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Introduction  

Constant and  important developments are taking place with the use of Information and 
Communication Technology (ICT) and its use is common in almost all areas of life and  
technology continues to shape our life. In this context, it seems inevitable that in the future, 
society will continue to experience a radical change in our lives. New professions that currently 
don’t existwill emerge. Therefore, it is important to prepare students for this change by 
facilitating their integration with ICT in order to make their adaptation into future professions 
easier. The vision of the EU and Republic of Turkey overlaps on this matter and coding training 
is one of the main priorities toward realizing this common vision. While Coding Education is 
increasingly being recognised at an international level, many European countries and Republic 
of Turkey are declaring that it will be compulsory in primary and secondary education.  

In this context, currently available and prospective teachers in the field of ICT / STEM (Science, 
Technology, Engineering and Maths) should be trained in a way that they will gain knowledge 
and experience on how to teach coding. It is also essential to enlarge and disseminate learning 
and teaching resources on coding education. Considering that fact, this handbook focuses on 
those studying to be teachers of ICT / STEM subjects and equipping them with the skills and 
knowledge to apply coding when they begin their professional careers in schools. This 
handbook, developed within the scope of this project entitled “Increasing the Competency of 
Computer Science Teaching Undergraduates on Coding Education (EDUCODE)” supported by 
the EU Erasmus+ Strategic Partnership in Higher Education, if targeted at the institutions and 
professionals working in the field of ICT.  

This handbook was developed through a staged process. Firstly, research regarding the needs 
and requirements of coding teaching was conducted by the project team consisting of 
professional academics from four different countries. It is necessary to articulate clearly what 
information and skills are necessary for ICT / STEM teaching undergraduates to be able to 
teach coding. For that purpose, 258 ICT teaching undergraduates from all partner university 
(Dokuz Eylül University, Faculty of Organization and informatics – University of Zagreb, 
University of Maribor, and Limerick Institute of Technology) were surveyed to evaluate their 
existing knowledge and competency to teach coding. After that, a curriculum was developed 
which was informed by the results of the need analysis. The curriculum developed in this 
project reflects the knowledge, skills and competencies needed to enable future cohorts of 
ICT/STEM Teachers to deliver coding education. Finally, the teacher’s handbook was prepared 
to support and supplement the curriculum. The Handbook has been reviewed by  students, 
lecturers and people in related occupational fields and final amendments and corrections 
applied based on feedback obtained. 

This curriculum and the handbook aims to equip ICT/Stem Teachers Students with skills and 
competencies regarding how to motivate students to learn coding, how to illustrate the basics 
of computer science, how to make the coding subject enjoyable and engaging for students. 
Furthermore, the curriculum and the handbook will cover the topics such as teaching students 
to make meaningful collaboration with others, developing computational thinking and 
problem solving skills and finding related resources. The book also includes sample activities 
and worksheets. Thanks to this handbook, teachers, academics or individuals who are experts 
in this field will learn how to teach coding and how to make applications easily in their 
classrooms. They will also have the opportunity to develop new ways and activities with the 
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knowledge and experiences they have obtained. The Handbook and resources are made 
available freely as open source materials. 

A special note of thanks to the project teams of Dokuz Eylül University, University of Maribor, 
Faculty of Organization and informatics – University of Zagreb, Limerick Institute of 
Technology and APEC, who have worked with great care and diligence in the preparation of 
this book. 
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Guidelines 

The Handbook provides lessons and detailed description of the activities that can be selected 
by teachers and lecturers to focus on improving teacher performance in coding education.  

The Aim of the handbook is to improve the quality of teacher performance and the resulting 
learning opportunities for students in coding education.  

The handbook was designed to be accessible and useful for a teacher or a teacher trainer. It 
is divided into five units, each with individual lessons, which cover areas of coding education 
that is important and necessary for effective coding education. 

Each lesson is layed out following the similar format i.e.: 

 lesson title and planned time allocation 

 learning outcomes 

 instructional strategies 

 lesson outline 

 Evaluation methods 

It is anticipated that the 5 Units would be delivered with a total teaching time of approximately 
30 hours (although individual institutions may apply different allocations).  The  planned time 
allocation is percentage foreseen for this lesson compared to whole course. For example, Unit 
1 has a total of 20% time allocation (with Lesson 1 being 10%).  Therefore 10% of whole course 
should be allocated for this lesson – assuming a 30 hours course, then the lesson would be 
covered in a total of 3 hours (lecturers/tutorials/workshops).  The entire unit (Unit 1) would 
be covered in 20% of the course allocation e.g. 6 hours out of 30 hours. These % breakdowns 
are indicative only and institutions and lecturers can adjust the timing according to their 
specific needs  

Learning outcomes are provided directly from the Coding education curriculum, and enable 
the lecturer to understand the intentions and aims of particular lesson.  

Instructional strategies and evaluation methods show possible implementation of the lesson.  

Lesson outline presents the activities that compose the lesson. 

Activities are integral part of each lesson. Each activity consists of title and short introduction. 
Then theory that is important for executing the activity is provided. Some activities have also 
prerequisites with list of knowledge that lecturer and student should get acquainted with 
before the activities. Some activities which are oriented towards the implementation coding 
education in the class room may not have a theory section..  

Each activity also has clues on how to implement it and resources that could clarify and extend 
the knowledge of the student and help to implement the activity effectively. 

Some lessons also have examples in the form of worksheets or assignments that can help with 
the implementation. 
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Lesson Code: LESSON (U1-L1) 

Title: The importance of Coding Education and ICT /STEM Teachers (10% out 

of 20%) 

Learning Outcomes 

 Discuss the basic concepts underlying coding and programming education. 

 Explain the importance of computational thinking and problem solving. 

 Describe the critical role of ICT & STEM Teachers for the successful delivery of coding 
education. 

 

Methodology 

Instructional Strategies 

✖ Lecturing ✖ Discussion ⬜ Drill & Practice 

✖ Group work ⬜ Question and answer ⬜ Project based learning 

⬜ Collaborative learning ⬜Blended learning ⬜ Demonstration 

⬜ Role playing   

Lesson Outline 

 ACTIVITY 1: Difference between coding and programming  

 ACTIVITY 2: Computational thinking  

 ACTIVITY 3: Problem solving  

 ACTIVITY 4: Critical role of ICT teachers 

Potential Evaluation Methods 

✖ Teacher Observation ⬜ Task Analysis ⬜ Written Test 

⬜ Checklist/Rating Scale ⬜ Peer Evaluation ✖ Oral Response 

⬜ Homework Activity ⬜ Work Sample ⬜ Project Based Activity 

⬜ Presentation   ⬜ Other 
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ACTIVITY 1: Difference between coding and programming. 

Activity focused on determining if coding and programming mean the same. 

Theory 

There are many views on whether coding is the same as programming. Therefore, Table 1 compares 

and contrastscoding and programming under different headings.  

Table 1: Comparison of Coding vs. Programming1 

BASIS FOR 
COMPARISON 

Coding Programming 

Definition 
Coding is basically the process of writing 
codes from one language to another 

Programming is the process of creating and developing an 
executable machine program which performs a set of 
instructions 

Templating 
The primary aim of coding is to facilitate 
communications between human and 
machines 

Programming is a process of formally writing codes so that the 
human inputs and machine outputs remain in sync 

Skills 
Coding is the initial step of introducing 
programming and so coders can have less 
expertise than programmers 

Programming is the basis of communication between human 
thoughts and machine level outputs and these are generally 
consisting of complex structures. Programmers are much-
skilled professionals than coders 

Simplicity 
Coding is the initial step of programming 
complex queries and it is easier than 
programming 

Programming handles different complex situations and queries 
to produce the proper machine level outputs. So, it is basically 
an advanced version of coding and other different approaches. 
Thus, it is much more complex than coding 

Approach 
Being the initial step of communication, 
coders normally deal with the certain lines of 
codes without worrying about the details. 

Programmers usually handle the communication approach in a 
much more matured way. They analyse and conceptualize the 
different aspects of the communication and produce the 
correct machine outputs accordingly 

Support 

There is a lot of community support for the 
coders which helps them utilizing different 
coding approaches as per the current industry 
standards 

Programming is basically the broader aspect of coding. It also 
has a huge backup and lots of community support for 
continuous improvement as per the current standards 

Advanced 
Features 

Coding is mainly a part of Programming 
approach that involves translating 
requirements, writing lines of codes and 
implementing the same to a machine-
readable inputs 

Programming deals with the much bigger picture which 
involves in all the critical parameters from debugging and 
compiling to testing and implementation. It handles the core 
functionality between human inputs and proper machine level 
outputs. 

 

There is always a question, if every successful programmer could be a successful ICT/STEM 
teacher. There is no clear answer to this question, since it depends also on personality, 
motivation, etc. But it is beneficial for a programmer to have a specific pedagogical knowledge 
about the programming, as will be evident in the following lessons.  

Current research on the topic doesn’t define the best age at which to begin learning about 
coding and programming.  General the consensus is that from around age 8 to 10, at that point 
abstract thinking is starting to form, it is a reasonable to start learning the programming. Of 
course, there are prerequisites before it is possible to start learning, e.g. ability to read. 

The question is whether anyone could be a programmer. The answer is yes, but it depends on 
the individual and also on their teacher, motivation, programming language, etc. But not 
everyone can be a good or excellent programmer, because for this it takes a lot of practice 
and determination. The same applies also for coding. 

                                                           
1 https://www.educba.com/coding-vs-programming/ 

https://www.educba.com/coding-vs-programming/
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Implementation 

 Group work.  

 Pro and contra discussion 

 project based learning (as example) 

Questions to ask 

 Do coding and programming mean the same thing? 

 If you are a programmer, are you also a coder? 

 Can every successful programmer be a successful ICT/STEM teacher? 

 At what age should programming instruction  begin? 

 Can be kids in primary school be taught programming? What about old people? 

 Are there some prerequisites needed to learn programming?  

 Could anyone be a programmer? 

Resources 

ars technica. (2012, 9 15). Is it true that “not everyone can be a programmer”? Retrieved from ars 
technica: https://arstechnica.com/information-technology/2012/09/is-it-true-that-not-
everyone-can-be-a-programmer/ 

Mechado, L. (2017, 12 9). What is the best age to start learning programming? Retrieved from 
Quora: https://www.quora.com/What-is-the-best-age-to-start-learning-programming-1 

Ohanesian, S. (2018, 7 31). What is the difference between coding & programming? Retrieved from 
Julian Krinsky Camps & Programs: https://info.jkcp.com/blog/coding-vs-programming 

Prottsman, K. (2015, 12 4). Coding vs. Programming — Battle of the Terms! Retrieved from WebCite: 
http://www.webcitation.org/77YHuuIqu 

Quora. (2017, 4 8). Can anyone become a good programmer? Retrieved from Quora: 
https://www.quora.com/Can-anyone-become-a-good-programmer 

Shaw, M. (1992). We Can Teach Software Better. Retrieved from Carnegie Mellon University School 
of Computer Science: http://www.cs.cmu.edu/~Compose/ftp/TchSWBetter.pdf 

  

https://arstechnica.com/information-technology/2012/09/is-it-true-that-not-everyone-can-be-a-programmer/
https://arstechnica.com/information-technology/2012/09/is-it-true-that-not-everyone-can-be-a-programmer/
https://www.quora.com/What-is-the-best-age-to-start-learning-programming-1
https://info.jkcp.com/blog/coding-vs-programming
http://www.webcitation.org/77YHuuIqu
https://www.quora.com/Can-anyone-become-a-good-programmer
http://www.cs.cmu.edu/~Compose/ftp/TchSWBetter.pdf
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ACTIVITY 2: Computational thinking  

Lecture activity focused on computational thinking.  

Theory 

Wing (2017) who is one of the pioneers of Computational thinking, agreed on the following 
definition: “Computational thinking (CT) is the thought processes involved in formulating a 
problem and expressing its solution(s) in such a way that a computer—human or machine—
can effectively carry out.”  

In other words, Computational thinking is about a process that takes a problem, understands 
it and develops a solution to solve it. Then it formulates a solution in such a way that a 
computer or a human can understand it. 

There are four key components of the CT 

 decomposition 

 pattern recognition 

 abstraction 

 algorithms 

CT can be seen as a fundamental skill for everyone, not just for computer scientists. It is 
applicable in either a computerised or unplugged problem-solving process. CT has the 
potential for application in a wide range of disciplines as the creative learning arrangements. 

Questions to ask 

 Why is computational thinking important? 

 Is it necessary for everyone to know how to think this way? 

 Is computational thinking different that our common thinking? 

Implementation 

 Group work.  

 Flipped classroom activity. 

