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Abstract 

Mathematics is one of the fields that has important role in the 21st-century thinking because mathematics 
involves the process of logical and systematic thinking to solve problems. This makes mathematical 
competencies need to be developed through learning and integrated into knowledge, skills, and 
attitudes. When learning has facilitated the development of 21st-century mathematical competencies, 
the assessment must also be able to photograph it. This research aimed to find out whether the lecturers 
of the Mathematics Education Study Program have conducted a 21st-century mathematics competency 
assessment. This research used a qualitative approach with the phenomenological method. The data 
were collected using in-depth interviews with each participant. The research participants were 20 
lecturers from Mathematics Education Study Program who came from 12 provinces in Indonesia. Data 
analysis was performed by using the help of ATLAS.ti 8 software to analyze participants’ transcripts 
and documentation, formulate important phrases or sentences, formulate meaning, bring themes up, 
and be integrated into in-depth descriptions of the phenomenon. The result showed that lecturers of the 
Mathematics Education Study Program have not focused on the 21st-century mathematics competency 
assessment. The assessment of each mathematical competency was only done globally and not carried out 
in detail about each of the competency indicators.
Keywords: 21st-century mathematical competencies, competency assessment, lecturers’ experience in 
assessment, Mathematics Education Study Program lecturers. 

Introduction

In the 21st-century, people will experience rapid changes in globalization, demographic 
transformation, and advanced technology, so there will be opportunities to explore new things. 
Therefore, fundamental education reforms are needed in society in the 21st-century (Cheng, 
2017). Educators are currently obliged to make self-adaptations and certain changes to utilize 
all the potential successfully that exists in the Industrial 4.0 era (Gleason, 2018). Students 
experienced changes in thinking patterns, ways of learning, and ways of acting in developing 
creative innovations in various fields. Educators were expected to be able to manage to learn, 
so students will have the 21st-century competence. This is because the success of a student 
depends on his or her 21st-century competence (Rotherdam & Willingham, 2009).

The 21st-century competency learning objectives have become important discussion 
topics throughout the world (European Union, Education and Culture DG, 2007; Pellegrino & 
Hilton, 2012; Voogt & Roblin, 2012). The 21st-century competence refers to educational goals 
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or learning outcomes that are appropriate to the abilities needed in the 21st-century (Binkley et 
al, 2012; NEA, 2011; P21, 2002; Trilling & Fadel, 2009; Wagner, 2008). Various terminology 
is used to describe 21st-century competencies, which include generic competencies, main 
competencies, transversal competencies, and interdisciplinary skills. However, these 
competencies have almost the same meaning and content (Fullan & Scott, 2014; Iurina & 
Gorlova, 2018; UNESCO, 2016; Wang et al, 2018).

Many research findings revealed the important reasons for focusing on the 21st-century 
competencies (Ananiadou & Claro, 2009; Dede, 2010; Dumont et al, 2010; Fullan & Langworthy, 
2014; Griffn et al, 2012; Pellegrino & Hilton, 2012). This showed that the education system 
needs to be improved to keep pace as the time changes, including optimizing learning. One 
way to optimize learning is innovating through technology to deepen and improve it, as well as 
establish education that is more relevant to everyday life.

Mathematics is one of the fields of study that has important role in the 21st-century 
thinking (Vale, 2018). In the present time, mathematics no longer emphasized arithmetic 
because it has been replaced with a calculator and computer. Mathematics emphasized more 
on the thinking process in the order of several logical and systematic steps to solve a particular 
problem. Mathematics is not a matter of entering numbers into formulas and doing rote 
calculations, but mathematics is more about ways of thinking and exploring things that are still 
considered odds to students (Paulos, 1995).

In general, the characteristics of mathematics are having abstract study objects, referring 
to agreements, deductive, axiomatic, formal, hierarchical, and consistent in the system, 
having meaningful symbols, and paying attention to the universe of speech. Because of this, 
mathematics teachers must be able to bridge between mathematical characteristics and student 
characteristics. Teachers need to develop learning models that able to facilitate the 21st-century 
competencies development and then assess these competencies. It is intended that students will 
have competence in global society (Rotherham & Willingham, 2009; P21, 2019; Truesdell & 
Birch, 2013).

