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This study aims to examine the limitations of human
resources (HR) in school laboratories and their
profound impact on the implementation of biology
practicum activities at the senior high school level. A
descriptive qualitative method was employed in
Kotagede District, Yogyakarta, using purposive
sampling to select two schools with active biology
laboratories. Data were collected through in-depth
interviews with laboratory personnel and biology
teachers to explore the availability, involvement, and
roles of laboratory staff in supporting practicum
activities.  The  findings revealed  significant
differences between the two schools. The school had a
complete laboratory staff, including a head and an
assistant,  enabling  well-structured  practicum
activities  that effectively  enhanced  students’
conceptual understanding and scientific skills.On the
other hand, School B was facing a different reality.
The school was lacking in laboratory personnel,
which meant that all practicum responsibilities were
shouldered by the biology teacher. This led to a
suboptimal implementation of practicum activities
and severely limited the students' learning
experiences. Therefore, it is clear that efforts to
increase the availability and competence of
laboratory personnel, in line with national standards,
are not just beneficial but necessary. The presence of
professional laboratory staff is not just beneficial, but
crucial in creating practical, meaningful, and skill-
oriented biology learning through practicum-based
approaches.
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INTRODUCTION

At its core, biology learning is a process of discovery that demands critical thinking,
not merely the memorization of facts (Papaneophytou & Nicolaou, 2025). This process
trains students to master science skills such as observing, classifying, and formulating
(Sudarisman, 2015). Therefore, biology learning serves as a means to develop critical and
creative thinking skills (Nasution et al., 2023), ultimately aiming to enhance students'
knowledge, attitudes, and responsibility toward the environment.

Biology is not only taught theoretically in the classroom, but it also requires
practicum activities to deepen students' conceptual understanding and foster scientific
thinking. The term "practicum' refers to a practical application of theoretical knowledge,
often in a laboratory setting, that allows students to gain hands-on experience and apply
their learning in real-world situations. As a discipline that systematically studies natural
phenomena, biology relies heavily on observation and experimentation. In this context,
practicum plays a crucial role in providing students with direct, hands-on experiences
through the five senses, fostering meaningful science learning.

Through practicum activities, students develop science process skills, including
planning the use of tools and materials, observing phenomena, analyzing data, drawing
conclusions, and cultivating scientific attitudes (Agustina et al., 2021; Surani, 2024).
These activities not only strengthen conceptual understanding and memory retention but
also enhance motivation and interest in learning, ultimately improving learning outcomes.
Therefore, when conducted effectively, a practicum serves as a vital component in
achieving the objectives of biology education. Through practical activities, it is hoped
that learning objectives can be effectively achieved (Ambarwati & Prodjosantoso, 2018).

The implementation of the biology practicum requires an adequate laboratory, both
in terms of facilities and infrastructure, as well as optimal management. The laboratory
functions as a means to train skills and improve students' understanding of concepts
through experiments (Emda, 2017). In addition, the laboratory also organizes various
functions, including services, research and development, procurement of learning
materials, and other activities that support the efficiency and effectiveness of the teaching
and learning process (Oladejo et al., 2023). Laboratory management and preservation are
critical because they play a role in increasing the effectiveness and optimization of

learning. This management encompasses spatial arrangement, equipment maintenance,
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and the implementation of work safety procedures. For management to run effectively, it
requires the support of competent human resources in their respective areas of expertise.

Several studies have demonstrated that many high schools struggle to manage their
biology laboratories effectively. One major challenge is the lack of adequate facilities and
resources. This includes the lack of separate laboratory space, shortages of laboratory
equipment and materials, and inadequate supporting facilities (Rahmah et al., 2021), as
well as the absence of Standard Operating Procedures (Pratiwi et al., 2024). Furthermore,
human resources are also a limiting factor, such as a lack of competent laboratory staff
and excessive teacher workloads (Aulia et al., 2024). The management of a laboratory
cannot only be judged by the completeness of its facilities and infrastructure, but also by
the active role of its human resources. Professional human resources, complete facilities,
and effective management can significantly improve the overall quality of the laboratory
(Safitri et al., 2024). The presence of professional laboratory staff is not just a necessity,
but a key factor in enhancing the quality of the laboratory.