 Project based learning  

Resources 

Google. (n. d.). Exploring Computational Thinking. Retrieved from Google for Education: 
https://edu.google.com/resources/programs/exploring-computational-thinking/ 

ISTE. (2012, 1 3). Computational thinking: A digital age skill for everyone. Retrieved from Youtube: 
https://www.youtube.com/watch?v=VFcUgSYyRPg 

Shute, V. J., Sun, C., & Asbell-Clarke, J. (2017). Demystifying computational thinking. Educational 
Research Review, 22, 142-158. Retrieved from http://myweb.fsu.edu/vshute/pdf/CT.pdf 

Togyer, J., & Wing, J. M. (n. d.). Research Notebook: Computational Thinking--What and Why? The 
LINK - The magazine of Carnegie Mellon University's School of Computer Science. Retrieved 
from https://www.cs.cmu.edu/link/research-notebook-computational-thinking-what-and-
why 

https://edu.google.com/resources/programs/exploring-computational-thinking/
https://www.youtube.com/watch?v=VFcUgSYyRPg
http://myweb.fsu.edu/vshute/pdf/CT.pdf
https://www.cs.cmu.edu/link/research-notebook-computational-thinking-what-and-why
https://www.cs.cmu.edu/link/research-notebook-computational-thinking-what-and-why
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Wing, J. M. (2017). Computational thinking’s influence on research and education for all. Italian 
Journal of Educational Technology,, 25(2), 7-14. Retrieved from 
http://www.cs.cmu.edu/~wing/publications/Wing17.pdf 

  

http://www.cs.cmu.edu/~wing/publications/Wing17.pdf
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ACTIVITY 3: Problem solving 

Lecture activity focused on problem solving.  

Theory 

Definition: “the process or act of finding a solution to a problem”, Merriam Webster Dictionary 

Other very similar definition is “Problem solving is the process of identifying a problem, 
developing possible solution paths, and taking the appropriate course of action.”, MIT – Online 
course about Problem solving.  

One component of the European Digital Competence Framework for Citizens is also problem 
solving, where they define following competencies (Punie, 2017): 

 Solving technical problems 

 Identifying needs and technological responses  

 Creatively using digital technologies  

 Identifying digital competence gaps  

There are many resources about the problems in general and also guides how to approach 
solving a problem. Bransford and Stein (1993) proposed a model IDEAL: 

 Identify the problem 

 Define the context of the problem 

 Explore possible strategies 

 Act on best solution 

 Look back and learn 

Problem solving and programming are tightly connected. When programming people are also 
solving problems that arise in the process. In general, it is possible to define these steps that 
areprogramming oriented: 

 Understand the Problem  

 Problem analysis and formulation of a Model  

 Develop and write an Algorithm in a Pseudocode 

 Coding the program  

 Test and debug the Program  

 Evaluate the Solution and document it 

Implementation 

 Group work.  

 Pro and contra discussion 

 Project based learning  

Questions to ask 

 Why is problem solving important? 

 Is problem solving skills critical for successful programmer? 

 Are programming and problem solving connected? Explain how? 

 Are there some specific steps that should be followed, when solving a problem? 
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Resources 

Gomes, A., & Mendes, A. (2019). Problem solving in programming. Retrieved from 
https://pdfs.semanticscholar.org/1742/6220e02744ce9492bb4e56a0778333a79b18.pdf 

Massachusetts Institute of Technology. (n. d.). Introduction to problem solving skills. Retrieved from 
CC/MIT: https://ccmit.mit.edu/problem-solving/ 

Moursund, D. (2007). Introduction to Problem Solving in the Information Age. Oregon: College of 
Education, University of Oregon. Retrieved from 
https://pages.uoregon.edu/moursund/Books/IAE-PS/PS-in-IA.pdf 

Punie, Y. (2017). DigComp 2.1: The Digital Competence Framework for Citizens. Luxembourg: 
Publications Office of the European Union. Retrieved from 
https://ec.europa.eu/jrc/en/publication/eur-scientific-and-technical-research-
reports/digcomp-21-digital-competence-framework-citizens-eight-proficiency-levels-and-
examples-use 

 

  

https://pdfs.semanticscholar.org/1742/6220e02744ce9492bb4e56a0778333a79b18.pdf
https://ccmit.mit.edu/problem-solving/
https://pages.uoregon.edu/moursund/Books/IAE-PS/PS-in-IA.pdf
https://ec.europa.eu/jrc/en/publication/eur-scientific-and-technical-research-reports/digcomp-21-digital-competence-framework-citizens-eight-proficiency-levels-and-examples-use
https://ec.europa.eu/jrc/en/publication/eur-scientific-and-technical-research-reports/digcomp-21-digital-competence-framework-citizens-eight-proficiency-levels-and-examples-use
https://ec.europa.eu/jrc/en/publication/eur-scientific-and-technical-research-reports/digcomp-21-digital-competence-framework-citizens-eight-proficiency-levels-and-examples-use
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ACTIVITY 4: Critical role of ICT teachers 

In this activity, students describe the critical role of ICT Teachers for the successful delivery of 
coding education. 

Theory 

Students, through the use of the internet and open resources, can learn programming and to 
code by themselves. There are many resources on the Internet and there are many good 
programmers that were self-taught. The reason why most students fail in self learning 
programming lies in the fact that learning curve is very steep and most of them loose the 
motivation to continue.  

ICT & STEM Teachers on other hand have the expertise and knowledge, because they already 
know to code and therefore can mentor and advise students how to learn coding successfully.  

Implementation 

 Pro and contra discussion 

Questions to ask 

 Can we learn programming only by online resources and/or books? Is it easy? 

 Why are teachers needed to teach programming? 

Resources 

Gutschank, J. (2019). Coding in STEM Education. Berlin, Germany: Science on Stage Deutschland e.V. 
Retrieved from https://www.science-on-
stage.eu/images/download/Coding_in_STEM_Education_web.pdf 

Sentance, S., & Csizmadia, A. (2017). Computing in the curriculum: Challenges and strategies from a 
teacher’s perspective. Education and Information Technologies, 22(2), 469–495. 

  

https://www.science-on-stage.eu/images/download/Coding_in_STEM_Education_web.pdf
https://www.science-on-stage.eu/images/download/Coding_in_STEM_Education_web.pdf
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Lesson code: LESSON (U1-L2) 

Title: Applied coding (10% out of 20%) 

Learning Outcomes 

 Explain the importance of coding education in STEM 

 Outline how to use and integrate coding into STEM, robotics and internet of things. 

 Identify software and hardware for teaching coding  

Methodology 

Instructional Strategies 

✖ Lecturing ✖ Discussion ⬜ Drill & Practice 

✖ Group work ⬜ Question and answer ⬜ Project based learning 

⬜ Role playing ⬜ Blended learning ⬜ Demonstration 

 

Lesson Outline 

Activity 1: STEM problems are fun 

Activity 2: Concept of STEM in the classroom 

Activity 3: STEM tools and resources 

 

Potential Evaluation Methods 

✖ Teacher Observation ⬜ Task Analysis ⬜ Written Test 

⬜ Checklist/Rating Scale ⬜ Peer Evaluation ✖ Oral Response 

✖ Homework Activity ⬜ Work Sample ⬜ Project Based Activity 

✖ Presentation  
 

⬜ Other 
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ACTIVITY 1: STEM problems are fun  

The instructor summaries the U1L1 activities and ask some open-ended questions for the 
students to challenge their prior knowledge about STEM. Then the instructor shows a STEM 
devices like a basic robot to the students and some questions to encourage the students to 
describe how the robot or other STEM device works.  Students can do this work individualy or 
in groups. The instructor asks the students to give some examples of how the robot or other 
STEM devices which are used by them and ask them to explain how the robot or STEM device 
works.  

The instructor could demonstrate, using for example a remote car model.  The movement of 
the car forward and backwards can be explained by then showing how the code / program 
corresponds to the sample code screens, and then display the back and forth motion program 
on the code screen. The instructor then asks students to discuss engineering, science, 
technology, mathematics and art through the same model. 

The instructor can use a range of STEM devices to encourage the students about how to use 
robotics applications with coding and give an introduction to the student on this topic.  Robots 
are specific computers which can interact with their environment using their sensors, LED 
lights, speakers, motors, etc. They can be instructed precisely through code what to do in the 
specific environment situations. 

 

 

Figure 1: Robot mBot follows the black line (source: Authors) 

 

For example, the Instructor could utilise a robot mBot (https://makeblock.com/steam-
kits/mbot). The robot is designed to follow the black line, with green LEDs on (see Figure 1).  
It will stop at a barrier (some box or book or hand, see Figure 2) and makes a sound while 
turning the LEDs to red and continues if a barrier is removed. 

 

 

 

https://makeblock.com/steam-kits/mbot
https://makeblock.com/steam-kits/mbot
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Figure 2: Robot mBot stops in front of a barrier 

 

The code in Scratch that instructs a robot to follow the black line and to stop in the front of 
the barrier is depicted in Figure 3. 
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Figure 3: The code in Scratch that instructs a robot  

Another example of a STEM device is a microcomputer micro:bit2 which uses Blocks (a Scratch-

like) code to program it.  

The example in Figure 4 shows the code which instructs micro:bit to show its temperature 
sensor value in degrees Celsius (press button A on micro:bit) and its compass sensor value in 
degrees (0 - North, 90 - East, 180 - South, 270 - West) (press button B on micro:bit). Its motion 
sensor can be used to count steps or simulate the activity of throwing the dice, etc. Buttons A 
and B pressed together trigger the code to show the number of counted steps. 

 

                                                           
2 https://microbit.org/code/ 

https://microbit.org/code/
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Figure 4: Code example for micro:bit 

Implementation 

 Discussion 

 Teacher Observation 

Questions to ask 

 How does a robot work? 

 How to use and integrate coding into STEM, robotics and internet of things? 

Resources 

makeblock. (n. d.). mBot. Retrieved from makeblok: https://www.makeblock.com/steam-kits/mbot 

micro:bit. (n. d.). Power your imagination with code. Retrieved from micro:bit: 
https://microbit.org/code/ 

TechTarget network. (n. d.). Robot. Retrieved from TechTarget network: 
https://searchenterpriseai.techtarget.com/definition/robot 

 

  

https://www.makeblock.com/steam-kits/mbot
https://microbit.org/code/
https://searchenterpriseai.techtarget.com/definition/robot


18 
 

ACTIVITY 2: Concept of STEM in the classroom 

The instructor explains what it means for a student to conceptualize STEM and implement it 
in their classroom, the roles of coding in STEM projects or applications, how these fields are 
connected. Each student discusses the importance of the coding in STEM. The instructor 
focuses on the ‘T’ in STEM because coding is usually under the Technology title.  

Theory 

The STEM concept or term was firstly introduced by in 2001 by j. Ramaley who is one of the 
NFS (National Science Foundations) directors. STEM stands for Science, Technology, 
Engineering, and Mathematics. However, according to White (2014), STEM education is more 
than a combination of subject titles but  a philosophy of education, which allows instructor to 
create a learning environment that present specific skills and subjects in a way that resemble 
real world.  

NFS defines STEM as “fields broadly, including not only the common categories of 
mathematics, natural sciences, engineering, and computer and information sciences, but also 
such social/behavioural sciences as psychology, economics, sociology, and political science” 
(Breiner, Sheats Harkness, Johnson, & Koeler, 2012, p. 4) 

Science, technology, engineering, and mathematics, which are among the four cornerstones 
of STEM, have an important place in the academic career of the students, especially, science 
and mathematics.  

These fields can be defined as follow:  

 Science: the systematic study of the nature and behaviour of the material and physical 
universe, based on observation, experiment, and measurement, and the formulation 
of laws to describe these facts in general terms (https://www.dictionary.com, 2019).  

 Technology: the branch of knowledge that deals with the creation and use of technical 
means and their interrelation with life, society, and the environment, drawing upon 
such subjects as industrial arts, engineering, applied science, and pure science 
(https://www.dictionary.com, 2019).  

 Engineering: the art or science of making practical application of the knowledge of 
pure sciences, as physics or chemistry, as in the construction of engines, bridges, 
buildings, mines, ships, and chemical plants (https://www.dictionary.com, 2019).  

 Mathematics: a group of related sciences, including algebra, geometry, and calculus, 
concerned with the study of number, quantity, shape, and space and their 
interrelationships by using a specialized notation (https://www.dictionary.com 2019). 

 

STEM Education 

STEM education, which refers to teaching and learning in STEM fields, is an approach that 
enables students to learn directly, to see and to understand how things work, and to transfer 
their knowledge to new and different problems. Students who have adequate information 
about STEM can solve the problems they encounter in daily life and improves their use of 
technology.  

