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1. INTRODUCTION 

Problem-solving is related to daily life demands and cannot be separated from our life (Erdem-Keklik, 2013; Verschaffel et 

al., 2020). Hence, it requires proficiency in the curriculum, especially mathematics and science (Erdem-Keklik, 2013; 

Velasquez & Bueno, 2019). Moreover, some occupations will not appear several five years later because changed by 

technology. These are the reasons that problem-solving skills, creativity, and critical thinking are essential to tackle 21st-

century challenges (Evans et al., 2020; Priemer et al., 2020). 

Several researchers proposed problem-solving in the monodisciplinary area (Fan & Zhu, 2000; Gray et al., 2005; Mehalik 

et al., 2008; Osborne, 2013; Pedaste et al., 2015; Polya, 1978; Tambychik & Meerah, 2010; Windschitl et al., 2008; Donald 

R. Woods, 2000). It contrasts with the needs of problem-solving in daily life that could not be predicted, ill-defined, and 

transdisciplinary (Ozturk & Guven, 2016). The concept of STEM problem-solving answers the issue that focuses on 

integrating two or more subjects related to real-life and 21st- century skills (Kelley & Knowles, 2016; Priemer et al., 2020; 

Yata et al., 2020). The preliminary framework of mathematical problem-solving is heuristic (Polya, 1978). The importance 

of problem-solving and a gap among students' achievement in problem-solving initiated the OECD to develop a framework 

and international assessment in creative problem-solving called the 'Program of International Students Assessment (PISA)' 

in 2012 related to daily life context (OECD, 2013). Not only international assessment but also several researchers develop 

mathematical problem-solving frameworks (Tambychik & Meerah, 2010; Wu & Adams, 2006). However, all of them were 

still focused on the monodisciplinary area and didn't represent the framework's application into practice. 

The view of problem-solving is changing from monodisciplinary to interdisciplinary through STEM education. 

Frameworks of problem-solving were developed that combine engineering design, scientific inquiry, technology literacy or 

technology design, and mathematical thinking (Kelley & Knowles, 2016; Wells, 2016; Yata et al., 2020). Moreover, Priemer 

et al. (2020) proposed a framework that applied the PISA framework as a ground theory and embedded some domain-specific 

problem-solving. However, these frameworks suit measuring problem-solving activity or practical problem-solving (during 

the teaching and learning process). Moreover, most assessments developed in STEM problem-solving were emphasized 

science, e.g., Al-Chemist, ChemLabBuilder, Use Your Brainz (Annaggar & Rudiger, 2020; Scherer et al., 2014; Shute et al., 

2016). Mathematics as a foundation in applying STEM problem-solving was underrepresented (Maass et al., 2019). 

Therefore, we need to develop a framework or model of mathematical problem-solving that integrates STEM for a diagnostic 

test and represents the application into the practice. 

 

ABSTRACT 

STEM problem-solving is a core standard in education to tackle the 21st-century challenge. However, the under-

represented mathematics in STEM assessment has become an issue. Moreover, the existing frameworks of STEM 

problem-solving are suitable for assessing activity during teaching and learning. This study covers the limitations by 

developing a new mathematical problem-solving-based integrated STEM framework and applying it into practice. The 

new framework combines and integrates frameworks in every STEM discipline. It applies in developing scenario based-

test with prompting questions to show the practical use of the framework. The test was administered to 31 of 7th graders 

students (M=12.29, SD=.46) to prove the consistency of the new framework and the effective role of scenario and 

prompting questions. The results revealed four types of flows in the problem-solving process posed by students with 

different in evaluating, representing, and designing phases. The flow of problem-solving and the indicators in a new 

model were consistent but shown as a dependent process. The scenario and prompting questions worked effectively 

regardless of a multidimensional prompting question. Several recommendations for developing a test based on the new 

framework are discussed. Quantitative analysis with large sample size is required for future study. 
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The assessment of the cognitive domain in problem-solving is the primary purpose, but the problem-solving in a 

metacognitive domain is also the vital focus. Metacognition in problem-solving focuses on planning, monitoring, and 

evaluating (Aurah et al., 2014; Toraman et al., 2020). However, based on the literature review, there is no metacognitive 

problem-solving in the interdisciplinary area. Therefore, developing a mathematical problem-solving framework-based 

integrated STEM that focuses on both cognitive and metacognition is required.  

According to the needs of a mathematical problem-solving framework integrated STEM theory that combines cognitive 

and metacognitive domains for diagnostic assessment, then we discuss several questions related to (1) What is a framework 

of mathematical problem-solving based-integrated STEM theory?; (2) How to apply the framework into the practice by 

developing a test?; and (3) What is the consistency of the framework that applied into the test?. 
 

2. LITERATURE REVIEW 

The framework of problem-solving in PISA is called creative problem-solving: exploring and understanding; representing 

and formulating; planning and executing; monitoring and reflecting (OECD, 2013). 