In this modern era, the problems of developing students’ mathematical competencies 
become important (Alpysov et al, 2017). This is because the community needs individuals 
who can cause new problems and find innovative solutions in the uncertainty conditions 
(Makhashova et al, 2016; Sakenov et al, 2012). The mathematical competencies have also 
been identified throughout the world as one of the main competencies for personal fulfillment, 
social and economic inclusion in the 21st-century knowledge society (Vorobjovs, 2017). 
Although the establishment of certain aspects of students’ mathematical competencies has 
been extensively studied (Alpyssov et al, 2016; Salekhova et al, 2014), research on developing 
students’ mathematical competencies is still lacking. Some researchers have also formulated 
special competencies that are considered as important factors in the development of students’ 
mathematical competencies (OECD, 2012; Omarov et al, 2016; Zhumasheva et al, 2016).

Mathematical competencies include two kinds of overall abilities, which are 1) the 
ability to ask and answer questions in mathematics, and 2) the ability to understand and use 
mathematical language and tools (Niss, 2003; Niss & Højgaard, 2011; Zeidmane, 2013). 
The ability to ask and answer questions in mathematics includes mathematical thinking 
competencies, competencies in dealing with problems, mathematical modeling competencies, 
and reasoning competencies (giving mathematical reasons). While the ability to understand and 
use language and mathematical tools includes the competence of mathematical representation, 
the competency of using symbols and formal mathematics, the competence of mathematical 
communication, and the competency of using tools or information technology.

The implementation of the 21st-century mathematical competencies assessment 
becomes a serious challenge because it is demand of curriculum reform that emphasizes 
learning experiences (Cheng, 2017). In recent years, researchers have assessed mathematical 
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competencies on large scales such as TIMSS and PISA by using advanced statistical methods 
(Reiss et al, 2019). Nevertheless, the focus for classroom assessment is still measuring on 
the ability of students to remember facts, measure students’ abilities to think complexly and 
problem-solving. Then, problems also often arise from the test instruments that were used. The 
test instrument has not been designed to measure how well students can apply what have already 
known to a new situation and evaluate how students solve the problems using technological 
assistance. Also, the test instruments have not been designed to help teachers evaluating pre-
determined learning targets. This assessment will eventually lead to the gap between students’ 
knowledge and the competencies needed in the 21st-century.

Research Problem

Ideally, an assessment must be creative, integrative, practical, and collaborative by 
assessing students’ learning from multiple aspects. Assessment strategies required changes to 
meet today’s world demands so that the assessment can measure complex capabilities. The 
assessment was carried out in detail and stages starting from assessment to measure knowledge, 
measure the ability to think mathematically, and the ability to examine problems. Moreover, 
assessments can also be done in more detail, such as assessment for measuring the ability 
to gather information, to make information, and to make reasons for decisions on the use of 
technology. 

However, based on the assessment report conducted by the lecturers, it did not show 
the learning assessment from multiple aspects. The assessment report has not been able to 
provide a clear picture of the process and results of 21st-century mathematics competency 
assessment. The 21st-century mathematics competency assessment will involve various 
activities, one of them is the process of understanding students’ mathematical thinking. The 
process of understanding students’ mathematical thinking can be done through students’ 
explanations, strategies, and mathematical behavior, which will be far more complex than 
the way teachers think about mathematical concepts and mathematics learning (Even, 2005; 
Watson, 2006). Therefore, teachers need diverse ways of thinking about planning, learning, and 
assessing. Some research results indicated that there were variations in the teacher applying 
innovative assessment practices based on the concepts of learning and mathematics assessment 
(Brookhart, 2003; Duncan & Noonan, 2007). Thus, the accuracy of lecturers in the practice of 
mathematics competency assessment is important in evaluating learning that has been done 
and will affect the planning of subsequent mathematics learning. Therefore, the exploration of 
lecturers’ experience in assessing 21st-century mathematics competence needs to be done.

Research Focus

Based on this description, it is necessary to review the assessment that has been 
done so far, by identifying competencies and assessment standards that are relevant to 21st-
century mathematics competencies, and then determining how best to assess the acquisition 
of student competencies. This research aimed to find out whether the Mathematics Education 
Study Program lecturers have assessed the 21st-century mathematical competencies. The 
assessment of learning must be relevant to the learning conducted. Therefore, researchers will 
also investigate whether learning by lecturers has facilitated the development of 21st-century 
mathematical competencies.
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Research Aim and Research Questions

Realizing the importance of 21st-century the accuracy of mathematics competency 
assessment, this study specifically aimed to explore 21st-century planning, learning, and 
assessment of mathematics competence. Thus, this research is directed to answer the following 
research questions:

1. How the Mathematics Education Study Program lecturers do the planning, learning, 
and assessing of mathematics competencies?