According to Bybee (2013), the overall objectives of STEM education is to improve STEM 
literacy in society. And his definition of STEM literacy refers an individual who has: 

https://www.dictionary.com/browse/technology
https://www.dictionary.com/browse/technology
https://www.dictionary.com/browse/technology
https://www.dictionary.com/browse/technology
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 knowledge, attitudes, and skills to identify questions and problems in life situations, 
explain the natural and designed world, and draw evidence-based conclusions about 
STEM-related issues;  

 understanding of the characteristic features of STEM disciplines as forms of human 
knowledge, inquiry, and design; 

 awareness of how STEM disciplines shape our material, intellectual, and cultural 
environments; and 

 willingness to engage in STEM-related issues and with the ideas of science, technology, 
engineering, and mathematics as a constructive, concerned, and reflective citizen. 
(p.101) 

In relation to STEM education, there are different perspectives, which are depicted in Figure 
5, Figure 6, Figure 7. The aim is  to make the concept of STEM education clear and 
understandable 

 

 

Figure 5: Single-Discipline Reference (Bybee, 2013) 

 

SCIENCE 

STEM equals a 

science 

discipline (or 

mathematics).  

Example: many current discussions of STEM 
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Figure 6: STEM as Reference for Science and Math (Bybee, 2013) 

 

 

 

Figure 7: Separate Science Disciplines That Incorporate Other Disciplines (Bybee, 2013) 

Questions to ask 

 Why is STEM important? 

 What are the advantages and disadvantages of STEM education? 

 

 

S 

Separate 

disciplines of 

science and 

mathematics.  

Example: Many policy discussions of STEM 

   

T E M 

 

SCIENCE 

Separate science disciplines that 

incorporate technology, 

engineering, or mathematics as 

appropriate.  

Example: Some science courses 

T E M 
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Resources 

Breiner, J., Sheats Harkness, S., Johnson, C., & Koeler, C. M. (2012). What is STEM? A discussion about 
Conceptions of STEM in education and partnerships. School Science and Mathematics, 
112(1), 3-11. 

Bybee, R. W. (2013). The Case for STEM Education: Challenges and Opportunities. NSTA Press 
(National Science Teachers Association). 

Mills, A. (2017, 10 4). What is STEM education? Retrieved from Phys.org: 
https://phys.org/news/2017-10-stem.html 

STEAM Powered Family. (2018, 3 19). What is STEM and STEAM? A guide for parents and educators. 
Retrieved from STEAM Powered Family: 
https://www.steampoweredfamily.com/education/what-is-stem/ 

White, D. (2014). What is STEM education and why is it important? Florida Association of Teacher 
Educators Journal, 14, 1-8. 

 

  

https://phys.org/news/2017-10-stem.html
https://www.steampoweredfamily.com/education/what-is-stem/
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ACTIVITY 3: STEM tools and resources 

Implementation 

The instructor wants students to find an online resource e.g. a scientific article/research which 
highlights some STEM tool and application related to coding. The students as a group are 
directed to find STEM tools and do the evaluation about these tools based on the criteria the 
teacher provided.  

Examples of STEM tools and applications for students related to coding are available at 
https://www.commonsense.org/education/top-picks/stem-apps-for-higher-order-thinking. 

An additional example which describes a simple way of coding for smartphones 
(microcomputers with sensors) which is available at MIT App Inventor web site at 
http://appinventor.mit.edu/explore/. Figure 8 and Figure 9 show a custom-made app, which 
enables sending and receiving texts (SMS). 

 

 

Figure 8: MIT App Inventor - Designer View 

 

https://www.commonsense.org/education/top-picks/stem-apps-for-higher-order-thinking
http://appinventor.mit.edu/explore/
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Figure 9: MIT App Inventor Blocks (Code) View 

On-line resources can be evaluated according to the following criteria: 

 Fields of STEM that are included, 

 Interdisciplinarity, 

 Tools and applications considered, 

 Are they hardware or software oriented, 

 Are they commercial or non-commercial, 

 Friendly interface, 

 Online help. 

Resources 

Common sense education. (n. d.). STEM Apps for Higher-Order Thinking. Retrieved from Common 
sense education: https://www.commonsense.org/education/top-picks/stem-apps-for-
higher-order-thinking 

DCSTEM network. (n. d.). Resources & Tools. Retrieved from DCSTEM network: 
https://www.dcstemnetwork.org/resources-and-tools/ 

DS Examiner. (2014, 7 14). The Ultimate STEM Guide for Kids: 239 Cool Sites About Science, 
Technology, Engineering and Math. Retrieved from Master's in data science: 

https://www.commonsense.org/education/top-picks/stem-apps-for-higher-order-thinking
https://www.commonsense.org/education/top-picks/stem-apps-for-higher-order-thinking
https://www.dcstemnetwork.org/resources-and-tools/
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https://www.mastersindatascience.org/blog/the-ultimate-stem-guide-for-kids-239-cool-
sites-about-science-technology-engineering-and-math/ 

MIT App inventor. (n. d.). MIT App inventor. Retrieved from MIT App inventor: 
http://appinventor.mit.edu/explore/ 

Techno Kids. (n. d.). TechnoCode. Retrieved from Techno Kids: K-12 Technology projects: 
https://www.technokids.com/store/middle-school/technocode/scratch-for-kids.aspx 

https://www.mastersindatascience.org/blog/the-ultimate-stem-guide-for-kids-239-cool-sites-about-science-technology-engineering-and-math/
https://www.mastersindatascience.org/blog/the-ultimate-stem-guide-for-kids-239-cool-sites-about-science-technology-engineering-and-math/
http://appinventor.mit.edu/explore/
https://www.technokids.com/store/middle-school/technocode/scratch-for-kids.aspx
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Lesson code: LESSON (U2-L1) 

Title: Teaching Materials and Tools of Coding Education (10% out of 20%) 

Learning Outcomes 

 Evaluate relevant websites for teaching coding. 

 Select appropriate motivational tools (e.g. CS unplugged, algorithm visualization) to 
engage students in coding education. 

Methodology 

Instructional Strategies 

✖ Lecturing ✖ Discussion ⬜ Drill & Practice 

✖ Group work ⬜ Question and answer ⬜ Project based learning 

⬜ Role playing ⬜ Blended learning ⬜ Demonstration 

Lesson Outline 

Activity 1: Motivational activity - a real life example 

Activity 2: Concept of motivation  

Activity 3: Explain case based learning, CS unplugged and algorithm visualization. 

Activity 4: A case-based example in coding education 

Potential Evaluation Methods 

✖ Teacher Observation ⬜ Task Analysis ⬜ Written Test 

⬜ Checklist/Rating Scale ⬜ Peer Evaluation ✖ Oral Response 

✖ Homework Activity ⬜ Work Sample ⬜ Project Based Activity 

✖ Presentation  
 

⬜ Other 
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ACTIVITY 1: Motivational activity – a real life example 

In this activity, the focus is on the evaluation criteria for websites for coding education. 

Implementation 

The aim of this activity is to turn students’ attention to the lesson topic and to show them how 
to create a template to make a decision for evaluating websites. The instructor can start the 
lesson with some questions.  

The table below can be presented an example to guide the students after getting their 
responses to the question. Pros and Cons can be different based on the comments.  

 

Table 2: Evaluating different web sites 

 

   
Scheduled Delivery 

   
White Glove 
Delivery    
Free Shipping 

   
Return Policy 30-days 30-days 90-days 

Pros fast   

Cons    

 

Evaluating relevant websites for teaching coding. 

Instructor can group the students, and asks them to find suitable websites to teach coding, 
according to these criteria below: 

 Available courses 

 Free Programming Courses 

 Friendly interface 

 Provide Hints 

 Online Help 

 Certifications 

 Advantages and Disadvantages 

Questions to ask 

 What your strategies are to buy something over the internet? 

 Which websites do you prefer? Why? 

Resources 

Anderson, L. W., & Krathwohl, D. R. (2001). A Taxonomy for Learning, Teaching, and Assessing: A 
Revision of Bloom's Taxonomy of Educational Objectives. New York: Longman. 

Anderson, L. W., Krathwohl, D. R., Airasian, P. W., Cruikshank, K. A., Mayer, R. E., Pintrich, P. R., . . . 
Wittrock, M. C. (n. d.). REVISED Bloom’s Taxonomy Action Verbs. Retrieved from AZUSA 
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Pacific University: 
https://www.apu.edu/live_data/files/333/blooms_taxonomy_action_verbs.pdf 

Bigby, G. (2019, 1 29). Top 25 Amazing Websites to Learn How to Code. Retrieved from Dyno 
Mapper: https://dynomapper.com/blog/410-top-25-websites-to-learn-to-code 

Video. Hour of Code Intro. (n. d.). Frozen - Hour of Code Introduction. Retrieved from Code.org: 
https://studio.code.org/s/frozen/stage/1/puzzle/1 

w3school.com. (n. d.). Python Tutorial. Retrieved from w3school.com: 
https://www.w3schools.com/python/default.asp 

Wilson, L. O. (2016). Anderson and Krathwohl – Bloom’s Taxonomy Revised. Retrieved from The 
Second Priciple: https://thesecondprinciple.com/teaching-essentials/beyond-bloom-
cognitive-taxonomy-revised/ 

  

https://www.apu.edu/live_data/files/333/blooms_taxonomy_action_verbs.pdf
https://dynomapper.com/blog/410-top-25-websites-to-learn-to-code
https://studio.code.org/s/frozen/stage/1/puzzle/1
https://www.w3schools.com/python/default.asp
https://thesecondprinciple.com/teaching-essentials/beyond-bloom-cognitive-taxonomy-revised/
https://thesecondprinciple.com/teaching-essentials/beyond-bloom-cognitive-taxonomy-revised/
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ACTIVITY 2: Concept of motivation 

This activity’s focus is to explain motivation concepts and one of the motivation theories (e.g. 
Keller's ARCS motivational model).  

Theory 

Motivated students are one of the cornerstones of the classroom pedagogy.  

What is motivation?  

“Motivation is defined as the act or process of motivating; the condition of being motivating; 
a motivating force, stimulus, or influence; incentive; drive; something (such as a need or 
desire) that causes a person or student to act; and the expenditure of effort to accomplish 
result.” (Vero & Puka, 2017)  

John Keller’s ARCS Model of Motivational Design Theories includes four steps for maintaining 
and increasing motivation in the learning process: Attention, Relevance, Confidence, 
Satisfaction (ARCS) (Keller, 1987) 

 Attention: It refers to the learners’ interest. It is critical to get and hold the learners’ 
interests and attention. 

 Relevance: The learning process should show the usefulness of the content so that 
learners can bridge the gap between content and the real world. 

 Confidence: This component focuses on developing success expectation among 
learners, and success expectation allows learners to control their learning processes. 
There is a correlation between confidence level and success expectation. That is why 
providing estimation of probability of the success to learners is important. 

 Satisfaction: There is direct relation between motivation and satisfaction. Learners 
should be satisfied of what they achieved during the learning process. (ARCS model of 
motivation, n. d.) 

This model contains several methods and strategies to help the instructor to maintain each 
motivational element. The instructor can give some examples for each motivational element, 
for example; for Perceptual Arousal, Instructor can take students’ attention by giving them 
real world examples, adding humour or enquiring about learners’ past experiences.  

Implementations 

Instructor should define the motivation based on the resources below.  They can also 
underline the importance of motivation in education (the question below  are formulated for 
this purpose).  

There are many motivation theories in education field, but the instructor can select some of 
more famous ones and present some key features of that theory i.e.  Maslows’ Hierarchy of 
Needs Theory (1954), McClelland’s Needs Theory (1961), “Herzberg’s Two-Factor Theory” 
(Rily, 2005, p.3), and Keller’s ARCS Theory (1987).  

Questions to Ask 

 Why motivation is important in education? 

 What are the most known motivational theories? 

 What are the five key elements impacting student motivation? 
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Resources 

ARCSmodel.com. (n. d.). Attention, relevance, confidence, satisfaction. Retrieved from 
ARCSmodel.com: https://www.arcsmodel.com/ 

Chand, S. (n. d.). Motivation Theories: Top 8 Theories of Motivation – Explained! Retrieved from 
YourArticleLibrary: The next generation library: 
http://www.yourarticlelibrary.com/motivation/motivation-theories-top-8-theories-of-
motivation-explained/35377 

Keller, J. M. (1987). Development and use of the ARCS model of instructional design. Journal of 
instructional development, 10(3), 2-10. 

Learning theories. (2005-2019). ARCS model of motivational design theories (Keller). Retrieved from 
Learning theories: https://www.learning-theories.com/kellers-arcs-model-of-motivational-
design.html 

Seifert, K., & Sutton, R. (2009). Educational Psychology (Second Edition). Zurich, Switzerland: The 
Saylor Foundation. Retrieved from 
https://resources.saylor.org/wwwresources/archived/site/wp-
content/uploads/2012/06/Educational-Psychology.pdf 

Sookdeo, C. (2012, 4 26). Motivational Theories In Education. Retrieved from SlideShare: 
https://www.slideshare.net/ChristinaSookdeo/motivational-theories-12696671 

Texas Tech University. (n. d.). ARCS model of motivation. Retrieved from The Texas A&M University 
System: http://www.tamus.edu/academic/wp-content/uploads/sites/24/2017/07/ARCS-
Handout-v1.0.pdf 

Vero, E., & Puka, E. (2017). The Importance of Motivation in an Educational Environment. Formazione 
& Insegnamento XV, 15(1), 57-66. 