In the context of school laboratories, the presence of competent human resources,
such as laboratory heads, laboratory assistants, and technicians, is needed to ensure
practicum activities run smoothly, safely, and support the practice-based learning process.
The support of professional laboratory personnel is not just a formality, but a crucial
factor in making students' learning experience more meaningful. Their expertise and
guidance help teachers design and implement applicable Biology learning, enhancing the
quality of education. Therefore, this study contributes to analyzing the role of each
biology laboratory resource in schools, so that it can be used as evaluation material for

both schools and government regulations.

MATERIALS AND METHODS

This descriptive qualitative research was conducted in Kotagede Sub-district,
Yogyakarta. The selected population in this study was schools in Kotagede Sub-district,
Yogyakarta. Two schools were selected using purposive sampling, based on the criteria
of having an active biology laboratory, available laboratory personnel, and biology
teachers involved in its management. This criterion was chosen because it provides

researchers with initial information that the biology laboratory at the school has been
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managed effectively, allowing research to be focused on its objectives. Data were
collected through open-ended interviews with human resources in the biology laboratory
and biology teachers. This instrument has been validated by experts with a background
in laboratory management of more than three years, ensuring the quality and reliability
of the data. The interview sheet encompasses aspects of the existence and role of human
resources, in accordance with Ministry of National Education Regulation No. 26 of 2008
concerning school laboratory personnel standards, specifically the presence of human
resources in school laboratories and their respective roles. Indicators in the competency
aspect of each human resource serve as a basic reference for creating instruments,
ensuring that the compiled questions provide information on the competencies possessed
by each human resource in the school's biology laboratory. The data obtained were
analyzed descriptively and narratively to give an overview of laboratory conditions and
human resources in each school based on the results of interviews with laboratory and

biology teachers in high school.

RESULTS AND DISCUSSION

Our research reveals that the state of human resources is a significant hurdle in the
management of high school biology labs. Schools are grappling with a shortage of
personnel and the need for more precise execution of their duties. Tables 1 and 2 provide
a comprehensive overview of these challenges, detailing the availability of personnel and
their roles at each institution.

Table 1. The existence of human resources in the biology laboratory of SMA A

No Aspect Indicator Standard Findings

1 Existence Number and type of Head of laboratory, School A has a laboratory head and
of Human laboratory personnel laboratory  assistant a laboratory assistant. Special
Resources (laboratory head, and laboratory technicians for biology laboratories

laboratory assistant, technician are not available, assisted by
technician) computer technicians if related to
digital tools.

2 Role Role head The head of the The laboratory head is in charge of
Human laboratory, laboratory manages, receiving report and submit to the
Resources laboratory assistant, the laboratory school. The laboratory assistant

technician in assistant prepares the preparesthe tools/materials and

supporting tools / materials, the report the damage. Technicians

practicum technician maintains only  assist with  computer
the tools equipment.
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Table 2. The existence of human resources in the biology laboratory of SMA B

No Aspect Indicator Standard Findings

1 Existence Number and type Head laborotory, laboran School B not has head
of source personnel laboratory and technician laboratory laboratory, laboratory
human (laboratory head, assistant and technician
power laboratory assistant,

technician)

2 Role Roles laboratory The head of the laboratory All roles are duplicated by
source head, laboratory manages, the laboratory subject teachers. The teacher
human assistant, technicians assistant prepares the doubles all tasks practicum,
resources in supporting  tools/materials, the preparation,

practicum technician maintains the implementation, checking
tools. equipment

The research findings reveal significant disparities and deficiencies in the human
resource structure of the biology laboratories at the two sampled schools, with neither
institution meeting the established standards fully. It is crucial that these standards are
adhered to and that management is improved to ensure the best possible learning
environment for students. The specific conditions regarding the existence and roles of
laboratory personnel highlight distinct operational challenges at each school.

