prepare engineers capable of 

ISBN 978-86-6200-074-3 ©2026 AM & ETRAN 

https://doi.org/10.69994/13Ic26045 

addressing real-world tasks after graduation. Students 

themselves began to develop a strong resistance toward the 

traditional higher education model, which had been established 

over decades but had seen little, and in some cases almost no, 

meaningful improvement. 

Students wanted to acquire up-to-date, competitive 

knowledge that would enable them to navigate real-world 

environments effectively. They wanted to become familiar with 

real environments, real examples, real tools, machines, and 

processes during their studies, not only after graduation [1-4]. 

Companies, following global development trends, were also 

unwilling to spend significant resources, time, human, and 

financial, on retraining employees. They sought engineers 

already equipped with practical knowledge, requiring only 

minimal onboarding to integrate into company workflows and 

quickly contribute to business tasks. 

This is why job postings increasingly specified required 

experience and verifiable competencies, and why newly 

graduated engineers often struggled to meet market demands, 

frequently facing difficulties in securing employment, handling 

their first job tasks, and acquiring the crucial and decisive 

practical experience. 

In recent years, higher education institutions have begun to 

recognize these issues more clearly and have started addressing 

them by seeking ways to respond to such trends. In this context, 

various career development centers are being established, 

entrepreneurial ideas are being fostered within faculties, and 

young people are encouraged to pursue entrepreneurship and 

self-employment after completing their studies [5-9]. The 

startup philosophy is actively promoted. 

In other words, universities are striving to keep pace with 

modern trends and to ensure that the final product of higher 

education, the graduate, is shaped in a broader, more 

contemporary sense, as an individual who fits into modern 

market dynamics not only through knowledge, but also through 

ideas, approaches, and other personal attributes. Each faculty, in 

accordance with its capabilities, capacities, and financial 

resources, is making efforts to ensure that a student is no longer 
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treated merely as an index number, but as someone who will 

help shape the shared world of tomorrow. 

However, despite these efforts, certain dominant problems 

remain, particularly in the implementation of concrete teaching 

practices. These issues are less pronounced in theoretical 

instruction and more evident in practical training. Theoretical 

teaching primarily requires the lecturer’s ability to present 

concepts in alignment with current trends, whereas practical 

teaching, in addition to that, requires a whole range of additional 

factors, such as laboratory space, ICT equipment, specialized 

devices, and various forms of active and passive equipment. For 

most higher education institutions, these represent significant 

additional challenges, especially in terms of securing the 

necessary financial resources. 

Some faculties attempt to address this by obtaining support 

from industry partners [10-13] or by involving large 

corporations with their own educational curricula [14-16], 

which are then incorporated into academic programs. While this 

system can yield good, and sometimes even excellent, results, it 

is not without its limitations. One of the primary drawbacks is 

that it can suppress the creativity of the academic curriculum 

and potentially limit students’ knowledge to a narrow domain, 

for example, working with a single type of product from a 

specific manufacturer, while other alternatives are neither 

mentioned nor emphasized. As a result, students may gain a 

limited scope of practical experience, whereas academic 

programs should provide broader opportunities and open a 

wider window into real-world environments and future 

professional work. 

For this reason, this paper discusses an alternative approach 

to improving academic curricula, primarily in the domain of 

practical teaching, but also applicable to other forms. The paper 

highlights the possibility of designing academic curricula based 

on various research and development processes carried out 

within projects, innovations, calls, and similar initiatives. In 

many cases, academic institutions themselves participate in such 

activities to a greater or lesser extent, which further facilitates the 

application of the approaches described above. 

II. FULFILLMENT OF ACCREDITATION REQUIREMENTS FOR

STUDY PROGRAMS 

We will briefly consider some elements of the accreditation 

procedure for study programs, that is, the elements that must be 

satisfied within a study program in order for teaching to be 

legally implemented and for students to obtain a diploma 

recognized in the labor market. Our discussion will be based on 

the system applied in higher education in the Republic of Serbia; 

however, similar procedures can be found globally, especially 

within the European Higher Education Area, due to the 

application of ECTS [17] and the Bologna Process [18], which 

harmonizes higher education across Europe and is also 

implemented by higher education institutions in the Republic of 

Serbia. The accreditation process itself is extensive and 

demanding, and here only certain segments relevant to the 

further discussion in this paper will be considered. 