Williams, K. C., & Williams, C. (2011). Five Key Ingredients for Improving Student Motivation. 
Research in Higher Education Journal, 12(1), 104-122. 

  

https://www.arcsmodel.com/
http://www.yourarticlelibrary.com/motivation/motivation-theories-top-8-theories-of-motivation-explained/35377
http://www.yourarticlelibrary.com/motivation/motivation-theories-top-8-theories-of-motivation-explained/35377
https://www.learning-theories.com/kellers-arcs-model-of-motivational-design.html
https://www.learning-theories.com/kellers-arcs-model-of-motivational-design.html
https://resources.saylor.org/wwwresources/archived/site/wp-content/uploads/2012/06/Educational-Psychology.pdf
https://resources.saylor.org/wwwresources/archived/site/wp-content/uploads/2012/06/Educational-Psychology.pdf
https://www.slideshare.net/ChristinaSookdeo/motivational-theories-12696671
http://www.tamus.edu/academic/wp-content/uploads/sites/24/2017/07/ARCS-Handout-v1.0.pdf
http://www.tamus.edu/academic/wp-content/uploads/sites/24/2017/07/ARCS-Handout-v1.0.pdf
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ACTIVITY 3: Case based learning, CS unplugged and algorithm visualization 

This activity includes the definition of case based learning, CS unplugged and algorithm 
visualization. 

Theory 

Case-based learning (CBL) is an instructional design model that has similar origins of project-
oriented learning. CBL in a narrow sense is quite similar to problem-based learning but the 
basis of this approach is to provide students with discussion based on examples that resemble 
the real world or on specific scenarios.  

This method is student centred. In this approach, the participants work together to examine 
the case while creating their own information. The role of the teacher is to guide the students 
while analysing the questions with the collaborative method and solving the questions 
without a single answer. 

It is possible to use the following figure/list to explain the process of the case-based learning.  

1. Case is established 
2. Case is analysed by groups 
3. Brainstorming 
4. Formulate learning objectives 
5. Dissemination of new findings 
6. Group shares results 
7. Identify areas for improvements 

 

 

Figure 10: CBL approach3 

 

                                                           
3 Source: https://emj.bmj.com/content/emermed/22/8/577.full.pdf 
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It is also important to define the roles of teacher and students in CBL and features of CBL. This 
can be explained as follows: (source:http://edutechwiki.unige.ch/en/Case-based_learning#What_is_case-based_learning.3F) 

Features: 

 Learner-centred. 

 Collaboration and cooperation between the participants. 

 Discussion of specific situations, typically real-world examples. 

 Questions with no single right answer. 

Students 

 Engaged with the characters and circumstances of the story. 

 Identify problems as they perceive it 

 Connect the meaning of the story to their own lives. 

 Bring their own background knowledge and principles. 

 Raise points and questions and defend their positions. 

 Formulate strategies to analyse the data and generate possible solutions. 

 May not agree, and sometimes a compromise is reached. 

Teacher 

 Facilitator. 

 Encourages exploration of the case and consideration of the characters' actions in light 
of their own decisions. 

Cases 

 Factually-based. 

 Complex problems written to stimulate classroom discussion and collaborative 
analysis. 

 Involves the interactive, student-centred exploration of realistic and specific situations. 
 

CS Unplugged 

“CS Unplugged is a collection of free teaching material that teaches Computer Science through 
engaging games and puzzles that use cards, string, crayons and lots of running around.” 
(https://csunplugged.org/en/) 

The CS Unplugged approach can be thought of as the heart of the computer. Furthermore, 
this approach provides advantages such as dealing with, or even accessing, computers without 
learning a programming language. The basic principle of the approach is social assistance 
rather than teaching something about the computer. In doing so, it aims to remove incorrect 
information about the computer field. 

There are a few characteristics of CS unplugged activities. These are as follows (Nishida and et 
al., 2009):  

 No computers: 

o As the title suggests, computers cannot be used directly in activities in this 
approach. 

 Games: 

http://edutechwiki.unige.ch/en/Case-based_learning#What_is_case-based_learning.3F
https://csunplugged.org/en/
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o The activities are based on a game or challenge involving interest, curiosity and 
motivation. This allows students to see them as a play. 

 Kinaesthetic:  

o Physical objects such as cards and weights are used in the activities. This provides 
kinaesthetic engagement and often brings humour if the objects are out of context 
(such as the fruit used in the computer lesson). 

 Student directed:  

o Games usually take place in interaction with other students. As a result, students 
try to reach the answer by trial and error. 

 Easy implementation: 

o Activities often include inexpensive equipment that can easily be found in all 
schools. their preparation and application is easy. 

 Sense of the story: 

o The stories usually contain fantasy elements (e.g., pirates, mysterious messages). 
and this is used to engage students into the class. 

 

Algorithm visualization (AV) technology aims to help learners understand how algorithms 
work. In addition, this technology can be defined as “graphical representation” of dynamic 
behaviour of computer algorithms. 

“AV technology has evolved from batch-oriented software that enable instructors to construct 
animated films; to highly interactive systems that enable students to explore dynamically 
configurable animations of algorithms on their own; to interactive programming 
environments that enable students to quickly construct their own visualizations.” (Donmez & 
Inceoglu, 2008, p. 531) 

“AV software has been used: (Hundhausen, Douglas, & Stasko, 2002, p. 260) 

 to help instructors illustrate algorithm operations in a lecture; 

 to help students as they study and learn about fundamental algorithms in a computer 
science course; 

 to help instructors track down bugs in students’ linked-list programs during office 
hours and 

 to help students learn about the basic operations of an abstract data type in a 
computer science laboratory.”  

Instructor can show students some visualization tools to help them how to create a code in 
such tool. These tools can be online; 

 https://algorithm-visualizer.org/ 

 https://visualgo.net/en 

 http://www.algomation.com/ or software; 

 http://www.flowgorithm.org/ 

 

https://algorithm-visualizer.org/
https://visualgo.net/en
http://www.algomation.com/
http://www.flowgorithm.org/
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For example, Instructor can create a code in this website https://algorithm-visualizer.org/, and 
students can see the results immediately and analyse the process of code  

 

Figure 11: Algorithm visualizer 

 
 

Questions to Ask 

 Why is it necessary to use case-based learning? 

 What is the difference between case-based and problem learning? 

 Why is algorithm visualization useful? 

 What promotes CS unplugged?  

 Can we understand algorithms using CS unplugged approach? 

Resources 

CS Unplugged. (n. d.). CS Unplugged Topics. Retrieved from CS Unplugged: 

https://csunplugged.org/en/topics/ 

Donmez, O., & Inceoglu, M. M. (2008). A Web Based Tool for Novice Programmers: Interaction in 
Use. ICCSA '08 - International conference on Computational Science and Its Applications (pp. 
530 - 540). Perugia, Italy: Springer-Verlag. 

Grissom, S., McNally, M. F., & Naps, T. (2003). Algorithm visualization in CS education: comparing 
levels of student engagement. SoftVis '03 Proceedings of the 2003 ACM symposium on 
Software visualization (pp. 87-94). San Diego, CA: ACM. 

Hundhausen, C. D., Douglas, S. A., & Stasko, J. T. (2002). A Meta-Studyof AlgorithmVisualization 
E¡ectiveness. Journal of Visual Languages and Computing, 13, 259-290. 
doi:doi:10.1006/S1045-926X(02)00028-9 

immersed. (n. d.). Gamification versus game-based learning. Retrieved from Immersed games: 
http://www.immersedgames.com/gamification-vs-game-based-learning/ 

Kapp, K. M. (2012). The Gamification of Learning and Instruction: Game-based Methods and 
Strategies for Training and Education. San Francisco, CA: John Wiley & Sons, Inc. 

https://algorithm-visualizer.org/
https://csunplugged.org/en/topics/
http://www.immersedgames.com/gamification-vs-game-based-learning/
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Kapp, K. (2014). GAMIFICATION: Separating Fact From Fiction. Chief Learning Officer, 42-52. 
Retrieved from http://ww.w.cedma-
europe.org/newsletter%20articles/Clomedia/Gamification%20-
%20Separating%20Fact%20from%20Fiction%20(Mar%2014).pdf 

Michael, D., & Chen, S. (2006). Serious Games: Games That Educate, Train, and Inform. Boston, MA: 
Thomson Course Technology PTR. Retrieved from 
https://anagroudeva.files.wordpress.com/2013/06/serious_games__games_that_educate_
_train__and_inform.pdf 

Nishida, T., Kanemune, S., Idosaka, Y., Namiki, M., Bell, T. C., & Kuno, Y. (2009). A CS unplugged 

design pattern. 40th SIGCSE Technical Symposium on Computer Science Education, SIGCSE 

2009 (pp. 231-235). Chattanooga, TN: ACM. 

 

  

http://ww.w.cedma-europe.org/newsletter%20articles/Clomedia/Gamification%20-%20Separating%20Fact%20from%20Fiction%20(Mar%2014).pdf
http://ww.w.cedma-europe.org/newsletter%20articles/Clomedia/Gamification%20-%20Separating%20Fact%20from%20Fiction%20(Mar%2014).pdf
http://ww.w.cedma-europe.org/newsletter%20articles/Clomedia/Gamification%20-%20Separating%20Fact%20from%20Fiction%20(Mar%2014).pdf
https://anagroudeva.files.wordpress.com/2013/06/serious_games__games_that_educate__train__and_inform.pdf
https://anagroudeva.files.wordpress.com/2013/06/serious_games__games_that_educate__train__and_inform.pdf
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ACTIVITY 3: A case-based example in coding education 

In this activity case based learning is applied through a series of examples. 

Implementation 

Instructor can use the following examples according to case-based learning process in the 
beginning of the course. After the case is established and understood by all of the students, 
then they first discuss and decide which approach is the best one for the case. 

 Computer unplugged 

 Pedagogical games 

 Algorithm visualization 

 

Case - computer unplugged: 

Example 1: Card flip for error detection and correction 

The idea for this error detection and correction example comes from (Card Flip Magic—Error 

Detection & Correction, 2002)  

The Instructor should choose a student who will make a 5x5 square using the magnetic cards 
that have two different colour sides. Let the student randomly choose a colour and put the 
cards in the square. (Figure 13.) 

 

Figure 12: Magnetic cards 5x5 square 

 

The Instructor should casually add another row and column and say that he or she would like 
to make things a little bit harder. This additional row and column are essential to assure parity 
in rows and columns. Now there is a 6x6 square made of magnetic cards and the Instructor 
should flip the cards to match the even number of red cards in each row and column. 
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Figure 13: Magnetic cards 6x6 square with one flipped card 

Now the Instructor should ask the student for flip over only one card while he or she has 
covered eyes. After opening the eyes that Instructor will easy find the flipped card because 
the parity in row and column is changed – the number of red cards is now odd and this will 
help to identify the flipped card (Figure 14.) 

The next step is to organize the students to work in pairs to play the same game. 
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Example 2: Classes and Objects 

In order to explain the difference between classes and objects in programming languages, the 
Instructor shows an example of a house blueprint (class) and many real houses (actual objects 
based on house blueprint) (Figure 15). 

 

Figure 14: Blueprint becomes the real object 

Object-oriented programming is a use of predefined programming modular units (objects, 
classes, subclasses, and so forth) in order to make programming faster and easier to maintain. 
Object-oriented languages help to manage complexity in large programs. Objects package 
data and the operations on them so that only the operations are publicly accessible and 
internal details of the data structures are hidden. This information hiding made large-scale 
programming easier by allowing a programmer to think about each part of the program in 
isolation. In addition, objects may be derived from more general ones, “inheriting” their 
capabilities. Such an object hierarchy made it possible to define specialized objects without 
repeating all that is in the more general ones (Hemmendinger, 2000). 

More objects can be defined based on the class. In this example, however, each house (object) 
can be of different colour, have a different front door, have one or two bathrooms, etc. 

 

 

https://www.merriam-webster.com/dictionary/hierarchy
https://www.merriam-webster.com/dictionary/hierarchy
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Figure 15. Object 2 - implementation of the class Object 3 - implementation of the class 

1. The instructor shows a blueprint of a house to the students 

2. Ask students to make a toy house using Lego bricks.  

3. Observe that each house is similar, but also has some differences such as colour of the 
roof, the walls or the doors. 
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Example 3: Classes and Objects Properties 

There is one set of student’s attributes and functions (class properties and methods) and many 
objects - actual students. 

 

Figure 16: Classes and objects properties 

1. The instructor should ask the students to describe the common properties or the 
attributes of a student.  

2. The students should describe themselves using the same properties. 

 

Example: Algorithm visualisation 

Bubble sort algorithm animation - https://visualgo.net/bn/sorting  

In this case, algorithm visualisation is used to explain how the Bubble Sorting algorithm works 
in detail (Figures 19. and 20.) 

