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Abstract

:

The Next-Generation Science Standards (NGSS) are standards concerned with K-12 grades. This study aimed to identify the impact of a training program based on Next-Generation Scientific Inquiry (NGSI) through training 30 science teachers and investigating the training impact on teachers’ use of inquiry in their teaching. The study attempted to answer the following question: What is the impact of a training program based on the NGSS on the inquiry practices of primary school science teachers? The study’s data collection tools included two focus groups and nine semi-structured interviews. Data analysis utilized the thematic analysis framework. The research results showed an impact of the training program on the inquiry practices of teachers via changes in the teachers’ roles: the teacher became a facilitator and motivator through planning her/his activities efficiently. Students in the training program’s science classroom developed into researchers and scientists who autonomously acquired their knowledge.
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1. Introduction


Understanding science is substantial for school students [1]. Students need to know how to approach science learning, especially with technology [2,3,4,5,6]. Therefore, all students, from elementary to high school, must have some degree of scientific understanding to effectively participate in the technological era in which they live [7]. Studies highlight that current science learning outcomes are insufficient to adequately prepare students for life, showing a significant gap between the skills students acquire and the skills they need. The blame lies with the fact that the science curriculum objectives have become insufficient to prepare students for the current era. Responsibility rests with policy and educational decision makers in developing the science curriculum [8,9,10,11]. This means that public policy needs to take into account the different conditions of modern life, which can be conducted through sustainable education.



Eid [11] says that the objectives of school curricula varied throughout their long history. Due to the status of science and its role in advancing nations, most countries update their curricula as part of their various development programs. Thus, the science curriculum is one of the most significant curricula concerned with developing and modernizing its teaching and learning strategies. Looking at the history of science curricula, we notice that in the 1960s and 1970s, the emphasis was on teaching students science and knowledge, but gradually the focus shifted to connecting science curricula with societal needs and era challenges [12]. Accordingly, the development of science curricula has become an imperative imposed by the needs of the contemporary technological era [11]. Therefore, many developed countries have undertaken various reform projects concerning science curricula to align them with modern trends and developments.



Starting with Project 2061 (Science for All Americans) and ending with the National Research Council (NRC), a general framework for teaching science from kindergarten to twelfth grade was presented based on three pillars: disciplinary core ideas, crosscutting concepts, and science and engineering practices. The aim of this framework is to provide students with 21st-century skills, where these foundations have been integrated into what is known as the NGSS standards [13]. These standards are considered the most recent in science education in the world and they provide students with science education that is rich in scientific content, strategies, and practice [14]. Abdul Karim [15] confirms that these standards are developed based on research, which shows the inadequacy of the current science standards in keeping up with the requirements of the current era. While Eid [11] indicates that the Next-Generation Science Standards (NGSS) reflect a new vision for science education; initiatives to reform science education have started based on these standards because they are enriching, coherent, and inclusive [11].



The NGSS standards aim to revolutionize science teaching strategies to meet lifelong learning skills, such as scientific inquiry (SI) and thinking skills, which help prepare students for university and later for the labor market [9]. In this regard, Eid [11] and Abdul Karim [15] emphasize the necessity of reevaluating the professional development training programs for teachers to comprehend and implement NGSS. This will support the teacher in adopting these standards and thus make the necessary change in the student’s scientific knowledge through utilizing the SI skills.



1.1. Literature Review


1.1.1. Next-Generation Science Standards (NGSS)


Today, the world is witnessing rapid progress in information technology, economic competition, professional divergence, together with social, environmental, and cultural diversity. This led to recent global concern about the need for all students to achieve quality science education by focusing more than ever on deep learning and lifelong learning. NRC [16] states that the changes experienced at the beginning of the twenty-first century were taken into account when identifying the skills with which the students were required to engage in society. When the emphasis was on developing science learners in the 1960s and 1970s of the twentieth century, interest in science education emerged. Later, this concern changed to preparing students to be technologically and scientifically informed by tying social issues and needs, such as energy issues, including their sources, into science curricula.



