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Abstract - Even though robotics have gaining an attention from students of every educational level since elementary school up 

to higher education, their impact in student’s education itself is still relatively small. Most of the robotics competitions in 

Indonesia are still focus on the result but not in the process. This paper presents an educational matrix of curriculum based on 

robotics which focused on the process and learning outcomes of the education. The proposed Curriculum Matrix is derived from 

Bloom's Taxonomy which synchronized with the Educational Curriculum of 2013 from the Indonesian Ministry of Education 

and Culture. Hereafter, the activities of education are designed based the available robotics module together with the designed 

Curriculum Matrix. By using the Curriculum Matrix, the proportion of education activities can be evaluated to achieve the 

learning outcomes for the specified educational level more easily. 

   

Keywords: robotics, education, learning activities, learning outcomes, education level 

 

Abstrak - Meskipun robotika telah mendapatkan perhatian tinggi dari siswa dari setiap tingkat pendidikan dari sekolah 

dasar sampai dengan pendidikan tinggi, dampaknya dalam pendidikan siswa masih relatif kecil. Sebagian besar kompetisi 

robotika di Indonesia masih berfokus pada hasil bukan prosesnya. Makalah ini menyajikan matriks kurikulum 

pembelajaran berbasis robotika yang berfokus pada learning outcomes dari proses pembelajaran. Matriks kurikulum ini 

diturunkan dari Taksonomi Bloom serta disinkronkan dengan Kurikulum Pendidikan tahun 2013 dari Departemen 

Pendidikan dan Kebudayaan Indonesia. Matrik kurikulum yang dikembangkan juga dipengaruhi oleh learning outcomes 

yang terdapat pada EFF Content Standards for Adult literacy and Life-Long Learning. Selanjutnya, kegiatan 

pembalajarannya dirancang berdasarkan modul robotika yang tersedia bersama dengan dan matriks kurikulum yang telah 

didesain. Dengan menggunakan matrik kurikulum ini, proporsi kegiatan pendidikan dapat dievaluasi untuk mencapai hasil 

pembelajaran untuk tingkat pendidikan yang telah ditentukan secara lebih mudah. 

   

Kata kunci : robotika , pendidikan, kegiatan pembelajaran, learning outcomes, jenjang pendidikan 

 

 

I. INTRODUCTION 
1
 

Robotics has attracted the high interest of teachers 

and researchers as a valuable tool to develop cognitive 

and social skills for students from pre-school to high 

school and to support learning in science, mathematics, 

technology, informatics and other school subjects or 

interdisciplinary learning activities during the last decade 

[1,2]. The antusiasm also came from the students, which 

is indicated by an increasing number of participants in 

many robotics competitions have held in Indonesia year 

by year. Many studies have been conducted in the 

investigation in the field of educational robotics and 

identification of the new challenges and trends focusing 

on the use of robotic technologies as a tool that will 

support creativity and other 21st-century learning skills.  

 

Robotics in education is seen as an interdisciplinary, 

project-based learning activity drawing mostly on math, 

science, and technology and offering major new benefits 

in education at all levels [3]. Practical demonstrations 

 
 

and hands-on experience encourage students and 

increase motivation. Besides learning engineering 

concepts, students performing robotic exercises develop 

valuable skills like creativity, teamwork, designing and 

problem solving. The benefits of using robots in 

education have been widely reported, e.g. [4-6]. It has 

much potential to offer in education, however, the 

benefits in learning are not guaranteed for students just 

by the simple introduction of robotics in the classroom, 

as there are several factors that can determine the 

outcome; technology alone cannot affect minds. Robots 

are not the end point for improving learning; the real 

fundamental issue is not the robot itself; rather, it is the 

curriculum [7]. Robots are just another tool, and it is the 

curriculum that will determine the learning result and the 

alignment of technology with sound theories of learning.  

 

An appropriate educational philosophy, namely 

constructivism and constructionism, the curriculum and 

the learning environment are some of the important 

elements that can lead robotics innovation to success [8]. 

