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	Assessment in education is important to know what can be understand by the students. Assessment is not only shown to evaluate the cognitive skill but also other skills needed in 21st century. Therefore, there is a need for analysis or study related to the use of assessment so far, including in science education, so that assessment can be used to measure other aspects in knowledge or conceptual understanding. This assessment used the Systematic Literature Review supported by VOS viewer and publish or perish to collect articles from Google Scholars database. Keywords used in this assessment were “assessment learning”, “Science Learning” from 2014 to 2024 and collected 992 articles which were filtered, resulting 76 articles. The result of VOS viewer analysis is presented in network, overlay, and density visualization that shown the domination of cognitive dimension in education because this dimension is easier to be done and standardized than other dimensions, such as 21st century-skills like critical thinking and global diversity have not been extensively studied or even analysed. The future contribution of this literature review is that it can become a reference for researchers to develop various types of assessment instruments in science learning which can be useful for 21st century education.
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1. INTRODUCTION
Assessment is a process where individuals’ and groups’ knowledge and achievements are evaluated and generate an assessment based on the consideration and certain proofs (Ministry of Education, 2011). Assessment is important in education where assessment in knowing what students know (Knowing what students know/KSKW).  Knowing what students know is a basis for presenting proficiency in science and other disciplines (National Research Council,2001). Assessment is systematic and continuous to collect information about learning process and student outcomes used in make decisions based on certain criteria and considerations(Amelia et al., 2023). Assessment done by the teachers is an assessment which carefully designed in order to align with the certain contexts as the purpose of education (Almossa & Alzahrani, 2022). Assessment in learning is important because without good assessment, the effectiveness of lessons, individual achievement, and the quality of learning implementation can produce poor results and even be risky (Songer & Ruiz-Primo, 2012). Assessment are basic for confirming that objectives and destinations have been accomplished (Amelia et al., 2023). Therefore, assessments are really needed to assess aspects during learning, including the skills and abilities needed in the 21st Century. The 21st Century Skills will help young people to adapt themselves to the huge data streams and to benefit from in their adult life (Lazorenko & Krasnenko, 2021). These abilities are also critical for students to succeed in today's world, particularly in college programs as well as contemporary programs, careers, and workplaces (Mahmud & Wong, 2022)
The problem faced by teachers regarding assessment is that teachers experience obstacles and difficulties in compiling and designing learning assessments that are in accordance with standard processes and needs in their schools so that the majority of teachers adopt existing learning assessments that are available from various sources (Bernard et al., 2008). Another challenge cannot be separated from the form of questions that are created, where the forms of questions used by most educators are essays and multiple choice (Desriani et al., 2021). Previous research shows that assessment more emphasis on assessing mastery of concepts because the assessment of this dimension is easier to carry out and equalize compared to other dimensions (Sumintono & Widhiarso, 2015). Meanwhile, assessments related to the skills and abilities needed in the 21st century have not been the focus of study.
Along with developments occurring in the 21st century, learning has more goals than just transferring knowledge, but also 21st century skills to develop students' reasoning. Current 21st century learning does not only emphasize cognitive aspects, but also skills and abilities such as critical thinking, creativity, problem-solving, collaboration, communication, and digital literacy (Anwar & Uman, 2020; Santos-meneses & Drugova, 2023). This can happen because the twenty-first century has given rise to several information technology breakthroughs that have changed the way people live (Yamin, 2019). In the 21st century, changes occur very quickly and are difficult to predict in various areas of life such as economics, communication, information and knowledge.  21st century learning is shown to produce the nation's next generation who can act as agents of change, have personality and culture to face the challenges that will come in the future. Schools are required to play an important role in developing students' emotions and thinking so that in the future students can face increasingly complex and diverse societal problems (Nieto, 2017). 