The previous argument indicates that science education develops learners’ use of science and technology in various fields, which helps them adapt effectively to changes in the surrounding environment [17]. The educational sector has witnessed a series of successful projects and programs to reform science education, and there have been numerous development programs over the past two decades. The most recent international standards for science education, known as the (NGSS), were developed for today’s students and the future workforce, where they focus on the interconnectedness of science and real-world contexts. Providing science education to all students at an appropriate educational level and realizing a coherent vision of science and engineering education must be enriched, focusing on deep understanding and application of content across various subjects and levels of study from kindergarten to the end of secondary school [18]. In addition to this, following the NGSS will enable policy makers to encourage active learning of science as part of sustainable education.




1.1.2. NGSS Dimensions


Scientific and Engineering Practices: Scientific practices are those that scientists use in building models and theories about the natural world, while engineering practices are used in building and designing systems [8]. Students can better understand how scientific knowledge is developed by engaging in scientific practices, while engineers can better understand their work and methods by engaging in engineering practices [19]. The NRC emphasizes that conducting scientific inquiry necessitates skills and knowledge about these capabilities by using the term “practice” rather than the similar term “skill”. The practice’s primary goal is to help students comprehend inquiry methods used by scientists and engineers rather than just the content itself [20]. According to Krajcik and Merritt [21] and NRC [22], the scientific and engineering practices are eight: (1) asking questions and identifying problems; (2) developing and using models; (3) planning and carrying out investigations; (4) analyzing and interpreting data; (5) engaging in arguments; (6) building explanations and designing solutions; (7) obtaining, evaluating, and communicating information; and (8) using mathematics, computational thinking, and computers.



Disciplinary Core Ideas (DCI): The primary role of teaching science is not to teach all the facts; it is to provide students with sufficient basic knowledge to enable them to discover knowledge on their own. NGSS focuses on a specific set of ideas central to scientific branches, which include clarifications of scientific phenomena. By focusing on the main ideas, students learn the links between concepts and principles so they can apply their understanding to future situations that may confront them, forming what is known as an “integrated understanding”; thus, supporting students in engaging in an integrated comprehension is essential; it allows students to tackle real-world problems, which adds motivation to their learning. This dimension is separated into the following primary branches: life sciences, physical sciences, earth and space sciences, engineering, and technology [17]. Omar [23] indicates that the NGSS science standards document includes 44 main ideas: 12 main ideas in physical sciences, 14 main ideas in life sciences, 12 main ideas in space sciences, and 6 main ideas in engineering sciences, technology, and applications of science.



Crosscutting Concepts (CCC): These are concepts that express science-related issues and give an organizational chart that serves as a foundation for connecting areas, revealing connections between various scientific terms, and coherently exhibiting them based on scientific foundations. They also help link different fields of science and help students discover the relationship between the four fields of science: physical sciences, life sciences, earth and space sciences, and engineering design [24]. Dusch and Bybee [25] summarize the components of CCC as follows:



Patterns: patterns are observable in nature and are subject to identification as a result of attempting to answer questions about relationships in scientific phenomena;



Cause and Effect: understanding the mechanisms and explanations through which the scientific activity takes place;



Scale, Proportion, and Quantity: understanding different sizes, proportions, energy rates, and related relationships between quantities and their change;



Systems and System Models: determining the dimensions of a system and the making of a model for developing understanding in science and engineering;



Energy and Matter: understanding the behavior of a system by tracing the flow, circulation, and conservation of energy and matter in that system;



Structure and Function: recognizing the way things are composed helps in understanding the properties and functions associated with them;



Stability and Change: understanding what causes stable natural and artificial systems and what governs how quickly they change.




1.1.3. Scientific Inquiry (SI)


This is one of the most effective teaching methods for developing scientific thinking among students as it allows them to practice learning methods, processes, and investigation skills [26].



The National Association of Science Educators defines SI as activities through which students develop their knowledge and understanding of scientific ideas, as well as witness how scientists study the natural world [27]. Abdul Karim [15] defines inquiry-based science learning as a scientific teaching and learning strategy that stems primarily from understanding how students succeed in learning. It is founded on the belief that students must fully comprehend what they are learning rather than just simply repeat the information learned. Inquiry activities, as defined by Hwang et al. [28], are those in which students are encouraged to build scientific knowledge and understanding through an interactive process based on building, critiquing, and refining the experiences they gain. Students enjoy scientific activities while improving their ability to establish assumptions, make observations, and interpret data based on these observations.