2. What kinds of mathematical competencies are developed in the learning, and then 
do in the assessments?

 
Research Methodology 

General Background

This research used a qualitative approach with the phenomenological method. 
Phenomenology can be defined as the study or investigation of how things appeared, were 
given, or presented themselves to us in pre-reflective or life experiences (van Manen & van 
Manen, 2014). This research aimed to unfold the paradigm or perspective of lecturers on the 
assessment of 21st-century mathematics competence. This perspective can be seen in the 
behavior or the experience of lecturers in conducting assessments. The experiences of lecturers 
will be identified as in-depth and thoroughly to get the meaning of 21st-century mathematics 
competency assessment. This research was conducted for 5 months, starting from August to 
December 2019. This research was expected to be the basis for further research, especially to 
develop 21st-century mathematics competency assessment.

Participants

The research participants were 20 lecturers from the Mathematics Education Study 
Program in 12 provinces in Indonesia. The number of participants based on recommendations 
from Polkinghorne (1989) that researchers should interview 5 to 25 people whom all experienced 
the phenomenon. The selected participants were considered by gender, higher education 
institutions in Indonesia, and lecturers’ academic degrees. The composition of the participants 
were 13 male lecturers and 7 female lecturers. There were 7 lecturers from public universities, 
7 lecturers from private universities, 2 lecturers from public institutes, 3 lecturers from private 
institutes, and 1 lecturer from private colleges. There were 5 lecturers with doctorates, 12 
lecturers were doctoral candidates, and 3 lecturers had master degrees.

Instrument and Procedures

Data collection was done through in-depth individual interview (Creswell, 2007). 
Interviews were conducted in 60 to 90 minutes duration to reveal the following aspects: 1) 
lecturers’ experience in planning and conducting learning that facilitates students in developing 
21st-century mathematics competencies; 2) lecturers’ experience in planning and evaluating 
21st-century mathematics competencies; 3) expectations for planning, implementation of 
learning, and assessments that have not been achieved; and 4) strategies taken by lecturers to 
achieve these expectations. During the interview, the researcher also studied the assessment 
documents made by the participants, to obtain data or information about the planning and 
practice of mathematics competency assessment. Moreover, the researcher tried to create a 
conducive atmosphere, so the participants felt comfortable and free in responding to every 
question raised (Moustakas, 1994).
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Data Analysis
 

The phenomenological method was used in analyzing participant transcripts (Colaizzi, 
1978). All transcripts were read several times to get overall information about participants. 
From each transcript, the researcher identified important sentences related to the lecturer’s 
experience in planning and evaluating 21st-century mathematics competencies. Then the 
researcher formulated the meanings based on important statements and phrases. Then, the 
meanings that have been formulated are grouped into themes (general themes) that were applied 
to all participant transcripts. The results of grouping themes then were described in depth based 
on these phenomena. After the description and themes were obtained, the researcher validated 
the findings by meeting several participants for the second time. If there were new relevant data, 
then the data were included in the final description.

Analytical reduction of participants’ experiences in the implementation of learning 
and assessment of 21st-century mathematical competencies become an important part of data 
analysis in this study. The researcher used the help of ATLAS.ti 8 software in analyzing data 
with the following steps: 1) creating a Heurmeunistic Unit; 2) inputting data by creating several 
Primary Documents; 3) choosing data and making several quotations; 4) providing coding; 5) 
making a network picture; 6) making a memo by commenting on each data; and 7) producing 
an output in the form of data presentation and visualization. 

Trust in methodology was done through verification, validation, and validity (Meadows 
& Morse, 2001). Verification was done through literature search activities, following the 
phenomenological method, grouping experiences, making field notes, using adequate samples, 
identifying negative cases, and conducting interviews until data integrity is achieved (Frankel, 
1999; Meadows & Morse, 2001). Validation is an evaluation in a project carried out by various 
data collection methods, such as interviews and document studies. Also, validation can be done 
by analyzing and coding data by more experienced researchers, checking participants, and key 
informants, as well as audit trails. Validity is the goal of research based on trust reviews.

