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ABSTRACT

This study analyzes and examines laboratory quality management in improving students’ competencies. This 
research is a case study with a qualitative approach. This study employed the case study research method through 
observations, interviews, documentation studies, and literature reviews of  laboratory management in improving 
students’ competencies at SMA Negeri 1 Ciamis and SMA Negeri 1 Pangandaran. The instruments utilized in 
this research are observation sheets, interview guidelines, and field notes. The results from both schools indicated 
that the laboratory quality management plan was prepared at the beginning of  the new academic year, which 
included annual and semester programs, equipment procurement, and inventory management. Implementing 
laboratory quality management involved conducting practical work as scheduled, with facilities used optimally. 
Monitoring and evaluating laboratory quality management included regular assessments through observations 
and interviews with teachers and students to identify shortcomings. Follow-up actions for laboratory quality man-
agement included corrective actions based on evaluation results, such as facility improvements and the addition 
of  equipment. Barriers to laboratory quality management included equipment maintenance. Solutions to over-
come these barriers involved facility improvements, equipment additions, additional training for staff, increased 
involvement of  lab technicians, and optimizing funding. It was concluded that the series of  laboratory quality 
management within the PDCA framework functioned effectively, commencing with planning, implementation, 
monitoring and evaluation, and follow-up. The optimization of  biology laboratory management can improve 
students’ competencies at SMA Negeri 1 Ciamis and SMA Negeri 1 Pangandaran.
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INTRODUCTION

Biology learning in the 21st century will be 
optimal with the support from real experiences, 
including practicums in the laboratory. Alozie et 
al. (2012) suggest that students must interact and 
communicate for important 21st-century skills 

throughout the lab activity, creating a cohesive 
understanding of  complex systems in science. 
Laboratories in schools are fundamental in sup-
porting teaching and learning activities because 
some materials need observations or experiments 
in the laboratory to be understood. According to 
Government Regulation Number 19 of  2005 con-
cerning National Education Standards Article 
42 paragraph 2, each education unit must have 
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facilities and infrastructure to support students’ 
learning competencies, including a laboratory. 
According to Cahyani et al. (2018), the scope of  
biology includes basic concepts of  biology, the 
life of  organisms, the physiology of  living beings, 
and the environment and natural surroundings. 
Learning objectives should adopt the formation 
of  attitudes, skills, and knowledge (Afandi et 
al., 2019; Annisa et al., 2022; Jamaluddin et al., 
2023). 

UNESCO emphasizes four pillars of  edu-
cation: learning to know, learning to do, learning 
to be, and living together (Agustina et al., 2019). 
Therefore, learning in the laboratory can support 
the education system by UNESCO. In addition, 
Government Regulation Number 32 of  2013 exp-
lains that every education unit must have the inf-
rastructure to support an orderly and continuous 
learning process, such as a laboratory. Biology 
learning should emphasize direct experience to 
develop competencies so students can scientifical-
ly explore the environment. Practicums provide 
direct experiences for students. Edgar Dale com-
piled the knowledge dimensions in the pyramid 
of  experience (cone pyramid), which illustrates 
that students can gain learning experiences from 
doing or experiencing what they have learned, 
observing and listening to certain media, and 
listening to language (Jackson, 2016). The more 
concrete students learn, for example, through 
direct experience, the more experience students 
gain. Conversely, the more abstract learn, for 
example, only relying on verbal language, the less 
experience students gain.

Practicums are learning to find or prove a 
concept or principle that already exists or is for-
mulated by experts. From the students’ point of  
view, practicums aim to find concepts or prin-
ciples from the experts’ point of  view, verifying 
concepts or principles. Practicums aim to inc-
rease students’ motivation and comprehension in 
using tools or materials in the school laboratory. 
That way, students can gain more knowledge 
and make it part of  their lives (Rahmawati et al., 
2018). Sauri (2021) also explained that practicum 
is carried out to process God’s creation by using 
the potential of  the mind possessed by students so 
that their needs are met.

Optimal quality management is also nee-
ded to optimize the utilization of  the biology 
laboratory as a learning resource. Quality, ac-
cording to Deming, is conformity to needs. The 
concept is PDCA (Plan, Do, Check, and Action), 
which plans, implements, monitors, and makes 
improvements. Isniah et al. (2020) revealed that 
PDCA is a quality management system used as a 

continuous improvement tool widely used in the 
service and manufacturing sectors. PDCA acti-
vities consist of  four repeating steps: Plan, Do, 
Check, and Action.

Terry (2012) suggests that management is 
a distinct process of  planning, organizing, actua-
ting, and controlling. It is performed to determine 
and accomplish stated goals using human beings 
and other resources. In the context of  quality ma-
nagement, laboratory management is concerned 
with several aspects: planning, structuring, or-
ganizing, administrating, securing, maintaining, 
and supervising.  Therefore, every personnel in-
volved must know how to organize, maintain, and 
strive for work safety. Sirojudin and Al Ghozali 
(2022) suggest that quality is an absolute and rela-
tive concept. According to Nashihin et al. (2021), 
the term quality is appropriate. It emphasizes that 
the basis of  the mission of  a quality school (edu-
cational institution) is “developing programs and 
services that meet the needs of  users such as stu-
dents and the community.” 

