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Abstract
PISA becomes a benchmark for the quality of  a country’s education. The re-
search was to compare the theme of  biodiversity and the system of  thinking on 
the 2018 PISA questions with end-semester exam questions for the 2020/2021 
school year in elementary schools. This study used qualitative research with an 
analysis method for 4-unit PISA questions, 3 sets of  end-semester exam questions 
for grade 5, and 6 questions for elementary school teachers. The results showed 
that the content related to plants, animals, and microorganisms in the PISA ques-
tions was the highest, with a presentation of  95.83%. For the end-semester exam 
questions, the animal content was the highest percentage of  43.802%. The PISA 
questions are created thematically, while end-semester exam questions are mostly 
created per subject. In addition, the content of  the structure domain is the highest 
competency in the system of  thinking on PISA questions and end-semester exam 
questions with presentations of  53.57% and 55.22%, respectively. Students were 
asked more questions about interconnection analysis. Of  course, this content can 
be learned more by elementary school students. So, that students can have global 
competence from an early age. 
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2016; Suryani & Hamdu, 2021; Shabrina et al., 
2024). The significance of  biodiversity has been 
highlighted since the Rio Earth Summit to en-
hance public awareness about the necessity of  
safeguarding our natural resources (Díaz & Mal-
hi, 2022). This theme of  biodiversity includes the 
diversity of  all species living on earth, all types of  
animals, plants, fungi, and microorganisms, and 
the ecological balance that is very important for 
maintaining the continuity of  life (Bruno, 2023; 
Gómez-Márquez, 2023).

Systems thinking is one of  the cross-sec-
toral competencies in ESD (UNESCO, 2017; 
Vilmala et al., 2022). Systems thinking increases 
the ability to help humans understand a system, 
predict human behavior, and design and deve-
lop something (Arnold & Wade, 2015). Students 
can understand the dynamics of  living systems 
that will grow through systems thinking (Schu-
ler et al., 2018). By applying systems thinking, 
students’ employability is improved, interdiscip-
linary learning is promoted, and higher-order 
thinking skills (HOTS) are developed (Jackson & 
Hurst, 2021; York et al., 2019). Thinking is a key 
competency that spans various sectors in ESD 
and is one of  the global competencies that should 
be taught and assessed starting from elementary 
school. According to Paragraph (1) of  National 
Education System Law No. 20 of  2003, ”basic 
education serves as the foundation for secondary 
education.”

Questions related to the theme of  bio-
diversity, especially environmental awareness, 
and optimism toward species extinction and de-
forestation, have been tested in the 2015 PISA 
test (Niankara, 2019). Similarly, the 2018 PISA 
assessment included questions about ”Global 
Competencies” that dealt with sustainable deve-
lopment and global citizenship awareness (Chan-
dir & Gorur, 2021). Even for the upcoming PISA 
2025, environmental science education experts 
are asked to assess students’ abilities in over-
coming significant socio-ecological challenges 
(Kurdiati & Apriana, 2025). 

Through the 2013 Indonesian curriculum, 
the themes of  biodiversity and systems thinking 
have been implicitly included, such as ecosystem 
and food web materials for elementary school 
students (Hamdu et al., 2021; Salam & Hamdu, 
2022). Additionally, the Merdeka curriculum te-
aches this ecosystem (Erlinawati et al., 2024; No-
viani et al., 2023).  Both the 2013 curriculum and 
the Merdeka curriculum educate high school stu-
dents on biodiversity material (Mei & Suryadar-
ma, 2023; Purwaningsih et al., 2024).

Numerous studies are currently available 

INTRODUCTION

An end-semester exam is arranged thema-
tically or in a subject matter. The end-semester 
exam contains indicators that reflect all compe-
tencies in the one-semester exam to determine 
the completeness of  student learning outcomes.  
In addition, the data will be processed, analyzed, 
and utilized to complete the report (Ditjen Dik-
dasmen, 2016). Meanwhile, PISA (Program for 
International Student Assessment) is an ongoing 
program from the OECD (Organization for Eco-
nomic Co-Operation and Development), that 
aims to determine the average reading, math, and 
scientific literacy skills of  15-year-old students 
from each country (Khurniawan & Erda, 2019). 
However, the 2018 PISA Indonesia results show 
that the learning achievement of  Indonesian stu-
dents is lower than the OECD average (OECD, 
2018b). Likewise, with the average score of  all 
OECD countries, efforts still need to improve stu-
dents’ abilities to realize quality education as ag-
reed in the 2030 SDGs (Sustainable Development 
Goals) (OECD, 2019b). Students in each country 
that is a member of  the OECD are required to 
have global competence, including (1) the abili-
ty to research problems that occur at the local, 
intercultural, and global levels; (2) the ability to 
understand the world from multiple perspectives; 
(3) the ability to engage openly; (4) the ability to 
communicate with people from different cultures 
effectively; and (5) the ability to collaborate to 
achieve SDGs goals (OECD, 2018a). 

