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Abstract. This study aims to explore the decision-making process of novice and experienced 

teachers in designing mathematics problems. Data collection of decision-making process is done 

by interview based on the results of observations of problems designed by the teacher and the 

framework that includes the stage of generating ideas, clarifying ideas and assessing the 

reasonableness of ideas in creating mathematics problems. The findings show that in generating 

ideas, novice teachers are still less creative than experienced teachers. In clarifying ideas, 

experienced teachers always associate problem with real contexts close to students, while novice 

teachers create problems based on contexts that are still less associated to students’ real life. 

When assessing the reasonableness of ideas, novice and experienced teachers alike have the 

confidence that the problems are designed according to students' abilities in which experienced 

teachers claimed that the problems also supported by students experiences. 

1.  Introduction 

One of teacher's thinking processes is when making a decision. One of the teacher's thinking skills 

is used to make decisions in learning [1]. Decision making in learning is the most essential activity in 

learning process [2]. The quality of learning implemented by teacher is highly depends on teacher's 

thinking process in making decisions. Decision making in learning is teacher's thinking process in 

determining activities from a series of alternatives while designing and implementing learning. It is also 

known as a thinking process that starts from generating, clarifying and assessing the fairness of ideas 

[3]. 

 One of the decisions made by teacher in designing and implementing mathematics learning is 

decisions on assignments. Tasks are the most dominant thing in planning and implementing learning 

[2]. Most teachers focus on planning assignments, while many interactive teachings focus on the smooth 

execution of tasks as planned. Mathematics assignments influence students' thinking and understanding 

of mathematics. Tasks designed by teacher are highly depend on teacher's goals to develop students’ 

abilities. Teachers need to consider the form of task to achieve the desired goals in learning where in 

accordance with the current mathematics curriculum, mathematics teachers are required to present 
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assignments in the form of problems [4]. 

Mathematics problems are questions with non-routine solution [5]. They are highly recommended 

by the 2013 curriculum to be given to students. The design of appropriate mathematics problems can 

develop students' thinking skills. Mathematics problem given by prospective mathematics teachers is 

still rarely done during on-field teaching practice [6]. Similarly, mathematics teachers, based on the 

results of observations, rarely provide questions in the form of mathematics problems to their students 

consistently. On the other hand, teachers who consistently provide math problems to students, were 

found to have interesting differences between novice and experience math teachers in designing 

problem. This is certainly influenced by their decision making process. 

Research on decision making in mathematics learning has been conducted. Borko, Roberts, & 

Shavelson (2008) have reviewed mathematics teacher decisions, reasons, mechanism, influencial 

factors, and differences between novice and experienced teacher in planning [7]. Stahnke, Schueler, & 

Roesken-Winter (2016) examined teacher decision making from a cognitive and other perspective [8]. 

Vanlommel, Van Gasse, Vanhoof, & Van Petegem (2017) explore how teachers use data and intuition 

in the decision-making process in class retention cases [9]. Schoenfeld (2010) states that decision 

making can be modeled and explained as a function of intellectual, social and other material knowledge 

and resources; aim; and its orientation (beliefs, values, and preferences) [9]. Santagata & Yeh, (2016) 

found that teacher communities also played an important role in the decision making [10]. 

From the explanation above, it can be sum up that there is no research reveals the cognitive processes 

of teacher decision making which focus on designing mathematics problems. Thus, this study will 

provide more information on the thinking process of mathematics teacher in their decision making based 

on the stages of generating, clarifying, and evaluating ideas on designing mathematics problems by 

novice and experienced teachers. Lande & Mesa (2016) also stated the need for further research to pay 

attention to teachers as individuals to better understand teacher decision making [11]. 

2.  Methods 

2.1.  Research subject 

This research uses an explorative qualitative approach. The researcher explores the process of 

decision making of novice and experienced mathematics teachers. The researcher has observed 9 high 

school math teachers in Madiun, East Java, Indonesia. The 9 teachers consisted of 4 novice teachers 

(teaching less than 5 years) and 5 experienced teachers (teaching more than 15 years). Based on the 

observation which was conducted 6 times in 2 months, the researcher chose 2 research subjects, one 

novice teacher and one experienced teacher. The two teachers were chosen because of the consistency 

providing mathematics problems to students in 6 lessons. The selected novice teacher is a 29-year-old 

female math teacher who has 3 years of teaching experience. While selected experienced teachers is a 

45-year-old male mathematics teachers who have 15 years of teaching experience. In addition, this 

selected novice and experienced teacher teaches at the same school, SMAN 2 Madiun, where the 

curriculum and the characteristics of students are similar. 