Managing and maintaining the laborato-
ry is an effort to keep it functioning as it should. 
Furthermore, laboratory activities provide securi-
ty and safety skills, laboratory manipulative skills, 
laboratory process skills, and thinking skills. 

Researchers conducted a preliminary stu-
dy at SMA Negeri 1 Ciamis and SMA Negeri 1 
Pangandaran to analyze the need for laboratory 
quality management. Based on observations and 
interviews, SMA Negeri 1 Ciamis has biology, 
physics, and chemistry laboratories. The head of  
the biology laboratory is a biology teacher wit-
hout an assistant and technician. Similarly, SMA 
Negeri 1 Pangandaran has biology, physics, and 
chemistry laboratories. A biology teacher also 
leads the biology laboratory without an assistant 
or technician. The needs analysis results show 
that the laboratories at SMA Negeri 1 Ciamis 
and SMA Negeri 1 Pangandaran clearly illustrate 
the gap between real and desired conditions. At 
the same time, laboratories will contribute and 
benefit optimally if  they have good management 
because they know the direction of  the program 
to be prepared. 

The needs analysis results reveal a signifi-
cant gap between the laboratories at SMA Negeri 
1 Ciamis and SMA Negeri 1 Pangandaran and 
the expected ideal standards. According to Per-
mendiknas No. 24 of  2007, laboratories must 
accommodate many students, have adequate 
ventilation and lighting, and have appropriate 
practical tools and materials. Additionally, labo-
ratories must have safety equipment, safe waste 
disposal procedures, and adequate facilities to 
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support practicums (Fadzil & Saat, 2020). Ho-
wever, SMA Negeri 1 Ciamis had issues such as 
outdated equipment, expired materials, and in-
sufficient waste management. At SMA Negeri 1 
Pangandaran, although the laboratory has been 
renovated, much equipment was missing, and the 
materials were outdated. Budgets were the main 
obstacle in laboratory management and equip-
ment upgrades.

This gap indicates that the current labora-
tories do not fully meet the established standards, 
which impacts the effectiveness of  practicums 
and ultimately affects students’ competencies. 
This research aims to identify and address these 
issues and formulate strategies for improving la-
boratory management. The results are expected 
to improve students’ competencies in biology. 
According to Gunawan et al. (2017), laboratories 
will contribute optimally and be beneficial if  ma-
naged well, as good laboratory management will 
guide the direction of  the program to be develo-
ped. Thus, researchers are interested in further 
analyzing “Biology Laboratories Quality Mana-
gement in Improving Students’ Competencies.”

METHODS

This research is a case study with a qua-
litative approach. This study employed the case 
study research method through observations, in-
terviews, documentation studies, and literature 
reviews by examining various books and other 
sources related to the planning, implementation, 
evaluation, and follow-up of  laboratory manage-
ment in improving the competencies of  students 
at SMA Negeri 1 Ciamis and SMA Negeri 1 Pan-
gandaran.

The observation involved examining the 
laboratory quality management, which consists 
of  planning, implementation, evaluation/mo-
nitoring, follow-up, obstacles, and solutions to 
address the challenges in managing the biology 
laboratory at SMA Negeri 1 Ciamis and SMA 
Negeri 1 Pangandaran.

The data collection in this research was 
conducted through interviews to obtain infor-
mation directly through face-to-face interactions 
with the school principal, the head of  the labo-
ratory, the laboratory administrator, biology te-
achers, and students. This approach allows for an 
insight into the thoughts and feelings of  the in-
formants. The instrument used was an interview 
guide. The interview in this research involved a 
question-and-answer format regarding laboratory 
quality management.

The documentary study conducted in this 
research served to supplement the data collected 
through interviews and observations and to ac-
quire precise written information about the qua-
lity management systems of  the biology labora-
tories at SMA Negeri 1 Ciamis and SMA Negeri 
1 Pangandaran. Such documentation, encom-
passing laboratory profiles, Standard Operating 
Procedures, syllabi, lesson plans, and student per-
formance records, was scrutinized to ensure the 
veracity of  the data obtained.

Data was analyzed through the following 
steps: data reduction, data presentation, and con-
clusion drawing or verification. The three steps 
are expected to make the data meaningful. Ac-
cording to Huberman and Miles (2002), descrip-
tive analysis is carried out through three steps of  
activity that are most related to each other. Rese-
archers conducted data analysis through the fol-
lowing three steps: 

1.	Data Reduction 
Data reduction sharpens, classifies, directs, 

removes unnecessary ones, and organizes data so 
that a conclusion can be drawn and verified. It 
takes place continuously throughout the study. 
After data collection, all field notes are analyzed 
and summarized, describing research results and 
focusing on solving problems in laboratory quali-
ty management.

2.	Data Presentation
Data presentation finds meaning from the 

data and compiles it systematically to make the 
presentation simple yet selective.

3.	Conclusion
Analysis of  the data collected is used to 

conclude and describe a pattern of  the events. 
Continuous data analysis has implications for 
reducing and/or adding the required data, allo-
wing researchers to return to the field.