The emphasis should be shifted from the technology 

towards partnership with learning theories putting the 

emphasis on the curriculum than on the technology. The 

curriculum is the keystone in educational robotics and it 
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is necessary to incorporate the basic principles of 

learning and to set qualitative and quantitative 

performance metrics for expected outcomes and for 

validation of the curriculum. Technology education is a 

program designed to help students develop an 

understanding and competence in designing, producing, 

and using technological products and systems, and in 

assessing the appropriateness of technological actions 

[9]. Indeed, students have an opportunity to learn about 

the processes and knowledge related to technology that 

are needed to solve problems and extend human 

capabilities through technology education. 

 

This paper proposes a curriculum matrix that 

emphasize the student’s learning process to achieve the 

learning outcomes by using a robotics as the learning 

tools. By using the proposed curriculum matrix, the 

proportion of learning activities can be evaluated to 

achieve the learning outcomes for the specified 

educational level more easily. To synchronize with the 

formal education activities achieved in school, the study 

uses the Educational Curriculum of 2013 from the 

Indonesian Ministry of Education and Culture as the 

reference.  

 

II. METHOD 

 

The creation and widespread acceptance of such a 

curriculum framework could help to bring a greater 

degree of solidarity to a  fragmented assortment of 

approaches to the delivery of technology education  

courses currently practiced in high schools [8]. The 

method used in this study is composed as the following 

steps: 

1) Determine the learning outcomes 

2) Determine the learning subjects 

3) Design the curriculum matrix 

4) Design the handout framework 

Three categories of learning can be catagorized into KSA 

(Knowledge, Skills, and Attitude). This taxonomy of 

learning behaviors can be thought of as “the goals of the 

learning process.” That is, after a learning episode, the 

learner should have acquired new skills, knowledge, 

and/or attitudes. Bloom's taxonomy is easily understood 

and is probably the most widely applied one in use 

today. In this study, Bloom’s Taxonomy is used as the 

main reference to determine the learning outcomes for 

the learning activities. Taxonomy simply means 

classification, so the Bloom’s Taxonomy of learning 

objectives is an attempt to classify forms and levels of 

learning [10]. It identifies three domains of learning and 

each of which is organized as a series of levels or pre-

requisites. Categories were formulated for cognitive 

(thinking and problem-solving skills), affective 

(attitudes, value systems), and psychomotor domains. It 

is suggested that one cannot effectively address higher 

levels until those below them have been covered. As well 

as providing a basic sequential model for dealing with 

topics in the curriculum, it also suggests a way of 

categorizing levels of learning, in terms of the expected 

ceiling for a given programme [11].  

For over 50 years, Bloom’s Taxonomy has strongly 

influence teaching and its assessment throughout the 

world [12] and commonly used in mathematics 

education. Numerous studies have used Bloom’s 

Taxonomy as the standard for judging whether tested 

items are Lower-Order-Thinking (LOT) or Higher-

Order-Thinking (HOT). The thinking skills in BT 

considered LOT include knowledge and understanding, 

while the thinking skills of analysis, synthesis and 

evaluation are considered HOT [13]. 

 

A. Cognitive Domain 

The cognitive domain involves knowledge and the 

development of intellectual skills. This includes the 

recall or recognition of specific facts, procedural 

patterns, and concepts that serve in the development 

of intellectual abilities and skills. Lorin Anderson, a 

former student of Bloom, revisited the cognitive 

domain in the learning taxonomy in the mid-nineties 

and made some changes, with perhaps the two most 

prominent ones being, 1) changing the names in the 

six categories from noun to verb forms, and 2) 

slightly rearranging them by swap the position of 

creating and evaluating catagories [14]. This new 

taxonomy reflects a more active form of thinking, as 

can be seen in Table 1. 

 

B. Affective Domain 

The affective domain includes the manner in which 

we deal with things emotionally, such as feelings, 

values, appreciation, enthusiasms, motivations, and 

attitudes [15]. The five major categories as shown in 

Table 2 are listed from the simplest behavior to the 

most complex. 