All study programs, regardless of the level of study 

(undergraduate, master’s, doctoral), are subject to an 

accreditation procedure conducted by a national accreditation 

body [19]. Only when this body determines that a study program 

meets the prescribed requirements according to various 

accreditation standards is approval granted for its 

implementation. In other words, teaching can only be carried out 

within a study program after accreditation has been officially 

obtained. As mentioned, fulfilling specific standards is required, 

which practically means that a study program cannot be 

developed “on the fly” during teaching delivery, but must be 

strictly defined in advance with all its constituent elements. 

If we consider an individual course within a study program, 

it must be clearly designed in accordance with the standards. 

This means that, in addition to general course characteristics 

(such as the study program it belongs to, course title, mandatory 

or elective status, etc.), the course objectives, learning 

outcomes, content, prescribed literature, structure of active 

teaching, teaching methods, and assessment structure must all 

be clearly and unambiguously defined. For the purposes of 

further discussion, particular importance is given to the course 

objectives, learning outcomes, content, and prescribed 

literature. 

Regarding course objectives and learning outcomes, it is 

logical that they are unique for each individual course. 

However, there is a common characteristic present across all 

courses, regardless of their differences or even belonging to 

different scientific fields. The objective of a course is always 

aimed at introducing students to relevant and useful 

contemporary knowledge, while the learning outcomes are 

aimed at ensuring that, upon completing all course 

requirements, the student is adequately trained in the domain 

covered by the course, whether in scientific, professional, or 

applied knowledge. 

As for course content, it typically consists of two segments: 

theoretical teaching and practical teaching. The theoretical 

component specifies the areas from which students acquire 

foundational knowledge necessary for engaging in activities 

within the course domain. Practical instruction, as the name 

suggests, is more complex, as it requires hands-on experience. 

This means that it should be designed through exercises, 

demonstrations, projects, case studies, and similar approaches, 

so that students clearly understand each step of the process. At 

the same time, this must be delivered at a level that is 

understandable to students, enabling them to apply this 

knowledge clearly and effectively in real-world work 

environments. 

Therefore, practical teaching should aim to simulate 

scenarios as close as possible to those students will encounter in 

their future professional activities. This implies that practical 

teaching should be conducted using modern equipment, 

production systems, real-world scenarios, real raw materials and 

resources, and real datasets. Consequently, higher education 

institutions must possess such resources in order to meet 

accreditation standards. Additionally, instructors themselves 

must have practical knowledge and familiarity with real-world 

applications, including their specific characteristics, 

advantages, limitations, challenges, and methods for 

overcoming those challenges. 
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In terms of literature, innovation is also required. There 

should be an effort to provide up-to-date, student-friendly 

materials that support teaching objectives. Ideally, such 

materials should also be available in the native language to 

ensure accessibility and ease of understanding, and they should 

be easily obtainable both for institutions and for students. In 

many cases, this is achieved by instructors themselves authoring 

the teaching materials used in their courses. 

When it comes to those responsible for delivering the 

courses, the instructors, they must also meet certain 

accreditation standards. Without going into details such as 

workload or institutional specifics, we will focus on one key 

aspect relevant to this paper: professional competence. 

According to accreditation norms, an instructor’s competence in 

a subject area is typically demonstrated through published work 

in the relevant field, whether in conference proceedings, 

domestic journals, international journals, or other recognized 

publications. 

These are only some of the fundamental accreditation 

requirements related to courses and instructors that must be 

fulfilled in order for a study program to be implemented. The 

realization of these accreditation standards can be facilitated 

through the application of experiences gained from research 

activities. In the following section, we will present several 

practical examples of curriculum improvement based on 

activities carried out within a scientific research project. 

