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Abstract. STEM based project learning also capable triggering student to express another higher order thinking skill, such as inquiry 

by posing question. Generating questions, making comparisons, dealing with contradictions, and scientific inquiry skills are an 

example of cognitive activities that are classified as higher-order thinking skills. Those skills are including in 21st century skills that 

needed by the students to face the workspaces demanding in this revolution industry 4.0 and future. The purposes of this research is to 

investigate students’ question quality through STEM based project learning in science activity. The method that is used in this 

research is descriptive. The subject in this research are the students of preservice teacher biology and science education for about 21 

students. The research needs an analysis of students’ generated question quality when they are in basic physics laboratory activity. 

This laboratory activity used STEM based project learning approach with reading assignment in the early meeting before each 

laboratory activity. The technique to take the data that is used in this research are video recording, observation, and informal interview. 

The research instrument to take the data that is used are observation sheet for student’s generated question quality. The result of this 

research is from the science laboratory activity, students’ generated question quality that has the most are understanding and 

relationship which is in the beginning of open question quality and information category gained lower than both of category. It means 

that, students promoting the improvement of their question quality. It also proved that evaluating, finding and solution category has 

expressed by the students in both of laboratory activities. It can be concluded that that the quality of students generated question has 

slightly improved to open question quality through STEM based project learning in science activity. 
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I. INTRODUCTION 

STEM education is one of the approaches, learning 

model, learning method that is used in this era lately. Most 

of schools in Indonesia or around the world have 

implemented this new Science, Technology, Engineering, 

and Math (STEM) education program that will introduce 

students to a number of STEM concepts in the school 

curriculum. In this era of curriculum, considerable attention 

is being focused on curriculum integration. The inquiry is 

one aspect of alteration teaching and learning on curriculum 

integration that involves activity and skills which has 

developed several learning principles and methods of 

instruction [1]. STEM education is integrated learning by 

using science concept, technology, engineering, and 

mathematics combine together to improve student’s 

motivation, some skills such as critical thinking, creative 

thinking, problem solving skills, and all the skills that is 

include in 21st century skills. The purposes of STEM 

education in science learning are to motivate students 

promoting practice using integrated skills to solve problems 

and become meaningful learning [2,3,4]. STEM also can 

generate students as innovator, inventor, logical thinker, 

problem solver, technological literate and someone who 

capable of using technology in their life and relate with their 

own culture [5,6]. This revolution industry 4.0 era, the 

outcome of students for workspaces demanding need those 

skills. So, the education must have changed the learning 

purposes for students become they reach the higher order 

thinking ability and hands on ability by the STEM education 

approaches. Integrative STEM education is also very 

effective way to engage students in higher-order critical 

thinking and problem-solving skills through mathematics 

and science in the context of technology and engineering. 

STEM based project learning has influenced students’ 

performances positively. Students who have already 

experienced with STEM based project learning showed 

positive attitudes toward learning, capable to overcome team 

communication, and collaborative behavior [7,8,9,10]. 

STEM based project learning also can develop students’ 

interest, self-confidence, and self-efficacy [11], which was 

related to the components of STEM based project learning 

such as collaborations in group and contextual problems 

related to the students’ real-world experiences.  Moreover, 

students who studied and take STEM based project learning 

class were success in courses and school [7]. In addition, 

beside non-academic performance, components of STEM 

based project learning were highly improve students’ 

academic achievement. Researcher [8] found that hands-on 

activities and field-based contexts make positive effects for 

students in content knowledge and attitude toward learning. 

Furthermore, students encouraged through STEM based 

project learning learning are required to solve problems 

embedded in the project which improved their problem-

solving skills that is include in higher order thinking skills 

[12,13]. So, that STEM based project learning also capable 
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triggering student to express another higher order thinking 

skill, such as inquiry by posing question. Constructing 

arguments, generating questions, making comparisons, 

dealing with contradictions, and scientific inquiry skills are 

an example of cognitive activities that are classified as 

higher-order thinking skills [14]. For students to be active 

learners and independent thinkers, they must generate 

questions which is shape, focus, and guide their thinking in 

learning especially in science learning [15].  

However, in reality most of students less express their 

inquiry or less for posing question. Based on research [16], 

the quality of students posing question still low or it can be 

said that the students’ generated question quality is in closed 

question quality category. However, many students have 

stopped asking questions, and they do not articulate a desire 

to discover, debate, or challenge [17]. Even tough, question 

skill is one of the 21st century skills that is needed by the 

students. Question skills are the indicator of students who 

has critical thinking and curiosity which is the basic skills in 

learning science.  Actually, learning is most likely occurred 

in contexts where individuals are allowed to construct and 

build their knowledge based on their learning experiences 

that they have been exposed [18,19]. So, students express 

their question is an indicator that learning is successful to 

build student construct their concept. Based on that 

statement, in this research the laboratory activity especially 

in science learning through STEM based project learning are 

implemented to construct and improve students question 

quality. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

II. RESEARCH METHODS 

The method that is used in this research is descriptive. 

The subject in this research are the students of preservice 

teacher biology and science education for about 21 students. 