 

C. Psychomotor Domain 

The psychomotor domain includes physical 

movement, coordination, and use of the motor-skill 

areas. Development of these skills requires practice 

and is measured in terms of speed, precision, 

distance, procedures, or techniques in execution 

[16]. The seven major categories as shown in Table 

3 are listed from the simplest behavior to the most 

complex behaviour. 

 

A technology education curriculum with an 

emphasis on engineering design should foster teamwork 

and interpersonal  skills. It should also focus on the 

ethical responsibility of the designer to his or her fellow 

human beings. Inline with the purposes to prepare 

students with skills required when they become adults, 

this study also refers to Equipped for the Future (EFF) 

Content Standards. The Standards have been identified 

through research on what adults need to do to meet the 

broad areas of responsibility that define these central 

adult roles. It defines four catagories of skills and then 

defined into 16 Equipped for the Future Standards as the 

core knowledge and skills adults need to effectively 

carry out their roles [17]. Those standards are: 

1. Communication Skills 

 Read With Understanding 

 Convey Ideas in Writing 

 Speak So Others Can Understand 

 Listen Actively 

 Observe Critically 

2. Interpersonal Skills 

 Cooperate With Others 



 

 Guide Others 

 Advocate and Influence 

 Resolve Conflict and Negotiate 

3. Decision-Making Skills 

 Solve Problems and Make Decisions  

 Plan  

 Use Math to Solve Problems and Communicate 

4. Lifelong Learning Skills 

 Take Responsibility for Learning 

 Learn Through Research 

 Reflect and Evaluate 

 Use Information and Communications 

Technology 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
(a) Elementary School 
(b) Middle School 
(c) High School 
(d) Higher Education 

Figure. 1. Knowledge dimensions obtained in each level of education. 
 

The Educational Curriculum 2013 from the National 

Ministry of Education and Culture mentions the scope of 

competency as levels of knowledge from each level of 

formal education like shown in Figure 1. It divides the 

scope of competency in to the knowledge dimensions as 

Factual Knowledge, Conceptual Knowledge, Procedural 

Knowledge, Meta-cognitive Knowledge. The Bloom's 

Revised Taxonomy [18] describes those knowledge 

dimensions as follows: 

1. Factual Knowledge 

Basic elements used to communicate, understand, 

organize a subject: terminology, scientific terms, 

labels, vocabulary, jargon, symbols or 

representations; and specific details such as 

knowledge of events, people, dates, sources of 

information. 

2. Conceptual Knowledge 

Knowledge of classifications and categories, 

principles, theories, models or structures of a 

subject. 

3. Procedural Knowledge. 

Knowing how to do something: performing skills, 

algorithms, techniques or methods. 

4. Metacognitive Knowledge 

The process or strategy of learning and thinking; an 

awareness of one’s own cognition, and the ability 

to control, monitor, and regulate one’s own 

cognitive process. 

 

From the Figure 1 can be concluded that, the higher the 

education level, the higher level of knowledge should be 

achieved. 

 
TABLE 1. 

The revised Bloom’s Taxonomy in Cognitive Domain 

Category Key Words 

Knowlwdge change to Remembering: Recall previous learned 
information. 

defines, describes, identifies, knows, labels, lists, matches, names, 
outlines, recalls, recognizes, reproduces, selects, states. 

Understanding: Comprehending the meaning, translation, 

interpolation, and interpretation of instructions and problems. State a 

problem in one's own words. 

comprehends, converts, defends, distinguishes, estimates, explains, 

extends, generalizes, gives an example, infers, interprets, paraphrases, 

predicts, rewrites, summarizes, translates. 

Applying: Use a concept in a new situation or unprompted use of an 

abstraction. Applies what was learned in the classroom into novel 

situations in the work place. 

applies, changes, computes, constructs, demonstrates, discovers, 

manipulates, modifies, operates, predicts, prepares, produces, relates, 

shows, solves, uses. 

Analyzing: Separates material or concepts into component parts so 

that its organizational structure may be understood. Distinguishes 

between facts and inferences. 

analyzes, breaks down, compares, contrasts, diagrams, deconstructs, 

differentiates, discriminates, distinguishes, identifies, illustrates, 

infers, outlines, relates, selects, separates. 