21st century skills are crucial skills that every individual must have in order to be able to face the challenges, problems of life and work that exist in the 21st century (Redhana, 2019). This skill is needed because in the 21st century there is a very fast and difficult to predict transformation in all areas of life, such as technology, transportation, economics, communication and information. This very rapid change requires students to be able to keep up with the times and adapt so that students are prepared to be able to face this era. In facing the challenges of the 21st century, UNESCO has compiled four pillars of education known as 21st century readiness, which include: Learning to now (learning to know), learning to do (learning to do), learning to be (learning to actualize oneself as an independent individual with personality), and learning to live together (Junedi et al., 2020). The Merdeka Curriculum which is currently used in Indonesia also actualizes the idea of ​​innovative and creative critical thinking, continued with cooperation and communication skills (Sari, 2024). Therefore, it is important that teachers need to pay attention to 21st century skills in learning, including science learning.
Science covers all events in the universe, related to what is created (facts) and why things happen (theories) (Stephen Jay Gould N, 1997). Science material has rational, accumulative and objective characteristics, where rational means the results of science are thinking logically or using reason, accumulative means science is formed based on research data that still needs to be needed, while objective is the truth of science as it is without being influenced by personal opinion (Dettweiler, 2019). Science is based on natural problems that occur in the real world so students are expected to analyse problems, construct meaningful knowledge, and solve these problems based on science (Roorda, 2022). However, in reality both the learning and assessment processes in science learning still look abstract and irrelevant to real life, such as students from chemistry and biology being burdened with memorizing information, while students from physics and mathematics feel that their learning content is abstract and unrelated with the reality that exists in the world (Kwok, 2018).
These studies show that assessment, science learning, and 21st century skills are urgently needed. However, previous research has not focused on analyzing science learning assessments where previous research reviewed assessments from 1997 to 2023 in various fields (Choi, 2024). The research examines assessment in the field of science in the most recent 30 years in Korea but has not been supported by Vos Viewer (Chung & Shin, 2016).  Therefore, further studies are needed regarding assessment instruments for science learning over a certain period of time. This research study focuses on Systematic Literature Review of Assessment Instrument Trends in Science Education from 2014-2024. The reasons for choosing a time period of one decade (2014-2024)  that is decade signifies the practice of primarily citing research published within the last 10 years, which is considered important because it ensures that research is based on the most current knowledge in a field, as scientific understanding and practices can evolve rapidly within that timeframe, making older information potentially less relevant (Santini, 2018). If the most recent reference is more than five years or more, this may indicate that the complete review is up to date literature has not done this (Milojevic, 2012). 
The aim of this literature review is to analysed the use of assessment in science education from 2014 to 2024 supported by VOS viewer.  VOS viewer is the application which can be used for analyzing bibliometric networks, creating, visualizing, and exploring maps based on any type of network data (Van Eck & Waltman, 2021). VOS viewer is a software tool for constructing and visualizing bibliometric networks.  VOS viewer may be a computer program device for making and investigating maps based on arrange information. Whereas aiming fundamentally for analyzing scholarly records, it can be utilized on any sort of organize information (social systems, e.g.). VOS viewer investigates bibliographic coupling, co-citation, network, overlay, or density visualization. This literature review study is used to know how assessment used in order to measure certain variables in science education. The future contribution of this literature review study is that it can become a reference for researchers to develop various types of assessment instruments in science learning which can be useful for 21st century education. 
2. METHODS 
2.1. Research Design
Research methods used in this research was Systematic Literature Review. Systematic literature reviews (SRs) are a way of synthesising scientific evidence to answer a particular research question in a way that is transparent and reproducible (Lame, 2019). This method includes a qualitative approach method using a systematic review to compile descriptive research results through literacy studies related to the topic being studied (Ahn & Kang, 2018). Research Questions and aimed : 

