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Abstract. The research entitled Training Higher Order Thinking Skills (HOTS) and the 

Ability to Design Experiments through the Inquiry Lab aims to determine critical 

thinking skills and analytical skills, as well as the ability to design experiments through 

the application of Inquiry Laboratory models, has been carried out on several selected 

samples in Kuningan Regency. The target of this research includes information about 

critical thinking skills, analytical skills, and the ability to design experiments as well as 

their relationship with the application of the Inquiry Lab. The research method used is 

experimental research with the One Shoot Case Study design. The sampling technique 

used purposive sampling. Data were obtained using tests for critical thinking skills, 

analytical skills, and the ability to design experiments accompanied by rubrics. Several 

students of Biology Education Study Program level II, level IV, and students in high 

schools were involved in the research as a sample. The research data were analyzed using 

a partial t-test, correlation test, and N-Gain. The results of research related to critical 

thinking skills, analytical thinking, and the ability to design experiments show that there 

are differences before and after the implementation of the inquiry laboratory model with 

a sig. (2-tailed) value of 0.000 < 0.05 (α = 0.05) and the value N-Gain overall in the 

medium category. The aspects of critical thinking skills and analysis that are measured 

are positively correlated with the application of the Inquiry Lab. The ability of critical 

thinking skills has a medium correlation with a correlation value of 0.375 and the ability 

of analytical thinking skills has a strong correlation with a correlation value of 0.748. The 

various abilities to design experiments in each of the measured aspects indicated a 

varying increase, as well as a positive correlation with a very strong category between the 

application of the Inquiry Lab model and the ability to design experiments indicated by a 

correlation value of 0.904.  
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1 Introduction 

Learning is a complex process because learning activities always integrate various 

components and activities, namely students with a learning environment to obtain behavior 

change (learning outcomes) by the expected goals (competencies). Each individual or student 

faced by educators is very complex because it involves physical and psychological aspects. 

The behavior to be generated from learning is also complex, because it involves various 

UNISET 2020, December 12, Kuningan, Indonesia
Copyright © 2021 EAI
DOI 10.4108/eai.12-12-2020.2305019



 

 

 

 

abilities (competencies) such as cognitive, affective, and psychomotor elements. Likewise, the 

interaction of learning and the learning environment itself is complex, because it involves the 

material, approaches, models, strategies, methods, and media used in communicating with 

students to obtain the expected learning objectives (competencies) [1]. The development of 

student potentials in the learning process must be carried out thoroughly. In the learning 

process in the classroom, lecturers are not only armed with knowledge regarding the field of 

study being taught but need to pay attention to the aspects of learning holistically that support 

the realization of the development of the potentials of students [2]. 

Learning activities both in the classroom or in the laboratory to develop student potential 

must contain 21st-century skill components such as Strengthening Character Education (PPK), 

4C (Literacy, Critical Thinking, Creative Thinking, Collaboration, and Communication), and 

Higher-Level Thinking Skills (HOTS). These thinking skills are needed by students in 

understanding Biology where students' understanding in studying biology is not only limited 

to understanding concepts. Biology understood and studied by students cannot be separated 

from the application of the nature of science which consists of processes, products, and 

attitudes. Biology learning is carried out so that students can understand and master the 

concepts, principles, and theories as a basis for mastering more complex scientific products. 

Science products are obtained through scientific processes which are included in scientific 

inquiry, including thorough investigation activities to seek truth or knowledge through 

scientific processes such as formulating problems, formulating hypotheses, designing 

experiments, collecting data, analyzing, and finally concluding. The scientific attitude in 

learning science aims at cultivating and developing attitudes such as curiosity, thoroughness, 

hard work, and other attitudes that encourage a scientist to carry out scientific investigations. 

Therefore, biology must be taught to students as a whole in terms of scientific attitudes, 

scientific processes, and scientific products, so that in the end the knowledge they gain can be 

applied in everyday life [3]. 