Evaluating: Make judgments about the value of ideas or materials. appraises, compares, concludes, contrasts, criticizes, critiques, 
defends, describes, discriminates, evaluates, explains, interprets, 

justifies, relates, summarizes, supports. 

Creating: Builds a structure or pattern from diverse elements. Put 
parts together to form a whole, with emphasis on creating a new 

meaning or structure. 

categorizes, combines, compiles, composes, creates, devises, designs, 
explains, generates, modifies, organizes, plans, rearranges, 

reconstructs, relates, reorganizes, revises, rewrites, summarizes, tells, 

writes. 

 
TABLE 2. 

Bloom’s Taxonomy in Affective Domain 

Category Key Words 

Receiving Phenomena: Awareness, willingness to hear, selected 
attention. 

asks, chooses, describes, follows, gives, holds, identifies, locates, 
names, points to, selects, sits, erects, replies, uses. 

Responding to Phenomena: Active participation on the part of the 

learners. Attends and reacts to a particular phenomenon. Learning 

outcomes may emphasize compliance in responding, willingness to 
respond, or satisfaction in responding (motivation). 

answers, assists, aids, complies, conforms, discusses, greets, helps, 

labels, performs, practices, presents, reads, recites, reports, selects, 

tells, writes. 

Valuing: The worth or value a person attaches to a particular object, 

phenomenon, or behavior. This ranges from simple acceptance to the 
more complex state of commitment. Valuing is based on the 

internalization of a set of specified values, while clues to these values 

are expressed in the learner's overt behavior and are often identifiable.  

completes, demonstrates, differentiates, explains, follows, forms, 

initiates, invites, joins, justifies, proposes, reads, reports, selects, 
shares, studies, works. 

Metacognitive 

Knowledge 

Procedural 

Knowledge 

Conceptual 

Knowledge 

Factual 

Knowledge 

(a) 

(b) 

(c) 

(d) 
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Category Key Words 

Organization: Organizes values into priorities by contrasting different 
values, resolving conflicts between them, and creating an unique value 

system.  The emphasis is on comparing, relating, and synthesizing 

values.  

adheres, alters, arranges, combines, compares, completes, defends, 
explains, formulates, generalizes, identifies, integrates, modifies, 

orders, organizes, prepares, relates, synthesizes. 

Internalizing values (characterization): Has a value system that 

controls their behavior. The behavior is pervasive, consistent, 

predictable, and most importantly, characteristic of the 
learner. Instructional objectives are concerned with the student's 

general patterns of adjustment (personal, social, emotional). 

acts, discriminates, displays, influences, listens, modifies, performs, 

practices, proposes, qualifies, questions, revises, serves, solves, 

verifies. 

 
TABLE 3. 

Bloom’s Taxonomy in Psychomotor Domain 

Category Key Words 

Perception (awareness): The ability to use sensory cues to guide 

motor activity.  This ranges from sensory stimulation, through cue 
selection, to translation. 

chooses, describes, detects, differentiates, distinguishes, identifies, 

isolates, relates, selects. 

Set: Readiness to act. It includes mental, physical, and emotional sets. 

These three sets are dispositions that predetermine a person's response 
to different situations (sometimes called mindsets). 

begins, displays, explains, moves, proceeds, reacts, shows, states, 

volunteers. 

Guided Response: The early stages in learning a complex skill that 

includes imitation and trial and error. Adequacy of performance is 

achieved by practicing. 

copies, traces, follows, react, reproduce, responds 

Mechanism (basic proficiency): This is the intermediate stage in 

learning a complex skill. Learned responses have become habitual and 

the movements can be performed with some confidence and 
proficiency. 

assembles, calibrates, constructs, dismantles, displays, fastens, fixes, 

grinds, heats, manipulates, measures, mends, mixes, organizes, 

sketches. 

Complex Overt Response (Expert): The skillful performance of 

motor acts that involve complex movement patterns. Proficiency is 

indicated by a quick, accurate, and highly coordinated performance, 
requiring a minimum of energy. This category includes performing 

without hesitation, and automatic performance. For example, players 

are often utter sounds of satisfaction or expletives as soon as they hit a 
tennis ball or throw a football, because they can tell by the feel of the 

act what the result will produce. 

assembles, builds, calibrates, constructs, dismantles, displays, fastens, 

fixes, grinds, heats, manipulates, measures, mends, mixes, organizes, 

sketches. 