ESD (Education for Sustainable Develop-
ment) is the main driver for achieving SDGs in 
2030 (UNESCO, 2015). Generally, ESD includes 
various types, steps, and educational processes 
aimed at achieving the SDGs by promoting and 
integrating collaborative concepts that encourage 
student contributions (Hoffmann & Siege, 2018). 
In its implementation, ESD is not a new curricu-
lum but integrated with the existing educational 
curriculum (UNESCO, 2017). Three methods are 
used in Indonesia to incorporate ESD into the 
curriculum: creating a contextual framework for 
already-existing content, incorporating a small 
amount of  ESD content, and creating a unique 
curriculum (Hariyono et al., 2024). However, 
sustainability in natural science, social science, 
geography, and biology is usually done in several 
schools to teach students to overcome problems 
arising from human interaction with the environ-
ment and encourage environmental (Hawa et al., 
2021; Parker, 2017). 

One of  the ESD themes set by UNESCO 
is biodiversity (Filho et al., 2016; Pretorius et al., 
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on the analysis of  student test questions. Suryani 
& Hamdu (2021) showed that the content of  the 
theme of  biodiversity and the ability to analyze 
something complex has a higher percentage in the 
national science examination questions. The stu-
dy analyzing the content of  the ESD theme and 
systems thinking competencies in the 2016-2018 
elementary school science national examination 
questions. Nevertheless, they did not address the 
implications for science education that teachers 
can implement in their research. Oliver et al. 
(2021) explored the influence of  the inquiry ap-
proach on science learning and students’ science 
literacy based on PISA 2015 data. Their study 
does a good job of  comparing PISA data from six 
different countries. However, the characteristics 
schools that influence students’ science literacy 
abilities are not discussed specifically.

Nurjanah et al. (2022) investigated HOTS 
content in thematic end-semester exams in ele-
mentary schools, which showed that the quantity 
of  HOTS questions was still low. The investiga-
tion was effective as it thoroughly examined five 
themes from the odd semesters of  grade 5 during 
the 2020–2021 academic years. However, this in-
vestigation did not provide a detailed explanation 
of  the percentage of  each HOST content indica-
tor. Accordingly, no study has compared the end-
semester exam with the PISA 2018 questions. An 
analysis is necessary to compare the content of  
the biodiversity theme and systems thinking com-
petencies in the end-semester exam questions for 
elementary schools with those in the PISA ques-
tions. This comparison will serve as a foundation 
for developing innovative science learning strate-
gies, enabling teachers to design lessons that fos-

ter competencies evaluated by PISA.

METHOD

This study is qualitative by analytical 
methods. The data used in this study are docu-
ments of  4 units of  PISA questions in 2018, 3 
sets of  end-semester exam questions for class 5 
2020/2021 academic year from three elementary 
schools in Tasikmalaya, various coverage of  bio-
diversity according to Bruno (2023) and Gómez-
Márquez (2023), Competency Standard docu-
ment Permendikbud No. 37 of  2018, the domain 
of  systems thinking competency descriptions 
according to Arnold & Wade (2017), description 
of  systems thinking indicators according to Ka-
raarslan Semiz & Teksöz (2019), and the results 
of  interviews from 6 elementary school teachers 
in Tasikmalaya.

End-semester exam questions for grade 5 
for the 2020/2021 academic year consist of  1 set 
end-semester exam questions arranged themati-
cally from an elementary school in Tasikmalaya 
Regency, 2 set end-semester exam questions com-
piled subject from elementary schools in Tasik-
malaya Regency and Tasikmalaya City. In this 
study, analysis was carried out by reading ques-
tions, reviewing questions, calculating and recor-
ding the percentage of  item content based on the 
theme of  biodiversity and systems thinking com-
petencies using the following formula.