2.2.  Data Collection and Analysis 

The data of this research was collected through observation and interviews. Observation focused 

on the design of mathematics problems given by novice teachers and experienced teachers. Interviews 

were conducted to collect data of the decision-making process with a framework that included 

generating, clarifying and assessing the fairness of ideas as shown in Table 1. 

 

 

Table 1. Framework for Decision Making Process on Mathematics Problems 

Decision Making step Description 

Generating Idea Gather various ideas about mathematics problems. 

Clarifying Idea Analyze ideas on mathematics problems. Give reasons and 
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explain ideas on mathematics problems. 

Assesing fairness Idea Assess existing logical ideas onmathematics problems. 

Assessment is based on existing facts and rules. 

The framework was selected to reveal the teachers’ thinking process in making decision. Swartz et 

al. (1998) are experts who have done a lot of research in one's domain of thinking. Data analysis was 

conducted through reading interview transcripts and written records based on the framework in Table 1. 

Data reduction and exposure were then conducted. The validity and reliability of the data is done through 

time triangulation by conducting interviews several times to optain saturated. 

3.  Result and Discussion 

Based on the results of observations, decision making by novice and experienced teachers is to 

provide mathematics problems during core activities and learning evaluation. The researcher selects a 

mathematics problem design for the learning process and learning evaluation which is then analyzed the 

decision making process comducted by novice and experienced teachers. The selection of one design 

problem is based on the consistency of the mathematics problems given by novice and experienced 

teachers to students. 

3.1.  Decision making process in designing mathematical problems for core learning activities 

The following is decision making in designing mathematical problems for the learning process by novice 

teachers and experienced teachers. 

 

 
Translate: 

Distance between Dini’s house and school is 

������� � km. If the distance of Dini’s house is 

more than 5 km and less than 7 km, determine 

the value of x. 

In a class there are 22 students. The teacher holds a math 

test as shown in the following picture. 

 
Mean value of 5 and range value of 4 were obtained from 

the result of the test. If a student with the lowest score 

and a student with the highest score are not included, the 

mean value changes to 4.9. What is the lowest and 

highest score? 

(a) Novice Teacher (b) Experienced Teacher 

Figure 1. Mathematics Problem Task for Learning Process 

Generating Idea 

The decision making process by the two teachers starts with the idea generating stage, where the 

idea of a novice teacher on the problem given dependent on the problem in the student book. This is 

also supported by the novice teacher's statement, "I chose a mathematical problem by looking at the 

problem in the student book. I choose questions that are not too procedural in their solutions so that the 

question becomes a problem for students". While experienced teachers have various ideas on the 

problems presented. 

Experienced teachers said, "I have a large selection of mathematical problems, I modified from 
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several forms of problems to design new problems. I made some modifications of the information to the 

problem, what is asked about the problem and adjusted it to the context of the students". Problems 

designed by experienced teachers differ from those in student books as they were designed by modifying 

existing problems which contain contexts familiar to students. Thus, experienced teachers are more 

creative than novice teachers in generating ideas about mathematical problem design for core learning 

activities. 

Clarifying Idea 

The process of clarifying ideas suggests that the novice teacher does not compare the chosen 

question with other questions. She directly chooses the question although there could be many reason 

to shoose other question which could be consider as problems. She stated that, "I choose mathematical 

problems in books based on students previous understanding on the materials (class situation)". 

In contrast to novice teacher, the experience teacher compares question with other problems existed 

and created previously as well as provided reason for his decision. Experienced teacher stated, "I choose 

problems based on my teaching experience and the development of students' thinking skills by presenting 

problems in the real context." The idea of the problem being made. 

Assesing fairness of the Idea 

The process of evaluating the fairness of ideas founds that the novice teacher believe that the 

problem given is suitable for students as it was taken directly from the student book. She stated, "I am 

sure about the problem that I have chosen as it was presented in the student’s book and the student book 

was made by competent experts." 

Whereas experienced teacher believes that problems he had chosen awere made appropriate to 

given to students based on previous his teaching experience. The designed problems were the best 

problem when compared to other problems on the same topic and have been made earlier. He said, 

"based on my experience, the problem that I gave was in accordance with the learning objectives." 

There are differences between the decision making process of novice and experienced teachers. 