1. How the was the assessment trends in science education from 2014-2024 by using Vos viewer? 
2. How was the study of assessment in science education from 2014-2024? 

Research method using literature study, such as in research Byusa, Kampire, & Mwesigye, (2022). This research conducted by collecting articles published with keywords “Assessment learning”, ”science learning” through Publish or Perish (PoP). In the process of literature study using PoP application and keywords “assessment learning”, ”Science Learning” from 2014-2024, resulting 992 articles. Articles were filtered based on the language, publication steps, document types and field of study resulting 76 articles shown in Table 1. The articles were then read thoroughly to understand the content discussed in the research. The final result of this literature search yielded 20 articles related to science education assessment instruments. 
2.2. Data Collection and Selection Criteria
Table 1. Article criteria

	Criteria 
	Inclusion
	Exclusion

	Research
	In science education

-Focusing on science education assessment
	-outside science education

-not focusing on learning assessment

	Period
	January 2014-January 2024
	Before January 2014

	Document Type
	- articles in form of journal and proceeding about assessment in science education. 
	-Book Chapter

-Book

-Literature review

	Language
	 English
	Non-English

	Publication Stage
	Final
	In Press


2.3. Analysis Tools and Techniques
The stages of this research begin by determining keywords, namely the keywords "assessment learning", "Science Learning" from the Google Scholar database and Publish or Perish (PoP) software. The next stage is the initial stage of data mining literature by reading and taking appropriate articles, which are reviewed based on year. The selected articles are articles from 2014-2024. Next, the literature data selection stage is determined based on the criteria as in Table 1. The process of this literature review is illustrated in Figure 1.

Figure 1. The procedure of systematic literature review analysis
The result of literature before and after selections were compared. Table 2 showing 992 articles before filtered and then compared to 20 articles presented in Table 2 comparison of the metric data from the initial and the final search result. The selection article process was carried out in PoP, followed by downloading relevant articles and then reading in-depth in order to find the most relevant article for research objective. A total of 20 articles have studies related to science learning assessment with a focus on developing assessment instruments. The selected articles were then saved in RIS format and analysed using VOS Viewer.  
2.4. Bibliometric Metrics
Tabel 2. Ratio Metrics

	Citation metrics
	Initial research
	Final Data Mining

	Publication years
	2012-2014
	2014-2023

	Citation years
	12 (2012-2024)
	10 (2014-2024)

	Papers 
	992
	20

	Citations
	36018
	599

	Cites/year
	3001.50
	59.9

	Cites/paper
	36.31
	29.95

	Cites/author
	20072.86
	202.85

	Papers/author
	503.37
	7.90

	Authors/paper
	2.63
	2.95

	h-index
	86
	7

	g-index
	170
	20

	hI, norm
	62
	5

	hI, annual
	5.17
	0.50

	hA-index
	32
	5


3. FINDINGS AND DISCUSSION

In this research, researchers focused on trends and research assessment studies in science education from 2014-2024 supported by Vos viewer. Vos viewer results generally show that in science learning, the assessments that are often carried out are to assess students' cognitive and understanding. Apart from that, the form of assessment that is most often carried out is in the form of multiple choices questions. The discussion is as follows:

3.1. Bibliometric Trends in Assessment Research
Analysis using VOS viewer resulting data network visualization, overlay visualization and density visualization as shown in figure 3.1 to figure 3.3. In this analysis using VOS viewer, resulting 54 items, 5 clusters, 792 link with the total link strength 1186. Fifty four items resulting of 20 articles with keywords “assessment learning” and “science learning” following 54 words that are interconnected. Every item made a group in a certain cluster with different colours, as is shown in Table 3.

Tabel 3. Items in every clusters

	No.
	Cluster (colour)
	Element

	1.
	First cluster

 (red)
	Ability, activity, classroom, concept, development, education, fact, information, learning process, learning tool, outcome, percentage, practicality, science learning tool, science process skill, syllabus, technology, validation, virtual laboratory

	2.
	Second cluster

 (green)
	Achievement, effectiveness, elementary school, experiment, experimental group. Knowledge, learning achievement, motivation, peer assessment, perception, project, self efficacy, study

	3.
	Third cluster

 (blue)
	Assessment, chemistry, formative assessment, impact, interview, learning approach, questionnaire, student performance, test, understanding

	4.
	Fourth cluster

 (yellow)
	high school student, implementation, instrument, portfolio assessment, reliability, science, science learning, validity