The analysis instruments for PISA and 
end-semester exam questions based on the theme 
of  biodiversity are shown in Table 1.

Table 1. Biodiversity Themes Analysis Instruments on PISA Questions and End-Semester Exam

Types of Biodiversity (Bruno, 2023; 
Gómez-Márquez, 2023)

Indicators (Kemendikbud, 2018; Kemendikbud, 2022)

Plants The form and function of  the parts of  plants in plants; and 
How to propagate plants

Animals The shape of  the animal's body parts and their functions; 
Types of  animals; Tools for movement in animals and their 
functions; Respiratory in animals; Digestive organs in ani-
mals and their functions; Circulatory organs in animals and 
their functions; and How to reproduce animals

Microorganisms Types of  microorganisms

The Ecological Balance The form of  interaction between living things and their sur-
roundings; The life cycle of  living things; Ecosystem com-
ponents; Neighborhood food webs; The way living things 
adapt to their environment; and Natural resources

Beside that, analysis instruments for PISA 
questions and end-semester exam based on sys-

tems thinking competencies are shown in Table 
2.
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Table 2. Systems Thinking Analysis Instruments on PISA Questions and End-Semester Exam

The Domain of Systems Thinking 
(Arnold & Wade, 2017)

Indicators (Karaarslan Semiz & Teksöz, 2019)

Mindset Describing a place from multiple perspectives; Adjusting 
the perspective of  systems thinking with personal life; and 
Acknowledging one's responsibility in the system.

Content Observing nature as a system; and Analyzing the compo-
nents of  a system

Structure Analyzing the interconnection or linkages between aspects; 
Identifying relationships between environments; Recogniz-
ing the hidden dimensions in the system; and Identifying the 
cyclical nature of  the system

Behavior Consider the relationship between the past, present, and 
future actions; Develop empathy for humans; and Develop 
empathy for living things other than humans

The data collection instrument in this study used 
a data recording sheet containing a distribution 
analysis table. The content of  the theme of  bio-
diversity and systems thinking in PISA questions 

and end-semester exam questions is reviewed 
based on the data analysis procedure adopted 
from Creswell (2019) shown in Figure 1.

Figure 1. Analysis Procedure

After preparing and compiling the three 
sets of  raw data, they are read and examined 
together. The analysis is conducted by coding 
each question based on various criteria, including 
Exam Type Coding, Biodiversity Type Coding, 
Systems Thinking Competency Coding, Exam 
Unit Coding, and Question Number Coding. 
The content of  each exam type is categorized ac-
cording to the themes of  biodiversity and systems 
thinking competency. This ensures that each co-
lumn related to these themes is populated with 
the appropriate indicators, allowing for the cal-
culation of  percentages. The text also includes a 
narrative presentation of  the teacher interview 
transcripts, highlighting the percentage related to 
each theme. Following this, an interpretation of  
the significance of  each theme is provided to vali-
date the accuracy of  the information. 

RESULT AND DISCUSSION

Contents on Biodiversity Themes in PISA 
Questions and End-Semester Exam Questions

The theme of  biodiversity generally focuses 
on the diversity of  life forms on earth, such as ge-
netic differences within species, diversity between 
species, and the diversity of  ecosystems formed 
by various species (Gómez-Márquez, 2023; Ram, 
2021). Students should be taught about biodiver-
sity, which includes all kinds of  animals, plants, 
fungi, microorganisms, and ecological balance, 
all of  which are critical to preserving the conti-
nuation of  life (Bruno, 2023; Gómez-Márquez, 
2023). This relates to the ESD concept, which 
combines the social, economic, and environmen-
tal pillars of  sustainability (UNESCO, 2018; Gla-
vi, 2020). At the elementary school level, students 
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should first learn about biodiversity before enga-
ging with various environmental issues related to 
biodiversity conservation. The following is the 
percentage of  the results of  the analysis of  PISA 

questions and sample end-semester exam questi-
ons in Tasikmalaya based on the theme of  biodi-
versity presented in Table 3.