The other framework about problem-solving, in general, is proposed by Merril et al. (2017). However, the part of 

representing and formulating was missing in this framework. Moreover, in the problem-solving process, critical thinking is 

taking part. This reason inspired the researcher to develop a problem-solving framework from FRISCO critical thinking: (1) 

analyzing the statement or problem; (2) identifying reason of the statement; (3) carrying out the solution; (4) surrounding 

the problem; (5) checking of the explanation and process (Vargas, 2018). 

2.1 Problem-Solving Framework in Mathematics 

Mathematics in STEM problem-solving is defined as applying mathematics concepts and procedures (i.e., mathematical 

thinking) (Jolly, 2016; Kelley & Knowles, 2016). The premier framework of mathematics problem-solving belongs to 

heuristics problem-solving, namely understanding a problem, devising a plan, carrying out the plan, and looking back (Polya, 

1978). This framework is a basis for developing other frameworks in this area and analyzing problem-solving skills. Several 

researchers create a framework in mathematics problem-solving with the foundation of heuristic problem-solving (Bayazit, 

2013; Stylianou, 2011; Tambychik & Meerah, 2010; Wu & Adams, 2006). They emphasized applying mathematics concepts, 

procedure, rule, fact, mathematization, and standard computational skills in carrying out phase (Bayazit, 2013; Wu & 

Adams, 2006). 

The term "hypothesis" in scientific inquiry is similar to the term "plan" in mathematics heuristic problem-solving 

(Priemer et al., 2020). Researchers exploit the mathematics approach because it is closely related to scientific inquiry, such 

as mathematics experimentation and inquiry-based mathematics education. The opposite inquiry concept applied in 

mathematical problem-solving is proving. It uses a deductive approach to generate a conclusion that does not necessarily 

require empirical data (Boero, 1999; Priemer et al., 2020). 

Problem-solving in mathematics itself has been measured in PISA with a term of literacy. It allows students to employ 

mathematics facts, procedures, concepts, and reasoning in various contexts related to daily life (OECD, 2013). The OECD 

developed a framework for mathematics PISA 2012 and renewed the need for 21st-century skills and balance among 

mathematical reasoning, problem-solving, mathematical content, and context. The item formats are constructed and 

selected responses in several contexts, including personal, occupational, societal, and scientific. It has several knowledge 

contents related to change & relationship, space & shape, quantity, and uncertainty & data (OECD, 2018). 

Metacognitive skills are implied and practiced during mathematical problem-solving (Bakar & Ismail, 2020; Velasquez 

& Bueno, 2019). Metacognitive in problem-solving focuses on planning, monitoring, evaluating, and reflection (Aurah et al., 

2014; Velasquez & Bueno, 2019). Schraw & Dennison (1994) divided metacognitive awareness into two major components: 

knowledge about cognition and regulation of cognition. Knowledge about cognition facilitates reflective aspects, including 

declarative knowledge (i.e., knowledge about strategy), procedural knowledge (i.e., knowledge about how to use strategy), 

and conditional knowledge (knowledge about when and why to use strategy). Regulation of cognition facilitates the control 

aspect. Table 1 explains the problem-solving phase and the metacognitive skills involved in them.  

Table 1. Metacognitive Skills in Problem-Solving 

Problem-Solving Phases Metacognitive skills involved them 

Understanding a problem Declarative, procedural, planning 

Devising a plan Conditional, monitoring, planning 

Carrying out the plan Planning, monitoring, evaluating 

Looking back Monitoring, evaluating 
 

2.2 Problem-Solving Framework in Science 

Science in STEM education defines the application of science concepts (Jolly, 2016). However, it could refer to scientific 

inquiry (Pedaste et al., 2015; Rudibyani et al., 2020; Windschitl et al., 2008) and scientific reasoning (Osborne, 2013). 

Pedaste et al. (2015) indicated a cyclic model for scientific inquiry: orientation, questioning, exploration, data interpretation, 

and conclusion. Moreover, a linear model of scientific inquiry includes organizing the information that is already known or 

would like to know, generating hypotheses, seeking evidence, constructing an argument, setting broad parameters, and 
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metacognitive prompts. The phases of scientific reasoning are similar to scientific inquiry, including investigating problems, 

observing, experimenting, measuring, testing, generating hypotheses, developing explanations and solutions, and 

evaluating. 

Several well-known frameworks and frameworks proposed by researchers are contributing to science problem-solving. 

The Minnesota Assessment of Problem Solving (MAPS) framework is a well-known framework in physics problem-solving 

(Docktor et al., 2016). It includes some steps focused on sciences: (1) Visualization/problem description; (2) physics approach; 

(3) specific application of physics concept; (4) application of mathematical procedure; and (5) logical conclusion. Another 

well-known assessment is the international assessment in science in the PISA, using science literacy (OECD, 2013). The 

contexts are related to personal and global (health, natural resource, environment, hazard, and frontiers of science and 

technology). A specific framework in physics education determines the equations that are suitable for solving problems, 

substituting known values for equations, and evaluating solutions (Naqiyah et al., 2020). 

