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Abstract: Constructing explanation and designing solution (CEDS) skills focus on
skills in next generation science standards (NGSS) which describe science and
engineering objectives that can be supported by project-based learning (PjBL). The
purpose of this study to determine if the PjBL could improve CEDS skills. The
research method used meta-synthesis approach and the data comes from the results
of research that has been conducted and published in national and international online
journals. The results of a systematic review explain that learning steps in PjBL can
be implemented in learning to improve skills in a claim, evidence, reasoning, generate
designing solutions, criteria-constraints, and evaluating potential solutions. PjBL
provides opportunities for students to access various forms of information needed
and demonstrate it in different ways; actively involved in learning by making choices
and decisions that show independent learners, and reflect on learning and make
revisions based on self-assessment and feedback from the teacher.

Keyword: NGSS, constructing explanations and designing solutions, project-based
learning

1. Introduction

The development of science and technology marks the 21st Century is overgrowing,
emphasizing the combination of technology and human qualities. Requires human resources who
can take the initiative, think critically, creatively, skilled in problem-solving, also to changes in the
education system that is more comprehensive and flexible. Quality education certainly involves
students to learn actively and make changes to better conditions. Science education, which is the
main focus, plays a role in preparing students to understand the nature of science, think critically,
and have the skills to meet the challenges of the 21st Century [1] [2].
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The low level of human resources in Indonesia shows the low quality of education as a producer
of skilled and quality generations. The results of the Program for International Student Assessment
(PISA) in 2018 the ability of Indonesian students, especially in the field of science, got a score of
396 from the international standard score of 489 [3]. Indonesia is at level 1, meaning that students
can identify information and solve problems according to explicit instructions and have not been
able to carry out procedures properly, including methods that require sequential decisions [3].
Causes the emergence of problems in science process skills that affect student’s creative thinking
abilities. To be able to develop and improve student science skills, a teacher must carry out various
innovations and reforms in education. Such as adopting education standards from a superior
country, namely the Next Generation Science Standard (NGSS). Related to how can put science
into practice, NGSS facilitates students through the integration and implementation of three NGSS
dimensions, namely the dimensions of Science and Engineering Practice (SEPs), Disciplinary Core
Ideas (DCIs), and Crosscutting Concepts (CCs) [1] [4].

One of the objectives of NGSS is to optimize student practice skills by constructing explanations
and designing solutions (CEDS). CEDS is a skill in explaining phenomena based on evidence from
research and designing solutions to formulate conclusions [5]. Skills that focus on explanation as a
manifestation of the nature of knowledge in constructing explanations related to phenomena
through an investigation [6]. Meanwhile, the gift of designing problem solutions plays a role so that
students can do research, innovate, and solve problems [2].

PjBL can support the application of CEDS in learning by selecting an appropriate learning
model, namely Project-based learning (PjBL). A learning model that allows students to develop
creativity in designing and doing projects that use to solve problems [7]. PjBL will enable students
to become interactive learners and build knowledge through exploration that allows students to
demonstrate organized learning outcomes to increase their knowledge and progress in learning [8].
This is consistent with the application of PjBL in science learning which is known to improve
cognitive learning outcomes and science process skills [9] [10].

PjBL supports the process of finding truth through a process of inquiry to answer questions
about natural phenomena and engineering that are more focused on solving problems through a
series of design processes, so that students can increase understanding with the knowledge found
[11]. Integrating design activities in the NGSS carried out in the PjBL learning model can enable
students to be involved in defining problems and designing solutions [12]. Based on the description
above, it can be a significant finding when researchers can implement NGSS standards in project-
based learning to improve CEDS. So, the research problem arises how can the results of a review
project-based learning model can be enhanced CEDS skills?

2. Method

This research is a systematic review that is used to collect data or sources related to a particular
topic through journals, books, the internet, and other literature. This type of research used in the
review literature focuses on research results related to the topic or variable of writing, using the
meta-synthesis method with a meta-ethnographic approach which aims to develop new theories to
complement existing theories. The outcome measured in this study was a project-based learning
model in improving CEDS skills. This research used the meta-synthesis method consisting of 6 steps
which were adopted from Francis & Baldesari (2006). These steps are: (1) Formulating research



questions (2) Conducting systematic review literature searches (3) Screening and completing
suitable research articles (4) Conducting analysis and synthesis of qualitative findings (5)
Implementing quality control (6) Developing final report [13].