In this study, the data must be acceptable to 
support the conclusion. Therefore, it is necessary 
to use data validity standards. In qualitative re-
search, data validation by Cresswell et al. (2003) 
consists of  credibility, transferability, dependabi-
lity, and confirmability.

RESULTS AND DISCUSSION

Findings at SMA Negeri 1 Ciamis 
a. Planning of Biology Laboratory 
Optimization (Plan)

The interviews, observations, and docu-
mentation studies revealed that the optimization 
of  biology laboratory facilities and infrastructure 
at SMA Negeri 1 Ciamis was done through estab-
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lished procedures. The first step was identifying 
and analyzing laboratory managers’ needs in 
collaboration with teachers. The head of  the la-
boratory checked the inventory data, which was 
later submitted to the school to the vice principal 
and was later registered and handed over to the 
principal. Furthermore, the principal determined 
the allocation of  funds from the School Revenue 
and Expenditure Budget Plan and School Activi-
ty and Budget Plan, adjusted to the level of  the 
proposed facilities and infrastructure needs. The 
availability of  inventory data for facilities and 
infrastructure in the biology laboratory assisted 
procurement planning.
b. Implementation of Biology Laboratory 
Optimization (Do)

Based on interviews, observations, and 
documentation studies, the implementation of  
Biology laboratory management at SMA Nege-
ri 1 Ciamis was constrained by human resources 
and infrastructure factors. Some biology teachers 
could not use equipment and materials in practi-
cum learning. Therefore, they conducted special 
activities to gather and share skills in using biolo-
gy equipment for practicum learning. In addition, 
some equipment was damaged, so the equipment 
was repaired and maintained. In addition, the 
lack of  time for practicums made biology teach-
ers add more time outside of  learning hours. Ho-
wever, biology teachers implemented practicum 
activities based on laboratory availability schedu-
les.

Biology laboratory activities at SMA Ne-
geri 1 Ciamis did not collaborate with external 
parties. Cooperation was still internal around the 
school, except for procurement to the relevant 
agencies. In addition, in terms of  operational ser-
vices for the biology laboratory at SMA Negeri 1 
Ciamis, the role of  the laboratory was replaced 
by a biology teacher and the head of  the labo-
ratory, who collaborated with office assistants at 
school in preparing practicum activities. The pre-
paration step is at least two days before the prac-
ticum. The teacher had deposited a list of  tools 
or materials to be used, confirmed by the labora-
tory head the day before the practicum. Students 
and teachers did store and maintenance after the 
practicum. The practice concerned cleanliness 
and tidiness so that the material and tools could 
be stored again. 
c. Monitoring/Evaluation of Biology 
Laboratory Optimization (Check)

Based on interviews, observations, and 
documentation studies, the principal and super-
visory team supervised the biology laboratory, in-

cluding the vice principal. It was documented in 
the report from the person in charge of  managing 
the Biology laboratory to the supervisory team. 
The report was submitted at least once a semes-
ter. The content included the suitability of  imple-
mentation with the planned program, including 
scheduling and infrastructure needs. Reports on 
academic interests, such as scheduling and imple-
mentation processes, were submitted to the aca-
demic vice principal. In addition, the condition 
of  infrastructure facilities and equipment needed 
was also reported to the vice principal of  infra-
structure for reference in annual submissions. 
Instruments for laboratory personnel assisted 
supervision activities. It was a flexible activity 
report instrument because it can be used month-
ly, semester, and yearly. In addition, instruments 
for reporting the condition of  facilities and infra-
structure, including tools and materials, are also 
available to facilitate activity supervision.

Based on students’ achievements, the ave-
rage scores of  two biology tests at SMA Negeri 1 
Ciamis exceeded the passing grade. It aligns with 
their achievement of  biology scores in the 2022 
national examination, the second highest in the 
Ciamis Regency. However, the average score is 
still higher.
d. Follow-up of Quality Management of 
Biology Laboratory (Act)

In an interview with the principal, he ex-
plained that the school makes regular improve-
ments through the School Activity and Budget 
Plan and is responsive to minor problems. Bio-
logy laboratories have systematic procedures for 
equipment repairs, with regular evaluations to 
identify repair needs. Biology teachers use for-
mative and summative evaluations to improve 
laboratory management and allow students with 
unsatisfactory results to repeat practicum. 

Based on the interview, the head of  the 
laboratory was committed to developing an in-
teresting practicum and building students’ com-
petencies. The biology teacher emphasized the 
importance of  continuous innovation and propo-
sed the formation of  a working team to renew the 
practicum. Although students have not applied 
many of  the results of  their innovations in real 
life, they believe practicum development can inc-
rease their interest and understanding of  science. 

The principal added that the school has 
ICT staff  who support the integration of  ICT in 
practicum learning. The use of  smartboards in 
biology laboratories increases interactivity. ICT 
facilitates access to information and efficiency 
of  laboratory administration, and teachers plan 
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for structured ICT use. Students benefit from the 
updated laboratory facilities with ICT, although 
they need to master additional applications.