 
Research Results 

Based on the results of in-depth interviews and documentation studies, several things 
that can be revealed were: 1) lecturers’ understanding of 21st-century mathematics competence; 
2) lecturers’ experiences in planning and conducting learning which facilitates students in 
developing 21st-century mathematical competencies, and 3) lecturers ‘experience in planning 
and evaluating 21st-century mathematics competence. Also, lecturers’ expectations about 
planning, implementation of learning, and assessment have not been achieved, as strategies that 
have been carried out by lecturers to achieve these expectations. 

Based on data analysis, the network obtained from the research findings as in Figure 
1. Figure 1 explained when talking about assessment, it certainly cannot be separated from 
the learning that is conducted. Precisely, measurement was the first step of learning. Without 
measurement, there will be no assessment, without assessment, there will be no feedback, and 
without feedbacks, there will be no understanding knowledge of learning outcomes. Furthermore, 
without knowledge of learning outcomes, there will be no systematic improvements in learning. 
Evaluations that have been done well and correct can improve the quality and learning outcomes. 
Evaluation activities can help lecturers to improve learning and help students to improve their 
learning, which aims to improve student achievement. In the learning system, evaluation was 
one of the important components and stages that must be taken by the lecturers to determine the 
effectiveness of learning. The results obtained from the evaluation can be used as feedback for 
lecturers on improving and completing programs and learning activities.
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Figure 1
The network of research findings 

Lecturers’ Understanding of 21st-Century Mathematical Competencies

Talking about mathematical competencies, it certainly cannot be separated from the 
lecturers’ views on mathematical competencies and their characteristics. Competence was 
different from skills. Skills were the ability to complete tasks or problems, while competence was 
the ability to apply learning outcomes to a particular context, for example in the field of education 
and work. Competence was not limited to cognitive aspects, but also included psychomotor 
aspects and involved affective aspects. These three aspects differed in their emphasis. Affective 
aspect involved the use of theories, concepts, or knowledge. The psychomotor aspect involved 
technical skills, while affective aspects involved social skills and ethical values.

Mathematical competency is a mathematical way of thinking skills, which included 
creative thinking and innovation, critical thinking, problem-solving, decision-making, and 
metacognition. This is because mathematics was a pattern of thinking, organizing patterns, 
and logical proof. Mathematics is used as a language that can define clearly, accurately, and 
accurately on its representation. Mathematics can also be understood as an organized structure 
of knowledge. The nature of mathematics is deductively made based on elements that are not 
defined and axioms. Science or content of mathematics has not changed, just the application of 
mathematics today is more complex in various fields. Therefore, the way to learn mathematics 
demands changes.

Lecturers’ understanding of 21st-century mathematical competencies was very diverse. 
Most lecturers understand 21st-century mathematical competencies as same as 21st-century 
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competence in general, which consists of critical thinking and mathematical problem solving, 
mathematical communication, collaboration, creativity, and innovation. Other lecturers 
understand 21st-century mathematical competencies as Higher Order Thinking Skills (HOTs) 
in mathematics. This understanding will certainly influence lecturers in planning their learnings 
and assessments.

Planning and Learning that Facilitates the Development 
of 21st-Century Math Competence

The planning course started with the preparation of the semester learning plan. The 
preparation of the semester learning plan was focused on the study program curriculum that 
was used as a reference, mainly in terms of decreasing course-learning achievement, which 
refers to the graduate learning achievement listed in the curriculum. Learning methods, 
assignments given, and assessments were adjusted to the characteristics of the course. In their 
learning, lecturers have applied various innovative learning methods, for example, Problem 
Based Learning, discovery learning, inquiry, and also using technology as supporting tool, for 
instance, blended learning using Learning Management System/ LMS (Moodle).

Problem-solving becomes the main competency that was developed for students. Problem-
solving is the ability to produce solutions to mathematical problems. In solving problems, 
students can use trial and error methods until they find a solution. Activities undertaken by 
students were: 1) classifying problems to compare, differentiate, sort, and classify objects; 2) 
using logic and reasoning to produce solutions to problems, and 3) planning and sorting, and 
developing by following multi-steps to achieve goals.