At SMA A, the laboratory has a partially complete human resource structure. The
school has appointed a laboratory head and a laboratory assistant, thus meeting part of
the standard. However, a notable deficiency is the absence of a dedicated biology
laboratory technician. This role is partially filled on an ad-hoc basis by a computer
technician, but only for issues related to digital equipment. The delineation of roles also
deviates from the standard; the laboratory head's function is primarily administrative
(reporting), while the laboratory assistant handles both the preparation of tools and the
reporting of damages, a task that would typically fall to a technician.

In stark contrast, SMA B is in a critical situation with a complete absence of
dedicated laboratory personnel. The findings indicate that the school lacks a laboratory
head, a laboratory assistant, or a technician. As a result, the biology subject teacher is
burdened with the full responsibility for all laboratory management tasks, highlighting

the urgent need for immediate improvements in resource management.

Human resources in the biology laboratory of School A
The availability of laboratory human resources is a crucial aspect in supporting the
quality of biology learning in high school. Thus, human resources in the laboratory must

work professionally in accordance with the assigned tasks (Budiarti et al., 2021). Based
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on the data in Table 1 at SMA A, this school has a laboratory head and a laboratory
assistant, but does not have a laboratory technician. The Government, through Regulation
No. 26 of 2008 by the Minister of National Education, has attempted to regulate the
standards of school/madrasah laboratory personnel, stating that each school laboratory
should have a human resource structure that includes a laboratory head, a laboratory
assistant, and a technician. This initiative aims to enhance laboratory governance, thereby
supporting the achievement of learning objectives (Safitri et al., 2024). The head of the
laboratory is responsible for managing facilities and planning activities. Laboratory
assistants support the implementation of the practicum, while technicians ensure that the
tools are ready for use. The main task of the laboratory head is to carry out academic and
managerial tasks in educational units, which include preparing laboratory work programs,
implementing programs (Metcalfe et al., 2007; White et al., 2021), fostering technicians
and laboratory assistants, assessing the performance of technicians and laboratory
assistants, and evaluating the results of the implementation of laboratory programs (Baily
et al., 2013; Duphily, 2014).

The role of the head of the laboratory in SMA A has been running smoothly, serving
as a liaison between laboratory assistants and school management, particularly in the
procurement of equipment and the repair of laboratory facilities. The laboratory assistant
oversees the classification of practicum materials and equipment according to their type.
They arrange these materials in a structured manner in the cupboard according to their
classification. The laboratory assistants also prepare practicum materials according to the
practicum schedule and are assisted by subject teachers who will conduct the practicum
(Nurul et al., 2021). SMA A has a laboratory assistant who actively coordinates with
teachers in preparing practicum activities, as well as reporting equipment damage. The
human resources in the biology laboratory of SMA A are quite adequate, although the
school does not have a dedicated technician for the laboratory. However, technical
problems related to computers or LCD devices are handled by school technicians.

Technicians play a crucial role in maintaining laboratory equipment, which not only
impacts safety but also the continuity of the teaching and learning process (Gusmanto,
2023). Additionally, a clear division of tasks between the laboratory head and subject
teachers can reduce workload and enhance the effectiveness of laboratory operations

(Setiawan & Mujahid, 2023). Technicians must be able to perform basic repairs and
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equipment servicing, while laboratory assistants must prepare practicum materials,
general laboratory management skills, and equipment safety and calibration (Putri et al.,
2018). The absence of a dedicated laboratory technician at SMA A means that some
technical tasks are often outsourced to other personnel who may lack specific
competencies, which can ultimately impact the effectiveness of the laboratory work
program. In the long run, this can affect the quality of laboratory services provided to
students, including limitations in the implementation of complex practicums that require
specialized equipment.

This condition suggests that the adequacy and competence of available human
resources have a significant impact on the implementation of laboratory management and
work programs. Competencies required include technical skills in preparing and
maintaining equipment, managerial skills in creating schedules and maintaining
inventories, and an understanding of work safety. In addition, the ability to compile
laboratory documentation, supervise the use of tools and materials by students, and the
skills to systematically compile reports on laboratory activities are also needed.
Therefore, it is crucial for the school to prioritize the fulfillment of the structure and
strengthening of laboratory human resources' competence. This will ensure that the
laboratory can function optimally as a safe, organized, and high-quality scientific learning
facility. Professional human resources, complete infrastructure, and exemplary
management implementation can improve laboratory quality (Fiska et al., 2022;
Romadhoni & Saifuddin, 2021).