Understanding biology, which is sometimes abstract, cannot be understood only in theory, 

to make it easier to understand abstract concepts laboratory activities are needed to support a 

deeper understanding of biological concepts. Laboratory activities are an important component 

of biology learning. Laboratory activities are essentially aimed at helping students develop 

understanding, cognitive abilities, critical thinking, creative thinking, and scientific attitudes 

through their involvement in hands-on activities [4], where it is through this process that the 

actual goal of practicum can be achieved. The form of practicum that can facilitate and 

develop higher-order thinking skills, especially critical thinking skills and analytical thinking 

skills, is designing experiments. Through designing experiments students develop thinking 

skills through the stages of the scientific method. 

Laboratory activities are essentially aimed at helping students develop understanding, 

cognitive abilities, critical thinking, creative thinking, and scientific attitudes through their 

involvement in hands-on activities [4]. A laboratory activity model that facilitates the 

application of the scientific method is the Inquiry Lab. Conventional laboratory activity 

models have low cognitive guidance, on the other hand, Inquiry Lab activities provide 

opportunities for students to develop thinking and reasoning skills either quantitatively or 

qualitatively. Conventional has low cognitive guidance, on the other hand, Inquiry Lab 

activities provide opportunities for students to develop thinking and reasoning skills either 

quantitatively or qualitatively. 

Experiments in the form of an Inquiry lab are designed to start from students' prior 

knowledge in finding a problem. Based on the identification of this problem, students design 

experiments to find solutions to these problems through practicum activities. This kind of 



 

 

 

 

laboratory activity encourages thinking skills such as critical thinking, analytical thinking, 

describing knowledge effectively, interpreting concepts or principles, building concepts, and 

scientific representation. These important concepts and principles are built through prediction, 

testing predictions, inference, and cognitive conflict. Besides emphasizing thinking skills, 

experimental activities in the Inquiry Lab are also expected to encourage students' ability to 

design experiments through the Inquiry Lab model syntax based on scientific methods, so that 

they are trained to design an experiment. 

This is what underlies the researcher to reveal the extent to which the application of 

Inquiry Lab can improve and correlate with higher-order thinking skills, especially critical 

thinking skills and analytical thinking skills as well as students' abilities in designing 

experiments. 

2 Method 

The research was conducted at the P. Biology Study Program, FKIP, Kuningan University. 

The research was conducted during the even semester of the 2019/2020 academic year, on 

students of the Biology Education program of Faculty of Social and Political Sciences, 

Kuningan University. The sampling technique used purposive sampling. The samples taken in 

this study were 28 students Department of the Biology Study Program who took plant 

anatomy and microbiology courses, and 26 students in level IV who took agribusiness courses. 

The research method used in this research is experimental research with a one-shot case study 

design. This study aims to determine the application of laboratory inquiry to higher-order 

thinking skills, namely critical thinking skills and analytical skills as well as the ability to 

design experiments. The data analysis technique used is the partial t-test and to determine the 

correlation of each of the higher-order thinking skills and the ability to design experiments 

used the correlation test. 

The instruments used in this study were the critical thinking ability test according to Ennis, 

the analysis ability test according to Marzano, the ability to design experiment rubric, and the 

observation sheet accompanied by the Inquiry Lab rubric. Inquiry Lab learning stages 

according to [5] includes the following steps: 

 

 
Fig 1. Inquiry Lab Learning Stages 



 

 

 

 

3 Result and Discussion 

This research aims to determine the improvement of critical thinking skills, analytical 

thinking, and the ability to design experiments before and after the application of the Inquiry 

Lab and the relationship between the application of Inquiry Lab and critical thinking skills, 

analytical thinking skills, and the ability to design experiments. Critical thinking and 

analytical thinking skills were assessed using tests, while the ability to design experiments was 

assessed using the experimental designing rubric. The application of the Inquiry Lab is 

assessed using an observation sheet accompanied by a rubric. 