1.1.4. The Importance of Inquiry Activities


Educational activities have become part of modern school philosophy, which shows researchers’ interest in educational activities as leading to students’ knowledge and achievement, as well as their personalities. This interest helps reveal their preparation in the school’s various fields, and thus direct their tendencies and capabilities. According to this view, educational activities are a critical part of the curriculum in the broad sense. These activities help achieve comprehensive, integrated growth and balanced education in a way that helps students make their way in practical life. In this practical life, they rely on themselves to face difficulties and facilitate their individual and social responsibilities in achieving their society’s goals [29].




1.1.5. Science Teacher Role in SI


The teacher plays a vital role in the inquiry process, which takes place in the classroom. In this process, the teacher takes care of organizing work in small groups, clarifying misconceptions, developing students’ understanding of scientific content, and linking their previous experiences with the new knowledge. Specifically, the teacher’s role in the inquiry activities is as follows: the teacher raises a problem and the students conjecture scientific hypotheses then verify the validity of the assumptions through collecting, analyzing, and interpreting information [27]. Therefore, it is important to try to strengthen the science teacher’s role in SI, together with studying the process of this strengthening, especially in the context of professional development.




1.1.6. Obstacles to Implementing SI


The biggest challenge SI faces in the learning process is the teachers’ unwillingness to adapt their teaching tactics or the educational resources employed in the learning process [30]. Brown [31] indicates that science teachers lack confidence in the educational feasibility behind SI activities because these activities may not achieve their goals. In addition, teachers feel that they are unable to control the classroom environment. Fast and Jans [32] stress that science teachers need more time to improve their ability to adapt to investigative activities. Time is one of the main problems that prevent the practical application of the SI because of the short period for the lesson, which makes teachers unable to give students enough time to answer the questions. Thus, the teachers resort to using several simple questions that do not require the employment of higher-order thinking skills [33].





1.2. Research Goals, Rationale, and Questions


Palestinian schools attempt to keep up with scientific and technological progress in the science teaching field. NGSS is one of the most recent reform movements in teaching science, transforming the classroom from a place where students learn science to one where they produce science [34]. For a science teacher to be able to implement these standards, he or she needs new strategies for designing SI activities and teaching them. Because deep comprehension is the foremost step in developing high-quality curricula, teachers must have complete support to comprehend these standards [7].



The research problem stems from the results of international science tests, named the national tests, which measure students’ life skills through questions that focus on SI skills. The students’ achievement has been unsatisfactory. In addition, low outputs of national science tests, which measure the cognitive skills of students, persist. Furthermore, the science education literature in the Palestinian schools confirm the existence of a gap between expected outputs and inputs. Here, the authors realize that teaching science needs to address a qualitative shift, which will help develop, improve, and reform science teaching throughout professional development programs [35]. Thus, there is a need for a NGSS-based training program in the Palestinian context, together with accompanying research that studies the changes that such a program enables.



This study comes in response to international recommendations from previous studies [7,8,9,15] that call for studying the NGSS and its role in preparing learners for conceptual learning in science. The study will contribute to shedding light on NGSS in the Palestinian context, especially since current science standards are too weak to keep up with the challenges of the current era or build a training program based on these standards. The current study is a response to the need for a training program based on the NGSS to help science teachers understand these standards and comprehend their implementation mechanisms in the classroom.



The indicators of international studies’ findings suggest that teaching science in Palestinian schools has a serious problem [35]. These findings must be taken into account when developing science education. In this regard, the most recent programs for science reform and development have acknowledged the need for a genuine and all-encompassing approach, which can be accomplished by utilizing NGSS. In the frame of this research, we aim to develop a training program based on the NGSS and determine the changes promoted by this training program in SI practices among science teachers.



Studies have confirmed the importance of the science teacher’s involvement in training programs in general [36,37] and NGSS in particular. Morales [38] argues that teachers need to understand NGSS and its application in the classroom. In this study, we aim to answer the following overarching research question:




What changes does a training program based on the NGSS promote in the SI practices of science teachers in Palestinian schools?







2. Materials and Methods


2.1. Research Context and Participants


Qualitative research involves collecting, analyzing, and interpreting data that are not easily reduced to numbers [39]. This research utilizes constant comparison between the units of data to suggest codes relevant for the topic of the research, puts similar codes into one category, and then puts similar categories into a theme. In the present research, semi-structured interviews and focus groups are the tools used to gather data from the participants in the training program about their use of SI in teaching science, with a simple random sample of 30 science teachers for grades 6–8.