The Biology Laboratory of SMA A meets the conditions outlined in
PERMENDIKNAS No. 24 of 2007. This laboratory is equipped with facilities and
infrastructure to support biology practicum, including furniture, teaching aids,
educational media, experimental tools and materials, and safety equipment such as fire
extinguishers. These facilities and infrastructure are important factors in supporting
students' teaching and learning activities at school (Munarti & Sutjihati, 2018). However,
the existence of laboratory facilities must be balanced with adequate human resource
competencies. Human resources with knowledge and skills relevant to their fields will be
better equipped to utilize the facilities optimally and support the implementation of a
structured, efficient, and sustainable laboratory work program. This competency also

plays a role in creating a disciplined and orderly work culture in the laboratory
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environment, for example, by establishing procedures for the use of tools, a loan
recording system, and adhering to work safety standards. With good management and
support from professional human resources, the laboratory is not only a place for
practicum, but also a learning vehicle that directly trains students' scientific and critical
thinking skills.

This collaboration between teachers and laboratory personnel at SMA A creates a
conducive and efficient learning environment, where teachers can focus on the learning
process and students gain hands-on experience through structured and meaningful
experimental activities. The impact of good laboratory management is highly influential
for students at SMA A. Laboratories that are well-managed and have adequate personnel
will greatly assist students in understanding biological material directly through practical
experience (Safitri et al., 2024). Practicum can be done regularly according to a
predetermined schedule, not only as a complement to theory, but as an integral part of the
learning process. Students in SMA A are more enthusiastic about learning because they
are actively involved in observing, testing, and analyzing biological phenomena directly.
Practical activities, planned and supported by professional laboratory human resources,
also help students develop science process skills, such as observing, measuring, drawing
conclusions, and compiling reports on practical results systematically. Thus, concept
understanding becomes stronger, interest in learning biology increases, and learning feels
more contextual and fun.

Laboratory human resources are a key component in supporting the quality of
biology learning in high schools (Igbal et al., 2023; Zulfaa et al., 2022). As shown in
Table 1, SMA A has a complete structure consisting of a laboratory head and an assistant,
although it lacks a specific laboratory technician. According to PERMENDIKNAS No.
26 of 2008, ideal laboratory staffing includes a head, assistant, and technician to ensure
effective management, safety, and learning support (Safitri et al., 2024). Each role has
distinct responsibilities: the laboratory head manages planning and coordination,
assistants handle the preparation and organization of practicum materials, and technicians
maintain the functionality of equipment (Kementerian Pendidikan Nasional, 2008;
Munandar & Jofrishal, 2021; Putri et al., 2023).

In SMA A, the laboratory head serves effectively as a liaison between laboratory

staff and school management, particularly in the procurement and maintenance of
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equipment. The laboratory assistant actively supports biology teachers in preparing
practicum materials, organizing tools, and reporting equipment damage (Nurul et al.,
2021). Although the school does not have a dedicated lab technician, general technical
issues—such as problems with computers or LCDs—are managed by school technicians,
allowing practicum activities to proceed smoothly.

The adequacy and coordination of human resources contribute significantly to the
success of laboratory operations. Practicum activities at SMA A are conducted regularly,
following a structured schedule, and supported by competent personnel. This not only
improves student motivation but also enhances conceptual understanding and science
process skills, such as observation, measurement, analysis, and reporting (Putri et al.,
2018). A well-managed laboratory environment fosters a scientific work culture, ensures
equipment safety, and promotes the effective use of facilities, all of which contribute to

an engaging and contextual biology learning experience (Fiska et al., 2022; Romadhoni

& Saifuddin, 2021).