 

3.1 Eenhancement of Higher-Order Thinking Skills and Ability to Design Experiments. 

Critical thinking and analytical thinking skills as well as the ability to design experiments 

were assessed before and after the application of the Inquiry Lab to determine the increase. 

The N-gain value of critical thinking skills, analytical thinking, and the ability to design 

experiments is presented in table 1 below: 

Table 1. Average Value and N-Gain of Higher-Order Thinking Skills and Ability to Design 

Experiments 
No Variable Average Value N-Gain Category 

Before After 

1 Critical Thinking Skills 78,5 82 0,35 Medium 

2 Analytical Thinking Ability 60,6 75,3 0,37 Medium 

3 Ability to Design Experiments 21 64 0,5 Medium 

 

Assessment before and after the application of Inquiry Lab showed an increase in the mean 

value of critical thinking skills, analytical thinking, and experimental design abilities. The N-

Gain results showed that critical thinking skills, analytical thinking, and the ability to design 

experiments were all in the medium category improvement. 

 

3.2 Correlation Test of Application Lab Inquiry Against High-Level Thinking Skills 

(HOTS) and the Ability to Design Experiments 

Partial t-test and linear correlation test were conducted to determine the significant 

relationship between the application of Inquiry Lab and higher-order thinking skills consisting 

of critical thinking skills and analytical thinking skills and the ability to design experiments. 

The results of the analysis are presented in table 2 below: 

 

Table 2. Hypothesis Test Results of the Application of Inquiry Lab on Critical Thinking 

Skills, Analytical Thinking Skills, and Designing Experiment Ability 

No Variable Sig. 
Correlation 

Value 
Category 

1 Critical Thinking Skills 0,000 0,375 Medium 

2 Analytical Thinking Skills 0,000 0,748 Strong 

3 Designing Experiment Ability 0,000 0,904 Very Strong 

 

Based on the analysis results obtained a significant correlation between the application of 

the Inquiry Lab on critical thinking skills, analytical thinking, and the ability to design 

experiments with a significance value of 0.000 <0.005 where each relationship has a different 

correlation value. Application of Inquiry Lab has a moderate correlation with critical thinking 



 

 

 

 

skills, while analytical thinking skills have a strong correlation. The application of the Inquiry 

Lab has a very strong correlation with the ability to design experiments. 

 

3.3 The Relationship between Application of Inquiry Lab and Critical Thinking Skills 

Based on the average value obtained, it shows that the posttest mean score of critical 

thinking skills of students who follow the Inquiry Lab learning model is greater than the 

pretest average value of critical thinking skills. This indicates that the achievement of critical 

thinking skills of students who take learning using the Inquiry Lab learning model gives good 

results proven by an increase in the posttest results of critical thinking skills. This is in line 

with the theories previously described. According to [6], the Inquiry Lab model is a series of 

learning activities that maximally involves all student skills to seek and investigate 

systematically, critically, logically, analytically, so that students can formulate their findings 

confidently. The Inquiry Lab learning model is one of the innovative learning models that are 

appropriate for use in science learning, especially biology because it can develop students' 

skills to understand and acquire knowledge through systematic and scientific thinking. Inquiry 

Lab prioritizes student activities in the process of learning activities where students build 

knowledge and understanding of how a scientist works. Each of these levels of inquiry 

includes intellectual skills and scientific performance [7]. 

Based on the result, students' critical thinking skills per indicator are spread over 3 

categories, namely very high, high, and medium. Students' critical thinking skills in 

elementary clarification are in the very high category, basic information, inferences, and 

determining strategy and tactics are in the high category. The clarification indicator is in the 

medium category. The relationship between indicators of critical thinking and the inquiry lab 

will be discussed as follows: 

 

a. Indicator 1: Elementary clarification (provides a simple explanation) 