	5.
	Fifth cluster

(purple)
	Investigation, observation. Post-test, pretest


The article is analyzed based on Network Visualization, Density visualization, and Overlay Visualization. Network visualization contains items represented by labels and networks, where the size of the labels and item circles is determined by the number of items.  The overlay visualization represents what year the research related to the item was carried out, which is aimed at colour changes, where the newer the research, the brighter (yellow) the colour of an item group. Meanwhile, density visualization represents the density of items, the greater the number of items, the closer the colour is to red (Solikah et al., 2024). 
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Figure 2. Network Visualization result
Figure 2 showing the corelation between words that are still relevant to study. The word “assessment” connected to the study related to science process skill, understanding, learning process, portfolio assessment, experiment, ability, outcome, reliability, protest, pre-test, validation, concept, technology and impact. This showed that assessment mostly done to measure the understanding related to concept or certain knowledge. This study align with the previous study aimed/explained that cognitive dimension dominated the assessment in education, as this dimension is easier to performed and standardized than other dimensions (Sumintono & Widhiarso, 2015). Meanwhile, assessment related to 21st century skill, such as critical thinking and global diversity have not been extensively studied or even analysed, leading to the emergence of VOS viewer analaysis.
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Figure 3. Overlay Visualization result
Figure 3 showing the evolution of study related to the development of assessment instruments. Research regarding to the development of assessment instruments becoming trend in 2021 until now. Meanwhile, research related to education still going until now, showing that study of assessment in education still continuing to this year. Study related to concept understanding, learning outcomes, and experiment mostly done before 2019. This could happen before 2019, assessment in experiment could be done before COVID-19 appeared and the aim of learning process was dominated with concept understanding and learning outcomes. However, due to curriculum changes from 2013 to independent curriculum which does not emphasize only on concept understanding but also on ‘pelajar Pancasila profile two of which are critical thinking and global diversity, thus the new research needs to develop the critical thinking instruments and global diversity. 
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Figure 4. Density Visualization result
Density visualization analysed regarding to the depth of word from the previous researches. Figure 4 shown study or research conducted so far has not extremely studied regarding research where the word ‘study’ is more dominantly shown in yellow. While assessment in green shown research related to the development of assessment has not been widely conducted. Overall, it can be concluded from figure 2 to 4 that assessment instruments for critical thinking and global diversity have not been conducted, thus there is a need for a research to develop assessments or critical thinking and global diversity.  

3.2. Themes in Assessment Practices
Furthermore, 20 assessment researches in science education from 2014-2024 with most citation from PoP shown in Table 4. Based on the table 4 shows that the most commonly used type of question is multiple choice. 

Table 4. Assessment researches in science education from 2014-2024

	No.
	Author, 

Year
	Education level 


	Number of Research subject
	Measured variables 
	Field of science
	Kinds/ types of assessment
	Research findings 

	1
	(Hwang et al., 2014)
	Elementary school 
	167 sixth-grade students
	Learning achievements, motivations and solving problems skill


	Integrated science  
	Open-ended
	Most of the students assumed that open-ended assessment is an effective leaning strategy to help them improve their learning status in “in-depth thinking”, “motivations” and “creativity”

	2.
	(Chang et al., 2020)
	Elementary school
	Fifth-grade students 
	Geological knowledge, environment awareness, earth science
	Integrated science 
	Virtual reality integrated assessment 
	Students use a higher-level peer assessment learning approach while participating in VR design activities. Peer assessment boosts students’ efficacy and propensity for critical thinking in addition to raising academic accomplishment

	3.
	(Parmiti et al., 2021)
	Elementary school
	151 students 
	Scientific attitudes and science process
	Integrated science 
	Not clearly stated
	Science process competencies and scientific attitudes can be assessed through the evaluation of projects that depend local culture. The test and scientific attitude questionnaire exhibit an average Aiken validity coefficient of 0,85, according to the results. The test’s reliability coefficient was 0,882, compared to the scientific attitude questionnaire’s reliability coefficient was 0,0907, as calculated by the Cronbatch’s Alpha formula. 

	4.
	(Park et al., 2017)
	Senior High School 
	1230 students 
	Understanding of Chemistry
	Chemistry of matter and energy  
	Connected Chemistry as Formative Assessment (CCFA)
	CCFA supported the students learning process by making a connection between three chemistry domains:  microscopic; sub microscopic; and representation of subject in chemistry of matter and energy.