NOTE: The Key Words are the same as Mechanism, but will have 
adverbs or adjectives that indicate that the performance is quicker, 

better, more accurate, etc. 

Adaptation: Skills are well developed and the individual can modify 
movement patterns to fit special requirements. 

adapts, alters, changes, rearranges, reorganizes, revises, varies. 

Origination: Creating new movement patterns to fit a particular 

situation or specific problem. Learning outcomes emphasize creativity 

based upon highly developed skills. 

arranges, builds, combines, composes, constructs, creates, designs, 

initiate, makes, originates. 

 

TABLE 4. 

Knowledge and Skill Level according to student’s Level of Education  

No Subject/ Course Elementary School Middle School  High School Higher Education 

1 Teamwork 1 2 2 3 

2 Introduction to Robotics 1 2 3 3 

3 Mechanical Parts 1 2 3 3 

4 Electronics Parts 1 1 2 3 

5 Microcontroler Technology 1 1 2 3 

6 Software and Firmware 1 1 2 3 

7 Sensor  1 2 2 3 

8 Actuator 1 2 2 3 

9 Measurement 1 2 3 3 

10 Design 1 2 3 3 

11 Programming and Logics 1 2 2 3 

12 Control 1 1 2 3 

13 Robotics Workshop 1 2 2 3 

14 Robotics Competition 1 2 3 3 

Level of Knowledge and Skill: 1. Basic; 2. Intermediate; 3. Advance  

 
 

III. RESULTS AND DISCUSSION 

In order to synchronized the curriculum with the 

outcomes obtained from the formal education, the 

outcomes of knowledge and skill of the students are 

leveled based on their level of education. In this paper 

we devided them into three levels of knowledge and 

skill; basic, intermediate, and advance; which is shown 

in Table 4. These level of outcomes can be described as 

follows: 

  A. Basic knowledge and skill including: 

1. Know what the basic function is, 

2. Know how the stuff works with the minimum 

level of understanding,    

3. Know how to use the stuff with the minimum 

level of understanding, 

4. Know how to apply the stuff with the minimum 

level of understanding. 

  B. Intermediate knowledge and skill including: 

1. Understand what the function is, 

2. Understand how the stuff works,    

3. Understand how to use the stuff, 

4. Understand how to apply the stuff, 

5. Able to analyze how the stuffs works with the 

intermediate level of understanding. 

6. Able to evaluate the stuff with the intermediate 

level of understanding, 
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  C. Advance knowledge and skill including: 

1. Understand the function clearly,    

2. Understand how the stuff works clearly,    

3. Understand how to apply the stuff clearly, 

4. Able to analyze how the the stuffs works 

clearly, 

5. Able to evaluate the stuff clearly, 

6. Able to modify the stuff, 

7. Able to create a new stuff prior to the obtained 

knowledge and skill. 

 

To make a better picture for the relationship 

between learning outcomes and courses/subjects in the 

curriculum, we use a Curriculum Matrix. It assigns the 

level of activities to obtain the outcomes according to the 

given courses. The activity in each subject/course prior 

to the learning outcome are divided into four categories, 

as: 

I=Introduction:  

The subject is introduced to the students, so the 

student know about the material. The student 

understanding is evaluated by using observation 

and direct question and answer prosedure. 

C=Comprehension:  

The subject is explained in more detail, so the 

students understand about the material. The 

student’s comprehension thus evaluated by using 

observation and paper test. 

P=Practice:  

The students do some activities to use the toll or 

material in the subject directly to master it. The 

ecaluation thus taken by the observing the process 

and by evaluating the result of the student’s work. 

A=Assessment:  

The assignment are given to the student. Thus 

students are obligated to do some action to 

complete the assignment to measure their 

understanding, knowledge, skills or attitudes.   