Based on the result, students' critical thinking skills are very high on the elementary 

clarification indicator (giving a simple explanation) because the experiment is in the form of 

an Inquiry lab, one of the phases is the phase of dealing with problems, at this stage student 

are faced with a problem, including by presenting conflicting situations. The lecturer explains 

an outline of the research procedures to be carried out. In this case, the lecturer guides students 

by asking supervisor questions. Students also have to use some of their process skills in 

providing simple explanations [8], also because in learning activities students are given 

student worksheets (LKM) which contain problems by presenting conflicting situations so that 

students can provide simple explanations regarding the problems presented. 

b. Indicator 2: Basic information (gather basic information) 

Students' critical thinking skills on basic information indicators (collecting basic 

information) reach a high category, of course, cannot be separated from the use of the Inquiry 

Lab learning model, wherein this inquiry lab learning students collect as much information as 

possible about the problems they face. This data can be obtained based on the condition or 

nature of the object by examining how the process occurs. Then students formulate hypotheses 

(create relationships with something that is known). Besides, because the inquiry lab is a 

laboratory activity based on the active participation of students in the data collection process 

and provides an analysis of the facts of the results obtained [9] 

c. Indicator 3: Inferences / concluding 

In the conclusion indicator, students' critical thinking skills are in the high category because 

with the inquiry lab learning model, especially in the formulation and explanation phases 



 

 

 

 

students are trained to organize and analyze data, connect with hypotheses, predict, select 

findings that are following what is known, then interpret it (conclude) [8]. 

d. Indicator 4: Making further explanation 

In learning with the Inquiry Lab learning model with indicators of making further 

explanations, the category is moderate, this is because students are facilitated by the Inquiry 

Lab model to present the information they get and provide further clear descriptions, namely 

in the formulation and explanation phases. Thus students are trained to make further 

explanations [8]. 

e. Indicator 5: Implementing strategies and techniques 

Based on the result, the high level of implementing strategies and techniques with the 

Inquiry Lab learning model is because students with the guidance of the researcher discuss the 

strategies produced by each group member to choose the right strategy to complete the tasks in 

the MFI completed well. In completing the evaluation test, the strategies used by almost all 

students were able to complete well. So students are familiar with implementing strategies and 

techniques. Besides, the skills to apply these strategies and techniques are also facilitated by 

the inquiry lab phase, namely the inquiry process analysis phase, wherein this phase student 

are asked to analyze the research process to obtain more effective procedures, or determine 

findings that can be used to predict other phenomena by designing procedures new [8]. 

From the description above, it can be concluded that carrying out the Inquiry lab learning 

process can facilitate students' critical thinking skills on each indicator. From table 7 it can be 

seen that there are no students who have low or very low critical thinking skills. Students' 

critical thinking skills are in the very high, high, and medium categories. This proves that the 

Inquiry lab learning model can facilitate students' critical thinking skills. Learning must 

involve providing various situations in which children are used to experimenting or trying out 

various things to see what is happening, manipulating objects, symbols, asking questions and 

finding their answers, reconciling what they have found at one time with what they have found 

at the same time. others compared their findings with those of other children [10]. 

Inquiry Learning Lab, apart from being oriented towards learning outcomes, is also 

oriented towards the learning process. It aims to develop thinking skills. Students' critical 

thinking skills can be done by always asking and questioning various phenomena that are 

being studied [11]. Based on the description above, both from a theoretical perspective and the 

presentation of learning, it is proven that Inquiry Lab learning can facilitate students to 

improve critical thinking skills. These results are also supported by several previous studies 

including. [12], [13], [14] and [15]. 

 

3.4 The Relationship between Application Lab Inquiry and Analytical Thinking Skills  

Inquiry Lab is a laboratory learning model that emphasizes scientific activities where 

students carry out a series of laboratory activities that begin with finding problems. Students 

act like scientists to find solutions to problems by following a scientific process [16]. 

Laboratory-based inquiry requires students to seek knowledge, make hypotheses, collect data, 

interpret evidence, and make conclusions [17]. In line with [18] through scientific inquiry 

students determine problems, develop solutions and alternative solutions to these problems, 

seek information, evaluate information, and communicate with their friends. In this laboratory 

learning model, students design experiments instead of following the verification process, they 

try to achieve scientific concepts on their own and develop high-level cognitive skills [19]. 