Findings at SMA Negeri 1 Pangandaran 
a. Planning of Biology Laboratory 
Optimization (Plan)

Based on interviews, observations, and do-
cumentation studies, biology laboratory facilities 
and infrastructure optimization at SMA Negeri 1 
Pangandaran were planned with established pro-
cedures. The head of  the laboratory, the labora-
tory manager, and the biology teacher analyzed 
the need for infrastructure to benefit the biology 
laboratory, which was then proposed to the prin-
cipal. The biology teacher proposed to the labora-
tory coordinator, which was then handed over to 
the head of  the laboratory to be submitted to the 
vice principal of  infrastructures for review with 
the principal.

In addition, SMA Negeri 1 Pangandaran 
has physics and biology laboratories. The labo-
ratories are strategic and spacious. The room has 
good lighting, ventilation, electricity, adequa-
te water, teacher chairs and tables, and student 
chairs and tables. It also has good shelves, wa-
rehouse space, preparation rooms, whiteboards, 
screens, projector, and emergency kits. Rules and 
organizational structure are put on the wall, but 
the organizational structure is outdated.
b. Implementation of Biology Laboratory 
Optimization (Do)

Based on interviews with the head of  the 
laboratory and biology teachers, laboratory acti-
vities are adjusted to the lesson plan’s basic com-
petencies. All biology teachers of  all grades used 
the laboratory availability schedule. The schedule 
never conflicts and is created according to the an-
nual needs of  practicum activity and laboratory 
optimization programs.

Biology teachers used student worksheets 
as instructions and directions for students in 
implementing practicum. Students knew the rules 
in the laboratory directly from the teacher, read 
them, and applied them in the learning process. 
According to students, the practicum instruc-
tions from the teacher are clear. Students maste-
red how to use the tools before carrying out the 
practicum. The teacher explained the details of  
the steps, how to use the tools, and the practicum 
instructions, both the steps and worksheets. Stu-
dents mastered how to use the tools. The biology 
teachers or laboratory managers prepared their 
practicum needs due to the absence of  assistants. 
The tool and student ratio was 1:5.

Students concluded the practicum results 
by summarizing and presenting the results and 
clearly understanding the essence of  the materi-
als. Students concluded as directed by the teacher 
in the practicum instructions, and students who 
had difficulty asking for help from other classma-
tes so that their grades and achievements excee-
ded passing grades. In addition, after completing 
the practicum, students and teachers tidied up the 
seats and cleaned the tools used. 

Students also created products in practi-
cum activities, such as rocket models from used 
bottles and replicas of  cell parts from styrofoam. 
The products were stored in the laboratory for 
teaching materials. Students’ food products from 
the practicum, such as tape from mantang, were 
consumed.

The biology laboratory at SMA Negeri 
1 Pangandaran did not collaborate with related 
agencies related to the laboratory. In addition, 
in laboratory management, teachers were given 
equal opportunities to participate in practicum 
activities in the laboratory. However, in opera-
tional services, the role of  the laboratory worker 
was replaced by a biology teacher who wants to 
carry out the practicum with preparation one day 
before the practicum by depositing the tools and 
materials needed to the physics and biology la-
boratory coordinator. Maintenance was carried 
out after completing the practicum, assisted by 
students in cleanliness and tidiness. The tools 
and materials used were stored back in their ori-
ginal place. In addition, the laboratory availabili-
ty schedule did not conflict because the MGMP 
team coordinated it by considering the material 
that required the space. Biology teachers have five 
hours of  teaching every week: two hours of  les-
sons and three hours of  lessons. Teachers schedu-
led and arranged the practicum on student work-
sheets to allocate time for each practicum stage.  
c. Monitoring/Evaluation of Biology 
Laboratory Optimization (Check)

Based on in-depth interviews, observa-
tions, and documentation studies, the principal 
supervised the use of  laboratories through re-
ports from the head of  the laboratory. The head 
of  the laboratory and all managers conducted the 
program for one year. Reporting to the principal 
is mandatory at the school year’s end. The su-
pervised content is related to laboratory activity 
programs, tools and materials inventory lists, la-
boratory availability schedules, logs, equipment 
requests, loan books, and stock cards. The princi-
pal must know the substance.
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Monitoring and evaluation activities are 
formally programmed and scheduled from the 
curriculum section in one year, carried out twi-
ce. Informal monitoring is carried out outside the 
schedule determined by the curriculum section. 
The principal travels to every classroom and la-
boratory daily to supervise learning implementa-
tion. The principal provides support for the labo-
ratory activities. Formal monitoring activities are 
carried out based on the schedule determined by 
the curriculum by paying attention to the substan-
ce under supervision, including supervision of  
the head of  the laboratory, laboratory managers, 
and biology teachers.

Laboratory management evaluations in-
clude the lack of  human resources (HR), which 
means that inventory takes a long time and the 
absence of  special laboratories and technicians to 
prepare teachers for practicum activities. The dif-
ficulty during the practicum implementation pro-
cess is that students are difficult to condition and 
require a long time in practicum. The evaluation 
is followed up by a discussion about improving 
the biology laboratory in an educator meeting.