In addition to problem-solving, competencies that were developed in mathematics learning 
are mathematical thinking competence, mathematical modeling competence, and mathematical 
reasoning competence. Lecturers have facilitated the development of mathematical thinking 
competence in learning, namely through discussions to broaden the scope of the concepts by 
abstracting mathematical properties and generalizing results to larger objects, so students can 
understand and handle the scope and limit of the concepts that were given. However, so far 
students have not been trained to ask questions, know the types of answers, and distinguish 
between various types of mathematical statements, including conditioned statements, statements 
containing quantitative, guesses, assumptions, definitions, theorems, and special cases.

On the other hand, students also need to be facilitated in developing the ability to 
understand and use language and mathematical tools. Those abilities included the competence 
of mathematical representation, the competency of using symbols and formal mathematics, the 
competence of mathematical communication, and the competence of using tools or information 
technology. Students learned to decode, interpret, differentiate between codes, then use 
various types of mathematical representations, phenomena, and problems, including the use of 
symbols, algebraic operations, data presentation, geometric shapes, graphical representations, 
diagrams, and tables, as well as concrete representations of a material object. However, students 
did not understand the interrelationships between various forms of representation of the same 
thing, students did not know the strengths and weaknesses of representation and added the 
missing information. The competence of tools and tools means that they can utilize and relate 
to mathematical tools and aids.

21st-Century Planning and Evaluation of Mathematical competencies

All of those mathematical competencies have developed in learning and assigning tasks. 
Nevertheless, so far there has not been a detailed assessment of mathematical competencies 
about each of the competency indicators. The assessment so far was more focused on the ability 
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to understand the mathematical concept and problem solving in general. The 21st-century 
mathematical competencies assessment conducted by the Mathematics Education Study 
Program lecturers is summarized in Table 1.

Table 1
Assessment of 21st-century mathematical competencies conducted by lecturers

Math 
competence

Mathematical competencies assessment

Already done by the lecturers Have not done by lecturers

Mathematical 
thinking 
competency

An assessment of the understanding and ways 
of dealing with the scope and limits of a given 
concept, as well as an assessment based on 
the scope of the concept, namely abstracting 
the nature of mathematics and generalizing 
findings to a broader scope.

Assessment of the ability to ask mathematical 
questions, the ability to know different types of 
answers, and the ability to distinguish different 
types of mathematical statements.

Problem tackling 
competency

Assessment of students’ abilities in identifying 
and determining various types of mathematical 
problems, including applied problems and 
closed problems, and then solving problems.

Assessment in identifying and raising problems 
has not used open problems. Students are 
not accustomed to raise problems, because 
lecturers usually raise problems.

Modelling 
competency

Assessment in coding models, for example, 
translating and interpreting model elements, 
as well as modeling in specific contexts, for 
example structuring the model, calculating 
mathematically, completing the model.

Assessment in analyzing the foundation and 
nature of the model; validate the model; analyze 
and criticize models by providing alternative 
models; monitor and control the modeling 
process; and communicating models and 
modeling results.

Reasoning 
competency

Assessment to find out whether the 
mathematical proof provided is correct and 
to formulate formal mathematical arguments 
to become valid proof, namely a statement of 
proof.

Assessment of the ability of students to assess 
the chain of arguments submitted by others; 
expressing the basic ideas of certain arguments; 
construct mathematical arguments; turning 
heuristic arguments into valid evidence.

Representing 
competency

Assessment of students’ abilities in 
understanding and utilizing representations, 
by decoding, differentiating, and interpreting 
various types of mathematical objects.

Assessment of students’ abilities in 
understanding and utilizing relationships 
between different representations of the same 
thing, and also knowing the strengths and 
limitations of representation.

Symbol and 
formalism 
competency

Assessment of students’ ability to translate from 
natural language to symbolic language, then 
handle symbols and manipulate statements 
and expressions in the form of formulas and 
symbols.

Assessment of students’ ability to describe and 
interpret mathematical symbols and understand 
the relationships between symbols; understand 
the nature and rules of formal mathematics.

Communicating 
competency

Assessment of students’ ability to understand 
written text, visual, or oral form of mathematical 
content.

Assessment of students’ ability to express 
themselves in the accuracy of mathematical 
content and procedures in oral, visual, or written 
form.

Aids and tools 
competency

Skills assessment using mathematical teaching 
aids and mathematical software.