The NGSS-Based Training Program


The training program was designed taking into account the educational literature for NGSS, represented in two key documents: the framework of K-12 science education and the science standards book for the next generation. The focus in these two documents was integrating scientific and engineering practices and the application of popular concepts into science from kindergarten to twelfth grade.



The proposed training program was designed considering the NGSS and the ADDIE model; accordingly, the training program content and objectives were determined in addition to the expected training outcomes for science teachers when implementing the program. The following educational content, sub-objectives, and training outcomes were included in the NGSS-based training program: tracing the history of the NGSS; developing an NGSS procedural definition; concluding the goal of implementing NGSS in teaching science; interpreting the vision of teaching science considering NGSS; identifying the disciplinary core ideas of a subject from the school curriculum; defining the CCC of a specific topic; and defining the CCC of a relevant topic.



A group of experts provided feedback on the training program, and the program was developed in accordance with the feedback. The first author implemented the training program in early August 2022 and continued through the end of October 2022. The program consisted of 30 training hours divided into face-to-face and online meetings, in addition to the carrying out of a set of tasks during each training meeting.



The following is an SI-based activity that the participants worked with and discussed during the educational program.
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2.2. Data Collection Tools


2.2.1. Semi-Structured Interview


The interview aims to collect detailed investigations of science educators’ perspectives and understanding of SI and the changes it promotes in teachers’ practices in the classroom. An interview is an appropriate tool for this research because it allows the researcher to explore participants’ descriptions and plans and generate unexpected insights into teachers’ opinions [40,41]. The interview was conducted with six randomly selected teachers at the end of the training program with open-ended questions (see Table 1 for the description of these teachers).



The interview questions were initially general and related to science education in general; thus, they could easily create a context for their beliefs about SI [41]; then, the interview proceeded to in-depth, open-ended questions concerning teachers’ understanding of the practice of scientific inquiry in the classroom, the instructions during NGSS implementation, and the challenges they might face during implementation. Thus, detailed information regarding the perspective and understanding of the SI was collected. Each participant was interviewed once. Each interview lasted from (50–60) minutes. These interviews gave the teachers time to answer questions more specifically about their experience with SI and provided qualitative data vital to the research. The interviews were held via Zoom. The meeting’s goal was clarified in the beginning by going over the interview protocol with the participants.




2.2.2. Focus Group


The present study used focus groups to obtain qualitative data through the participants’ interaction. Two focus groups were conducted, each with six teachers who were chosen at random and did not engage in individual interviews (see Table 2 for the description of these teachers).



The focus groups were conducted at the end of the training program, and the questions were open-ended. These focus groups provided the teachers with time to respond more specifically about their experience with the SI. The two focus groups were held via Zoom, with each interview lasting 90 min. In the beginning of each focus group’s meeting, the purpose of the meeting was clarified by the coordinator.





2.3. Data Analyses


Thematic analysis of data collected through individual interviews and focus groups focuses on both identifying a pattern through inductive reasoning by repeatedly examining and comparing the collected data to reduce it to a set of topics or categories and then generating, reviewing, defining, and interpreting these categories [39]. Thematic analysis is appropriate here because there is no previous research on the application of NGSS in the West Bank. The objective analysis throughout the thematic process is time-consuming as it requires an in-depth reading of the data [42]. To illustrate the analysis process, let us give an example on the sub-theme “Increasing students’ role in learning”. At the beginning, we noticed participants’ saying things such as “my students increased their role in learning”, “the students decided the solution method”, or “the SI activities made my students more involved in their learning”. We gathered these statements together as they all indicate the same idea, i.e., that of increasing the students’ role, so we gathered these statements under the sub-theme “Increasing students’ role in learning”. We performed the same constant comparison of the statements to arrive at the sub-theme: “Increasing teachers’ content coverage”. In addition, we noticed that both the sub-themes resulted from the change of the teacher’s role into that of guidance and facilitation. So, we put the two sub-themes under the theme “guidance and facilitation”.