State of values (bars) prior to the start of algorithm visualisation: 

https://visualgo.net/bn/sorting
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Figure 17: prior to the start of algorithm visualisation  

 

Figure 18: Algorithm visualisation in progress 
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Lesson code: LESSON (U2-L2) 

Title: Teaching Materials and Tools of Coding Education (10% out of 20%) 

Learning Outcomes 

 Identify collaborative platforms which can facilitate teaching coding. 

 Find free digital resources e.g. e-textbooks/video/movie/cartoon etc. which can be 
used in coding education 

Methodology 

Instructional Strategies 

⬜ Lecturing ✖ Discussion ⬜ Drill & Practice 

⬜ Group work ⬜ Question and answer ⬜ Project based learning 

⬜ Role playing ⬜ Blended learning ⬜ Demonstration 

 

Lesson Outline 

Activity 1: Collaborative tools for coding education 

Activity 2: Free learning materials 

Potential Evaluation Methods 

✖ Teacher Observation ⬜ Task Analysis ⬜ Written Test 

⬜ Checklist/Rating Scale ⬜ Peer Evaluation ✖ Oral Response 

⬜ Homework Activity ⬜ Work Sample ⬜ Project Based Activity 

⬜ Presentation  
 

⬜ Other 
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ACTIVITY 1: Collaborative tools for coding education 

This activity aims to help students search and find some collaborative tools that supports 
synchronous and asynchronous communication for coding education.  

Implementation 

The instructor  firstly mentions the importance of sharing codes with others such as friends, 
students or teachers when coding. The activity can start with asking a few questions about 
sharing and collaborating. 

After this, the instructor can summarize the answers of students under three categories. First 
category can be “code with your friends”. Instructor can explain this as “find an appropriate 
tool to write codes and share it with your friends and teachers, and then review program 
together and solve it together”. Second category is “nobody likes blackboard in coding”. For 
this category, instructor could comment “the use of technology in coding is very important - 
instead of using traditional teaching style in coding which is show-and-do, real time code 
editor can be used to support teaching and learning.” the last category can be “teach people 
with tools” which be explained as “share codes with your students and friends. And try to 
educate them by making errors in code so that they can see the result of the codes 
immediately in real time.” 

Instructor then ask students to search at least five tools that enable collaboration among 
students and teachers. It is also possible to create some selection criteria for the tools so that 
students can see the difference between tools. These criteria may be as follows: 

 Free 

 Open source 

 Synchronous/asynchronous 

 Online/offline 

 Easy to use 

 Video support 

 Browsing over documentation 

 Personal testing 

 FTP/SFTP support 

This activity can be completed by discussing the tools students find and their opinions about 
them. 

Questions to ask 

 Do we really need to share our codes with others? 

 Do you think it helps to develop better programming? 

 Do we need to work together? 

Resources 

Capterra. (n. d.). Collaboration Software. Retrieved from Capterra: 
https://www.capterra.com/collaboration-software/ 

Ciobanu, D. (2018, 10 24). Best Tools for Code Collaboration. Retrieved from designmodo: 
https://designmodo.com/code-collaboration/ 

https://www.capterra.com/collaboration-software/
https://designmodo.com/code-collaboration/
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Eberman, A. R. (2018, 4 9). Collaborative Learning: Why Coding Is The Best Field For Kids To Learn 
From Each Other. Retrieved from Tekkie Uni: https://tekkieuni.com/blog/collaborative-
code-learning/ 

Gaebel, D. (2018, 2 27). 9 Real-Time Code Collaboration Tools for Developers. Retrieved from 
envatotuts+: https://webdesign.tutsplus.com/articles/real-time-code-collaboration-tools-
for-developers--cms-30494 

Haberer, T. (2017, 11 8). Why Learning to Code Should Be Collaborative. Retrieved from Atomicdust: 
https://www.atomicdust.com/learning-to-code/ 

Robogarden. (2018, 06 13). How coding improve collaboration and cooperation? Retrieved from 
Robogarden: https://robogarden.ca/blog/how-coding-improve-collaboration-and-
cooperation 

  

https://tekkieuni.com/blog/collaborative-code-learning/
https://tekkieuni.com/blog/collaborative-code-learning/
https://webdesign.tutsplus.com/articles/real-time-code-collaboration-tools-for-developers--cms-30494
https://webdesign.tutsplus.com/articles/real-time-code-collaboration-tools-for-developers--cms-30494
https://www.atomicdust.com/learning-to-code/
https://robogarden.ca/blog/how-coding-improve-collaboration-and-cooperation
https://robogarden.ca/blog/how-coding-improve-collaboration-and-cooperation
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ACTIVITY 2: Free learning materials 

This activity aims to ask students to find free materials (e.g. textbooks, video, movies, and 
cartoon) which can be used in teaching coding and discuss the results.  

Implementation 

Instructor first explain how it can be reasonably easy to find interesting free textbooks about 
coding. These books can be for beginners right through to advanced programmers. Give a few 
examples from these books (look at the table below). And then select one of them and try to 
describe it based on the book’ properties.  

Instructor can give some time (two or three days) to the students to find free materials that 
can be used in coding education and write a short description about it. 

Table 3: Examples of Free Programming Textbook 

Book name Autors level How to use 

A Byte of Python Swaroop C H difficulty level for 
audiences: 4 out of 10 

as a good starter tool for 
programming  

Node.js Succinctly Emanuella Delbono Advanced  

97 Things Every 
Programmer Should 
Know 

 Beginner  

Game Programming 
Patterns 

 Advanced  

Mastering iOS game 
Development 

 Advanced  

 

Example: Textbook 

Find the textbook “A Byte of Python” and discuss following questions: 

 Is this a free textbook about programming language using Python language? 

 Can it be used as the tutorial and guide for the Python? 

 Is this book for beginner audiences? 

 Does not need pre-request information to use the book?  

 Is this book appropriate for a university level? 

 

Resources 

Open Culture. (n. d.). Free Textbooks: Computer Science. Retrieved from Open Culture: The best free 
cultural & educational media on the web: http://www.openculture.com/free-computer-
science-textbooks 

Packt. (n. d.). Free programming ebooks and videos. Retrieved from Packt publishing: 
https://www.packtpub.com/packt/offers/free-learning 

tutorialzine. (2018). 10 Free Programming Books You Should Read in 2018. Retrieved from 
tutorialzine: https://tutorialzine.com/2018/01/10-free-programming-books-you-should-
read-in-2018 

http://www.openculture.com/free-computer-science-textbooks
http://www.openculture.com/free-computer-science-textbooks
https://www.packtpub.com/packt/offers/free-learning
https://tutorialzine.com/2018/01/10-free-programming-books-you-should-read-in-2018
https://tutorialzine.com/2018/01/10-free-programming-books-you-should-read-in-2018
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WebFX. (n. d.). 15 Free Books for People Who Code. Retrieved from WebFX Digital Marteking That 
DRivers Results: https://www.webfx.com/blog/web-design/free-books-code/ 

  

https://www.webfx.com/blog/web-design/free-books-code/
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Lesson code: LESSON (U3-L1) 

Title: Teaching Methods of Coding Education (10% out of 30%) 

Learning Outcomes 

 Explain the importance of using various teaching strategies, methods and techniques. 

 Describe different teacher-centred techniques in coding education. 

 

Methodology 

Instructional Strategies 

✖ Lecturing ✖ Discussion ⬜ Drill & Practice 

✖ Group work ✖ Question and answer ⬜ Project based learning 

⬜ Collaborative learning ⬜ Blended learning ⬜ Demonstration 

⬜ Role playing 
  

Lesson Outline 

ACTIVITY 1: Teacher-centred education 

Assessment Methods 

✖ Teacher Observation ⬜ Task Analysis ⬜ Written Test 

⬜ Checklist/Rating Scale ⬜ Peer assessment ✖ Oral Response 

⬜ Homework Activity ⬜ Work Sample ⬜ Project Based Activity 

⬜ Presentation  ⬜ Homework ⬜ Other 

⬜ Short Paper 
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ACTIVITY 1: Teacher-centred education 

Prerequisites  

Basic knowledge of:  

 different teacher-centred techniques (the lecture method, question and answer, 
recitation and drill, demonstration and practice), and 

 teaching methods, strategies and techniques. 

Theory 

In teacher-centred education, students have all of their focus on the teacher. The teacher 
gives a talk and the students listen and answer to his/her questions.  

The method of “Direct Teaching” which is one of the most used methods in teacher-centred 
education can be defined as “a teacher-centred teaching, strictly structured by the teacher, 
teacher oriented and controlled and high teacher expectation in student progress”.  

Demonstration and Practice: Teachers generally prefer this method during a coding lesson. 
The ICT/STEM teacher's narrative may be boring or entertaining when using this technique, 
depending on the preparation and planning. Therefore, after a long lecture, the teacher 
should try to use some motivational strategies to take the attention of the students. The speed 
of teachers’ lecture and pupils’ follow-speed should be achieved simultaneously, and pupils 
must apply the teacher’s demonstration in their own computers, simultaneously. In addition, 
all pupils should hear the voice of the teacher at every location of the laboratory/class. 

Implementation 

 Presentation 

 Discussion  

 Using tables for the comparison, for example: 

 Negative ways Positive ways 

The lecture method   

Demonstration and 
practice 

  

 

Points to note 

Most of the students (prospective teachers) may think that teacher centred education is the 
easiest way of giving a class. However, some pupils may lose their attention and motivation 
during long coding lectures. Therefore, you should teach and discuss some strategies and 
topics to teach students how to increase pupils’ motivation and willingness during long 
lectures. 

Questions to ask 

 Identify important forms of teacher-centred instruction. 

 What are the problems in teaching programming? 

 Why is necessary that we use different teaching methods? 

 Is one strategy good for every programming classroom situation? 
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 What can be done to overcome problems with teaching programming? 

 How often a teacher-centred teaching programming teaching should use a teacher. 

 What are the pros and cons of teacher centred teaching? 

Resources 

Brown, N. C., & Wilson, G. (2018). Ten quick tips for teaching programming. PLoS Computational 
Biology, 14(4). 

Nuryan Issayan, L. (2011). Teacher-Centered Vs Learner-Centered Approach: Teacher Behavior. LAP 
Lambert Academic Publishing. 

Robins, A., Rountree, J., & Rountree, N. (2003). Learning and Teaching Programming: A Review and 
Discussion. Computer Science Education, 13(2), 137–172. 

Santrock, J. W. (2009). Educational Psychology (4th edition). New York: McGraw-Hill Education. 
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Lesson code: LESSON (U3-L2) 

Title: Teaching methods of Coding Education (10% out of 30%)  

Learning Outcomes 

 Describe different student-centred techniques in coding education. 

 Implement problem/project/game-based learning in coding  

Methodology 

Instructional Strategies 

✖ Lecturing ✖ Discussion ⬜ Drill & Practice 

⬜ Group work ✖ Question and answer ⬜ Project based learning 

⬜ Collaborative learning ⬜ Blended learning ⬜ Demonstration 

⬜ Role playing 
  

Lesson Outline 

Activity 1: Student centred learning 

Activity 2: Problem Based Learning 

Activity 3: Project based learning 

Activity 4: Game based learning 

Assessment Methods 

✖ Teacher Observation ⬜ Task Analysis ⬜ Written Test 

⬜ Checklist/Rating Scale ⬜ Peer assessment ✖ Oral Response 

⬜ Homework Activity ✖ Work Sample ⬜ Project Based Activity 

⬜ Presentation  ⬜ Homework ⬜ Other 

⬜  Short Paper   
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ACTIVITY 1: Student-centred education 

Prerequisites 

Basic knowledge of the student-centred techniques (problem-based learning, project-based 
learning, case-based learning) 

Theory 

Focus of the instruction is moved from the teacher to the student. In programming courses 
this means that every student has a device to work with. They get involved with the projects 
and must collaborate to finish them; classrooms are not strictly organized. Students have their 
own pace in learning. 

Implementation 

 Discussion 

o Think back to your experience in school. Try to remember a couple of teachers 
who stand out as good teachers. What is the name of the first one you recalled? 
What made her (or him) a good teacher? 

 Presentation 

Questions to ask 

 Why is it important to use student centred learning? 

 What should be the duration of a student-centred course? 

 What are the positive and negative aspects of student-centred education? 

 What do you think about the effectiveness of a student-centred lesson? 

 How can an assessment be made in student-centred education? 

Resources 

Biggs, J. (2006). What the Student Does: teaching for enhanced learning. Higher Education Research 
& Development, 57-75. 

Doyle, T. (2011). Learner-Centered Teaching: Putting the Research on Learning into Practice. Sterling, 
Virginia: Stylus Publishing. 

Guzdial, M. (2016). Learner-Centered Design of Computing Education: Research on Computing for 
Everyone. Morgan & Claypool. 