Practicum activities are critical in develo-
ping science education skills, which can be achie-
ved with laboratory facilities and equipment. 
Therefore, the goal of  science education will ne-
ver be realized if  the laboratory building is not 
provided or is not well equipped and underutili-
zed. Therefore, a secure building where facilities 
and equipment can be stored should be available 
in every school for the success of  a science educa-
tion program (Ibrahim et al., 2021).  
d. Follow-up of Quality Management of 
Biology Laboratory (Act)

Based on observations, documentation, 
field notes, and interviews with the principal, 
improvements were carried out on a scheduled 
basis following the School Activity and Budget 
Plan. The process included data collection, analy-
sis, problem identification, and reporting. Minor 
repairs were initiated independently, while major 
repairs required formal procedures. 

Biology teachers used evaluation data to 
improve learning effectiveness and provide op-
tions for students whose practicum results were 
unsatisfactory to repeat or add assignments. The 
principal provided continuous training to create 
innovative practicums. The head of  the laborato-
ry participated in the training to focus on deve-
loping students’ competencies. Biology teachers 
maintain continuity and update teaching met-
hods, while students intend to apply practicum 
daily and appreciate the benefits of  practicum 
experience. 

The school integrated ICT in laboratories 
to improve the skills of  teachers and students. 
ICT facilitates interactive learning, improves ad-
ministrative efficiency, and facilitates communi-
cation between students and teachers. Teachers 
use educational applications and online groups 
to help with the learning process. Students feel 
that updating laboratory facilities with ICT ma-
kes learning more engaging and improves their 
understanding of  the material.
a. Planning of Optimization of Biology 
Laboratories Quality Management in 
Improving Students’ Competencies

George R. Terry in Principles of  Manage-
ment (Patriah et al., 2022) suggests that planning 
is a selector of  facts, linking facts, and making 
and using estimates or assumptions for the future 
by describing and formulating the activities nee-
ded to achieve the desired results.

The planning of  biology laboratory ma-
nagement in two schools has been running, 
starting from planning infrastructure facilities, 
activity programs, and the procurement of  tools 
and materials, and planning on Biology learning 
and practicum activities from the syllabus, les-
son plans, and student worksheet materials. The 
facilities and infrastructure in the two schools 
are representative. The laboratories in the two 
schools are separated into two rooms: the phy-
sics and biology laboratories. Thus, the biology 
laboratories in the two schools still refer to the 
standards of  infrastructure facilities Permendik-
nas No. 24 tahun 2007. 

According to Ali et al. (2021), school faci-
lities and infrastructure planning must meet the 
following principles: 1) school facilities and inf-
rastructure planning must be an intellectual pro-
cess, 2) planning is based on needs analysis, 3) 
school facilities and infrastructure planning must 
be realistic, under the budget, 4) visualization of  
school facilities and infrastructure planning re-
sults must be clear and detailed, both in number,  
types, brands, and prices.

Both schools have implemented these prin-
ciples. The planned facilities and infrastructure 
are part of  intellectual interests, especially in lear-
ning biology practicum. Needs analysis was also 
carried out by biology teachers based on the cur-
riculum and the budget. The results of  the facility 
and infrastructure planning are also visualized 
and detailed in the inventory data compiled by 
the two schools, following Malik and Ubaidillah 
(2021), revealing that laboratory facilities and inf-
rastructure management planning in improving 
the quality of  learning in schools must be done by 
looking at existing needs, both office needs and 
learning needs.
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Both schools still have damaged or in-
complete tools and materials that need to be 
repaired and improved, and the product inven-
tory data from student activities is unavailable. 
Therefore, product specification data generated 
from practicum activities is not documented. 
Two schools also do not have a picket cleaning 
schedule for maintenance in the laboratory, so 
hygiene maintenance is carried out by security 
or office assistants at school. Therefore, regu-
lar coordination is needed from various parties, 
both between managers and Biology MGMP and 
managers with principals, to formulate laborato-
ry equipment that supports practicum activities. 
Maintenance activities can be arranged based on 
practicum schedules so users can better maintain 
laboratory rooms.

According to Nurabadi et al. (2019), plan-
ning is carefully determined by everything that 
will be implemented and what resources must be 
provided to support it (humans, laboratory mate-
rials and equipment, and budget). These activity 
schedules include the target time needed to carry 
out all processes. 

Human resource planning in the biology 
laboratory’s quality management includes the 
biology laboratory’s head, coordinators, labora-
tories, technicians, and biology teachers. The bio-
logy laboratory personnel in the two schools can-
not be said to be complete. Both schools do not 
even have professional human resources, such as 
laboratory technicians, so these roles are replaced 
by other laboratory personnel, such as laboratory 
heads, coordinators, and biology teachers. Ho-
wever, in Minister of  National Education Regu-
lation No. 26 of  2008 Article 1 paragraph 1, it 
has been explained that the standards for school/
madrasah laboratory personnel should include 
the head of  the school/madrasah laboratory, the 
school/madrasah laboratory technician, and the 
school/madrasah laboratory worker.

The most important requirement for the 
success of  a quality system is to perform high-
quality work through competent and dedicated 
employees and intellectual honesty in commu-
nicating the results obtained. The leading prin-
ciple is to perform corrective actions whenever 
substandard results are detected. It, therefore, 
becomes natural that an approach based on mo-
nitoring, correction, and improvement (dictated 
by the protocols of  standardized procedures) can 
become a philosophy of  life within the laboratory 
(La Verde et al., 2019).