The first stage is to formulate questions on the research topic, how can the results of a review
project-based learning model improve CEDS skills? The second stage is to conduct a systematic
review literature search, the data used in this study come from the results of research that have been
conducted and published in national and international online journals. In this study, researchers
searched journals published on the internet using the Google Scholar search engine, the Education
Resources Information Center (ERIC), and Taylor and Francis. The third stage, screening and
selecting articles begins with determining the keywords to be used. These keywords are next
generation science standards, constructing explanation - designing solution, and project-based
learning. The process of collecting data by filtering based on criteria determined by the author of
each journal taken. The criteria for journal collection are the years of literature sources taken from
2010 to 2020, the suitability of writing keywords, interest in writing results, and discussion and
strategies for collecting various literature using an accredited journal site.

The fourth and fifth stages, namely analyzing and synthesizing findings and enforcing quality
control, are carried out when selected articles have gone through the screening stage which is then
analyzed by experts in the field of articles related to quality, data accuracy, and quality-focused
research questions. The sixth stage is compiling the final report which is done by writing the results
of the review. This literature review is synthesized using a narrative method by classifying similar
extracted data according to the measured results to answer the research problem. The results of the
extraction of the journal are then analyzed for the content contained in the research objectives and
the results/research findings. The analysis used to analyze the contents of the journal was carried
out using coding. The data that has been collected is then searched for similarities and differences
and then discussed to conclude. The remainder of the article is organized as follows: part 3 as a
result and discussion presents a review of project-based learning which is can improve constructing
explanation and designing solution skills based on NGSS. Section 4 concludes from the articles that
have been prepared.

This research begins by searching for journal articles through three online search engines source;
there are Google Scholar, Taylor & Francis, and the Education Resources Information Center
(ERIC) in Table 1.

Table 1. List of Articles Found

Key Word List of Article§ Found
GS Taylor & Francis ERIC
Constructing explanation 1.050.000 612 247
Designing solution 4.280.000 493 193
Project-based learning 5.110.000 611 18.780

Based on three online search engines source, it found that Google scholar has a much higher
number than Taylor & Francis and ERIC (Table 1). However, if we look at the quality of the articles,
Tailor & Francis and ERIC are higher than Google Scholar. Based on the papers have gone through
the screening stage, the next step is to answer the research problem that have to ask. However,
improving constructing explanations and designing solutions skills based on NGSS through project-
based learning has never been done, so it will be a very big opportunity for further researchers to
continue research by this topic.



3. Result and Discussion

3.1 Constructing Explanation and Designing Solution Skill

CEDS skills are one of the skills in the scientific and engineering practice dimension that
describes the achievement of the main goals of science and engineering [4]. Students involve
themselves in various practical activities that will understand that science and engineering are
aprocess to develop an explanation and formulate solutions to every problem [14]. NGSS Lead
State (2013) describes CEDS skills into one unit with the indicators shown in Table 2.

Table 2. Indicators of Constructing Explanation and Designing Solution Skills

Indicator

Aspect
Constructing 1.
Explanation

2.
Designing Solution 3.
4.
5.
6.

Compiling a scientific explanation based on facts obtained from various
sources and assumptions that a theory and law that explains the mechanism of
nature in the past, present, and

Apply ideas, principles, and facts to construct and improve by using scientific
explanations to explain natural phenomena

Apply science reasoning to show why can use data to conclude.

Apply ideas to design and test an object design.

Designing a project by applying design steps to formulate a solution by the
criteria.

Optimizing the way the design works

The development of constructing explanation skills provides an understanding of scientific
concepts that will affect students in formulating a scientific explanation. The constructing
explanation activity focuses on scientific explanations to describe the reasons for preparing a logical
scientific explanation related to the observed phenomena [15]. The scientific explanation is
organized into three main points. More detail in Table 3.

Table 3. Aspects of Scientific Explanation

Aspect Description

Claim A statement that answers a question. Claims consider right when they can answer questions
that are supported by sufficient evidence and logical reasoning.

Evidence Evidence of scientific data to support the claim. Evidence that is meant to come from
observations or based on existing data, and is used to support the formulated scientific
explanation

Reasoning A reason for linking data as evidence supporting a statement using proper scientific

principles based on scientific knowledge, theories, and models.