2.3 Problem-Solving Framework in Engineering and Technology 

This part will be described several problem-solving frameworks in engineering and technology. Even though technology and 

engineering are not the same, there are no profound differences concerning problem-solving activities in education. The 

engineering area includes STEM assessment by focusing on engineering design or creating a solution (Jolly, 2016; Kelley & 

Knowles, 2016; Wells, 2016). Engineering design allows connecting science and mathematical concepts (Shahali et al., 2017; 

Shanta & Wells, 2020). When engineering is a process of applying mathematics and science, then technology is a result 

(Jolly, 2016; Priemer et al., 2020). The technology could also be defined as physical tools or artifacts that ease human works 

(Jolly, 2016; Kelley & Knowles, 2016). 

Problem-solving in engineering could be defined as a design process concept (Baele, 2017; Kelley & Knowles, 2016; Wells, 

2016; Yata et al., 2020). Baele (2017) indicated an engineering design: (1) Asking; (2) Imagining; (3) Planning; (4) Creating; 

(5) Testing; and (6) Evaluating. Another researcher proposed (1) identify need/problem; (2) research need/problem; (3) 

develop possible solution; (4) select best possible solution; (5) construct prototype; (6) test and evaluate solution; (7) 

communicate solution; (8) redesign; and (9) finalization design (Robinson, 2016). 

The concept of engineering problem solving similar to heuristic problem-solving suggested a linear model, namely 

roadmap, modeling, governing equations, computation, discussion, and verification (e.g., Gray et al., 2005). They supported 

the study by providing essay problems (statics and dynamics problems). Furthermore, Wood (2000) proposed a cyclic model 

called: engage; define a stated problem; explore; plan a solution; do it (carry out the plan); evaluate, check & look back. 

These models are similar to scientific inquiry problem-solving in certain phases (e.g., constituting a question, developing an 

empirical test, and making a conclusion). 

2.4 Framework in Practical Problem-Solving  

The Priposal model is a cyclic conceptual/pedagogical framework model of integrative STEM education. It is constructed 

from engineering and technology design (Wells, 2016). It consists of problem identification (need, define, formulate), ideation 

(criteria, brainstorm, generate), research (explore, investigate, examine), potential solutions (analyze, visualize, select), 

optimization (experiment, revisit, construct), solution evaluation (test, analyze, interpret), alterations (identify, redesign, 

retest), and learned outcomes (process, iterations, justify). 

Kelley & Knowles (2016) proposed a STEM education framework for secondary school or high school level. It combines 

four domains: engineering design, scientific inquiry, technology literacy, mathematical thinking, and situated STEM 

learning in an activity. Engineering design and scientific inquiry are integrators, while situated STEM learning is a physical 

and social condition before learning. These domains are not necessarily occur during every STEM activity. Yata et al. (2020) 

conducted a similar framework that exploits engineering design as an integrator to connect science, mathematics, and 

technology concepts. 

Another framework was developed by utilizing a PISA creative problem-solving framework as a ground problem-solving 

framework and embedded some domain-specific problem solving, such as scientific inquiry, proving, engineering design, 

and computer science (Priemer et al., 2020). 
 

3. RESEARCH METHOD 

The study aims to develop a new framework in mathematical problem-solving-based-integrated STEM and apply it into 

practice to prove its consistency. There are four steps for developing a new framework of mathematical problem-solving-

based integrated STEM theory. The first step is to choose the general structure or framework to be the main framework of 

the problem-solving. The second step is to go through all domain-specific frameworks and assign problem-solving indicators 

to the general structure. The third step is to eliminate duplicate and synonym problem-solving indicators in the domain-

specific frameworks, and the fourth step is to order the indicators into a flow chart and show it as a process. After developing 

a framework of mathematical problem-solving integrated STEM theory, we created a test to show the application of the 

framework. The test was then administered to 31 7th grader students, 12 boys and 19 girls (M=12.29, SD=.46) from a private 

school in Surabaya, Indonesia. It aims to show the consistency of problem-solving indicators and flow from the theory to 

practice. It is also aimed to prove the framework's suitability with the test. The data of 31 students will be analyzed using 

descriptive statistics to represent students' percentages in every different problem-solving process (flow). Several different 
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students' answers are provided to describe the emergence of problem-solving indicators and flows (process) shown by 

students. 

 

4. RESULTS AND DISCUSSION 

4.1 A new framework of mathematical problem-solving integrated STEM 

Based on the literature review, the definition of a mathematical problem integrated STEM is a problem that applies 

mathematics contents and concepts in the context of science by using a design-based process with technology. It is similar 

to the mathematics word problem related to science phenomena and using design-based and technology to solve it. 

Mathematics takes part in the contents and concepts used, and science participates in a context and the way of thinking. 