According to Messaoud and Messaoud 
(2014), in the operation of  Total Quality Mana-
gement in education, several main things need 

to be considered, including first, continuous 
improvement; second, determining quality stan-
dards (Quality Assurance); third, changing cul-
ture (Change of  Culture), fourth, organizational 
change (Upside-down Organization), and fifth, 
maintaining relationships with customers (kee-
ping close to the customer). 

Planning can be seen from the activity pro-
gram, Standard Operating Procedures, and labo-
ratory availability schedule in both schools that 
have been arranged and constantly updated con-
tinuously every year, referring to standards and 
adjusting to the culture in their respective regions, 
which describe aspects of  continual improving, 
quality assurance and change of  culture. 

Laboratory availability schedules can also 
be used to determine the frequency and intensity 
of  practicum learning activities between biology 
teachers and students. The effectiveness and ef-
ficiency of  using facilities and infrastructure, as 
well as tools and materials, are ensured so there 
are no clashes during practicum. This is in line 
with Najemah (2020), who said that planning the 
use of  biology laboratories can minimize time 
conflicts between teachers and each other when 
using biology laboratories. The program’s plan-
ning is expected to achieve the learning objecti-
ves of  biology until students’ competencies are 
improved. Implementing laboratory planning ac-
tivities, including planning laboratory activities, 
planning in addition, and procuring laboratory 
facilities, can improve the quality of  biology lear-
ning. Biology is an experimental subject; govern-
ment and parents should work hand in hand to 
build appropriate laboratories for effective lear-
ning, and these laboratories should be adequately 
equipped with necessary equipment and materi-
als for instruction so that empirically related con-
cepts are better taught and better understood by 
the students (Musa, 2019).  
b. Implementation of Optimization of 
Biology Laboratories Quality Management in 
Improving Students’ Competencies

Implementation is an important mana-
gement function. According to Tery (Mulyadi., 
2020), implementation is the effort of  all group 
members in such a way as to desire and strive 
hard to achieve goals that are in harmony with 
planning and organizing efforts from the leader-
ship. Laboratory management needs to be car-
ried out according to plan; in this case, the lea-
der can motivate laboratory managers to work 
voluntarily and harmoniously to achieve goals. 
The implementation has been quite good in the 
two schools, as seen from the suitability of  acti-
vities with the planned program. However, both 
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schools have constraints on human resources and 
biology laboratory infrastructure. However, these 
obstacles can still be overcome by biology teach-
ers, who must be more creative so that practicum 
activities are still carried out. Implementing prac-
ticum activities is also adjusted to the weight of  
the material taught because not all material can 
be done in practicum. 

According to Rahmadhani et al. (2022), la-
boratory management includes the effectiveness 
of  using the laboratory, work safety, and carrying 
out discipline. In general, students of  both schools 
seem enthusiastic about practicum activities. 
Some students already know things that must be 
considered in practicum activities, such as rules 
in the laboratory. The teacher’s instructions are 
clear so students can master the tools and materi-
als. In addition, some students can conclude the 
practicum activities. With practicum activities, 
students find it helpful to understand biology ma-
terial. This aligns with Loughran and Hamilton 
(2016); practicum is a place to find experience. 
The practicum aims to provide training on tools 
requiring skills, techniques, instructions, labora-
tory management, and proficiency. With practi-
cum activities in the laboratory, it can make real 
and vital theoretical instruction, knowledge of  
the subject matter, and educational principles. Si-
milar to what was expressed by Ilma et al. (2021), 
students with motivation and interest in biology, 
especially in practicum activities, will comfortab-
ly carry out practicum activities so that learning 
activities are more meaningful and conducive. 

Services in both schools also look quite 
good. The services were still carried out even 
though, in practice, there were obstacles, such as 
human resources, especially in the qualifications 
of  laboratory personnel. Even in the field, labora-
tory personnel are needed to ensure the continui-
ty of  practicum activities and assist teachers and 
students in implementing practicum. This aligns 
with Permendiknas No. 26 of  2008 concerning 
Laboratory Personnel Standards School/Mad-
rasah. Even so, both schools can overcome these 
obstacles. In carrying out the role, laboratory per-
sonnel are replaced by biology teachers who car-
ry out practicum activities and sometimes involve 
students. However, it is necessary to have labora-
tory personnel who focus on serving laboratory 
activities, especially regarding preparation. The 
Biology MGMP team proposes it for the holding 
of  special laboratories that help prepare laborato-
ry activities.

Permendiknas No. 26 tahun 2008 Regar-
ding the competence of  laboratory managers, re-

pair and maintenance are carried out periodical-
ly, and at least technicians are needed who master 
the principles and tools, mechanical and electri-
cal systems. However, in both schools, laboratory 
equipment maintenance is carried out after prac-
ticum by students and teachers concerned both 
cleanliness and tidiness.