III. PRACTICAL EXAMPLES OF PRACTICAL TEACHING 

IMPROVEMENTS FROM THE REAL PROJECT EXPLOITATION

In the following, improvements to certain elements of a 

current study program will be presented using real examples 

from an ongoing project. Additionally, the broader potential of 

such an approach will be highlighted. It should be noted that 

some aspects will be discussed in a generalized manner, as 

preparatory activities for the accreditation of a new study 

program are currently underway, and certain details cannot yet 

be disclosed. Furthermore, regarding the project itself, a patent 

application process is in progress, so some considerations will 

also be presented in a generalized form. Nevertheless, this will 

not affect the explanation of the concept or its validation in real-

world applications within higher education. 

Within the project, one part of the experimental work 

involving gases included the use of instrumentation based on 

mass flow controllers. A portion of this instrumentation is 

shown in Figure 1. Anti-corrosion mass flow controllers from 

the Alicat company, MCS series [20], were used. These were 

connected via an appropriate multi-drop breakout box BB3-232 

unit [21], which enables the connection of all three controllers 

using an RS-232 interface and a 9-pin serial port to the unit, and 

subsequently via a USB connection to a computer used for 

control and data acquisition. 

Fig. 1. Part of the instrumentation based on the mass flow controllers. 

Initially, the manufacturer’s software was used, after which 

the team transitioned to custom software developed in the 

Python programming language by members of the project team. 

The purpose of using such instrumentation in the experiment 

was to achieve different gas concentrations during the 

experimental procedure by controlling gas flow through the 

flow controllers. 

Connecting a single flow controller to the system worked 

properly, with successful operation and reading of values in the 

manufacturer’s software. However, when all three controllers 

were connected to the system, problems occurred, resulting in a 

situation where it was impossible to operate any of the devices. 

The project team initially attempted to resolve the issue through 

software adjustments, assuming a configuration problem, since 

all three controllers appeared to function correctly at the 

hardware level (as indicated on their displays). 

Through a broader analysis of the problem, it was 

determined that each controller needed to be assigned a unique 

device ID via the proper menu on the evey device itself so that 

the software could correctly distinguish between them. Once 

this was done, the software resumed normal operation, 

successfully controlling all three flow controllers and reading 

their values in real time. 

Such a problem encountered during the actual execution of 

the project experiment was later incorporated into the 

curriculum of the course Process Measurement Techniques in 

the Mining Engineering study program. It was used in practical 

teaching to demonstrate the importance of system configuration 

management and to highlight to students the equal importance 

of both software and hardware configuration. 

Additionally, this example was used to emphasize the 

importance of thoroughly studying the characteristics of each 

system component before commissioning the entire system. As 

illustrated, a single incorrect configuration of a device ID led to 

the failure of the entire system. In the curriculum of the new 

study program, this example has also been included in practical 

teaching as an excellent case demonstrating the importance of 

viewing the system as a whole and properly configuring each of 

its components. 

Finally, this example also illustrates that the observed 

consequence may appear in one part of the system, while the 

actual error originates elsewhere and propagates through the 

system. 
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As previously noted, the entire system was initially 

controlled using the manufacturer’s software designed for the 

Windows platform. However, this software exhibits a certain 

level of complexity, as it includes numerous options that are not 

essential for the experimental process itself. As a result, the 

operator spends a considerable amount of time configuring the 

software for the needs of the experiment, from setting up data 

acquisition to configuring data storage. 

Accordingly, in order to optimize the time required for 

conducting each individual experiment, the project team 

decided to develop its own software solution tailored 

specifically to the experimental requirements. This custom 

software is lightweight, resource-efficient, and fully aligned 

with the needs of the experiment. It was developed in the Python 

programming language, using the Alicat module [22] for 

working with mass flow controllers, and is designed to run on 

the Linux platform. A portion of the test code used to verify 

device usability within the Linux environment is shown in 

Figure 2. 

 

Fig. 2. Portion of test code in Python on the Linux platform. 