Engineering partakes in the design-based process, and technology is the tools (both electronic and non-electronic).  

From several general frameworks in problem-solving, the PISA creative problem-solving framework could cover other 

frameworks, e.g., a framework from Merril et al. (2017) and Vargas (2018). The PISA framework also can apply in multi-

disciplines. Therefore, the PISA framework could be applied as a ground framework to develop a new framework that 

accommodates critical thinking. To generate indicators or steps in each PISA framework, we develop from each discipline 

by combining them and eliminating the duplicate models. Several theories in mathematics problem-solving will be used. 

Heuristic problem-solving, mathematics experimentation and inquiry-based mathematics are applied. Therefore, making a 

hypothesis is also part of mathematics problem-solving. Also, proving theory involves making a hypothesis, selecting a 

reasonable argument, and deducting, proofing, or finding a counterexample. One of the Wu & Adam (2006) framework steps 

inspires to development of indicator 8 in the new model. Hence, mathematics problem-solving indicators are 1, 2, 3, 4, 5, 6, 

7, 8, and 9.  

The framework of science problem-solving that covers all other frameworks is scientific inquiry. It emphasizes 

understanding, generating hypotheses, and seeking and developing reasonable arguments. Therefore, science problem-

solving indicators are 1, 2, 3, 4, 5, 7, 8, and 9. The framework of engineering and technology employed in this study is 

engineering-design based. It emphasized creating (designing), building models, and testing solutions. Because the 

framework will be conducted for non-practical problem-solving, testing the solution defines as evaluating and ensuring 

whether the answer is correct. The steps representing engineering & technology problem-solving are 1, 2, 5, 6, 7, 8, and 9. 

Technology will be emphasized in applying the tools during a problem-solving task (e.g., calculator, ruler, grid paper etc.) 

Metacognitive skills appear in the indicators 1 (declarative), 2, 4 (procedural), 6 (conceptual), 3, 5 (planning), 7, 8, 9 

(monitoring and evaluating). It is also will be included metacognitive prompts in the monitoring and evaluating process. 

The new framework of STEM problem solving is described in Table 2. 

Table 2. Indicators of Mathematical Problem-Solving Framework-based Integrated STEM 

 Steps 

Exploring & 

understanding 

1. Determining the goal of a problem (STEM); 

2. Identifying the relevant and valuable unknown and given information (STEM); 

3. Utilizing the basic concept that can be useful (SM) 

Representing & 

formulating 

4. Representing the problem by constructing tabular, graphical, symbolic, or verbal representations using 

technology (STM); 

5. Making a prediction (hypothesis), developing criteria, or checking existing theory (STEM). 

Planning & executing 6. Developing the reasonable argument, explanation, and solution (including strategy, design the steps, and 

building the model) (TEM); 

7. Arranging, critically choosing, and evaluating alternatives (STEM); 

8. Devising a plan by deducting, proofing, finding a counterexample, applying mathematics concepts, 

mathematization, reasoning, computational skills, science concept, and technology (STEM). 

Monitoring & 

reflecting 

9. Making conclusions, evaluating, and reflecting on results and methods (STEM). 

 

The nine problem-solving indicators are ordered into the flowchart to show them as a process. The evaluation, reflection, 

and conclusion indicators can prevail after every problem-solving indicator. It is because before deciding, we need to evaluate 

to address a conclusion. An indicator related to representing a problem can occur parallel with the step in identifying given 

and unknown information. Figure 1 illustrates the flow of problem-solving indicators. 
 

4.2 Applying the Framework into a Test Development: Theory to Practice 

The new framework implemented design-based engineering as an integrator. Hence, it is necessary to think about the idea 

of a test that contains a design activity. However, it is not an obligation to apply the framework to the design activity test. 

The framework could still be used for a test without design activity because it can be changed into a designing strategy. 

However, the test should require students to apply several strategies or models. This type of test will lead to the use of 

technology. Students will use several tools when the test requires a design activity (e.g., ruler, crayon, grid paper, etc.).  
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Figure 1. Visual Representation of the Mathematical Problem-Solving Framework-based Integrated STEM 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Example of test developed based on a new framework of mathematical problem-solving based integrated STEM 
 

The indicators of making a hypothesis, arranging, and evaluating alternatives have required a test with several options 

or choices. The best item to represent these indicators is the item that requests students to decide the most effective option 

from several given options. The indicator "representing the problem" is not always can be assessed directly. However, we 

could examine the statement or students' answers during the "exploring and understanding" indicators. We highlight 

several essential things that need to be considered: (1) search a scientific phenomenon that can be applied as a context; (2) 

consider curriculum requirements in mathematics that can be applied as the contents if the test is curriculum-oriented; (3) 

create a scenario that provides student to explore their design skill; (4) give several options as a challenge to assess their 

evaluation and making hypothesis skills. The most appropriate mathematics contents that can be integrated into the STEM 

are statistics (data, representation, and central tendency), geometry, number, and measurement(Lasa et al., 2020; Maass 

et al., 2019). We provide an example that tries to bring out all the indicators of a new framework in Figure 2. The test is a 

scenario-based test with several prompting questions to explore every indicator of mathematical problem-solving 

framework-based integrated STEM. The prompting question also aims to reveal students' thinking to make sure students' 

answers are consistent and address student ability identified. 
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The test example provides an opportunity for students to design, develop a hypothesis, and evaluate their choice. 