Human resources in the school biology laboratory B

Based on the results in Table 2, the condition of human resources in the biology
laboratory at SMA B remains very limited. The absence of a laboratory head, laboratory
assistant, or technician indicates that laboratory management does not meet the standards
that should be in place. Ideally, a laboratory has laboratory human resources that handle
all activities, ranging from planning to equipment maintenance. Laboratory human
resource managers play a crucial role in planning, administration, security, maintenance,
and supervision of all laboratory activities to ensure effective operation (Fiska et al.,
2022). However, in SMA B, all of these tasks are actually assigned to teachers who
usually use the laboratory. This is undoubtedly challenging for teachers, as they must
divide their time between teaching and managing practicum activities, which should be
the responsibility of laboratory personnel (Putri et al., 2023).

Laboratory human resources play a crucial role in planning, administration,
security, maintenance, and supervision of all activities in the laboratory, ensuring its
effective operation. The head of the laboratory is responsible for planning, organizing,
and evaluating all laboratory activities. Laboratory assistants play a crucial role in
preparing practicum tools and materials to ensure activities run smoothly. Meanwhile,

laboratory technicians are responsible for maintaining and repairing damaged equipment
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(Pratiwi et al., 2024; Putri et al., 2023; Zulfaa et al., 2022). Therefore, human resources
play a crucial role in implementing effective laboratory management, particularly in terms
of quality assurance. The competencies and responsibilities of each individual involved
directly affect the operational effectiveness, accuracy of procedures, and achievement of
overall laboratory goals (Ekwen & George, 2018; Sugrah et al., 2019).

This condition underscores the importance of human resources in ensuring the
smooth operation of practicum activities. A well-managed laboratory with adequate
personnel will greatly assist students in understanding biological material directly through
practical experience (Safitri et al., 2024). Therefore, SMA B schools need to prioritize
the procurement and placement of suitable laboratory personnel to ensure that learning
activities in the laboratory run optimally and align with educational objectives. If all of
these tasks are assigned to teachers, the workload will be too heavy and can reduce the
quality of learning. Teachers should focus more on teaching and guiding students, rather
than handling laboratory technical matters.

In the absence of specialized personnel to manage the laboratory, practicum
activities cannot run optimally. Based on Regulation of the Minister of National
Education No. 26 of 2008 concerning School/Madrasah Laboratory Personnel Standards,
laboratories are managed by the laboratory head, laboratory assistants, and technicians.
The laboratory lacks an annual work plan, a regular practicum schedule, and a clear
system for equipment maintenance. All practicum activities at SMA B are conducted in
a makeshift manner, depending on the teacher's availability and the time allocated. Due
to limited facilities and time, some practicums must be conducted in the classroom rather
than the laboratory. This condition indicates that without adequate human resources,
laboratory management becomes undirected and fails to support a productive learning
process.

Competent laboratory human resources are crucial in supporting the creation of an
effective, safe, and meaningful practicum process for students, thereby strengthening
their understanding of concepts and science process skills directly (Zulfaa et al., 2022).
The quality and capacity of laboratory human resources significantly determine the
success of the laboratory as an integral part of biology education. Laboratory human
resources, including laboratory heads, technicians, and laboratory assistants, are not only

responsible for carrying out operational tasks effectively but also play a role in designing
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practical strategies. Therefore, investing in the development of laboratory human
resources through training, competency improvement, and structured performance
management is essential to ensure the laboratory functions optimally and supports the
learning process.

This condition also affects students. For instance, the lack of practicum experience
makes students less enthusiastic and causes them difficulty in understanding material that
requires direct observation. The practicum that should support understanding of concepts
and scientific skills is limited and less in-depth. Practicum biology instruction plays a
crucial role in science education (Abdullah et al., 2018; Perdana et al., 2022) because it
provides students with training in the scientific method by following detailed instructions
outlined in the instruction sheet. However, at SMA B, the biology learning process is not
maximized, and the learning experience feels more theoretical and less engaging. To
overcome this limitation, teachers attempt to make adjustments by selecting simple
practicums that can be completed without specialized equipment. However, teachers still
hope for support from the school, such as the addition of laboratory assistants who can
help teachers in preparing and maintaining equipment. It would be even better if there
were a laboratory head who could arrange work programs and technicians who could
repair equipment if it were damaged, a special budget for the practicum, and a practicum
schedule that was separate from regular class hours. With complete and competent human
resources, practicum activities can run smoothly, teachers are not burdened, and students
can learn more enjoyably and deeply, allowing practicum activities to be carried out more
effectively and increasing students' understanding and interest in learning biology
subjects.