One of the higher-order cognitive skills is analytical thinking skills which, according to 

Marzano, are part of higher-order thinking skills [20].  



 

 

 

 

Analytical thinking skills can be developed through laboratory activities [21] for example 

through Inquiry learning where a series of learning activities emphasize critical thinking 

processes and analysis to solve problems based on the facts found and designed to achieve 

conceptual understanding [22]. The inquiry learning model helps students to develop their 

analytical thinking and enables them to build knowledge like scientists do [23]. Important 

analytical thinking skills are developed so that students can process the information or data 

they get which can then be linked and applied in everyday life. Through analytical thinking 

skills, students can also identify an event, connect and combine data from various sources, and 

draw logical conclusions and sharpen students in thinking [24]. 

Analytical thinking guides someone in processing information, when someone has the 

required basic information about a topic, someone can collect the data. This is where thinking 

analysis comes into play where one can discover how the information obtained varies and 

relates to one another. They learn about the dynamic nature of the information. They analyze 

which parts depend on other parts, and which parts are free. They learn how to relate new 

learning to prior knowledge and learn what might occur in very different content areas. They 

initiate the process of searching for when and how new information might be useful [25]. 

Syntax in Inquiry Lab learning helps students develop analytical thinking skills. 

Indicators of analytical thinking skills to classify and analyze errors are developed when 

students find a problem that must be solved. At the data collection stage, both pre-lab 

activities and experimental data collection, adjustment, and classification indicators are 

needed by students to be able to formulate a hypothesis and sort out the appropriate data to 

solve a problem. While generalization and specification indicators are developed as long as 

students are in the formulation and explanation stages and in the stage of analyzing the inquiry 

process. It is at this stage that aspects of concept use are trained and verified by 

communicating it to other friends [26] and students' analytical thinking skills are trained when 

concluding [27]. Each stage of inquiry can guide students to find concepts, analyze, apply, 

synthesize, and evaluate information as well as decide what to believe and do [28]. This is 

why the application of Inquiry Lab has a significant and strong correlation with analytical 

thinking skills. 

Analytical thinking skills have increased even though they are in the medium category 

after the Inquiry Lab learning model is applied. Through this learning model, it can activate 

students in constructing concepts. Inquiry Lab is applied to foster thinking skills, develop 

cognitive processes, work scientifically, help students become lifelong learners, and 

communicate these abilities as an important aspect of life skills [29]. 

 

3.5 Relation of Application of Lab Inquiry with Ability to Design Experiments  

Data on the ability to design student experiments sampled in this study were obtained 

through the ability to design experiments conducted before (pre-test) and after (post-test) the 

implementation of laboratory inquiry model learning. The ability to design student 

experiments as a whole has increased. Table 1 shows the descriptions of the pretest and 

posttest data, the data illustrates that the ability to design students' experiments increases after 

the implementation of learning. The ability to design measured experiments includes seven 

adapted and modified aspects of the research skills development assessment (RSD) matrix 

from [30], namely: 1) identifying problems, 2) formulating problems, 2) developing 

hypotheses, 4) making designs, 5) collecting data, 6) analyzing data, and 7) making 

conclusions. The measurement results show an increase in the mean value of pre-test to post-

test scores.  



 

 

 

 

The results of the Pearson correlation test analysis show that there is a positive correlation 

between learning laboratory inquiry models and the ability to design experiments indicated by 

a significance value (2-tailed) < (α = 0.01) and r_count (0.904)> r_tab, (α = 0.01) (0.641). The 

profile of the various abilities to design experiments in each of the measured aspects shows a 

varying increase for each aspect of the indicator. However, overall, it shows an increase with 

an increase in the value from the low to medium category. Based on the findings on the 

implementation of inquiry lab learning as in Table 1 and Table 2, the ability to design students' 

experiments increased after the implementation of laboratory inquiry learning. Learning 

experiences in the laboratory such as experimental activities are important experiences to 

provide an inquiry learning experience in the laboratory.  