However, the "representing the problem" indicator is not visible directly by this item. The prompting question 1 and 2 

facilitate students to understand the problem, given or unknown information related to the problem, and the aim of the 

problem. The indicator of understanding the given and unknown information can be assessed by how students represent 

the problem into a mathematical symbol. Prompting question 3 explores the basic concepts to be used for solving the problem. 

Prompting question 4 is for analyzing how they make a hypothesis with a reasonable argument while prompting question 

5 is assessing how they develop or design a model, and prompting question 6 is evaluating alternatives. Prompting question 

7 gives students a chance to explore their mathematics knowledge, and prompting question 8 evaluates and gives a 

conclusion. 
 

4.3 The Result of Students Answer in the Developed Test 

The results of students' answers are analyzed to prove the consistency of the problem-solving process (flow) and the 

suitability of the framework and developed test. There were four different processes or flows regarding how students answer 

the test. However, some common errors and mistakes were still encountered: (1) errors in writing the results, although, in 

the previous step of problem-solving, students wrote the correct result; and (2) errors in selecting information that impacted 

the calculation. Figure 3 illustrates the different flow charts of students' problem-solving. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Different flowchart of problem-solving step 

 

The differences among these flow charts are in the representation, design, and evaluation indicators. Nine students (29%) 

showed the type 3 flow chart in the problem-solving process. They did not represent the problem in symbolic but verbal 

representation. Both representations are acceptable since the problem does not require mathematical modeling to express 

it. Three students (9.7%) were in the type 2 flow chart (did not indicate the design process). The students were able to move 

into the next indicators. However, the answers were incorrect. Hence, the design process is necessary for the test. 24 out of 

11 students (77.4%) did not show the evaluation indicator implicitly during their problem-solving process. However, they 

did the logical steps of problem-solving. It means that the evaluation phase is not always can be assessed explicitly. Moreover, 

the evaluation process could be evaluated by using a metacognitive prompting question, e.g., is your choice appropriate with 

the given criteria?". The metacognitive prompting question could not assess the process of how students evaluate their steps 

during problem-solving. It only considers the product of the evaluation process. Hence, more than one assessment is needed, 

e.g., interview or observation. 

The consistency of the problem-solving indicators and their flow in the new framework can be proved in a practice area. 

However, the prompting question is required to stimulate and hint students to apply their prior knowledge, experience, and 

understanding. The prompting question also keeps a problem-solving process on track. To show that the prompting 

questions and the scenario work effectively, we analyze every step of students' answers and provide three different examples 

from students A, B, and C in Figures 4, 5, and 6, respectively. 

Student A's answer represented that an evaluation process occurs explicitly through the attached calculation (or 

representation), e.g., in prompting question's answer number 3 and number 4, there is a picture and calculation for helping 

and evaluating. The explicit evaluation phase makes student A's answer different from other students. We highlighted the 

student's answer in prompting question 2. The prompting question stimulated student A to determine not only the given 

information but also the unknown information. Moreover, the prompting question in number 2 could also hint at the 
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representation phase. Hence, this prompting question is a multi-dimension question. Student A's answer in numbers 4-8 

confirmed that the target of prompting questions are achieved. Therefore, all the prompting questions work effectively and 

guide students to the track of problem-solving based on student a answer. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. An example of student A's answer (flow chart type 1) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. An example of student B's answer (flow chart type 3) 
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Several issues are highlighted in student B's answer. First, prompting question number 2 did not work effectively 

because student B only determined the given information. However, the answer of number 3 showed that student B 

understood the important unknown information for answering the challenge. Hence, more specific prompting question 2 is 

required (e.g., what is the given and unknown information needed to answer the challenge?). Second, the different 

representation was detected in number 2, verbal representation. It is acceptable since different types of representation can 

occur in a problem. Third, the evaluation phase in the "make a hypothesis, and reasonable argument" indicators were 

revealed implicitly. The best way to assess the evaluation phase is to consider the whole problem-solving process. Hence, 

the assessor could decide the quality of students' evaluation skills. 