 

In the curriculum Matrix, EFF Content Standards 

are adopted in Affective Domain learning outcomes from 

the Bloom’s Taxonomy. Some of it also used in the 

Cognitive Domain mixed with some criteria from ABET 

Engineering Criteria [19]. Catagories from those 

standards combined with Bloom’s Taxonomy to 

determine the better picture in determining learning 

outcomes in the Curriculum Matrix. Table 5 shows the 

designed Curriculum Matrix which is focused on the 

learning outcomes in the Cognitive Domain derived from 

the revised Bloom’s Taxonomy. Table 6 shows the 

designed Curriculum Matrix which is focused on the 

learning outcomes in the Affective Domain. Table 7 

shows the the Curriculum Matrix which is focused in the 

Psychomotor Domain. In each Curriculum Matrix, the 

levels of outcomes are listed from the simplest to the 

most complex. It means that the step of the learning 

should start from the simplest outcome first. The 

proportion of each type of activity (course category) in 

each domain of learning outcomes can be seen from 

Figure 2.  

 
TABLE 5. 

Curriculum Matrix Focused in Cognitive Domain Learning Outcomes  

Learning Outcomes Subjects / Courses 

ABET 

Engineering 

Criteria 

Cognitive Domain (Revised Bloom’s Taxonomy) 

T
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Engineering 

Knowledge 

Knowledge/ 

Remembering 

Students remember and able to mention 
robot components and their functions.  

 
 

I I I I I I I 
   

I 
  

Understanding 

Students undestand the working method of 
robot components and able to descibe them 

with their own sentence. 
 

C C C C C C C 
 

I 
 

C 
  

An ability to 

apply knowledge 

of engineering 

Applying 
Students able to use the robot components 

and combine them in to determined design.  
A P C C C P P I C 

 
C P P 

Analyzing 
Students able to understand the concept of 
the robots, its components and structure.    

P C C P P P C P C P P P 

An ability to 

conduct standard 

tests, analyze, 

and interpret  

experiments 

Evaluating 

Students able to make a judgments about a 

robot design or idea for the given problem. 

  
P P P A A A P A P P P P 

A commitment to 

quality, 

timeliness, and 

continuous 

improvement 

Creating 

Students able to make a new robotics 
structure or design using the available 

robotics component. 

Students able to make a new robot 
component based on their designed 

structure to improve the performance using 

the previously available components. 

  
A P P P P P P A P P A A 
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TABLE 6. 

Curriculum Matrix Focused in Affective Domain Learning Outcomes 

Learning Outcomes Subjects / Courses 

EFF Content 

Standards 
Affective Domain (Bloom’s Taxonomy) 
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Communication 

Skill 

Receiving 

Students able to take an attention to other 
member while they share their idea or 

opinion. 

Students able to appreciate and receive other 
member design of solution from the given 

problem.  

A 
        

C 
  

P P 

Responding 

Students able to give positive response to 

other member. 
Students able to share or present their idea or 

robotics design to other member. 

A 
        

C 
  

P P 

Decision 

Making 
Valuing 

Students able to make a judgment about a 
situation which is correct or not, and can 

reflect it in their action or behavior. 

A 
           

P P 

Interpersonal 

Skill 
Organizing 

Students able to organize their work in the 

team. 
Students able to understand other member 

characteristic or competency. 

Students able to distribute the task to each 
member based on their speciality or skill.  

A 
        

C 
  

P P 

Life-Long 

Learning 
Characterizing 

Students has a characteristic as a good 

learner, high persistence and diligence in 
studying to make a better robot. 

A 
        

P 
  

P P 

 

TABLE 7. 
Curriculum Matrix Focused in Psychomotoric Domain Learning Outcomes 

Learning Outcomes Subjects / Courses 

Psychomotoric Domain (Bloom’s Taxonomy) 
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Perception 

(Awareness) 

Students able to use their sensory cues to make observation 

to robot components and tools used to develop the robot. 

Students able to differenciate robot parts based on the 
visual inspection. 