Weimer, M. (2002). Learner-Centered Teaching. New York: Jossey-Bass John Wiley & Sons. 
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ACTIVITY 2: Problem Based Learning 

Theory 

Ask, "what is the problem?" After identifying the problem, ask students to exemplify some 
problems they encounter in their daily life. Give some examples such as opening a door to exit 
the room, repairing a dripping faucet, going to a hotel from the airport, returning a product 
ordered from the Internet, etc.  

Explain to students about some criteria that should be considered in the selection and design 
of problems for pupils at middle school level. Two important factors influencing the 
determination of the problem may be 1) examining the pupils' prior knowledge, 2) 
determining the concepts to be taught (loops, array, function, variable ... etc.). 

In this point of this activity, it is vital to emphasize the importance of considering pupils’ prior 
coding knowledge. Prior knowledge may affect students’ attention confidence and 
satisfaction to a lesson. If a problem presented to students is too complex, they may not 
interest in the problem. But if the problem is to simple, they may try different things in the 
class. Give an example of “closing a tap” to explain simple problem example. The procedure is 
1) touch the tap head 2) turn the tap clockwise. This problem is linear and simple. Give a 
complex problem example; going to the school from the city centre in the shortest time and 
at the cheapest rate. This problem is complex and includes some conditions.  

To be able to give attention to the fact that programming concepts are abstract for pupils, 
present some concept types and concept teaching methods. They should know that ICT/STEM 
teachers should use analogies to concrete concepts for their pupils. Talk about concept type 
(superordinate concepts, subordinate concept and coordinate concept) and concept teaching 
method (inductive and deductive concept teaching approaches). 

Implementation 

 Presentation 

 Group work 

 Worksheet example 

Questions to ask 

 Does problem-based learning improve the ability of problem solving? 

 How is measurement and evaluation achieved in problem-based learning? 

 What should a good problem-based learning environment include? 

Resources 

Shimic, G., & Jevremovic, A. (2012). Problem-based learning in formal and informal learning 
environments. Interactive Learning Environments, 20(4), 351-367 
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ACTIVITY 3: Project based learning 

Theory 

Project Based Learning is a teaching method in which students gain knowledge and skills by 
working for an extended period of time to investigate and respond to an authentic, engaging, 
and complex question, problem, or challenge. 

Implementation 

 Presentation 

 Discussion 

o Start with a question of “what are the differences between problem-based 
learning and project-based learning. Describe project-based learning and explain 
the project development processes to students.  

o Students can say / produce their own project proposals for pupils. Then, give some 
project examples to students to be used for pupils.  

o For example; An ICT/STEM teacher requests a Scratch project from their pupils. 
This project aims to develop a game having levels and scores. Pupils have to use 
their knowledge gained during whole semester. 

Questions to ask 

 What are the positive and negative aspects of project-based learning? 

 What is the difference between problem-based learning and project-based learning? 

 How to evaluate the projects produced at the end of project-based learning? 

Resources 

Bell, S. (2010). Project-Based Learning for the 21st Century: Skills for the Future. The Clearing House, 
83(2), 39-43. 

Blumenfeld, P., Soloway, E. M., Krajcik, J. S., Guzdial, M., & Palincsar, A. (2011). Motivating Project-
Based Learning: Sustaining the Doing, Supporting the Learning. Educational Psychologist, 
26(3), 369-398. Retrieved from 
https://www.researchgate.net/profile/Yael_Seker/post/How_do_you_approach_the_desig
n_of_a_group_task_in_higher_education/attachment/59d623d979197b8077982283/AS%3
A309004255858690%401450683763438/download/Blumenfeld+et+al_Motivating_project
_based_learning.pdf 

Sáez-López, J.-M., Román-González, M., & Vázquez-Cano, E. (2016). Visual programming languages 
integrated across the curriculum in elementary school: A two year case study using 
“Scratch” in five schools. Computers & Education, 97, 129-141. 

  

https://www.researchgate.net/profile/Yael_Seker/post/How_do_you_approach_the_design_of_a_group_task_in_higher_education/attachment/59d623d979197b8077982283/AS%3A309004255858690%401450683763438/download/Blumenfeld+et+al_Motivating_project_based_learning.pd
https://www.researchgate.net/profile/Yael_Seker/post/How_do_you_approach_the_design_of_a_group_task_in_higher_education/attachment/59d623d979197b8077982283/AS%3A309004255858690%401450683763438/download/Blumenfeld+et+al_Motivating_project_based_learning.pd
https://www.researchgate.net/profile/Yael_Seker/post/How_do_you_approach_the_design_of_a_group_task_in_higher_education/attachment/59d623d979197b8077982283/AS%3A309004255858690%401450683763438/download/Blumenfeld+et+al_Motivating_project_based_learning.pd
https://www.researchgate.net/profile/Yael_Seker/post/How_do_you_approach_the_design_of_a_group_task_in_higher_education/attachment/59d623d979197b8077982283/AS%3A309004255858690%401450683763438/download/Blumenfeld+et+al_Motivating_project_based_learning.pd
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ACTIVITY 4: Game Based Learning 

Theory 

Game based learning describes an approach to teaching, where students explore relevant 
aspect of games in a learning context designed by teachers. Teachers and students collaborate 
in order to add depth and perspective to the experience of playing the game. 

Good game-based learning applications can draw us into virtual environments that look and 
feel familiar and relevant. 

The primary priority in game-based learning is not the nature of the game. The priority is to 
provide a facilitating effect on learning. As is known, the space between learning experience 
and real-life jobs can be easily filled in virtual environments. therefore, game-based learning 
is often used as a motivational tool. The foundations of game-based learning can be explained 
as follow in order to describe different types of engagement.  
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Figure 19: The Integrated design framework of game-based and playful learning4 

In gamification, it uses only a few game elements. Students do not play a game from start to 
finish; they participate in events that include video or mobile game elements, such as earning 
points, overcoming a challenge, or getting a badge to accomplish tasks. 

Students are generally confused about gamification and gamed-based learning so the 
Instructor can also mention about the difference between gamification and game-based 
learning. Their main characteristics can be underlined to see the difference. In addition, it is 
possible to give some specific example examples for gamification and game-based learning.  

                                                           
4 source: https://files.eric.ed.gov/fulltext/EJ1090277.pdf 

https://files.eric.ed.gov/fulltext/EJ1090277.pdf
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Implementation 

 Presentation 

 Discussion 

Questions to ask 

 What are the characteristics of a gaming environment in daily life? 

 Can the game elements in daily life be moved to the educational environment? 

 What are the elements that you think should be a judgment in game-based learning? 

 Can we design each lesson game-based? 

Resources 

Wang, L.-C., & Chen, M.-P. (2010). The effects of game strategy and preference‐matching on flow 
experience and programming performance in game‐based learning. Innovations in 
Education and Teaching International, 47(1), 39-52. 

Wilson, A., Hainey, T., & Connolly, T. (2013). Using Scratch with Primary School Children: An 
Evaluation of Games Constructed to Gauge Understanding of Programming Concepts. 
International Journal of Game-Based Learning, 3, 93-109. 
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Example 1: WORKSHEET- Problem Based Learning 

1. Examine the following example of Problem based learning 
2. Develop your own problem-based learning example based of this worksheet 

o Determine pupil’s prior knowledge 
o Write new concepts to be taught 
o Define problem 
o Propose the solution 

CATCH THE APPLE GAME 
IN SCRATCH 

 

 
 
Prior Knowledge 
Student should know motion, show, hide, variable blocks in Scratch  
 
Concepts 
Operators Block in Scratch 
 “>”, “<” and “Pick random 1 to 10” blocks 
 
Problem 
Levelling “Catching apples with basket” game design. 
 There are apples falling in random positions on the screen. The task of the 
gamer is to try to put the apples in the basket without falling down.  
 
Solution 
The pupil, who will do the coding, should add the "motion, show, hide 
variable" blocks with a certain logic order considering the apple's falling 
movement. To indicate the position of the apples on the screen, the 
student must use the “>” and “<” operators. After apple touching the 
basket, the apple should be hidden and the score should be increased by 
10 points. When the apple touches the basket, score> 70 should change 
the level. 
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Example 2: WORKSHEET- Game Based Learning Example 

1. Examine the following example of Game based learning 
2. Develop your own example based of this worksheet 

 

CHOOSE THE CARDS/ TAKE THE CARDS 

LOGIGAL OPERATIONS 

 
Prior knowledge 

The meaning of logical operators should be explained before this 
game. 

 
Objective 

Teaching “Logical operators; And, Or, Not, Greater, Lesser” 
 

Tools 
Tools: Cards, Ring, stopwatch, 3 different length pencil 

 
Cards 

Write an expression in each of the cards “take the longest and 
shortest”, “Take the shortest and not the longest“, “ Take the 

longest or the shortest,…etc 
 

Tasks 
Pupils should choose a card whose frontside should be placed on 

the table. As soon as a pupil read the expression on the card, 
she/he should perform the task.  
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Lesson code: LESSON (U3-L3) 

Title: Teaching Methods of Coding Education (10% out of 30%) 

Learning Outcomes 

 Compare advantages and limitations of teacher centred and student-centred coding 
education. 

 Select the appropriate methods of how to engage students in the topic of coding. 

Methodology 

Instructional Strategies 

⬜ Lecturing ✖ Discussion ⬜ Drill & Practice 

✖ Group work ✖ Question and answer ⬜ Project based learning 

⬜ Collaborative learning ⬜ Blended learning ⬜ Demonstration 

⬜ Role playing 
  

 

Lesson Outline 

ACTIVITY 1: Advantages and limitations of teacher-centred and student-centred coding 
education 

ACTIVITY 2: Selecting a teaching method 

 

Assessment Methods 

✖ Teacher Observation ⬜ Task Analysis ⬜ Written Test 

⬜ Checklist/Rating Scale ✖ Peer assessment ✖ Oral Response 

⬜ Homework Activity ⬜ Work Sample ⬜ Project Based Activity 

✖ Presentation  ⬜ Homework ⬜ Other 

⬜ Short Paper 
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ACTIVITY 1: Advantages and limitations of teacher-centred and student-

centred coding education. 

This activity is focused on the comparison of teacher and student centred education, which 
were explained in previous two lessons (U3L1 and U3L2). 

Implementation 

 Group work 

 Discussion  

 Use A SWOT analysis or a table to compare two approaches (see Worksheet 1) 

 Comparison of Student-Centred Learning and Teacher-Centred Learning (see 
Worksheet 2) 

Questions to ask 

 Are teacher-centred or student-centred teaching methods more effective? 

 Which method would you prefer to use more if you were a teacher? 

Resources 

Concordia University Portland Oregon. (2012 (2018)). Which is Best: Teacher-Centered or Student-
Centered Education? Retrieved from A blog by Concordia University - Portland: 
https://education.cu-portland.edu/blog/classroom-resources/which-is-best-teacher-
centered-or-student-centered-education/ 

Khaled, A. (2013). Teacher-Centered Versus Learner-Centered Teaching Style. The Journal of Global 
Business Management, 9(1), 22-34. Retrieved from 
http://www.jgbm.org/page/3%20Ahmed%20Khaled%20Ahmed.pdf 

  

https://education.cu-portland.edu/blog/classroom-resources/which-is-best-teacher-centered-or-student-centered-education/
https://education.cu-portland.edu/blog/classroom-resources/which-is-best-teacher-centered-or-student-centered-education/
http://www.jgbm.org/page/3%20Ahmed%20Khaled%20Ahmed.pdf
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Example 1: WORKSHEET 1 SWOT Analysis 

Comparison of Student-Centred Learning and Teacher-Centred Learning 

1. Fill the SWOT worksheet in relation to using student centred learning in coding 
education. 

2. Fill another SWOT worksheet for using teacher centred learning in coding education. 
3. Compare and discuss the results. 

 

  
  
  
Internal factors 
for a teacher 
or 
within a school 

Strength 
(what are the advantages / values?) 
 

Weakness 
(what are the possible criticisms?) 
 

  
  
  
  
  
External 
factors 
stemming from 
community 

Opportunities 
  
(What is the dissemination potential of 
teaching methods relevant to 
teacher/student centred learning in 
coding education based on changes in 
education /community/ technology?) 

Threats 
  
(What are the external problems or barrier 
because of changes in education 
/community/ technology?) 
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Example 2: WORKSHEET 2 

Comparison of Student-Centred Learning and Teacher-Centred Learning 

1. State the positive and negative aspects of a student-centred course in coding 
education 

2. State the positive and negative aspects of teacher centred course in coding education. 
3. Compare the advantages and disadvantages of a student-centred course with a 

teacher centred course. 
 

Table 4: Comparison table for Student and Teacher Centred Learning 

A student-centred course: Teacher-centred course: 

Positive aspects  Negative aspects  Positive aspects  Negative aspects 

        

 Advantages and disadvantages of student centred 
courses 

Advantages and disadvantages of teacher centred 
courses 
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ACTIVITY 2: Selecting a teaching method 

Theory 

Mishra and Koehler (2006) technological pedagogical content knowledge emphasizes the 
importance of content matter knowledge, pedagogy and technology knowledge in any 
effective educational technology integration.  