The problem-solving indicators will be distracted if students fail in a specific phase (indicator). Student B did well in the 

initial problem-solving indicator to the "evaluate alternative" indicators. However, student B failed in devising a plan, and 

it affected the conclusion. It can be proved that the problem-solving steps or indicators packed in the flowchart are dependent 

on each other. Another type of problem-solving process was showed by student C. The answer determines that student C 

understood the scenario, the challenge, and how to solve the challenge (see Figure 6). However, there were several errors in 

analyzing the given information and calculating the basic concept, e.g., the size of ivory paper is in mm, but it is written cm 

in student C's answer. It affected other steps of problem-solving. The error is not causing the changing flow (process) of 

problem-solving based on the new framework. The flow showed by student C was consistent with the developed new 

framework. All the prompting questions worked effectively. However, the evaluation phase did not appear in student C's 

answer, which influenced her/him to make an error. Hence, it concludes that error in solving a problem will not change the 

flow of problem-solving but it will effect the quality of students' answer in the next problem-solving step (indicators). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 6. An example of student C's answer (flow chart type 4) 

 

5. CONCLUSION 

A new framework of mathematical problem-solving-based-integrated STEM is developed to answer the limitation of 

frameworks in non-practical problem-solving. The framework is developed from a PISA creative problem-solving as a ground 

framework and generated indicators from several frameworks in each discipline (i.e., heuristic, mathematics 

experimentation, proving, inquiry, and engineering design-based). A new framework can be applied to develop a test 

integrating mathematics with STEM theory. The scenario-based problem test with prompting questions is appropriate for 

measuring mathematical problem-solving-based integrated STEM. Hence, creating a scenario that facilitates students to 

explore their design skills in a scientific phenomenon using mathematics contents is required. The flow and indicators of 
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problem-solving are valid according to the students' answers. The flow and indicators will not be distracted by student errors 

in calculation or understanding information. These errors will impact their quality of answer (right/ wrong) in the next steps. 

Hence, it is proved that problem-solving steps or phases are shown as a dependent process but fixed; one influences the 

other. However, students' probability of different problem representations is acceptable and wide. It depends on their 

strategy to interpret the problem and information. The evaluation phase is difficult to assess explicitly. The solution is using 

a metacognitive prompting question. However, it can only assess the product rather than the process of students' evaluation. 

The role of different assessment types is required in this case. Analyzing students' whole answers could be considered to 

assess the evaluation process. However, we could not build it as a prompting question. Prompting questions in the developed 

problem-solving framework are necessary to stimulate students' prior knowledge and experience. Moreover, it can be 

designed to make students always on track in a problem-solving flow, give them a hint, and reveal students' thinking. 

However, the clear and specific prompting question is important to avoid students' misunderstanding. The problem of 

multidimensional prompting items could not be separated from problem-solving since problem-solving is seen as a process 

rather than only a result itself. 

 

RECOMMENDATIONS 

STEM problem-solving is a core standard in education to tackle the 21st-century challenge. However, the under-represented 

mathematics in STEM assessment has become an issue. Moreover, the existing frameworks of STEM problem-solving are 

suitable for assessing activity during teaching and learning. This study covers the limitations by developing a new 

mathematical problem-solving-based integrated STEM framework and applying it into practice. The new framework 

combines and integrates frameworks in every STEM discipline. It applies in developing scenario based-test with prompting 

questions to show the practical use of the framework. The results revealed four types of flows in the problem-solving process 

posed by students with different in evaluating, representing, and designing phases. The flow of problem-solving and the 

indicators in a new model were consistent but shown as a dependent process. The scenario and prompting questions worked 

effectively regardless of a multidimensional prompting question. Several recommendations for developing a test based on 

the new framework are discussed. Quantitative analysis with large sample size is required for future study. 

ACKNOWLEDGEMENTS  

The author would like to thank the supervisor who has guided in the writing of this research paper so that it deserves to be 

published 

AUTHOR’S CONTRIBUTIONS   

All authors discussed the results and contributed to from the start to final manuscript. 

CONFLICT OF INTEREST 

There are no conflicts of interest declared by the authors. 

REFERENCES 

Annaggar, A., & Rudiger, T. (2020). A video game as an assessment tool of problem-solving competence. April. 

Aurah, C. M., Cassady, J. C., & McConnell, T. J. (2014). Predicting Problem Solving Ability From Metacognition and Self-

Efficacy Beliefs on a Cross Validated Sample. British Journal of Education, 2(1), 49–72. 

Baele, L. C. (2017). Middle School Engineering Problem Solving using Traditional vs . E-PBL Module Instruction (Issue 

January). Aurora University. 

Bakar, M. A. A., & Ismail, N. (2020). Express students' problem solving skills from metacognitive skills perspective on 

effective mathematics learning. Universal Journal of Educational Research, 8(4), 1404–1412. 

https://doi.org/10.13189/ujer.2020.080433 

Bayazit, I. (2013). An investigation of problem solving approaches, strategies, and models used by the 7th and 8th grade 

students when solving real-world problems. Kuram ve Uygulamada Egitim Bilimleri, 13(3), 1920–1927. 

https://doi.org/10.12738/estp.2013.3.1419 

Boero, P. (1999). Paolo Boero 1999. International Newsletter on the Teaching and Learning of Mtahematical Proof. 

http://www.lettredelapreuve.org/OldPreuve/Newsletter/990708Theme/990708ThemeUK.html 

Docktor, J. L., Dornfeld, J., Frodermann, E., Heller, K., Hsu, L., Jackson, K. A., Mason, A., Ryan, Q. X., & Yang, J. (2016). 