Assessment to find out the existence and nature 
of various teaching aids and mathematical aids, 
as well as their scope and limitations.
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Table 1 shows that lecturers have not focused on 21st-century mathematical competencies 
assessment. This indicated in every mathematical competency assessment was only done 
globally and not carried out in detail.

Lecturers’ Expectations on Planning, Learning, and Assessment

Lecturers’ expectations of learning were students who could use various types of reasoning 
that was appropriate to the problem situation, then analyzed the interactions between parts to 
produce a whole in a complex system. Learning objectives and assessments were expected 
to photograph the ability of students in 1) analyzing and evaluating evidence and arguments 
effectively; 2) analyzing and evaluating the main alternative viewpoints; 3) synthesizing and 
making connections between information and arguments; 4) interpreting information and 
drawing conclusions based on analysis; 5) thinking critically about learning experiences and 
processes; 6) solving various types of problems in conventional and innovative ways; and 7) 
identifying and asking important questions to clarify various perspectives and better solutions.

Strategies Done by Lecturers to Achieve Expectations

Strategies taken by lecturers to achieve those expectations were in the form of strategies 
for developing and evaluating mathematical competencies. In planning learning, lecturers 
determined which mathematical competencies will be developed. In this case, the semester 
learning plan was strived to facilitate the development of all 21st-century mathematical 
competencies, both abilities related to mathematical content, as well as the ability to use 
language and mathematical tools. The model or method of learning that was chosen must 
support the development of these mathematical competencies. The strategy in evaluating 
mathematical competencies for students was by compiling items with a grid referring to 21st-
century mathematical competency indicators. Then the scoring rubric was also adjusted for 
the competency indicator to be measured. Giving feedback needed to be done because with 
feedback students will find out how 21st-century mathematical competencies were measured.

Discussion

Mathematics was considered as one of the most important subjects in school curricula 
all around the world. The importance of mathematics was expressed by participants when 
describing their views on the development of mathematics from the past to the present. 
Mathematics was used to look for patterns, and then the patterns were used to formulate new 
conjectures. Through abstraction and logic, mathematics was developed starting from counting, 
calculating, measuring, and last was systematic studying. Mathematics was used to formulate 
new conjectures and construct truth through deductive methods derived from corresponding 
axioms and definitions. This is consistent with the opinion of D’Ambrosio (2007, 2015) that 
mathematics is considered as the backbone of civilization, the basis of science and technology.

Mathematics has not changed from then until now when viewed from the standpoint 
of science or its content. It is just that today’s mathematics applications are more complex in 
various fields, so there is a change in the way of learning mathematics. In the current time, 
mathematics is very much in line with technology, especially with data science concepts. This 
is in line with the opinion of Fajemidagba et al (2012) that stated mathematics is used as a tool 
for the advancement of all scientific disciplines, such as technology, industry, and astronomy.

Mathematics simplified long statements through symbols, helping to express ideas 
in a precise, concise, and sharp form (Kalhotra, 2013). Mathematics used representations 
to make conclusions, to ask questions, and tends to be more “mathematical” when dealing 
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with new problems for which the solution is unknown. Mathematics emphasized more on the 
ratio (reasoning), not emphasizing the results of experiments or the results of mathematical 
observations because human thoughts are related to ideas, processes, and reasoning.

The description above indicated that mathematics has the following characteristics: 1) 
the study of patterns and relationships for interweaving between topics; 2) ways of thinking 
that can provide strategies for organizing, analyzing and synthesizing data; 3) the language 
defined in the symbol used to communicate; and 4) tools used to deal with daily life. This made 
the reason that mathematics cannot be taught as memorization, but mathematics is now more 
focused on the thinking process so that mathematics learning become more meaningful and the 
development of mathematical competencies can be facilitated appropriately.

Mathematical competencies have been identified throughout the world as one of the 
main competencies for personal, social, and economic needs in 21st-century society (Vorobjovs, 
2017). The opinions of the lecturers on mathematical competence can be summarized that 
mathematical competence was the ability to deal with mathematical and real-life problems. 
Mathematical competence was used to explore mathematical concepts, construct conjectures, 
think logically, and solve problems that are not routine, and can communicate and make 
connections and representations of topics in mathematics and other sciences. This is consistent 
with the opinion of Niss (2003) that mathematical competence can be interpreted as the ability 
to understand, consider, and use mathematics in various contexts and situations. Mathematical 
competencies in the form of knowledge and understanding to do, use, and express opinions 
about mathematics and mathematical activities in various contexts (Niss & Højgaard, 2011). 
This implied a variety of factual, procedural, and concrete skills knowledge in the field of 
mathematics, but those preconditions were not enough to explain mathematical competencies. 
Mathematical competence is more about the readiness of information to solve a problem 
precisely that involves certain mathematical challenges (Niss & Højgaard, 2011).