Laboratory services are provided to stu-
dents. Laboratory services for students in both 
schools include in terms of  practicum forms, 
which are carried out mainly to make it easier 
for students to understand the biology material 
learned so students can achieve learning goals 
optimally. This can affect competencies or ability 
in biology subjects so that students can contribute 
to competitive science activities outside of  school 
at the Regency/City, provincial, national, and in-
ternational levels. Of  the several services carried 
out in the implementation of  laboratory quality 
management, it is a need that must be met so that 
it is expected to improve students’ competencies.
c. Monitoring/Evaluation of Optimization of 
Biology Laboratories Quality Management in 
Improving Students’ Competencies

Supervision, according to Huda et al. 
(2019), can be formulated as a process of  deter-
mining what must be achieved: standards, what 
is being done, namely implementation, assessing 
implementation, and when necessary, making 
improvements so that implementation is follo-
wing the plan, which is in line with standards 
(measures).

The two schools have similarities in super-
visory activities. The principal holds the highest 
authority in all management aspects, especially 
supervision. Supervision activities are carried out 
over one year twice, with a schedule determined 
by the school program. Supervision is also car-
ried out indirectly/informally based on the report 
of  the head of  the laboratory. Not only that, su-
pervision is also carried out in learning activities 
in the laboratory. This is so that what is planned 
can be achieved. 

Students’ achievements can be seen in the 
national examination scores for 2022. The two 
schools are among the schools that achieve the 
highest scores in their respective regions. The na-
tional test score of  Biology SMA Negeri 1 Ciamis 
was 68.63, while the national test score of  Biolo-
gy SMA Negeri 1 Pangandaran was 63.79. The 
score indicates that the school already has quali-
ty biology learning, including laboratory quality 
management to achieve learning objectives. This 
is supported by Janssen et al. (2014), who revie-
wed prospective teachers who innovated practi-
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cum learning in the laboratory by developing a 
heuristic learning objective system and teaching 
impact analysis. The explanation is as follows: 
the heuristic goal system is a procedure that al-
lows teachers to define current practicum activi-
ties as a set of  lesson segments and then connect 
these segments to a hierarchy of  objectives and 
expected scores. Teaching impact analysis allows 
teachers to compare current lesson segments with 
lesson segments representing the target practice 
framework to estimate the desirability and pro-
bability of  each lesson segment sequence. This 
analysis provides information on how the gap 
between current and desired practices can be 
bridged.  

CONCLUSION

The researcher obtained the results of  the 
analysis and description of  implementing the 
PDCA cycle in the quality management of  bio-
logy laboratories at SMA Negeri 1 Ciamis and 
SMA Negeri 1 Pangandaran. Both schools car-
ried out planning, implementation, evaluation, 
and follow-up in the quality management of  
biology laboratories. Schools can systematically 
improve practicum quality and students’ compe-
tencies by implementing the PDCA.

REFERENCES

Agustina, P., Saputra, A., Khotimah, E. K., Rohm-
ahsari, D., & Sulistyanti, N. (2019). Evaluasi 
Pelaksanaan Praktikum Biologi di SMA Negeri 
di Klaten pada ditinjau dari Kualitas Labora-
torium, Pengelolaan, dan Pelaksanaan Prakti-
kum. BIO-PEDAGOGI, 8(2), 105. 

Afandi, A., Sajidan, S., Akhyar, M., & Suryani, N. 
(2019). Development frameworks of  the Indo-
nesian partnership 21st-century skills standards 
for prospective science teachers: A Delphi 
Study. Jurnal Pendidikan IPA Indonesia, 8(1), 89-
100.

Ali, M., Mutaqin, Hartoyo, Widodo, S. (2021). Penge-
lolaan Laboratorium dan Bengkel Pendidikan Era 
Revolusi Industri 4.0. Yogyakarta:UNY Press.

Annisa, M., Abrori, F. M., Prasetio, T., Prastitasari, 
H., & Asrani (2022). Developing An Atlas 
Based on Biodiversity of  Plants and Animals 
in Wetland. Journal of  Innovation in Educational 
and Cultural Research, 3(3), 301-310. 

Alozie, N. M., Grueber, D. J., & Dereski, M. O. (2012). 
Promoting 21st-Century Skills in the Science 
Classroom by Adapting Cookbook Lab Activi-
ties: The Case of  DNA Extraction of  Wheat 
Germ. The American Biology Teacher, 74(7), 
485–489. 

Cahyani, R., Mardiana, D., & Noviantoro, N. (2018). 
Design and validation of  general biology learn-
ing program based on scientific inquiry skills. 

Journal of  Physics: Conference Series, 983, 012198.
Cresswell, J. W., Plano-Clark, V. L., Gutmann, M. 

L., & Hanson, W. E. (2003). Advanced mixed 
methods research designs. Handbook of  Mixed 
Methods in Social and Behavioral Research.

Fadzil, H. M., & Saat, R. M. (2020). Exploring second-
ary school biology Teachersâ€™ competency 
in practical work. Jurnal Pendidikan IPA Indone-
sia, 9(1), 117-124.

Gunawan, G., Harjono, A., Sahidu, H., & Heray-
anti, L. (2017). Virtual laboratory to improve 
students’ problem-solving skills on electricity 
concept.  Jurnal Pendidikan IPA Indonesia,  6(2), 
257-264.

Huberman, M., & Miles, M. B. (2002). The qualitative 
researcher’s companion. sage.