	5.
	(Gunay & Ogan-Bekiroglu, 2014)
	Senior High School 
	58 students 
	Research of the outcomes of physics learning and attitudes 
	Physics 
	Portfolio assessment 
	The evaluation of a student's portfolio serves as a teaching tool in along with providing insight into their cognitive capacities. Essentially, portfolio evaluation improves physics comprehension. This evaluation provides empirical evidence for the beneficial effects of portfolio assessment on learning and supports the assertion it extends students' knowledge. The study's findings demonstrate the students' initial experiences with portfolio evaluation do not lessen their favourable opinions of physics. Students' attitudes toward physics will therefore improve when portfolio assessment is incorporated into the curriculum.

	6.
	(Nsabayezu et al., 2023)
	Senior High School
	50 participants 
	Formative assessment 
	Organic chemistry 
	Digital multiple choice 
	The use of digitally based formative evaluations, which enrich their personalized learning experiences and increase information retention, is well-received by students. The pupils showed how excited they were to study organic chemistry.

	7.
	(Isatunada & Haryani, 2021)
	Junior High school 
	27 Junior High Schools in Semarang 
	Problem-solving ability and student’s creativity
	Integrated science of  – global warming 
	-
	Develop the learning assessment using STEM to measure students’ problem-solving skills and creativity. 

	8.
	(Amini & Fitria, 2019)
	Elementary school
	-
	Learning outcomes 
	-
	Performance assessment 
	Performance assessment instruments for elementary school students are valid and practical used in leaning process. 

	9.
	(Novitasari et al., 2018)
	Senior High School 
	35 students 
	Scientific information literacy skills
	-
	Portfolio assessment in essay questions
	Portfolio assessment in essay questions is valid and reliable based on the annates analysis and instruments indicating students could not evaluate information critically and competently at rate of 87%

	10.
	(Ligabo et al., 2023)
	Semior High School 
	25 students 
	Knowledge of organism diversity.  
	Bioloy matter of organism diversiy
	Map concept assessment
	In a quest to provide relevant learning experiences, concept map-based assessments measuring knowledge of organisms can be implemented. 

	11.
	(Mustikasari et al., 2021)
	Junior High Schoo
	-
	Concept understanding and self-efficiency 
	Integrated science on vibration waves and sound 
	-
	Self-efficacy and conceptual knowledge assessment development validation findings average 97.8% and adhere to the 'excellent' criterion (97.9%).

	12.
	(Irma et al., 2023)
	Senior High School
	30 students 
	Science creativity 
	Physics matter of static fluids 
	Essay questions  
	The developing of an instrument to quantify scientific creativity providing takes into account indications of originality, fluency, elaboration, and adaptability has a reliability of 0.610 and is deemed valid based on construct and content validity.

	13.
	(Putra et al., 2019)
	Junior High School
	-
	Learning outcomes 
	Integrated science on heat and its transfer
	-
	Valid instruments assessments at 86,8%, the average of instruments effectiveness at 86,4%

	14.
	(Tarmo, 2022)
	Senior High School 
	85 students 
	Learning achievements 
	Biology 
	Open-ended
	Higher academic attainment in the experimental group is probably a result of assessment being incorporated into the learning process. This study advances our knowledge of how educators might use assessment strategies to incorporate learning into regular lessons in classrooms with limited resources, maximizing the potential of assessment to improve learning and elevate expectations.

	15.
	(Ayu et al., 2020)
	Elementary School
	
	Learning outcomes 
	Integrated science on the beauty of my country’s diversity
	Multiple choice 
	With a validity score of 1.00, the assessment instrument created for students in elementary schools to assess their learning outcomes in scientific education was determined to be valid; its reliability, at 0.66, is regarded as high. 