Assessing student written problem solutions: A problem-solving rubric with application to introductory physics. 

Physical Review Physics Education Research, 12(1), 1–18. https://doi.org/10.1103/PhysRevPhysEducRes.12.010130 

Erdem-Keklik, D. (2013). The Scale for Problem Solving Skills in Mathematics: Further Evidence for Construct Validity. 

Procedia - Social and Behavioral Sciences, 84, 155–159. https://doi.org/10.1016/j.sbspro.2013.06.527 

Evans, T., Thomas, M. O. J., & Klymchuk, S. (2020). Non-routine problem solving through the lens of self-efficacy. Higher 



Amalina & Vidákovich                                      International Journal of Trends in Mathematics Education Research, Vol. 5, No. 1 (2022), pp. 1-11 

 
 

10 

 

 

Education Research and Development, 0(0), 1–18. https://doi.org/10.1080/07294360.2020.1818061 

Fan, L., & Zhu, Y. (2000). Problem solving in Singaporean secondary mathematics textbooks. The Mathematics Educator, 

5(1–2), 117–141. 

Gray, G. L., Costanzo, F., & Plesha, M. E. (2005). Problem solving in statics and dynamics: A proposal for a structured 

approach. ASEE Annual Conference and Exposition, Conference Proceedings, 11543–11554. https://doi.org/10.18260/1-

2--15371 

Jolly, A. (2016). STEM by design: Strategies and activities for grades 4-8. Routledge. https://doi.org/10.4324/9781315679976 

Kelley, T. R., & Knowles, J. G. (2016). A conceptual framework for integrated STEM education. International Journal of 

STEM Education, 3(1). https://doi.org/10.1186/s40594-016-0046-z 

Lasa, A., Abaurrea, J., & Iribas, H. (2020). Mathematical Content on STEM Activities. Journal on Mathematics Education, 

11(3), 333–346. https://doi.org/10.22342/JME.11.3.11327.333-346 

Maass, K., Geiger, V., Ariza, M. R., & Goos, M. (2019). The Role of Mathematics in interdisciplinary STEM education. ZDM 

- Mathematics Education, 51(6), 869–884. https://doi.org/10.1007/s11858-019-01100-5 

Mehalik, M. M., Doppelt, Y., & Schuun, C. D. (2008). Middle-School Science Through Design- Based Learning versus 

Scripted Inquiry : Better Overall Science Concept Learning. Journal of En, January, 71–85. 

Merrill, K. L., Smith, S. W., Cumming, M. M., & Daunic, A. P. (2017). A Review of Social Problem-Solving Interventions: 

Past Findings, Current Status, and Future Directions. Review of Educational Research, 87(1), 71–102. 

https://doi.org/10.3102/0034654316652943 

Naqiyah, M., Rosana, D., Sukardiyono, & Ernasari. (2020). Nationalism of High School Student. 13(4), 921–936. 

OECD. (2013). PISA 2012 Assessment and Analytical Framework: Mathematics, Reading, Science, Problem Solving and 

Financial Literacy. OECD Publishing. https://doi.org/10.178/9789264190511-en 

OECD. (2018). PISA 2022 Mathematics Framework (DRAFT ) (Issue November 2018). https://pisa2022-maths.oecd.org/ 

Osborne, J. (2013). The 21st century challenge for science education: Assessing scientific reasoning. Thinking Skills and 

Creativity, 10, 265–279. https://doi.org/10.1016/j.tsc.2013.07.006 

Ozturk, T., & Guven, B. (2016). Evaluating students' beliefs in problem solving process: A case study. Eurasia Journal of 

Mathematics, Science and Technology Education, 12(3), 411–429. https://doi.org/10.12973/eurasia.2016.1208a 

Pedaste, M., Mäeots, M., Siiman, L. A., de Jong, T., van Riesen, S. A. N., Kamp, E. T., Manoli, C. C., Zacharia, Z. C., & 

Tsourlidaki, E. (2015). Phases of inquiry-based learning: Definitions and the inquiry cycle. Educational Research 

Review, 14, 47–61. https://doi.org/10.1016/j.edurev.2015.02.003 

Polya, G. (1978). How to solve it: a new aspect of mathematical method second edition. In The Mathematical Gazette (Vol. 

30, p. 181). http://www.jstor.org/stable/3609122?origin=crossref 

Priemer, B., Eilerts, K., Filler, A., Pinkwart, N., Rösken-Winter, B., Tiemann, R., & Zu Belzen, A. U. (2020). A framework 

to foster problem-solving in STEM and computing education. Research in Science and Technological Education, 38(1), 

105–130. https://doi.org/10.1080/02635143.2019.1600490 

Robinson, N. (2016). A case study exploring the effects of using an integrative STEM curriculum on eighth grade students' 

performance and engagement in the mathematics classroom. Georgia State University. 