  
P P 

  
P P 

 
I I 

   

Set 

( Readiness to act) 

Students able to response the environment and ready to 

take an actions regarding to the situation/ or given order.   
P P I I C C C C C 

 
I I 

Guided Response 

Students can perform action following the instruction/ 
example given by the intructor in manipulating parts or 

using tools. 
  

P P 
  

C C 
 

P P 
 

P P 

Mechanism 

(Basic proficiency) 

Students obtain  a skill to handle and manipulate robotic 

parts, using robot development tools.    
P P 

  
P P 

 
P P 

 
A P 

Complex Overt 

Response (Expert) 

Students obtain an expetise in handling and manipulating 
robotics parts, using development tools and other physical 

parts. 

Proficiency is indicated by a quick, accurate, and highly 
coordinated performance, requiring a minimum of energy. 

  
P P 

  
P P 

 
P P 

 
A P 

Adaptation 

Students able to adapt with a new robotics parts without to 

be demostrated or guided by instructors. 
Students can rearrange in handling or manipulating 

robotics part to fits special requirements. 
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P P 
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P P 

Origination 

Students able to develope a new pattern or movement in 

handling or manipulating robot or its parts based on their 
own creativity.  

  P       P P  A A 

 



 

 

   
(a)                                                         (b)                                                                               (c) 

Figure 2.  The proportion of Course type in each Learning Domain 

(a) Cognitive Domain, (b) Affective Domain, (c) Psychomotor Domain 

 

To achieve the learning outcomes defined in the 

Curriculum Matrix, this paper uses three methods that 

been proposed to achieve outcomes in ABET 

Engineering Criteria [20]. Those methods are; (1) 

General Instructional Methods, (2) Problem-Based 

Learning, and (3) Cooperative Learning. The content of 

each method then defined to be suitable with the 

subject/course mentioned in the Curriculum Matrix.  

 

A. General Instructional Methods 

An effective approach to achieving any desired 

learning outcome is by showing the students the course 

learning objectives that address that outcome. It can be 

given before the course begin. The more explicitly 

students know what they are expected to do and the more 

practice they get in doing it, the greater the likelihood 

that they will acquire the desired skills [21, 22]. This 

method can be implemented in all subject/courses in the 

Curriculum Matrix. For Introduction and Comprehension 

courses, a handout or instructional module should be 

given to the student. Thus the instructor should explain 

the content of the tutorial (hand out). The instruction 

may take the form of mini-lectures, supplementary 

readings, or best of all, interactive multimedia tutorials. 

Another effective technique is to provide a demostration 

from the material mentioned in the handout. Student may 

give a question to the intructor about the material in the 

handout, or other else related to the course. In the other 

hand, instructor may also randomly pick-up students and 

then give them a question directly to measure the student 

understanding about the subject.    

 

Practice and Assessment course can be designed in 

to guided experiment or more open-ended experiments. 

In an open-ended experiment, an objective (determine a 

physical property, establish an empirical correlation, 

validate or refute a theoretical prediction) is given to the 

student. A handout is provided as base line guidance for 

the student such as in how to conduct the experiment 

safely, how to use the experimental tools, etc. This is up 

to the students who will design the experimentation in 

detail, such as experimental conditions, specify how 

many runs to carry out at each condition and the data to 

be collected, plan the data analysis to be carried out, etc. 

After that they should run the experiment, collect the 

data, perform the data analysis and interpretation, draw 

conclusions, and prepare and submit the report.  

 

The framework of the handout module used to 

conduct the courses is designed as follows: 

 Course Description 

 Learning Objectives 

 Learning Outcomes 

 Learning Methods 

 Mechanism of Learning 

o Description of Activity 

o Materials and Tools 

o Allocation of Time 

 Evaluation Method (based on Rubric Scoring) 

o Evaluation of the learning process 

o Evaluation of learning outcomes 

 

B. Problem-Based Learning 

Robotics can be use as one of the effective method 

to implement the instructional method known as 

problem-based learning (PBL). Once PBL has been 

adopted in a course, very little additional work must be 

done to address all of Outcomes. Focus problems may be 

chosen to involve any experimental or analytical 

technique, tool, technical or interpersonal skill, or 

professional or contemporary societal issue that the 

instructor chooses to address. Robotics Competition is 

the most suited test case to implement PBL from the 

courses mentioned in Table 4. The entire courses and 

individual topics within courses are introduced with 

complex open-ended focus problems whose solutions 

will require the knowledge and skills set forth in the 

course learning objectives [23, 24]. There are many 

solutions can be deployed to solve the problem. This 

case is used to test the creativity of the students in 

finding the solution from the given problem. They may 
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looking to the problem from many different point of 

views.  