The use of a claim, evidence, and reasoning (CER) framework in learning can support CEDS
skills, which will have an impact on students regarding their understanding of a scientific
explanation and students are able to compile a scientific explanation [16]. If the teacher applies the
CER framework in learning, students will get a firm understanding in compiling scientific
explanation based on their knowledge [16]. Based on the CER framework described above [19], the
constructing explanation aspect becomes more operational. More details in Table 4

Table 4. Aspects of Constructing Explanation



Aspect Description

Emphasizes the explanation of a Emphasizes the explanation of a phenomenon that includes the level

phenomenon of understanding a mechanism

Evidence Provide evidence to support the scientific explanation. The evidence
comes from existing data and is used to support the scientific

explanation formulated.

Reasoning Be able to explain the reasons that link evidence to phenomena based

on concepts obtained from theories or models.

In a science and engineering process, the NGSS standard has been integrated simultaneously
as an example of constructing explanation, in this case, it is necessary to have skills in designing
solutions as a compliment because these two skills are related and complementary [17]. The NGSS
framework describes solution designing skills to enhance design-related ideas, test a model, and
determine the criteria and limits for the desired quality of the solution [4]. Furthermore, SDCOE
(2017) describes several aspects and indicators of designing solution skills, more detail in Table 5.

Tabel 5. The aspect of Designing Solution

Aspect Indicator

Designing Solution Generate design solution
Describe criteria and constraints
Evaluating potential solutions
Optimizing solutions

Based on several descriptions of CEDS skills that have described, there are six aspects with
each indicator. More detail in Table 6.
Tabel 6. Aspect and Indicator Constructing Explanation and Designing Solution

Aspect Indicator

Claim 1. Emphasizes the explanation of a phenomenon

Evidence 2. Presenting valid and reliable evidence to support a scientific explanation

Reasoning 3. Explain the reasons that link evidence to phenomena, based on scientific
knowledge, theories, and models

Generate designing 4. Applying a scientific idea or principle to design a solution to a problem

solution

Criteria and constraint 5. Describe the criteria and obstacles that may be faced in the selection of a
problem

Evaluating potential 6. Evaluating various solutions and selecting the optimal solution.

solution

3.2 Project-based Learning (PjBL)

Project-based learning is a form of student-centered learning based on three constructivist
principles: specific and authentic learning, learning that allows students to be actively involved in
the learning process, and learning to achieve learning goals through social interaction with various
knowledge and understandings [20 ]. It is known that the challenges experienced by students that
arise in designing affect the high level of student involvement [21]. PjBL is consider as a type of



inquiry-based learning, where the context of education is provided through questions that lead to
meaningful learning experiences [22].

The characteristics of PjBL focus on problem-solving and provide opportunities to work
independently in building knowledge to produce products [24]. Based on this explanation, it can say
that PjBL helps students learn independently and can convey the students' conceptual understanding
systematically at certain levels [25]. PjBL explores in different phases of education, from early-
stage to school to higher education. Learning steps using a project-based learning model based on
The George Lucas Educational Foundation (2005) in Table 7 as follow.

Table 7. Project-Based Learning Steps

Steps of PjBL Description

1) Start with the big
question

2) Design a plan for the
project

3) Create a schedule

4)  Monitor the progress
of the project
5)  Assess the outcome

6) Evaluate the
experience

Learning begins with questions that encourage students to carry out an activity.

Planning is done based on discussions from students and teachers. It means that
students feel responsible for the project. Planning contains the selection of
projects, time to complete, and the tools and materials required.

Students and teachers should arrange a schedule of activities in completing the
project. The scheduling must be precise because the completion of a project
takes a long time. The teacher keeps reminding when student activities deviate
from the project objectives.

The teacher is responsible for monitoring student activities by facilitating
students in each process.

Assessment carries out to help teachers measure the achievement of standards
and provide feedback about the level of understanding that has been achieved
by students. Product assessment carries when the group presents the final
product.

Teachers and students reflect on the activities and project results that harry
work. Students ask to share their experiences while completing the project

There are four strategies in implementing PjBL in schools, there are 1) doing it in two ways;

2) recognize previous efforts; 3) make use of the word "and", 4) make the class an open place [27].
One way to avoid failure in implementing PjBL is that a problem solution is needed. Teachers can
avoid common mistakes by following seven procedures adapted from Hung (2008) as follows: 1)
determining the suitability of the material with PjBL; 2) analyzing the material; 3) write down
possible problems; 4) describe potential solutions; 5) calibrate the project; 6) illustrates the task; and
7) reflect on learning [28].