Mathematical competency is a major part of mathematical abilities that can be 
recognized and differed (Niss, 2003). The opinions of lecturers on mathematics competence can 
be categorized into two main competencies in mathematics, which were 1) competence to ask 
and answer questions in mathematics, and 2) competence to understand and use language and 
mathematical tools. Competencies for conducting questions and answers in mathematics were 
the ability to 1) ask questions and understand various types of answers (mathematical thinking 
competencies); 2) answer questions in and through mathematics (competence in handling 
problems and modeling competencies); and 3) understanding, assess and produce arguments to 
solve mathematical questions (reasoning competence) (Niss & Højgaard, 2011).

Furthermore, it can be said that mathematical thinking competencies meant mastering 
mathematical thinking. This competence is the ability of students to understand various types 
of questions that characterize mathematics, also the ability to ask questions and understand 
different types of answers (Zeidmane, 2013). Students who have tackling competency problems 
will be able to formulate and solve a mathematical problem. Students can submit problems 
by detecting, formulating, limiting and defining problems. The type of raised problem can be 
in the form of pure and applied mathematical problem or open and closed problems. In every 
learning, it is necessary to facilitate the development of the problem-tackling competency. 
Those competencies have often been trained to students, but students still often experience 
difficulties in transforming problems, which are shown by students’ mistakes in developing 
mathematical models, errors, in determining formulas to solve problems, and difficulties in 
planning to solve problems (Hadi et al, 2018).

Extensively, 21st-century mathematical competencies will affect individual’s mindset 
which affects actions that will be taken. Competencies that support the development of critical 
thinking include mathematical thinking competency, problem-tackling competency, modeling 
competency, and reasoning competency. In this 21st-century, critical thinking becomes a very 
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important ability because many activities require critical thinking, including designing and 
managing projects, solving problems, and making effective decisions using various tools and 
resources (Fullan, 2013). Critical thinking involves evaluating, analyzing, synthesizing, and 
interpreting something to assess or promote thinking or assessing ideas, facts, and methods 
from different perspectives (Mason, 2007; Villalba, 2011), while problem-solving refers to the 
systematic process in which students overcome obstacles and move from the initial state to the 
goal state (Ward, 2011). Drake (2014) highlights challenges in designing learning activities 
that involve solving real-world problems that may not have clear answers. Critical thinking 
requires students to obtain, process, interpret, rationalize, and analyze information critically 
which is sometimes often in conflict, to make decisions and take appropriate actions (C21, 
2012). Mathematical aids and teaching aids can support critical thinking processes, mainly used 
to create authentic and relevant learning experiences, so that they can help students discover, 
create, and use new knowledge (Fullan & Langworthy, 2014).

On the other hand, representing competency, symbol and formalism competency, 
communicating competency, aids and tools competency will support the development of 
communication skills. In this 21st-century, communication skills not only refer to the ability to 
communicate effectively, both verbally in writing and using digital tools, but also the skills to 
be a good listener (Fullan, 2013). To communicate well, students need to master three things, 
namely digital, writing, and speaking for various audiences (Fullan & Scott, 2014). Trilling 
and Fadel (2009) write down several things that students must do to communicate clearly. 
Students can use verbal, written, and nonverbal communication skills in various forms and 
contexts to articulate thoughts and ideas effectively. Students need to listen effectively to be 
able to decipher the meanings, then use communication for various purposes. Students can 
utilize media and technology, so they can communicate effectively in diverse environments and 
can assess the effectiveness and impact of communication.