Table 3. Presentation of  Content on Biodiversity Themes on PISA and End-Semester Exam

The Domain 
of Systems 
Thinking

PISA 
Questions 

(%)

Tasikmalaya Regency
Tasikmalaya 

City Average
End-Semester 
Exam Ques-

tions (%)

Thematic End-
Semester Exam 
Questions (%)

End-Semester 
Exam Questions 
Per Subject (%)

End-Semester 
Exam Questions 
Per Subject (%)

Mindset 17.86 60 4.35 10 24.78

Content 25 0 0 60 20

Structure 53.57 40 95.65 30 55.22

Behavior 3.57 0 0 0 0

Based on the table above, the highest pre-
sentation containing the competency of  thin-
king systems in the 2018 PISA questions and 
2020/2021 academic year end-semester exam 
questions in Tasikmalaya lies in the domain struc-
ture with presentations of  53.57% and 55.22%, 
respectively. In PISA questions, indicators ana-
lyzing interconnections or relationships between 
aspects and recognizing hidden dimensions in the 
system are indicators of  systems thinking that are 
more often tested on students. The majority of  
Indonesian students, however, are thought to be 
incapable of  mastering the system’s indicator of  
multiplying hidden dimensions. This is because 
students still make mistakes in understanding 
the problems in PISA questions (Fazzilah et al., 
2020). For this reason, the ability of  Indonesian 
students in reading literacy skills is ranked 74th 
out of  79 countries that participated in PISA 
(OECD, 2019b).

Students are given more questions contai-
ning indicators of  analyzing interconnections or 
related aspects and recognizing the cyclical natu-
re of  the system in PAS questions. In line with 
that, the ability to analyze something complica-
ted is a presentation of  the content of  the thin-
king system that is more tested in the National 
Examination questions in elementary schools in 
2016-2018 (Suryani & Hamdu, 2021). Metacog-
nitive skills, crucial for effective thinking systems, 
are closely linked to HOTS. These skills enable 
students to plan, monitor, and manage their lear-
ning processes, allowing them to tackle complex 
scientific problems (Hamzah et al., 2022).

The indicators of  systems thinking in end-
semester exam questions are not explained clear-
ly, because elementary school teachers who are 
also the makers of  end-semester exam questions 
are not yet familiar with the term systems thin-

king itself. Although not present in every questi-
on, end-semester exam questions implicitly show 
the need to examine the relationship in the thin-
king system. This is because questions that stimu-
late students to analyze high-level thinking ques-
tions are still limited (Mariani et al., 2021; Sari et 
al., 2023). In addition, not all questions used in 
the assessment in grade 5 are high-level thinking 
questions (Kholiq et al., 2019). The difficulty le-
vel of  the questions on the national exam remains 
at levels C1, C2, and C3 (Asiasi & Ridlo, 2018). 
Creating thought-provoking questions that cater 
to students with varying skill levels and low lite-
racy interests has proven to be a challenge for five 
out of  the six elementary school teachers survey-
ed. Consequently, students struggle to process the 
information provided by the PAS questions. The 
implementation of  systems thinking questions in 
elementary schools also presents significant chal-
lenges for teachers (Azzahra et al., 2023). 

Improving the PISA results of  Indonesian 
students requires optimizing the implementati-
on of  ESD learning innovations, specifically by 
developing students’ systems thinking competen-
cies through various topics, such as biodiversity. 
By implementing ESD innovations in schools, 
students can improve their skills, knowledge, 
and environmental awareness in the 21st centu-
ry (Mardian, 2023). Students have demonstrated 
improved systems thinking abilities when par-
ticipating in elementary school STEL (System 
Thinking and ESD Learning) instruction (Mu-
lyadiprana et al., 2024). In addition, experts from 
OECD member countries emphasize that cogni-
tive knowledge test questions for students should 
cover the following areas: (1) global issues that 
are central to ESD; (2) intercultural knowledge 
and understanding; and (3) analytical and critical 
thinking skills (UNESCO, 2017). The emphasis 
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on socio-ecological issues will be highlighted in 
the upcoming 2025 PISA to evaluate students’ 
abilities to address these challenges (Kurdiati & 
Apriana, 2025). Relevance between competen-
cies and mastery of  the material tested in the 
PISA assessment and science learning in schools 
is essential. To promote systems thinking skills, 
including HOTS, teachers must develop and 
implement innovative teaching strategies that 
encourage students to think critically and solve 
complex problems (Ab Halim et al., 2021; Ham-
zah et al., 2022). Moreover, the implementation 
of  ESD in elementary schools currently tends to 
be minimal (Gunansyah et al., 2021; Supriatna et 
al., 2018; Suwarto et al., 2021).