Huda, M. M., Ruswan, R., & Hidayat, S. (2019). 
Pengembangan Ensiklopedia Peralatan Labo-
ratorium Biologi SMA/MA sebagai Sumber 
Belajar Biologi Siswa Kelas X di SMA Negeri 
16 Semarang. Al-Hayat: Journal of  Biology and 
Applied Biology, 1(2), 83. 

Ibrahim, J. N., Dauda, M. O., & Jibrin, A. G. (2021). 
Utilization of  Biology Laboratory Teaching Facili-
ties and Equipment in Senior Secondary Schools in 
Borno State, Nigeria.

Ilma, N., Marianti, A., & Ngabekti, S. (2021). The Im-
plementation of  Senior High School Biology Practi-
cum in Batang Regency.

Isniah, S., Hardi Purba, H., & Debora, F. (2020). Plan 
do check action (PDCA) method: Literature 
review and research issues. Jurnal Sistem Dan 
Manajemen Industri, 4(1), 72–81. 

Jackson, J. (2016). Myths of  Active Learning: Edgar 
Dale and the Cone of  Experience. HAPS Educa-
tor, 20(2), 51–53. 

Jamaluddin, J., Jufri, A. W., & Ramdani, A. (2023). Ef-
fect of  E-readiness skills, metacognitive aware-
ness, and biological literacy on the high school 
students’ misconceptions. Jurnal Pendidikan IPA 
Indonesia, 12(2), 252-264.

Janssen, F., Westbroek, H., & Doyle, W. (2014). The 
Practical Turn in Teacher Education: Design-
ing a Preparation Sequence for Core Practice 
Frames. Journal of  Teacher Education, 65(3), 
195–206.

La Verde, G., Roca, V., & Pugliese, M. (2019). Qual-
ity assurance in planning a radon measurement 
survey using PDCA cycle approach: What im-
provements? International Journal of  Metrology 
and Quality Engineering, 10, 2.

Loughran, J., & Hamilton, M. L. (2016). International 
handbook of  teacher education. Dalam Interna-
tional Handbook of  Teacher Education: Volume 1. 

Malik, A., & Ubaidillah, M. (2021). Multiple Skill 
Laboratory Activities: How to Improve Stu-
dents’ Scientific Communication and Collabo-
ration Skills. Jurnal Pendidikan IPA Indonesia, 
10(4), 585–595. 

Messaoud, & Messaoud. (2014). The relationship be-
tween empowerment and the adoption of  total 
quality management: From the point of  view 



D. Rahmawati, Zulkhairi, Fitriyani, Safriadi, M. A. Akbar, M. Rosadi/ JPII 13 (4) (2024) 623-632632

of  top and middle leaders in Al Baraka Bank 
of  Algeria. IOSR Journal of  Business and Manage-
ment, 16(1), 23–27. 

Musa, D. (2019). Correlation Between Students’ Achieve-
ment In The Theoretical And Empirical Aspects Of  
Biology In Senior Secondary Schools In Edu Educa-
tional Zone Of  Kwara State, 6(2).

Nashihin, H., Mafaza, N., Haryana, M. O., & Her-
mawati, T. (2021). Implementasi total qual-
ity management (tqm) perspektif  teori edward 
deming, juran, dan crosby. At Turots: Jurnal Pen-
didikan Islam, 41-49.

Najemah. (2020). Pengelolaan Laboratorium IPA 
SMP Negeri 2 Muara Rupit Kabupaten Musi 
Rawas Utara Tahun 2020. Silampari Jurnal Pen-
didikan Ilmu Fisika, 2(1), 1-14.

Nurabadi, A., Sucipto, Gunawan, I., & Lulita Sari, Y. 
(2019). The Application of  Informal Supervi-
sion to Improve the Quality of  Learning in 
Laboratory Schools. Proceedings of  the 4th Inter-
national Conference on Education and Management 
(COEMA 2019). Proceedings of  the 4th Inter-
national Conference on Education and Man-

agement (COEMA 2019), Malang, East Java, 
Indonesia. 

Patriah, M., Sanusi, A., Hanafiah, N., & Sauri, S. 
(2022). Student Learning Quality, 5(1).

Rahmadhani, A. A., Cahyani, V. P., Mamlu’ah, N., 
Diya, N., & Andreyana, P. (2022). Analisis 
Pengelolaan Laboratorium IPA di SMAN 1 Geger 
Madiun Berdasarkan Standar Manajemen Labora-
torium.

Rahmawati, D., Maladona, A., & Gaffar, A. A. (2018). 
Pengaruh Metode Pembelajaran Eksperimen Terha-
dap Peningkatan Hasil Belajar Siswa, 3, 6.

Sauri, S. (2021). Guru Profesional Abad-21. Ciputat: 
Mustika Ilmu.

Sirojudin, D., & Al Ghozali, M. D. H. (2022). Kon-
tribusi Mutu Pendidikan William. Edward 
Deming Dalam Mengembangkan Konsep To-
tal Quality Management. EDUSCOPE: Jurnal 
Pendidikan, Pembelajaran, dan Teknologi, 7(2), 
30–38. 

Terry, G. (2012). Dasar Dasar Manajemen mutu. Jakarta: 
Bumi Aksara.