Implementation 

 Discuss the TPACK model and emphasize the importance of pedagogy element in the 
frame of TPACK theory.  

 Group work 

 Discussion 

 Case study of teaching method (YouTube) followed by analysis of the lecture. 

Questions to ask 

 Which affects the teaching quality of a teacher in the classroom? Content matter 
knowledge, pedagogy knowledge or technology knowledge? 

 A teacher should teach the same method in all his classes. – Discuss? 

 What are the benefits of teaching students in different ways? 

 Which methods do you prefer to use when you become a teacher in the future? 

Resources 

Geddis, A. N. (2006). Transforming subject‐matter knowledge: the role of pedagogical content 
knowledge in learning to reflect on teaching. International Journal of Science Education, 
15(6), 673-683. 

Mishra, P., & Koehler, M. J. (2006). Technological Pedagogical Content Knowledge: A Framework for 
Teacher Knowledge. Teachers College Record, 108(6), 1017-1054. 

Taylor, E., Breed, M., Hauman, I., & Homann, A. (2013). Choosing learning methods suitable for 
teaching and learning in computer science. IADIS International Conference e-Learning (pp. 
74-82). Prague, Czech Republi: IADIS - International association for development of the 
information society. 

Vitkutė Adžgauskienė, D., & Vidžiūnas, A. (2012). Problems in Choosing Tools and Methods for 
Teaching Programming. Informatics in Education, 11(2), 271–282. 
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Lesson code: LESSON (U4-L1) 

Title: Assessment of Coding Education (7,5% out of 15%) 

Learning Outcomes 

1. Describe assessment methods for coding education. 
2. Use different applications which can support assessment (e.g. Kahoot, Socrative and 

book widgets for instance). 
3. Check plagiarism in the context of coding education. 

Methodology 

Instructional Strategies 

✖ Lecturing ✖ Discussion ⬜ Drill & Practice 

✖ Group work ✖ Question and answer ⬜ Project based learning 

⬜ Collaborative learning ⬜ Blended learning ⬜ Demonstration 

⬜ Role playing     

Lesson Outline  

Activity 1: Assessment methods 

Activity 2: Authoring rights and licences 

Activity 2: Plagiarism in coding education 

Potential Evaluation Methods 

✖ Teacher Observation ⬜ Task Analysis ⬜ Written Test 

✖ Checklist/Rating Scale ✖ Peer Evaluation ✖ Oral Response 

⬜ Homework Activity ⬜ Work Sample ⬜ Project Based Activity 

⬜ Presentation   ⬜ Other 
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ACTIVITY 1: Assessment methods 

The purpose of this activity is to enable participants to consider assessment of coding. 

Prerequirements 

People do not understand what software is. In general, they consider it as programs. But the 
software needs also documentation beside the programs, to upgrade and maintain program 
during its lifecycle. The engineering discipline which covers all aspects of software design and 
development is called Software engineering. (Sommerville, 2011). 

Software engineers develop software using software development models. One of the oldest 
development models is the “waterfall” model that consists of following phases: requirements 
specification, software design, implementation, testing and maintenance. These phases could 
be translated into more familiar description according to program development in education. 
Requirements specification is assignment (problem) description given by a teacher. Software 
design identifies fundamental idea of the solution e.g. an algorithm and usually one uses a 
diagram to express it. Implementation means writing program code based on the given 
algorithm. Testing covers simulation of program execution or its real execution in order to 
verify that the program fulfils the requirements e.g. gives correct output to given input. If the 
program fails, e.g. has defects than it must return to implementation phase where the faults 
are corrected.  

Software maintenance is not just "fixing mistakes". It is a modification of computer code after 
the software delivery and can be done in multiple different ways: corrective, adaptive, 
perfective, or preventative. (McCormack, 2005). Maintenance is not very often included in 
early programming education. 

The program testing could be done by tracing a given solution manually (on paper) or by 
debugging a given solution in interactive debugging tools. Manually tracing a given solution 
means that one should start from the beginning of the program and follow the changes of the 
variables. When a change of the variable occurs, the change is recorded on paper. Following 
the commands in the program,  a list is developed of values of the variables in the program 
and the output at the end. If the output equals desired output, the program does not have 
faults. On the other hand, the fault is found, and it is then necessary to analyse why the fault 
occurs in the process and find the wrong command(s) in the program. 

Debugging (mostly in the Integrated Development Environment – IDE) provides many 
possibilities for in-depth analysis of program execution. It works as with manual debugging, 
but it is done by the machine. It is possible to run program instruction-by-instruction, watch a 
value for a chosen variable, set breakpoints where to pause program execution when it 
reaches some line of program etc. 

Coding assessment is the process where authors of the program code are assessed on their 
competences in producing program code. Generally, it is used for hiring the right individuals 
for the coding purposes. Additionally, it provides an insight into what the test subject is 
capable of doing and what he/she still needs to master. Within education the coding 
assessment corresponds to the grade the student gets on their coding assignment. 
(Bienkowski, Snow, Rutstein, & Grover, 2015) 
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Assessment of code have multiple aspects. In general, the assessment is conducted under the 
following four headings:  

 Accuracy (Correctness) (sape, n. d.) means that computer code works correct in any 
repetition and for any given expected input.  

 Efficiency (technopedia, n. d.) is connected to the run time execution of the computer 
code. Problems can be solved in different ways and some approaches are faster than 
the others. In addition, memory could be an element of interest for efficiency. A 
program that uses (allocates) less memory (RAM) for execution is more efficient than 
one that uses more memory. Speed and memory can be measured by software 
profiling techniques that most IDEs have implemented.  

 Robustness (Bishop, 1998-2002) is connected to the ability of code to handle special 
cases (border cases and unexpected inputs). Computer program should not terminate 
because of an unexpected condition. If a number input is expected but the user inputs 
a character, a code should inform the user of an illegal input. 

 Clarity is connected to how well organized and understandable the source code is. 

Software engineering uses two terms - functional and non-functional requirements. 
Functional requirements are very close to accuracy. Non-functional requirements have 
broader view on the software. They have set of metrics (speed, size, ease of use, reliability, 
robustness, portability) (Sommerville, 2011). Those requirements have strong intersection 
with ISO/IEC FCD 25010 Product Quality Standard which has 8 major categories (functional 
suitability, performance efficiency, compatibility, usability, reliability, security, 
maintainability, portability).  

 

THEORY 

Assessment is one of the tasks that teachers perform in the classrooms. One goal of the 
assessment is to give grades, but it is not the only purpose. Assessment can  

 help teachers to improve their understanding of the current knowledge of their 
students  

 give students feedback related their own understanding of the topic.  

Assessment can serve as a reflection for both teacher and student with respect to teaching 
and learning in the coding classrooms.  

Teacher can assess student work with different types of assignments (project documentation, 
lab work, theoretical questions. etc). In this activity the  focus is on assessment of coding tasks.  

Implementation 

The purpose of this activity is to enable participants to consider assessment of coding. 

Discuss different types of question in computer science education (development of solution, 
tracing/debugging a given solution, finding the purpose of given solution, completion a given 
solution, etc.) 

 Explain manual execution of computer code 
Prepare an example of computer code and the desired outcome. Code should not be 
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finished but close to finalisation. Use a collaborative tool (like Kahoot, Socrative, … ) to 
gain feedback from students about how to continue coding. 

 Assess the computer code 
Provide the program; run it; ask questions (what if … ). Students can provide answers 
where in the code to change what. Students should see the difference between good 
and bad structured code => direct influence to ease of corrections. 

 Discuss the program assessment (unacceptable, partially acceptable or acceptable) 
Preparing the list of attributes for code assessment, vote on the attributes, and apply 
to the given example. 

 Discuss border cases 
Discuss the number rounding errors; discuss the problem of border cases; type casting; 
problems with the dynamic data structures and memory release (Why memory leak 
occurs?), garbage collection and its influence on the real time systems. 

 Complete a given program 
Present a problem and incomplete program. The student have to complete the 
program in such a way, that it solves the problem. 

 Correctness of a given program 
Students have to determine if a given program solves correctly the given problem. 

 Finding a purpose of program 
Students are presented with a program code and have to determine which problem it 
solves.  

 Tracing a program code 
A code is presented, and students have to analyse it (trace its variables, etc.) 

Example 1: Assessment method – bubble sort (build the program) 

For the explanatory purpose, it is possible to use the “bubble sort” algorithm (inefficient one) 
to sort integer numbers. It starts with the procedure to read the numbers, sort them, and 
display the sorted numbers.  

Algorithm: Semi-structured program code translatable to any computer language can be used 
for manual execution. 

 

i = 1; //number counter 

// read numbers one by one to the list 

While new_number do 

 Read new_number into number_list[i]; 

 Increment i; 

EndWhile 

 

Numbers = i-1; // why? 

// sort numbers 

For i = 1 to numbers do 

 For j = 1 to numbers do 

 If number_list[i]>number_list[j] then swap_numbers; 

 EndFor 

EndFor 

 

// print list of numbers 

Print number_list; 
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Gradually improve the code to get the coding in one of the programming languages 

 

#include <iostream> 

using namespace std; 

 

int number_list[20], max_size; //max 20 elements or less for array 

 

//read list 

int read_list() 

{ 

  int i = 0; 

  int number = 1; 

 

  while(number > 0) { 

    cout << "Input number (0 for end)"; 

    cin >> number; 

    number_list[i] = number; 

    i++; 

  } //end while 

  return i-1; 

} 

 

//sort the array 

void bubble_sort(int size) 

{ 

 int i, j, temp; 

 for(i = size; i> 0; i--){ 

   for(j = 0; j<i; j++){ 

     if (number_list[j]>number_list[j+1]){ 

       temp = number_list[j]; 

       number_list[j] = number_list[j+1]; 

       number_list[j+1] = temp; 

     } 

   } //end for j 

 } //end for i 

} //buble_sort 

 

//print the array 

void print_list(int size) 

{ 

  int i; 

  for(i=0; i<=size; i++) { 

    cout<<number_list[i]<<" "; 

  } 

  cout<<"\n"; 

} 

 

//main program 

int main() 

{ 

  max_size = read_list(); 

  print_list(max_size); 

  bubble_sort(max_size); 

  print_list(max_size); 

  return 0; 

} 

 

Enter the code on a computer and do execution and debugging. 

Question to ask 

 What would be the outcome for the input of 3 2 1? 

 What would happen if we input “a”? 

 What would happen if we input number 1234567890? 

 Discuss how can we test the code for any given input.  
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 What input we need to test? (illegal input (char, string, real), legal input (numbers; 
discuss -max_int and max_int), border cases). 

 

Example 2: Assessment method – flowchart 

Explain the purpose of the program: 

 

Figure 20: Flow chart of simple algorithm 

 

Python program: 

i = 1 

j = 3 

sum = 0 

while(i <= j): 

   sum = sum + I 

   i = i + 1 

print("Result: ", sum)  

 

Question to ask 

 What is the purpose of the program? 

 Show a value of the variable sum 

 Calculate a sum of integer numbers in the range of 1 to 3 and show it at the end 

 Compare a value of the variable i and j 

RESOURCES 

Bienkowski, M., Snow, E., Rutstein, D., & Grover, S. (2015, 12). Assessment Design Patterns for 
Computational Thinking Practices in Secondary Computer Science: A First Look. Retrieved 
from Principled Assessment of Computational Thinking: 
https://pact.sri.com/downloads/Assessment-Design-Patterns-for-
Computational%20Thinking-Practices-Secondary-Computer-Science.pdfRetrieved from 

https://pact.sri.com/downloads/Assessment-Design-Patterns-for-Computational%20Thinking-Practices-Secondary-Computer-Science.pdf
https://pact.sri.com/downloads/Assessment-Design-Patterns-for-Computational%20Thinking-Practices-Secondary-Computer-Science.pdf
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Principled Assessment of Computational Thinking: 
https://pact.sri.com/downloads/Assessment-Design-Patterns-for-
Computational%20Thinking-Practices-Secondary-Computer-Science.pdf 

Bishop, M. (1998-2002). Robust Programming. Retrieved from Matt Bishop - Department of 
Computer Science - University of California, Davis: 
http://nob.cs.ucdavis.edu/bishop/secprog/robust.htmlhttp://nob.cs.ucdavis.edu/bishop/se
cprog/robust.html 

McCormack, J. (2005). Topic 25: Software Maintenance and Re-engineering. Retrieved from CSE2305 
Object-Oriented Software Engineering: 
http://users.monash.edu/~jonmc/CSE2305/Topics/13.25.SWEng4/html/text.htmlRetrieved 
from CSE2305 Object-Oriented Software Engineering: 
http://users.monash.edu/~jonmc/CSE2305/Topics/13.25.SWEng4/html/text.html 

sape. (n. d.). Accuracy. Retrieved from sape - Software and Programmer Efficiency Research Group: 
http://sape.inf.usi.ch/accuracyhttp://sape.inf.usi.ch/accuracy 

Sommerville, I. (2011). Software Engineering. Boston: Addison-Wesley. 

technopedia. (n. d.). Code Efficiency. Retrieved from technopedia: 
https://www.techopedia.com/definition/27151/code-efficiency 

 

  

https://pact.sri.com/downloads/Assessment-Design-Patterns-for-Computational%20Thinking-Practices-Secondary-Computer-Science.pdf
https://pact.sri.com/downloads/Assessment-Design-Patterns-for-Computational%20Thinking-Practices-Secondary-Computer-Science.pdf
http://nob.cs.ucdavis.edu/bishop/secprog/robust.html
http://nob.cs.ucdavis.edu/bishop/secprog/robust.html
http://nob.cs.ucdavis.edu/bishop/secprog/robust.html
http://users.monash.edu/~jonmc/CSE2305/Topics/13.25.SWEng4/html/text.html
http://users.monash.edu/~jonmc/CSE2305/Topics/13.25.SWEng4/html/text.html
http://sape.inf.usi.ch/accuracy
http://sape.inf.usi.ch/accuracy
https://www.techopedia.com/definition/27151/code-efficiency
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ACTIVITY 2: Authoring rights and licences 

This activity is about authoring rights and various software licences. 