The developed software is entirely based on open-source 

solutions, does not require any additional licensing, and can be 

freely distributed. Therefore, it can be stated that, in terms of 

software usage within this segment of the experimental work, a 

“zero-cost” principle has been achieved, meaning that there are 

no additional expenses for any component of the software 

system, neither for the control application nor for the underlying 

platform. 

This example of developing custom software, despite the 

availability of a solid manufacturer-provided solution, has been 

incorporated into the design of the new study program 

curriculum and used across several segments of practical 

teaching in different courses. In a course dealing with the Linux 

operating system, this example demonstrates that high-quality 

and functional software solutions can be achieved using Linux 

as the primary platform, instead of relying predominantly on 

Windows-based systems. In another course focused on 

programming, it illustrates that adequate functionality can be 

achieved using open-source-based solutions. In a third course, 

focused on programming under the Linux operating system, this 

solution is used to demonstrate serial communication 

programming when multiple devices are involved. 

As can be seen, although this is a relatively small software 

solution developed for specific experimental needs within a 

project, it yields significant benefits in practical teaching, as 

multiple concepts can be explained through a real-world 

example across different curricula. It is also important to 

highlight the further potential of such a solution. Since a large 

amount of real-world experimental data is generated, these 

datasets can be effectively utilized in a wide range of exercises 

across various courses. 

For example, such datasets can be valuable for students of 

Chemical Engineering, as they involve data related to different 

gases, their flow rates, and concentrations, enabling a better 

understanding of relationships and mechanisms present in 

technological processes and industry. Similarly, students in 

Information Technology can use these datasets for developing 

predictive analytics, machine learning models, and for learning 

data preprocessing techniques. 

As evident, the potential continues to grow, and the most 

significant advantage of the generated data lies in the fact that it 

originates from real-world environments, with all their inherent 

characteristics. This enables students to be trained to work with 

data under realistic conditions, similar to those encountered in 

practical applications of such and related systems. 

Within the experimental work, more complex forms of 

control systems were also used to carry out advanced 

experimental tasks that require appropriate real-time control. The 

details and full architecture of the control system will not be 

discussed, as they are not necessary for the purposes of this 

analysis. At this point, it is important only to highlight that the 

core of the control system is a programmable logic controller 

(PLC) manufactured by Panasonic, model AFP0HC32EP [23], 

additionally equipped with a communication cassette 

AFP0HCCM1 [24], as shown in Figure 3. 
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Fig. 3. Panasonic AFP0HC32EP control unit with AFP0HCCM1 

communication cassette 

During system operation, the specified PLC continuously 

records the current state of the system within its registers, using 

a large number of parameters (several dozen). In this 

configuration, the PLC supports communication via RS-232, 

RS-485, and LAN interfaces. Since it includes a LAN port, it 

can be integrated into a computer network by assigning an 

appropriate static IP address, thereby enabling access to the PLC 

registers and the data stored within them via a LAN connection. 

Thanks to this capability, members of the project team 

developed software in the Python programming language for 

both Windows and Linux platforms, enabling the retrieval and 

further use of these data. The data from the registers are obtained 

in hexadecimal format and therefore must be appropriately 

converted in order to be usable in subsequent processing. 

Based on this integrated solution, numerous examples have 

been incorporated into different forms of practical teaching 

within the new study program. Among other applications, in 

courses dealing with programmable logic controllers, the real 

operation of such a control system is used to demonstrate the 

importance of proper register configuration when implementing 

PLCs in various control solutions. 

Since a large volume of data is recorded, this example is also 

considered a good practice case in "register management", 

illustrating how to design the storage of large datasets within 

PLC registers in order to ensure proper handling and to avoid 

errors, both in the operation of the control system itself and in 

other parts of the system that access these data. 

Furthermore, within this group of courses, based on the real 

operation of the PLC within a standard computer network, 

students are shown how to connect a PLC to a LAN network, 

how to configure it, and some of the specific characteristics of 

integrating a PLC into a LAN environment. 