	16.
	(Yakob et al., 2023)
	Senior High School
	118 students 
	Scientific knowledge 
	Chemistry on chemical equilibrium
	Virtual laboratory assessment
	Assessment instruments based on virtual laboratory can be used by the teacher to measure students’ scientific knowledge

	17.
	(Dermawan et al., 2021)
	Elementary school 
	204 students 
	Science knowledge based on HOTS (higher order thinking skills)
	Environment with theme our friends
	Multiple choice 
	Practical, valid and reliable instrument assessment based on HOTS to measure the science knowledge can be used in science education 

	18.
	(Makahinda & Mawuntu, 2023)
	Senior High School 
	-
	Concept understanding 
	Thermodynamic physics  
	Portfolio assessment 
	Portfolio assessment can be to measure the task and research showed that using portfolio in the topics of dynamics producing students’ high learning outcomes. 

	19.
	(Mutmainah & Muchlis, 2022)
	Senior High School
	39 students 
	Cognitive assessment outcomes
	Chemistry topics, chemical bonds
	Multiple choice
	Instruments development can be used as an assessment in concept of chemical bonds. The results of this study provide empirical evidence that student learning outcomes can be improved through Assessment for Learning.

	20.
	(Adimayuda et al., 2021)
	Senior High School 
	34 students 
	Concept understanding 
	The physics concepts of momentum and impuls 
	A written test students’ worksheet
	Worksheet test shown the average percentage of students ability in understanding of the concept of two-dimensions collusion at 67,14%. The data showed that students’ learning achievements is in a good category. The results of this study provide empirical evidence that student learning outcomes can be improved through Assessment for Learning.


3.3 Assessment Formats: Strengths and Weaknesses
Based on a review of Table 4, it shows that the form of questions that is often used today is the multiple choices assessment form. Other forms of questions are open ended and essays. Each form of this question has its own advantages and disadvantages. The explanation of the question format along with its advantages and disadvantages is as follows:

a. Multiple choice is a form of test that has more than one correct/most appropriate answer. The advantages of this question are that the scoring is objective, can be corrected by computer, and is time efficient because it can be used by a large number of participants and is easy to score. However, the weakness of this form of question is that the level of thinking measured can be high if the ability of the question maker is high and the student's opportunity to guess theFfi answer is large.
b. An essay is a question whose answer needs to be described, explained and given reasons using your own language based on certain concepts. The advantage of this questFion is that it can measure higher student abilities. The weakness of this question is that correcting the description questions takes a lot of time, the subjectivity of the assessment is high, the questions tend not to be able to describe all the material being taught, and are less practical.
c. Open-ended, namely questions that are formulated to have many correct answers. The advantages of this problem are that it develops students' creative power and mathematical thinking abilities to the maximum, gives students opportunities to provide many problem solvers so that teachers can detect students' thinking abilities, and gives students a lot of experience in interpreting problems.

(Murti et al., 2018; Mustikasari et al., 2010; Ruslan & Santoso, 2013)
3.4 Analysis of Research Instruments 




Figure 2 shows that 'assessment' is a central term in the network, connecting to keywords like 'science process skills' and 'concept understanding,' indicating a focus on cognitive outcomes in assessment research." The findings reveal a heavy reliance on cognitive assessments, suggesting a need to diversify assessment formats to better address critical thinking and other 21st-century skills. Apart from that, the forms of assessment instruments that are widely used today, such as multiple choice, still have many weaknesses. Therefore, future research is to develop assessment instruments to assess 21st century abilities with assessment formats other than multiple choice. Future research should prioritize the development of innovative assessment instruments aligned with evolving educational goals.
4. CONCLUSION 

Based on the results of the analysis above, it shows that assessments related to understanding concepts, learning outcomes and experiments were mostly carried out before 2019. Assessment instruments for critical thinking skills and global diversity have not been widely carried out so there is a need for research to develop assessments of critical thinking skills and global diversity. The assessment development that is often carried out is in the form of multiple choices assessments. This form of question has many weaknesses, one of which is that students easily guess the answer. Therefore, another form of assessment is needed that can overcome the form of multiple choices questions.Future research should prioritize the development of innovative assessment instruments, such as portfolio assessments or project-based evaluations, to better measure critical thinking and global diversity
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