The eight 21st-century mathematical competencies were needed in developing individual 
creativity that will support the innovation needed by the wider community. Creativity is an 
active process that must be involved when someone makes an innovation (O’Sullivan, 2018). 
By using creative thinking, students can apply their imagination to generate ideas, questions, 
and hypotheses, then experiment to get alternative solutions, to evaluate ideas, processes and 
final products (Kampylis & Berki, 2014). Trilling and Fadel (2009) write down several things 
that students must do to think creatively. Students can use various ideas making techniques, 
such as brainstorming on a theme, then creating new and useful ideas. Students can elaborate, 
refine, analyze, and evaluate their ideas to enhance and maximize creativity.

Based on the description, it can be concluded that 21st-century mathematical competencies 
are very important and need to be facilitated in learning so the competencies can develop 
Mathematics Education Study Program students. One graduate profile of the Undergraduate 
Mathematics Education Study Program is to be an outstanding individual, creative mathematics 
educator, superior, professional, and globally competitive. Therefore, Mathematics Education 
Study Program students were also required to have 21st-century mathematical competencies, 
so that when they become educators, they already have the stock to develop these competencies 
for their students. Educators are required to be able to prepare students for the world of work 
that has not yet been created, with technological challenges that have not yet been discovered, 
which are used to solve a problem that is not yet known (OECD, 2018).

Then, it needed to be measured and assessed so that feedback occurs. The success of 
learning to achieve specified learning outcomes was also known. The learning outcomes of 
the Undergraduate Mathematics Education Study Program referred to the Indonesian National 
Qualification Framework, which was formulated by the Higher Education Curriculum 
Development Team of the Ministry of Education and Culture. These 21st-century mathematical 
competencies also support learning achievements which are grouped into 3 abilities, which 
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were abilities in the field of work, knowledge, and managerial. Learning achievements of the 
three abilities were mutually supportive and applicable according to the needs of the educational 
world and community. For example, for managerial ability parameters, students were expected 
to be able to make strategic decisions in the field of mathematics education based on relevant 
data and information. This is certainly supported by the ability in the field of work, which can 
apply the concepts and principles of pedagogy, mathematical didactics as well as mathematical 
science to carry out planning, management, implementation, evaluation, by utilizing the science 
and technology-oriented to life skills. To be able to apply the concept appropriately, students 
must be able to master the concepts, structures, materials and mathematical scientific mindset 
needed to carry out learning at the level of primary and secondary education and study to the 
next level which is the achievement of learning in the ability in the field of knowledge.

Conclusions and Implications

This study described the experience of lecturers in planning, learning, and evaluating 
21st-century mathematics competencies. This experience was influenced by the lecturers’ 
views on the nature of mathematics and competence. This view was influenced by lecturers’ 
understanding of the scope of mathematics, the essence of mathematics, and the mathematical 
competencies needed in the 21st century. Understanding the lecturers of 21st-century 
mathematics competence also affected the identification of competencies and the development 
of competencies in learning which will certainly affect the assessments made by the lecturers. 
This study also revealed strategies for developing and evaluating mathematical competencies 
in the learning process, but there was a mismatch between the two strategies. The lecturers 
have not focused on the 21st-century mathematics competency assessment. The focus of the 
assessment so far has been on understanding mathematical concepts and problem-solving. The 
assessment of each mathematical competency was only done globally and not done in detail. 
Nonetheless, lecturers can express their hopes for the ideal 21st-century planning, learning, and 
assessment of mathematical competence.

There were 8 competencies developed by lecturers in learning, namely mathematical 
thinking competency, problem tackling competency, modeling competency, reasoning 
competency, representing competency, symbol and formalism competency, communicating 
competency, and aids and tools competency. The assessments made by the lecturers included: 1) 
assessment of the understanding and scope of concepts by abstracting mathematical properties 
and generalizing results to a broader scope; 2) assessment in identifying, submitting closed 
problems, then solving them; 3) assessment in coding and completing the model; 4) evaluation 
in carrying out mathematical proof; 5) assessment in understanding and utilizing mathematics 
by decoding, interpreting, and distinguishing between various types of objects and mathematical 
phenomena; 6) evaluation in translating natural language into symbolic and formal language; 
7) assessment in understanding written, visual, or oral texts regarding mathematical content; 
and 8) and skills assessment using mathematical teaching aids and mathematical software. 
However, the lecturers did not have an appropriate assessment instrument yet by following the 
indicators of 21st-century mathematics competence. For this reason, further research is needed 
to explore mathematical competency indicators in detail, then use as a basis for developing 
21st-century mathematics competency assessment models.
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