Students are divided into 4 heterogenous group. Each group 

consist of 5 until 6 students. The research needs an analysis 

of students’ generated question quality when they are in 

basic physics laboratory activity. This laboratory activity 

used STEM based project learning approach with reading 

assignment in the early meeting before each laboratory 

activity. This laboratory activity conducted in three meetings 

for each project. There are reading at home and the rest 

activity done at classroom (designing, making, and testing). 

The project that have already done by the students are 

“Sailor boat” and “Let’s fun with music”. The stages of this 

laboratory activity are used modification design learning in 

each project from The Steps of Engineering Design Process 

based on [20], such as described in table I. While, the 

technique to take the data that is used in this research are 

video recording, observation, and informal interview. The 

research instrument to take the data that is used are 

observation sheet for student’s generated question quality 

that has category or classification of questions quality 

according to [21] described in table II. 
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III. RESULTS AND DISCUSSION 

The results of students’ generated questions quality 

from the laboratory activity through STEM based project 

learning is described briefly in figure below. 
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Figure 1. The Results of Students Generated Question 

Quality Through STEM based Learning 

Laboratory Activity 

 

The data shows that students generated question 

quality has an improvement from the first project (Sailor 

boat) to the second one (Let’s fun with music) for all aspect 

question category. Nevertheless, understanding and 

relationship category that has the most expressed by the 

student during the activity in both of projects. Understanding 

category in first project (n=50) and second project (n=55), 

while relationship category gain in the first project (n=60) 

and second project (n=70). This data taken the most from 

students when they design and making the project among 

their  groups. It  can   be said  that  students  more  expressed 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 about the consequences, the differences, and what will 

happen next. This will appear when students get the hands-

on activities with some challenge’s things. This project use 

STEM (science, engineering, technology, and mathematics) 

approaches, so this laboratory activity makes them curious 

and it could be triggering the students to generated question 

in open question category. It also supported by the data of 

information category (n=15, n=20) that has lower amount 

than understanding and relationship category. Although in 

evaluation and finding solution category as not much as 

understanding and relationship category. It means students’ 

generated question quality are beginning to improved rather 

than using the usual method of learning, such as lecturing 

[16].  

For more detail data, it will show the type of question 

from each category in every project that has already done by 

the students. 

From data above, there are some of quality of 

question at learning stages in laboratory activity with STEM 

based project learning from both projects. The open question 

category expressed by the students almost in stages making, 

testing and communicating. Every stage has the question 

quality category, but it expressed from the closed question 

quality to open question quality in a line with the learning 

stages. The question quality improved from both of project 

because the students learn science through STEM based 

project. Based on [19] another concept student question 

generation is meta-cognition. Meta-cognitive emphasizes the 

role processes, such as planning, monitoring, predicting, 

evaluating and revising. All the activity that is include in 

meta-cognitive role are consisting in STEM based project 

learning. The students also triggering their critical thinking, 

creative thinking, and curiosity, so that they posed their 

question  with  vary  quality. It  is in a  line with the research  
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from [22,14], the formation of a good question is a creative 

act, critical, curious all about science, engineering, and 

mathematics that is include in higher order thinking skills. 

Questions also help learners to make understanding what has 

been taught and to construct meaning from the data and 

information that has been given during the activity in 

learning. 

The project that has been done by the students are 

Sailor boat (1st project) and Let’s fun with music (2nd 

project). Sailor boat is the project that ask students to create 

a boat that can sail with carry out the different liquid and 

different density. While, Let’s fun with music is the project 

that ask the students to create their own musical instrument 

from waste things, for instance plastic bottle, glass bottle, 

can, or something else that can produce sound. After that 

they should present their own musical instrument with the 

song and attract their friends. To determine the tone, 

students use Da Tune application that has been downloaded 

from play store. Before all the things have been done, 

students should read the theory that relate with the project. 

After they read, they have to had a question to posed to their 

teacher or friends. They can read the theory or something 

else pertaining the project from any platform, either online 

or offline like text book, encyclopedia, science magazine.  

From the reading treatment, it is shown the novel 

results that it can trigger students to ask any questions that 

they want to know. In a line with the research that shown 

informational science text can provide, triggering, and make 

students’ interest in science concept, give students’ chance 

to review science words, concept, and promoting the 

construction of science practice in their everyday life [23]. 

Reading also can enrich students’ concept before they do the 

activity. As survey that has been done during the learning, 

some of students said that when they read the concept, they 

more ready to face the activity in tomorrow learning. Even  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

more, science is not only the concept or theory but also fact 

and application in daily life. Thus, students should know the 

basic concept that relate in their project which is they can 

find in their daily life. But, the obstacle in the students 

learning is in the first meeting, they are look like shy to 

express their question. It is proven from the data that in the 

first project the number of student’s questions are less than 

second project. They are not used to posed question. It is in a 

line with the result of informal interview from several 

students, 80% student’s shay to posed question directly 

because they afraid the lecturer or teacher will mad of them 

and also their friends will be laughing at them. So that, in 

this learning, the environment of STEM based project make 

the students express their question freely without hesitation. 

 

 

IV. CONCLUSION 

It can be concluded from the research is STEM based 

project learning with reading in early meeting can improve 

students question quality. The greatest number of question 

quality category in first and second project are understanding 

and relationship. The STEM based project learning also can 

make students express the evaluation, finding and solution 

category. It means that the quality of students generated 

question has slightly improved to open question quality 

through STEM based project learning in science activity. 
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