2.4. Trustworthiness


Trustworthiness is one way in which researchers can persuade themselves and readers that their research findings are worthy of attention. It consists of different components, such as the credibility, transferability, dependability, and confirmability of the research findings [41]. To enhance credibility, interviews and focus groups have been used for data triangulation, and participants were given a transcript of the interview and allowed to clear up any perceived misinterpretations; this also allowed the participants to volunteer additional information that may have been relevant to the study. Transferability was achieved by providing sufficient information in the form of a “thick and clear description” that would allow readers to interpret the phenomenon under study. To enhance dependability, we provided adequate contextual information about each participant, which would make the study replicable by other researchers. In addition, the interview questions are detailed, whether for the interview or for the focus group. Moreover, details of the data collection and data analysis are given. The findings are not biased but accurately portray the participants’ responses.





3. Results


The results of six individual interviews and two focus groups were analyzed using thematic analysis to answer the research question. Table 3 shows the educational themes and sub-themes that emerged as characterizing teachers’ practice of NGSS activities.



Below, we describe each theme and sub-theme and add appropriate quotations from the participants.



3.1. Guidance and Facilitation


Teachers’ guidance of their students’ learning consists of two sub-themes: increasing students’ role in learning and increasing teachers’ content coverage.



3.1.1. Increasing Students’ Role in Learning


Halima mentioned in the interview how teachers’ roles changed to be more aligned with guidance and facilitation of students’ work towards student-centered learning: “In SI activities, I present the concept to the students in a real-life problem context; then the students begin to discuss and ask questions and propose hypotheses and solutions; students begin to test these hypotheses until they reach a solution as a result of searching for scientific explanations. Specifically, the percentage of student-centered activities in lectures increased”. Thus, Halima’s statement shows how the real-life context that is part of the NGSS activities contributes to the change in students’ roles, wherein the students became more active in their learning.




3.1.2. Increasing Teachers’ Content Coverage


Amal mentioned in the interview how the program supported her coverage of the content, saying: “the percentage of my implementation of activities changed after I joined the program; it became equivalent to 60% after it was 40%, it became student-centered, as my role decreased in lecturing and increased as a facilitator and supporter”. Amal’s statement shows how student-centered learning helped the teacher increase the content coverage.





3.2. Stimulating Students’ Motivation and Curiosity


The category “stimulating students’ motivation and curiosity” consisted of two sub-themes: NGSS activities’ encouragement of students’ curiosity and NGSS activities’ encouragement of varied-ability students’ motivation.



3.2.1. NGSS Activities’ Encouragement of Students’ Curiosity


The participating teachers talked about how NGSS activities encouraged students’ curiosity as they engaged in inquiry. Amal said in the interview that students needed something that fascinated them and kept their curiosity: “I was able to encourage students’ curiosity as the NGSS activities involved inquiry. I saw that the students were curious to follow the learning topic, especially with the technological tools”. As Amal argued, using technology as a tool for inquiry helped the teacher turn the science class into one of curiosity, which motivated students’ learning.




3.2.2. NGSS Activities’ Encouragement of Varied-Ability Students’ Motivation


Teachers talked about how NGSS activities helped motivate students despite their varied abilities. Fidaa said in the interview: “I was able, through the activities of the NGSS, to involve all my pupils, despite their various skills, in carrying out the inquiry activity while they efficiently worked in groups. This is evidence that NGSS activities made them motivated to do the activity passionately”. Thus, NGSS activities enabled the teacher to support students of varied abilities in carrying out the activities as they became motivated.





3.3. Supporting Students’ Knowledge and Skills


The theme “supporting students’ knowledge and skills” consists of two themes: “supporting students’ acquiring of knowledge” and “supporting students’ acquiring of skills”.



3.3.1. Supporting Students’ Acquiring of Knowledge


The participating teachers stressed that the NGSS activities provided their students with opportunities to acquire knowledge. Fida declared in the focus group: “the NGSS activities encouraged the student to discover the information himself, not just memorize it. The student worked with the tool to solve the activity, which made the scientific concepts or relations comprehendible”. The experience of Fidaa, as a science teacher, taught her that, through NGSS activities, she could support the student in acquiring scientific knowledge, specifically with the help of tools.




3.3.2. Supporting Students’ Acquiring of Skills


The participating teachers stressed that the NGSS activities allowed them to provide their students with opportunities to acquire learning skills. Halima said in the focus group: “The NGSS activities enable me to ask the student to perform the activity himself, which gives the student the skills of self-learning, such as putting forth hypotheses and utilizing tools to verify these hypotheses”. Thus, the NGSS activities enabled the teacher to help her students acquire the knowledge and learn the skills that helped them retain this knowledge.