Rudibyani, R. B., Perdana, R., & Elisanti, E. (2020). Development of problem-solving-based knowledge assessment 

instrument in electrochemistry. International Journal of Instruction, 13(4), 957–974. 

 https://doi.org/10.29333/iji.2020.13458a 

Scherer, R., Meßinger-Koppelt, J., & Tiemann, R. (2014). Developing a computer-based assessment of complex problem 

solving in Chemistry. International Journal of STEM Education, 1(1), 1–15. https://doi.org/10.1186/2196-7822-1-2 

Schraw, G., & Sperling, R. (1994). Schraw (1994) Assessing metacognitive awareness. In Contemporary Educational 

Psychology (Vol. 19, pp. 460–475). 

Shahali, M. E. H., Halim, L., Rasul, M. S., Osman, K., & Zulkifeli, M. A. (2017). STEM learning through engineering design: 

Impact on middle secondary students' interest towards STEM. Eurasia Journal of Mathematics, Science and 

Technology Education, 13(5), 1189–1211. https://doi.org/10.12973/eurasia.2017.00667a 

Shanta, S., & Wells, J. G. (2020). T/E design based learning: assessing student critical thinking and problem solving abilities. 

International Journal of Technology and Design Education, 0123456789. https://doi.org/10.1007/s10798-020-09608-8 

Shute, V. J., Wang, L., Greiff, S., Zhao, W., & Moore, G. (2016). Measuring problem solving skills via stealth assessment in 

an engaging video game. Computers in Human Behavior, 63, 106–117. https://doi.org/10.1016/j.chb.2016.05.047 



Amalina & Vidákovich                                      International Journal of Trends in Mathematics Education Research, Vol. 5, No. 1 (2022), pp. 1-11 

 
 

11 

 

 

Stylianou, D. A. (2011). An examination of middle school students' representation practices in mathematical problem solving 

through the lens of expert work: Towards an organizing scheme. Educational Studies in Mathematics, 76(3), 265–280. 

https://doi.org/10.1007/s10649-010-9273-2 

Tambychik, T., & Meerah, T. S. M. (2010). Students' difficulties in mathematics problem-solving: What do they say? Procedia 

- Social and Behavioral Sciences, 8(August), 142–151. https://doi.org/10.1016/j.sbspro.2010.12.020 

Toraman, Ç., Orakcı, Ş., & Aktan, O. (2020). Analysis of the Relationships between Mathematics Achievement, Reflective 

Thinking of Problem Solving and Metacognitive Awareness. International Journal of Progressive Education, 16(2), 

72–90. https://doi.org/10.29329/ijpe.2020.241.6 

Vargas, C. (2018). 13th International Congress on Mathematical Education Hamburg , 24-31 July 2016 Critical Thinking 

And Problem Solving. July 2016. 

Velasquez, Q. F., & Bueno, D. C. (2019). Metacognitive Skills in Problem Solving of Senior High School STEM Strand 

Students Metacognitive Skills in Problem-Solving among Senior High School STEM Strand Students. Institutional 

Multidisciplinary Research and Development, 2(June), 124–129. https://doi.org/10.13140/RG.2.2.18820.99207 

Verschaffel, L., Schukajlow, S., Star, J., & Van Dooren, W. (2020). Word problems in mathematics education: a survey. ZDM 

- Mathematics Education, 52(1), 1–16. https://doi.org/10.1007/s11858-020-01130-4 

Wells, J. G. (2016). Pirposal model of integrative STEM education: Conceptual and pedagogical framework for classroom 

implementation. Technology and Engineering Teacher, 75(6), 12–19.  

http://america.aljazeera.com/articles/2013/9/16/many-us-bridges-arestructurallyunsoundsaysnewreport.html 

Windschitl, M., Thompson, J., & Braaten, M. (2008). Beyond the scientific method: Model-based inquiry as a new paradigm 

of preference for school science investigations. Science Education, 92(5), 941–967. https://doi.org/10.1002/sce.20259 

Woods, D. R. (2000). An Evidence-Based Strategy. Journal of Engineering Education, October, 443–459. 

Woods, Donald R. (2000). An Evidence-Based Strategy. Journal of Engineering Education, October, 443–459. 

Wu, M., & Adams, R. J. (2006). Modelling mathematics problem solving item responses using a multidimensional IRT model. 

Mathematics Education Research Journal, 18(2), 93–113. https://doi.org/10.1007/BF03217438 

Yata, C., Ohtani, T., & Isobe, M. (2020). Conceptual framework of STEM based on Japanese subject principles. International 

Journal of STEM Education, 7(1). https://doi.org/10.1186/s40594-020-00205-8 

 

 

 

 

 

 
 