In courses focused on programming in Python, the full 

potential of this solution is also utilized. Based on real-world 

operation, students learn network programming in Python and 

the use of LAN communication through appropriate socket 

mechanisms. Additionally, which is relatively uncommon in 

such courses, students are introduced to PLC register 

manipulation using Python reading and writing operations, 

buffer handling, data manipulation within registers, and related 

activities. This is particularly relevant, for example, in courses 

dealing with the integration of IT and OT systems. 

As another example, in courses covering data engineering, 

this real-world case is used to highlight the importance of proper 

data conversion and the specific challenges of using data across 

heterogeneous devices. Since identical applications have been 

developed for both Windows and Linux platforms, this example 

is also used in one of the courses to demonstrate cross-platform 

development, as well as the specifics of managing peripheral 

devices across different operating systems. 

Naturally, as emphasized in the previous example, this type 

of solution has a much broader impact in terms of its potential 

use in developing new curricula. This is largely due to the 

generation of large datasets, which provide an excellent 

foundation for various exercises across different courses and 

scientific fields. Due to the scope of this discussion, many 

additional possible aspects of application, such as automation 

principles, real-time operation, intelligent optimization, and 

others, will not be further elaborated, although they represent 

significant opportunities for curriculum development. 

IV. CONCLUSION

As can be seen from the previous discussion, efforts should 

be directed toward actively linking teaching and scientific 

research through the use of real examples from practical 

experiments and other activities carried out within projects, and 

incorporating them into course curricula at higher education 

institutions. In this way, the quality of education for future 

engineers is improved, as they are better prepared for the tasks 

they will face in their future careers through exposure to real 

data, real-world examples, and practical experience. 

If, for instance, the instructor has actual experience in 

industry, research, or project work, this represents an additional 

benefit, as they are able to convey authentic knowledge without 

simplification, expose students to real problems, teach them 

how to think beyond conventional frameworks, and demonstrate 

how problems that may seem unsolvable in theory can 

sometimes have simple solutions in practice. Such rich 

experience, transferred from research into the teaching process, 

contributes to shaping academic programs that are more aligned 

with real-world environments, rather than maintaining a certain 

level of abstraction or “sterility” that occurs when these 

principles are not applied. 

In the previous examples, the discussion focused on 

enriching curricula through new implementations introduced 

into practical teaching using the approaches described above. 

However, this is certainly not the only contribution. This 

approach can also expand the expertise of instructors involved 

in study programs, as they gain experience through a broader 

range of real-world scenarios. Furthermore, in terms of 

literature, since each project and research activity generates a 

significant number of scientific and professional publications, 

these can be used as primary or supplementary literature in the 

development of new study programs. This is particularly 
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relevant at higher levels of study, where, beyond standard 

textbook materials, there is a need for more advanced content, 

as students are often expected to engage in independent 

research. 

The aforementioned approach also contributes to resource 

optimization, as examples are created using resources already 

employed for research purposes, thereby increasing their overall 

value through application in the teaching process. Additionally, 

it accelerates the acquisition of new knowledge and value, as the 

time required to develop additional curricular content is 

reduced, eliminating the need for separate, additional research, 

configuration testing, feasibility studies, and similar efforts. 

It is also important to emphasize the sustainability of this 

approach, which aligns well with the Bologna Process and 

ECTS framework. This sustainability lies in the fact that 

procedures and practices derived from research can be 

implemented in a nearly identical manner across different study 

programs and at various higher education institutions. 

Finally, it should be noted that a more detailed analysis of 

the specific results achieved through this approach is yet to be 

conducted, for several reasons. A significant portion of the 

implementation is planned for teaching activities under the new 

accreditation cycle, which will commence only after 

accreditation has been granted for the relevant study programs 

in the coming period. The part that has already been 

implemented within the current delivery of courses under the 

existing accredited curricula is being carried out during the 

ongoing 2025/2026 academic year. Its outcomes can be properly 

analyzed only after the completion of the teaching and 

examination activities scheduled for the current academic year. 

Nevertheless, it is important to emphasize that direct 

communication with students has already generated highly 

positive feedback, particularly regarding the presentation of 

concepts through realistic scenarios from real-world practice. 
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