3.4. Efficient Planning of Activities


The theme “Efficient planning of activities” consisted of two sub-themes: “change of planning” and “following diversifying practices during the activity”.



3.4.1. Change of Planning


The participating teachers reported in the interview and focused groups that their planning of activities changed as a result of their introduction to the NGSS activities. Tamer said in the focus group: “The daily planning (preparing the lesson in writing) changed from general planning to specific, clear, and effective planning; the structure of the activities made me realize what teaching strategies I need to implement and what tools the students need to implement”. Tamer argued that the framework of the NGSS activities made teachers aware that the teaching and learning strategies required the teacher’s attention while preparing classroom activities.




3.4.2. Following Diversifying Practices during the Activity


Participants stated that NGSS activities enabled them to vary their teaching practices. Anwar, in the interview, compared her class before and after joining the program, saying: “In the training program, it is 60% lecture kind. It began with an introduction reminding students of what was presented in the previous class, then explained the activity, its steps, tools, and materials that would be used. Then, I carried out a scientific presentation. But after joining the training program, I start preparing for brainstorming, asking questions, and receiving questions from students, then distributing students into groups; each group explains what sources and tools they will be using, then discusses results and asks questions to reach explanations”. Thus, NGSS activities show the teachers how to diversify their teaching processes, which concerns teaching techniques in principle.





3.5. Scientific Debate


After being exposed to NGSS activities, the participants reported paying closer attention to the scientific discussions of the students. Ayat stated in the focus group discussion: “I currently concentrate on the practice of scientific debate with students rather than just asking and responding to questions”. Thus, due to their increased awareness of NGSS activities, teachers started to pay closer attention to their students’ scientific discussions.




3.6. The Scientist Student


The scientist–student theme consists of three sub-themes: the scientist’s practice, the student’s transferring of knowledge, and the multi-thinking student.



3.6.1. The Scientist Practice


The participating teachers mentioned that the NGSS activities turned the students’ work into scientific practice. Neveen stated in the focus group: “before joining the training program if students asked a question, I used to answer them directly, but after joining the program, I encouraged them to formulate hypotheses and provide the resources they needed to test these hypotheses; I call the students young researchers; in this program, students play the role of scientists”. Thus, the NGSS-based program, as a result of the inquiry-based activities, enabled teachers to consider students as young scientists.




3.6.2. Students’ Transferring of Knowledge


In the interview, Soha emphasized: “the SI activities helped the student consolidate the information since the student created tools and materials, generated hypotheses, tested them, and got the findings. The student would then apply and transfer to practical life”. Soha believed that SI activities not only helped the student to conceive knowledge but also to consolidate this knowledge.




3.6.3. The Higher-Order-Thinking Student


The participating teachers talked in the focus group discussions about how the NGSS activities helped motivate the students’ multi-thinking. Fidaa said, “SI activity implementation developed students’ scientific thinking, encouraged their critical thinking, and helped teachers build a student who is a critical thinker, strengthening his or her ability to reach conclusions. the student who uses ideas to solve science problems activates creative ideas to arrive at ideal solutions to the problems”. Thus, the inquiry-based activities that required high-order thinking from the students encouraged them to use high-order thinking as creative and critical.






4. Discussion


Science teaching is milestone for school students [43,44], so it is necessary to engage science teachers in training program to advance their teaching [45]. The present research was intended to verify the impact of a training program on science teachers’ practices. The results indicate that the participating teachers show favorable views of the training program and the changes it promotes in their SI practices. Specifically, the results show that the role of the teacher becomes that of a guide and facilitator. The teacher can be a director, supervisor, and facilitator of the student’s advancement toward achieving the goal. This interpretation is in line with the NGSS’s [16] affirmation of the importance of the teacher’s ability to adapt to changing roles. Waters [46] claims that in light of the NGSS, the teacher in the SI gives up the duty of providing all the information necessary to take on the role of facilitator by spending less time lecturing.



The results show that taking care of the diversified students is one of the modified teacher roles; these results can be supported by adhering to SI requirements, together with considering each student’s personality and learning preferences. This interpretation is consistent with what OkheeLee et al. [47] express regarding the implementation of the standards for heterogeneous groups (gifted, intelligent, students with special needs, students with slow learning, and students who are not native English speakers); they stress that all groups can engage in scientific work, with a change in performance at all levels.