In contrast, SMA B lacks a complete laboratory staffing structure. As shown in
Table 2, the school lacks a laboratory head, assistant, or technician. These roles are
instead carried out by subject teachers, which deviates significantly from the standards
outlined in PERMENDIKNAS No. 26 of 2008. This situation places an additional burden
on teachers, who must divide their time between instructional duties and laboratory
responsibilities (Romadhoni & Saifuddin, 2021; Safitri et al., 2024). This compromises
the effectiveness of both teaching and laboratory activities.

Without dedicated laboratory staff, SMA B faces several operational challenges.

There 1s no annual work plan, no fixed practicum schedule, and no systematic equipment
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check. Practicum activities are conducted irregularly, based solely on teacher availability
and classroom time. In some cases, activities are moved to regular classrooms due to
limited space or resources. These conditions reduce opportunities for students to engage
in hands-on learning, weaken conceptual understanding, and limit the development of
scientific skills (Heng et al., 2022; Shana & Abulibdeh, 2020; Yuan, 2022).

This situation underscores the importance of investing in qualified laboratory
personnel. Laboratory heads are essential for planning and supervision, assistants support
daily preparation, and technicians ensure equipment readiness (Romadhoni & Saifuddin,
2021; Safitri et al., 2024; Zulfaa et al., 2022). The absence of these roles at SMA B
highlights a clear gap between expected standards and current practice. Teachers
themselves recognize the need for support, expressing the desire for at least a laboratory
assistant to share technical responsibilities and free them to focus on teaching.

To improve laboratory operations at SMA B, a multi-faceted approach involving
both immediate and long-term strategies is recommended. As a short-term solution, the
school could designate and train existing staff to serve as part-time lab assistants or heads,
while gradually building a formal staffing structure. This should be supported by a school
policy adjustment that allocates specific hours in the biology teacher's schedule for
laboratory tasks to reduce their overload. To compensate for the absence of technicians,
providing targeted professional development for teachers on basic lab management, tool
maintenance, and safety procedures is essential. Furthermore, SMA B could explore
cross-school collaboration by partnering with nearby schools to share resources or
conduct joint practicum sessions. Finally, adopting best practices from schools like SMA
A, such as implementing structured schedules, clear task delegation, and systematic
inventory management, would create a more efficient and effective laboratory
environment..

If these improvements are implemented, SMA B can progressively close the quality
gap in laboratory management. Students will benefit from more frequent, structured, and
meaningful practicum experiences. Moreover, teachers will be able to maintain focus on
instruction without being overburdened by technical tasks.

Ultimately, the effectiveness of biology laboratories in both schools is closely tied
to the adequacy, competence, and coordination of their human resources. A complete and

professional laboratory team is essential not only for equipment management and safety
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but also for ensuring that practicum becomes an integral and impactful part of the learning
process. Schools must therefore consider human resource development in laboratories as

a strategic investment in educational quality.

CONCLUSION

The availability and competence of laboratory human resources (HR) are very
influential on the implementation of biology practicum activities in high schools. The
results showed that SMA A has adequate laboratory human resources, namely the head
of the laboratory and an active laboratory assistant. However, it does not yet have a special
technician. This absence of a technician, while not as critical as the absence of a head or
an assistant, could potentially enhance the practicum activities. In contrast, SMA B
experiences limited human resources due to the absence of a laboratory head, a laboratory
assistant, and a technician. All practicum tasks are duplicated by subject teachers, which
has an impact on the less optimal implementation of the practicum and reduces the direct
student learning experience.

This condition underscores the critical role of professional laboratory human
resources in ensuring the sustainability and quality of practicum-based biology learning.
It is the responsibility of schools and policymakers to ensure that the standards of
laboratory personnel, as outlined in applicable regulations, are met. This is essential to

establish an effective, safe, and supportive learning environment for students.
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