Experimental and practical activities allow students to interact with the scientific 

phenomenon that is being studied. The interaction of students with the object of study or 

scientific phenomena will be able to develop certain skills needed in the investigation process 

as well as to develop several other skills and knowledge of students. According to [31] 

learning activities in the laboratory can support the development of mastery of High Order 

Learning Skills such as making observations, designing and conducting experiments, asking 

questions, formulating hypotheses, and analyzing experimental results. The implementation of 

the laboratory inquiry learning model provides learning experiences for students to be able to 

practice several skills including making problem formulations and hypotheses, students can 

identify problems, re-design trials, process different data, generate data, interpret data, make 

conclusions, etc. indirectly train the ability of high order learning skills. 

The inquiry itself can be defined as a way to gain an understanding of science content [8]. 

The inquiry is a process for students to solve problems, plan and conduct experiments, collect 

and analyze data, and draw conclusions [32]. Students need learning experience in the 

laboratory to gain experience in constructing their scientific experience. The increase in the 

ability to design experiments shown in Table 1 and Table 2 proves that the implementation of 

the laboratory inquiry model has succeeded in providing a very meaningful learning 

experience in constructing scientific experiences for students, even though the increase is in 

the moderate category (Gain 0.5). 

According to [33], laboratory activities are all experimental activities used in science 

learning in schools, both in demonstrations and experiments conducted in the classroom or 

laboratory. The implementation of the laboratory inquiry model in this study is divided into 

two activities, namely pre-lab activities and laboratory inquiry activities. The pre-lab activity 

was preceded by a problem, both proposed by students and given by the teacher/lecturer. From 

these problems, students make hypotheses or provisional assumptions in the form of answers 

based on initial knowledge. Then in the inquiry activity, students are given the broadest 

freedom possible to identify and conduct research to find new concepts. [34] stated that 

experimental activities carried out in the laboratory function in the process of cognition, one of 

which emphasizes problem-solving learning.  

Other general objectives of laboratory activities described by Bayraktar et al [35] include: 

supporting or strengthening theoretical knowledge, making fun discoveries, developing 

students' psychomotor skills, teaching scientific knowledge, can be applied in everyday life 

applications, increasing thinking skills creative, provides benefits in the scientific method, 

higher-order thinking skills, develops communication skills, develops manual dexterity using 

tools and equipment, allows students to apply skills instead of memorizing. Thus the 

implementation of the laboratory inquiry model through experimental activities has been able 

to provide learning experiences about how students construct their scientific experiences. 



 

 

 

 

The finding of a strong and positive relationship between students' ability to design 

experiments with the implementation of laboratory inquiry models was proven through 

correlation test data which showed a high correlation value (r = 0.904). This provides an 

understanding of the strong relationship between activity in the laboratory through the 

implementation of the laboratory inquiry model with the ability to design students' 

experiments. According to Hebrank (2000) in [32] proposing inquiry is the art of asking 

natural science questions about natural phenomena and finding answers to these questions. 

Inquiry involves observing, taking measurements, hypothesizing, interpreting, building theory, 

planning investigations, experimenting, and reflecting.  

Furthermore [32] said that Inquiry requires identification of assumptions, thinking 

logically, and thinking critically, and considering alternative explanations. In line with the 

above opinion, the results of the study [36] say that inquiry is the spirit that underlies a person 

studying science and inquiry carried out in learning practices in the laboratory through 

practicum activities and/or experiments have been able to provide experience to students in 

developing higher-order thinking skills (HOTs) and train the ability to research students. 

4 Conclusion 

Inquiry Lab is effective in improving higher-order thinking skills both critical thinking 

skills and analytical thinking skills as well as the ability to design experiments in the medium 

category. Besides, the application of Inquiry Lab has a moderate correlation with critical 

thinking skills, has a strong correlation with analytical thinking skills, and has a very strong 

correlation with the ability to design experiments. 
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