 

In the robotics competition, the problem is given in 

a form of a competition rule, in which the students 

should solve the given problem using the robot. The 

students which are working in a team will carry out the 

following steps: 

1. Attempt to write a clear problem definition 

statement (derived from the competition’s rule). 

2. Hypothesize ways to obtain a solution (according to 

the different point of views). 

3. Identify (a) what they know, (b) what they need to 

know (both information and methods), and (c) what 

they need to do. These lists are regularly updated as 

the students proceed through the solution process. 

4. Prioritize learning needs, set learning goals and 

objectives, and allocate resources in the team. 

5. Carry out the necessary research and analysis and 

generate possible solutions by firstly seeing if the 

problem can be solved with currently known 

information, examine their viability and 

efectiveness,  and then choose the most appropriate 

one, and finally defend the choice. 

6. Reflect critically on the new knowledge, the 

problem solution, and the effectiveness of the 

solution process used. 

 

In each team, there is a mentor who will serves as a 

resource in all stages of this process, but does not 

provide formal instruction until the students have 

generated a need for it in the context of the problem. 

Mentor just gives guidance to the team, not a direct path 

to follow. Any teaching method may be used to provide 

the instruction, ranging from lecturing to full-scale 

cooperative learning. Relative to students taught 

conventionally, students taught using PBL acquire 

greater mastery of problem-solving, interpersonal, and 

lifelong learning skills and are more likely to adopt a 

deep (as opposed to surface or rote) approach to learning 

[24, 25]. 

 

C. Cooperative Learning 

During the Practice and Assessment courses, 

students are divided into teams. It means that 

Cooperative Learning (CL) method is suitable to be 

implemented in those courses. This method also can 

foster the “Teamwork course” as well. CL is an 

instruction that involves students working in teams to 

accomplish a common goal, under conditions that 

include the following elements [26]: 

1. Positive interdependence. Team members are 

obliged to rely on one another to achieve the goal. 

2. Individual accountability. All students in a group are 

held accountable for doing their share of the work 

and for mastery of all of the material to be learned. 

3. Face-to-face promotive interaction. Although some 

of the group work may be parceled out and done 

individually, some must be done interactively, with 

group members providing one another with 

feedback, challenging one another’s conclusions and 

reasoning, and perhaps most importantly, teaching 

and encouraging one another. 

4. Appropriate use of collaborative skills. Students are 

encouraged and helped to develop and practice skills 

in communication, leadership, decision-making, 

conflict management, and other important aspects of 

effective teamwork. 

5. Regular self-assessment of group functioning. Team 

members periodically assess what they are doing 

well as a team and what they need to work on, and 

they identify changes they will make to function 

more effectively in the future. 

 

III. CLONCLUSIONS 

Curriculum is a very important thing in a learning 

process. The first required step in designing a curriculum 

is determining the learning outcomes. Learning 

outcomes can refer to one of the standards referenced in 

accordance to the type of learning and the learning 

objectives. Bloom’s Taxonomy which is already widely 

used in many academic activities has been adopted in 

this paper in developing the educational robotics 

curriculum. The depth of the robotics courses and 

subjects in the curriculum has been adjusted in order to 

be synchronized with the formal education of the 

students, based on the Curriculum 2013 criteria. To make 

a clearer picture, Curriculum Matrix has been developed 

to easily map the learning outcomes and learning 

activities. By using it, teachers can easily develop the 

teaching material based on the learning outcomes and 

course type inside the matrix. The students also can 

easily imagine what kind of competency would be 

obtained after taking the courses. General Instructional 

Methods, PBL, and CL are among the learning methods 

that can be adopted in the proposed curriculum. 
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