Likewise, the results show that the teachers start to vary their strategies in response to the NGSS requirements and conditions; the effect can be explained by shifting the teacher’s perspective and the classroom’s practices to put more emphasis on ideas conceiving, crosscutting concepts, and scientific procedures. This interpretation is consistent with what Hwang et al. [28] say about SI, as one of these techniques focuses on researching, questioning, watching videos, and adopting inquiries. According to Al-Adima [48], NGSS provides a quantum leap in the teacher’s practice, allowing students to shift from a position where they learn science to a place where they work in science explorations. Furthermore, the result shows that the teacher diversifies the strategies; this result can be explained by the teacher’s thinking and classroom practice shifting from traditional education to education that focuses on the core ideas of integration, crosscutting concepts, and scientific strategies.



The findings demonstrate how skillfully and efficiently the teacher plans the activities. The Qablan study [49] confirms teachers’ abilities to prepare plans and design lessons oriented toward inquiry and apply them in the classroom as a result of their enrollment in a professional development program, which supports the interpretation that teachers benefited from their program participation by planning lessons oriented toward SI application.



The results show that teachers can develop their skills in SI as they use it among their students and find it beneficial for them. These results can be explained by the SI approach in light of the NGSS, which emphasizes the necessity of the science teacher’s inquiry abilities. This interpretation is in line with the emphasis Al-Adima [45] places on the five-year learning model’s (5Es) contribution to the development of SI skills through the measurement, control, and elaboration of hypotheses. The 5Es model was used in the NGSS training program, which focuses on achieving SI skills through the productive application of the eight science practices [50].



In addition to the above, the results suggest that students end up becoming scientists. This outcome can be explained by the processes in which students create and test hypotheses and recognize that they are genuine scientists or have the potential to become scientists for the rest of their lives. This interpretation is consistent with the definition of SI by Tyler and Britton [51] and Waters [46], namely, as the process by which scientists investigate their surroundings and create hypotheses and supporting data to assess and transmit information. The student’s function shifted dramatically from a vessel for memorizing knowledge to a multi-thinking learner.



In order to create new knowledge that can be used to nurture students’ understanding of science ideas, the NGSS aims to equip students with critical, logical, creative, and generative thinking skills. According to Richards et al. [52] and Waters [46], implementing SI activities within the context of the NGSS leads to significant growth in students’ thinking.



Additionally, the fact that students who take part in SI activities will have more opportunities to study a variety of educational resources can be used to explain this outcome. This interpretation is in line with the NGSS’s belief that students can learn, develop into more discerning consumers of scientific information, and eventually become researchers by engaging in research [13,16,25,34].



The result reveals the role of the student as a knowledge transferor. Given that the majority of scientific issues are connected to actual natural phenomena, this result can be explained via the activity of the student who participates in solving real scientific problems that can transfer knowledge. This interpretation is in line with the NGSS’s view of the significance of the student’s participation in SI and the role it plays in developing students who can apply what they have learned and acquired in their everyday lives [29,53].




5. Conclusions and Recommendations


The practices of science are at the center of educational researcher [54,55,56,57], especially the practices of science teachers [58,59]. The present study intended to examine the change in science teachers’ practices as a result of participating in a professional development program that focuses on NGSS SI activities. The research results indicated that the NGSS-based program resulted in a change in the participating teachers’ practices. The SI activities made teachers’ practices move towards more student-centered practices, which made the students’ practices similar to those of the scientist. Thus, there is a need to raise the education of the science teacher towards using NGSS-based activities, which could be achieved by joining training programs according to NGSS standards.



The present study results also showed that NGSS activities could support the student in acquiring scientific knowledge, especially with the help of tools and resources. Thus, there is a need to train science teachers to use scientific inquiry in science instruction in light of the NGSS, with an emphasis on providing tools and resources to design SI activities. The training programs need to focus on the benefits and potentialities of scientific inquiry that utilizes tools and resources. Changing teachers’ attitudes is the first step towards changing their practices, so training programs should focus on this change of teachers’ attitudes towards NGSS -based SI activities.



In addition to the above, policy makers in ministries of education need to pay attention to the NGSS and consider NGSS-based activities when writing directions for science curriculum developers; this will enable science teaching and learning to be founded on sustainable education.