3.3 Improving Constructing Explanations and Designing Solution Skill
Through a Project-Based Learning

NGSS supports learning through the application of science and engineering practices based
on project-based learning, performance-based assessments, and structured group work. Besides
providing opportunities for students to solve real problems scientifically. For each activity unit
creating a project allows students to 1) access various forms of information required; 2) actively



involved in learning that shows the results of independent learning, and 3) reflect on learning by
making revisions based on peer and teacher assessments [29].

As we discussed above, the indicators for CEDS skills are claim, evidence, reasoning,
generate a designing solution, criteria - constraints, and evaluating potential solutions. These
indicators can be achieve using project-based learning methods. Project-based learning focuses on
creative thinking, problem-solving, and student interaction to create and use new knowledge. For
more details, the relationship between CEDS in NGSS and PjBL explain in Figure 1, as follows.

Fig 1. Dependence CEDS Based on NGSS and PjBL
The use of the PjBL model in learning that is in line with the NGSS as a way to strengthen
science teaching for students. Apply project-based learning to be a very effective way to meet the
demands of new standards. Also, it combines performance appraisal and effective work strategies
to increase student involvement in the learning process. Thus, it can see the method required for
implementing PjBL in improving practice required CEDS skills in Table 8.

Table 8. Description Box of the PjBL in Enhancing CEDS Skills

Steps of PjBl Indicator CEDS Description

Essential question - Provide questions that will lead students to the
context of project-based learning and assign
assignments to students to carry out controlled

activities.
Design plan for a - Prepare a project plan that will w. Activities that will
project be carried out include: 1) determining tools and

materials; 2) determine the rules of the game; 3)
selection of activities to be carried out as answers to
essential questions; 4) determine the implementation
of the project with their respective duties and

responsibilities.
Create a schedule - Make a schedule of activities to be carried out based
on the actions to carry out by the plan.
Monitor and - Performed as work control which is guidance from
project progress educators so that students carry out their activity

correctly.




Assess the
outcome
Constructing an explanation
- Claim
- Evidence
- Reasoning

Designing a solution

- Generate designing
solution

- Criteria and constraint

- Evaluating potential
solution
Project evaluation

Assessment is carried out on student work to
measure student competency achievement.

Emphasize the explanation of a phenomenon
Presenting valid and reliable evidence to support a
scientific explanation

Explain the reasons that link evidence to phenomena,
based on scientific knowledge, theories, or models

Apply a scientific idea or principle to design a
solution to a problem

Describe the criteria and obstacles that may be in the
selection of a problem

Evaluating various solutions and selecting the
optimal solution.

Reflect on project implementation.

The use of PjBL in improving CEDS skills see from the advantages of implementing PjBL,
such as enhancing student skills in managing research. In finding solutions to project assignments,
students can construct knowledge of various sources [30]. Meet the needs of students with different
learning skill levels and techniques. One of the exciting things, why PjBL is essential to implement,
is shown by several studies that show that students can implement PjBL with confidence and
optimism that it can improve students' science process skills and creative thinking [31]. Also, found
that 86% of the implementation PjBL was more effective than the application of traditional teaching
approaches [10]. PjBL also has a significant effect on creative thinking skills and science process
skills [32]. Can connect PjBL with NGSS in increasing students' appreciation of the importance of
science in life, involving students in science practice and increasing student confidence in
communicating scientific topics [33]. NGSS and PjBL prove to be attractive aspects for students in
the world of education, this is by the statement [34] that through the NGSS platform students can
become more motivated and inspired in the formal education system. This motivation and
inspiration increase students ability to learn and increases their will to persist in their educational

quest.

4. Conclusion

Based on the results of the systematic review which shows that CEDS skills can be improved,
one of which is the application of PjBL in learning as evidenced by theory and several previous
studies which are linked based on the results of the synthesis. To improve CEDS skills, educators
can apply learning steps based on PjBL to meet skill achievements in CEDS, in the form of claims,
evidence, reasoning, generate designing solutions, criteria - constraints, and evaluating potential
solutions. PjBL also provides student learning experiences because students construct concepts from

the projects they are working on.
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