Teachers can improve each indicator of  
systems thinking in science learning in elemen-
tary schools based on the scope of  material on 
basic competencies or science learning achieve-
ments with issues raised in ESD. In addition to 
biodiversity, there are other ESD issues, namely 
climate change, disaster risk reduction, health 
improvement, sustainable lifestyles, and air 
(Suryani & Hamdu, 2021). Material on the im-
pact of  human activities on the environment and 
various environmental problems due to human 
actions can be used to develop the four aspects 
of  systems thinking (Mulyadiprana et al., 2024). 
Science learning material on the air cycle can also 
improve indicators of  students’ systems thinking 
abilities in observing nature as a system, analy-
zing the components of  a system, analyzing inter-
connections or relationships between aspects, and 
identifying relationships between environments. 
In addition, giving performance assignments to 
create concept maps can also help students orga-
nize their thoughts and understand relationships 
in the system (Schumacher, 2023).

Teachers should focus on systems thin-
king and ESD issues when creating end-semester 
exam questions to help improve PISA test results. 
The formulation of  final exam questions should 
be under the PISA framework, which focuses 
on relevant content and context that students 
can understand, such as the local context (Rizal 
et al., 2021; Susanta et al., 2023). The inclusion 
of  questions that promote higher-order thinking 
skills in preparing final exam questions is essen-
tial for meeting PISA standards (Budiarti et al., 
2023). Therefore, incorporating HOTS questi-
ons that address real-world problems can serve 
as valuable material for creating final semester 
exam questions, helping to familiarize students 
with the types of  questions they will encounter in 
PISA assessments. In addition, students’ abilities 
in analyzing, rotating, and creating, which are 

HOTS processes, intersect with systems thinking 
competencies. Thus, utilizing HOTS questions 
can help students understand and engage with 
complex scientific concepts (Khaeruddin et al., 
2023; Seher Budak & Defne Ceyhan, 2024). 

Follow-up actions in education are vital for 
teachers to grasp and implement ESD learning 
innovations and systems thinking competencies. 
This requires support from various stakeholders 
and effective institutional policies (Mulà et al., 
2017). Organizations like Smart Classes can pro-
vide training programs to integrate ESD metho-
dologies, such as project-based learning (Cebrián 
et al., 2020). Outdoor ESD courses can be an 
alternative follow-up for teachers and prospecti-
ve teachers (Karaarslan Semiz & Teksöz, 2019). 
Moreover, universities in Indonesia have inclu-
ded ESD principles (Tristananda, 2018) and the 
implementation of  ESD is in line with the ”Mer-
deka Belajar” curriculum, which encourages a 
more relevant learning process that supports sus-
tainable development (Ama longgo et al., 2023). 
Additionally, teachers can engage in learning 
communities to collaborate and share innovative 
practices (Labudasari et al., 2024). The limitation 
of  this study is that it does not analyze the effec-
tiveness and depth of  content regarding biodiver-
sity and systems thinking competency between 
PISA and end-semester exam questions.

CONCLUSION

The results showed that the relationship 
between plants, animals, and microorganisms 
was the highest percentage in the content of  
the theme of  biodiversity, namely 95.83%. Me-
anwhile, in the end-semester exam questions in 
Tasikmalaya, the animal load was the highest 
percentage, namely 43.802%. In the PISA and 
end-semester exam questions, the highest sys-
tems thinking competency content presentation 
was in the structure domain, namely 53.57% and 
55.22%. Students tested more questions that con-
tained indicators of  analyzing interconnections 
and recognizing hidden dimensions in the system 
in the PISA questions. Meanwhile, in the end-se-
mester exam, students are given more questions 
which are indicators to analyze the relationship 
and identify the nature of  the system cycle. Furt-
her researchers are expected to be able to develop 
ESD learning and test questions with the theme 
of  biodiversity and can bring up system thinking 
competencies in 5th-grade elementary school 
considering that the theme of  biodiversity and 
system thinking competence has entered the lear-
ning flow although not implicitly.
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