6. Study Limitations


The present study was conducted among a sample of 30 science teachers for grades 6–8. There is a need to replicate the present study with different groups of science teachers, which could consolidate the results of this study. In addition, there is a need to investigate the change of teachers’ SI practices from the view of the students, which triangulate the present study findings.



The present study addresses teachers’ practices in grades 6–8; there is a need to verify the change in teachers’ practices as a result of training programs in other school phases such as secondary and primary schools.



The present study utilizes interviews and focus groups as sources of data. Future research needs to examine the issue of utilizing NGSS-based training program using quantitative methods as quantitative methods give significant results which could triangulate the present study’s results.



The present study addressed the change in teachers’ practices in general. Future research is needed to address the change of specific practices among science teachers; for example, teachers’ reflections or teachers’ attitudes/beliefs regarding the use of SI activities in the science classroom. NGSS-based SI activities are expected to influence the change in other variable of teachers’ instruction.




7. Ethical Considerations


The ethics issues have been widely considered throughout the research process, and participation in the training program was optional. All participants were requested to sign a consent form that included clarifications about the study’s goal and confirmation of confidentiality concerns regarding their inclusion in the study. They were free to participate as volunteers in the study and could opt out without consequences. Participants were informed of the interview and focus group procedures, which took place via the Zoom App. Consent included statements about participants’ rights to review the interview and focus group report, provide feedback, and add comments; this led to accurate and honest analysis and presentation of the collected data. The study caused no harm to the participants, and their responses will be used for research purposes. In addition, the research was approved by the IRB committee at An-Najah National University.
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Table 1. Description of teachers who participated in the individual interviews.






Table 1. Description of teachers who participated in the individual interviews.





	Name
	Age
	Certificate
	Years of Experience





	Niveen
	38
	Master of science education
	19



	Amal
	35
	Bachelor of chemistry
	7



	Nida
	44
	Bachelor of physics
	20



	Lina
	35
	Master of science education
	7



	Haneen
	30
	Bachelor of biology
	4



	6
	32
	Master of science education
	6
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Table 2. The description of teachers who participated in the focus groups.






Table 2. The description of teachers who participated in the focus groups.





	
Name

	
Age

	
Certificate

	
Years of Experience






	

	

	
The participating teachers in the first focus group

	




	
Ayat

	
42

	
Bachelor of Chemistry

	
17




	
Rasha

	
33

	
Bachelor of Physics + Master of Science Education

	
10




	
Reham

	
35

	
Bachelor of Physics + Master of Science Education

	
12




	
Suha

	
30

	
Bachelor of Physics

	
7




	
Nidaa

	
40

	
Bachelor of Physics + Master of Science Education

	
17




	
Hana

	
41

	
Master of Science Education

	
18




	
The participating teachers in the second focus group




	
Amal

	
43

	
Bachelor of Physics + Master of Science Education

	
20




	
Thamer

	
40

	
Master of Science Education

	
15




	
Halema

	
44

	
Bachelor of Physics + Master of Science Education

	
20




	
Fida

	
27

	
Bachelor of Science

	
4




	
Nahed

	
41

	
Master of Science Education

	
17




	
Anwar

	
40

	
Bachelor of Physics + Master of Science Education

	
16
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Table 3. Emerging themes and sub-themes.






Table 3. Emerging themes and sub-themes.





	
Theme

	
Sub-Themes






	
Guidance and Facilitation

	
Increasing students’ role in learning




	
Increasing teachers’ content coverage




	
Stimulating students’ motivation and curiosity

	
NGSS activities’ encouragement of students’ curiosity




	
NGSS activities’ encouragement of varied-ability students’ motivation




	
Supporting students’ knowledge and skills

	
Supporting students’ acquiring of knowledge




	
Supporting students’ acquiring of skills




	
Efficient Planning of Activities

	
Change of planning




	
following diversifying practices during the activity.




	
Scientific debate

	




	
The Scientist Student

	
The scientist practice




	

	
Students’ transferring of knowledge




	
The higher-order-thinking student
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Question 1
- What is the function of the root?
- How does water move from the soil to the plant?

- Are there salts in the soil?

- Does the concentration of the solution affect the water transport in

the plant cells?

Question 2:

‘Weigh two pieces of potato, put the first in brine and the second in water,

to the second day, and weigh them again. What do you notice?

leave them

Question 3:
Why did the mass of potato decrease in water and salt? Why did it shrink?

y did it become soft?