Novice teacher make her decision based on existing learning resources and the state of the students. This 

shows that novice teacher are less creative than experienced teacher. Experienced teacher is able to 

design problems with modifications based on previous knowledge. The modified problem is attracting 

attention as the context of the problem is familiar to students. This indirectly defines creativity in 

teaching mathematics [12]. The novice teacher doesn’t use her experience to make her decision. On the 

other hand, experience teacher used his experienced on his decision making process. One of the factors 

that influence decision making is the experience possessed by the teacher [7]. 

3.2.  Decision making process in designing mathematical problem assignments for learning evaluation 

Furthermore, decision making on the design of mathematical problems used for learning evaluation by 

novice teachers and experienced teachers is shown in Figure 2. 

 
 

The difference between the length and width of 

a rectangle is less than 6 cm. If the periphery of 

the rectangle is 32 cm, determine the boundaries 

of the length value of the rectangle. 

From the list of numbers 2,3,4,5,6,7 and 8, different 

numbers will be made. Determine the sum of even 

numbers that can be made which are smaller than 400. 

(a) Novice Teacher (b) Experienced Teacher 

Figure 2. Mathematics Problem Task for Learning Evaluation 

Decision making on the design of mathematical problem assignments for learning evaluation differs 

from that given in the learning process. Novice and experienced teachers choose mathematical problems 

with modifications from some of the previous mathematical problems. 

Generating Idea 

The process of generating ideas reveal that novice teacher develop the idea of a problem from 

previous knowledge about the material of absolute value. The mathematical problem made by novice 

teacher is a modification that combines the concepts of absolute values and concepts rectangles 
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periphery (Figure 2a.). Whereas experienced teachers develop the idea for the problem from routine 

questions about finding the mean value students have learned (Figure 2b.). Experienced teacher develops 

questions by adding conditions to create problems. Novice and experienced teachers alike build ideas 

by modifying problems and both look equally creative. 

Clarifying Idea 

The process of clarifying idea done by novice teacher was conducted by comparing several 

problems in the form of absolute value and reasons to find out students’ learning outcomes. Novice 

teachers state that "the main considerations in designing problems for evaluation are the learning 

indicators or objectives and the level of students' abilities". 

Experienced teachers clarify ideas by comparing other problems that have been made previously 

(based on their previous experience in teaching). In addition to learning indicators and students' abilities, 

problem-solving is also adjusted to the real context that is familiar to students. Novice and experienced 

teachers have reasons to choose problems suitable to the standard competencies and indicators that must 

be achieved by students. 

Assesing The Fairness of Idea 

Furthermore, in assessing the fairness of ideas, the novice teacher believes that the problem the 

problem he made was the best and appropriate to measure student’s learning outcomes. While 

experienced teachers assess the fairness of ideas by having confidence that the problems are made 

appropriate to students based on previous teaching experience and the problems made are the best 

problems compared to other problems on the same topic and have been previously made. 

The description above shows that in generating ideas on mathematical problems for core activities 

and learning evaluation, novice teachers are still less creative compared to experienced teachers. In 

clarifying ideas, experienced teachers always associate with real contexts familiar to students, while 

novice teachers make problems with contexts less familiar to students. When assessing the 

reasonableness of ideas, novice and experienced teachers alike have the confidence that the problem 

given is in accordance with students' abilities which is supported by experience for experienced 

teachers.Teachers’ schemes for designing and implementing learning are influenced by their beliefs and 

experience [7][13]. 

4.  Conclusion 

The findings of this study have implications for increasing the competence of other mathematics 

teachers in order to meet the demands of the current curriculum. For teachers who are not accustomed 

to presenting mathematics questions as a mathematics problem for students, the results of this study can 

provide information in the novice and experienced teacher's decision making process. However, there 

are still some deficiencies in novice teachers in generating ideas, analyzing questions and evaluating 

problem as a result of the limited knowledge. In developing ideas about mathematics problems, 

creativity is needed to create real problems familiar to students. Clarification idea in assigning important 

mathematics problems is important to ensure that the problem given are in accordance with the basic 

competencies, indicators and abilities of students. The fairness of idea on mathematics problems is also 

important to to create problems which can measure students 'abilities and develop students' thinking 

skills. The researchers suggest to improve the competency of novice teachers through training to develop 

creativity and competency in analyzing mathematics problems suitable to students' abilities. In addition, 

knowledge of experienced teachers must be constantly updated, especially on pedagogical content and 

knowledge on designing mathematics problems in accordance with current curriculum requirements. 

Due to the fact that decision making is the teacher's thinking process, further research must be done to 

explore how the decision-making process works based on the influential factors. 
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