Theory 

Why a licence? 

When someone writes software, the resulting intellectual property (software and 
documentation) is protected by copyright law, just like a literary or artistic work. 

Owning the copyright in a piece of work, whether a book or software, means that the owner, 
usually the original authors or their employer, decides who can copy it, adapt it and distribute 
it and on what conditions. By default, only the owner can do that. Anyone who copies, changes 
or distributes someone else’s work without permission can be subject to legal action. 

Therefore, the permission to use, copy, change, or distribute software can only be granted 
through a licence. 

It is common that the author/owner of the program (software) includes notification 
concerning the program’s legal status for potential users of the program. Usage of the 
program could be on source code level or on object code. The legal status usually is known as 
a license for software. Two types of licenses exist: free-software license and open-source 
license. 

Software license could be one of: GNU General Public License (GPL), BSD license, MIT 

license, Apache license, Eclipse Public License, European Union Public Licence (EUPL), 

Academic Free License (AFL), etc. If the original source code is written under a single 

license, then it is often not possible to mark the extension of that source code with another 

license. The table shows a comparison of some of the best-known free and open-source 

software licenses. A much more detailed comparison can be found on web sites dedicated 

to free software licenses and open-source licenses5.  

Table 5:Comparison of some free and open-source software licenses 

 GNU 
GPLv3 

BSD 
License 

FreeBSD 
License 

MIT 
License 

Apache 
License 

Eclipse 
Public 
License 

European 
Union 
Public 
Licence 

Academic 
Free 
License 

GPL 
compatible 

Yes No Yes Yes Yes (>= 
2.0) 

Optionally Yes No 

DFSG 
compatible 

Yes Yes Yes Yes Yes Yes   

FSF approved Yes Yes Yes Yes Yes  Yes Yes 

OSI approved Yes No Yes Yes Yes Yes Yes Yes 

Copyleft Yes No No No No Limited Yes No 

Linking from 
code with a 
different 
license 

No 
(except 
GPLv3) 

Yes Yes Yes Yes Yes  Yes 

 

                                                           
5 E.g. http://www.webcitation.org/77uoCLli9 

http://www.webcitation.org/77uoCLli9
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Implementation 

 Individual work 

 Group work 

 Pro and contra discussion 

 Teacher demonstration 

 Collaborative learning 

 Project based Learning (see examples) 

Questions to ask 

 What does a license mean? 

 What protects intellectual property (software and documentation)? 

 What is a difference between free-software license and open-source license? 

 Do you have to pay when you use software that has free-software license? 

 If you in your software use some source code that has GNU GPL license could you 
distribute it and charge for it? No matter whether you distribute it gratis or for fee, 
must you pass the same freedom to copy, distribute and/or modify it to the recipients? 

Example 1: Software licence – End User Licence Agreement (EULA) 

Read EULA of some programs: 

 WinRAR (https://www.win-rar.com/winrarlicense.html?&L=0), 

 LibreOffice (https://www.libreoffice.org/about-us/licenses/) 

Questions to ask 

 Do individuals need to buy WinRAR (LibreOffice)? 

 What kind of fee is permissible in the cost of LibreOffice? 

RESOURCES 

EU. (n. d.). What is the EUPL? Retrieved from EUPL [European Union Public Licence]: https://eupl.eu/ 

GNU Operating System. (n. d.). Various Licenses and Comments about Them. Retrieved from GNU 
Operating System: https://www.gnu.org/licenses/license-list.html 

Peterson, S. K. (2017, 11 07). What's the difference between open source software and free software? 
Retrieved from opensource.com: https://opensource.com/article/17/11/open-source-or-
free-software 

 

  

https://www.win-rar.com/winrarlicense.html?&L=0
https://www.libreoffice.org/about-us/licenses/
https://eupl.eu/
https://www.gnu.org/licenses/license-list.html
https://opensource.com/article/17/11/open-source-or-free-software
https://opensource.com/article/17/11/open-source-or-free-software
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ACTIVITY 3: Plagiarism 

This activity is about plagiarism in general and in computer code in particular 

Theory 

Plagiarism is a broad term that denotes different things but they are all related to the 
intellectual property rights. Therefore it is possible to say that plagiarism can be: turning in 
someone else's work as your own; copying words or ideas from someone else without giving 
credit; failing to put a quotation in quotation marks; giving incorrect information about the 
source of a quotation; changing words but copying the sentence structure of a source without 
giving credit; copying so many words or ideas from a source that it makes up the majority of 
your work, whether you give credit or not (see our section on "fair use" rules)”. (p.org, 2017) 

Plagiarism is not a crime but it is unethical behaviour that have serious consequences in 
academia and industry. As teachers it is important to teach students that copying from other 
(without proper citation) is not suitable in educational institutions. It is important to 
distinguish between copying and cooperation. Students also get help from others in writing or 
debugging their programs. The amount of help given and the level of help acceptable to an 
instructor varies greatly.” (Wagner, Plagiarism by Student Programmers, 2000) 

Instructors could manually check student’s assignment for software plagiarism during the 
evaluation process. This technique is not successful and reliable when many student 
assignments have to be evaluated. 

Therefore, some software plagiarism detection tools should be considered to help an 
instructor to find similarities among student assignments and to reach final decisions on 
whether exists plagiarism. Some of these tools are free but commercial software plagiarism 
detection tools also exist. Some examples include: JPlag, SIM, Sherlock, Plaggie, MOSS. Some 
of those tools are purposed for one specific programming language (e.g. Java), in order to 
recognize its syntax and be more accurate in plagiarism detection. Some other tools could be 
applicable for more programming languages or plain text when used within certain 
parameters to set tools to work in text mode. The task of the tool is to find similarities between 
the two assignments, but the teacher makes the final decision whether the plagiarism exists. 

Students can try to hide other student’s source code (original or made modifications) in their 
assignments. This is known as obfuscation and it has many techniques e.g. source code 
formatting, comments removal, renaming of classes, methods and variables, line ordering, 
etc.  

Good software plagiarism detection tools have no problems with most of obfuscation6 
techniques. 

Implementation 

Instructions: 

Discuss plagiarism in general and in computer code 

Explain what plagiarism is and present some cases and discuss what students think about them 

 Individual work 

                                                           
6 https://www.sciencedirect.com/science/article/pii/S1877050915032780 

https://www.sciencedirect.com/science/article/pii/S1877050915032780
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 Group work 

 Pro and contra discussion 

 Teacher demonstration 

 Collaborative learning 

 Project based Learning (see examples) 

 

Example: Obfuscations 

Let us compare the original program 1 and program 2 obfuscated by renaming of variables.  

Python program 1: 
i = 1 

j = 3 

sum = 0 

while(i <= j): 

    sum = sum + i 

   i = i + 1 

print("Result: ", sum)  

 

Python program 2: 
k = 1 

l = 3 

res = 0 

while(k <= l): 

    res = sum + k 

   k = k + 1 

print("Result: ", res) 

 

 

Questions to ask 

 When a student writes most of source code for his/her colleague could both of them 
be accused for plagiarism? 

 Detecting plagiarism in source code is more precise when an instructor performs it 
manually? 

 What does obfuscation mean? 

 After software plagiarism detection tool reports similarities between student 
assignments what should an instructor do?  

 

Example: Different levels of obfuscations 

Study the example of a computer code and its obfuscations. 

 

Obfuscation 1: 

//sort the array 

void bubble_sort(int size) 

{ 

int i, j, temp; 

 for(i = size; i > 0; i--) { 

   for(j = 0; j<i; j++){ 

     if (number_list[j]>number_list[j+1]) { 

        temp = number_list[j]; 

        number_list[j] = number_list[j+1]; 

        number_list[j+1] = temp; 

     } 

   } //end for j 

 } //end for i 

} //buble_sort 

  

//new algorithm sort the array 

void new_sort(int size) 

{ 

int a, b, tmp; 

 for(a = size; a > 0; a--) { 

    for(b = 0; b<a; b++){ 

       if (number_list[b]>number_list[b+1]) { 

          tmp = number_list[b]; 

          number_list[b] = number_list[b+1]; 

          number_list[b+1] = tmp; 

       } 

    } //end for b 

  } //end for a 

} //new new_sort 
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Obfuscation 2: 

//sort the array 

void bubble_sort(int size) 

{ 

int i, j, temp; 

 for(i = size; i > 0; i--) { 

    for(j = 0; j<i; j++) { 

       if (number_list[j]>number_list[j+1]){ 

          temp = number_list[j]; 

          number_list[j] = number_list[j+1]; 

          number_list[j+1] = temp; 

       } 

    } //end for j 

  } //end for i 

} //buble_sort 

  

//new algorithm sort the array 

void new_sort(int size) 

{ 

int a, b, c, tmp; 

 for(a = size; a > 0; a--) { 

    for(b = 0; b<a; b++) { 

      c=b+1; 

      if (number_list[b]>number_list[c] { 

         tmp = number_list[b]; 

         number_list[b] = number_list[c]; 

         number_list[c] = tmp; 

      } 

    } //end for b 

  } //end for a 

} //new_sort 

  

 

Obfuscation 3: 

//sort the array 

void bubble_sort(int size) 

{ 

int i, j, temp; 

 for(i = size; i > 0; i--) { 

   for(j = 0; j<i; j++) { 

      if (number_list[j]>number_list[j+1]) { 

         temp = number_list[j]; 

         number_list[j] = number_list[j+1]; 

         number_list[j+1] = temp; 

       } 

    } //end for j 

  } //end for i 

} //buble_sort 

  

//new algorithm sort the array 

void new_sort(int size) 

{ 

int a, b, c, tmp; 

 for(a = size; a > 0; a--) { 

    for(b = 0; b<a; b++) { 

       c=b+1; 

       if (number_list[c]<number_list[b]) { 

          tmp = number_list[c]; 

          number_list[c] = number_list[b]; 

          number_list[b] = tmp; 

       } 

     } //end for b 

   } //end for a 

} //new_sort 

  

Questions to ask 

 Why is 1st, 2nd, 3rd example obfuscated? 

 

Resources 

Divya, L., Divya, P., Sony, L., Sreeprabha, S., & Elizabeth, B. (2014). Software Plagiarism Detection 
Techniques: A Comparative Study. International Journal of Computer Science and 
Information Technologies, 5(4), 5020-5024. 

p.org. (2017). What is Plagiarism? Retrieved from p.org: https://www.plagiarism.org/article/what-is-
plagiarism 

Turnitin. (2017). Plagiarism and Programming: How to Code Without Plagiarizing. Retrieved from 
Turnitin: https://www.turnitin.com/blog/plagiarism-and-programming-how-to-code-
without-plagiarizing-2 

Wagner, N. R. (2000). Plagiarism by Student Programmers. Retrieved from Department of Computer 
Science, The University of Texas at San Antonio: 
http://www.cs.utsa.edu/~wagner/pubs/plagiarism0.html 

  

https://www.plagiarism.org/article/what-is-plagiarism
https://www.plagiarism.org/article/what-is-plagiarism
https://www.turnitin.com/blog/plagiarism-and-programming-how-to-code-without-plagiarizing-2
https://www.turnitin.com/blog/plagiarism-and-programming-how-to-code-without-plagiarizing-2
http://www.cs.utsa.edu/~wagner/pubs/plagiarism0.html
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ADDENDUM to Activity 1 

Example – assessment method – accuracy and border cases 

Discuss the problem of accuracy and border cases. 

Possible example: 

Read num; 

Root = sqrt(num); {sqrt mean square root } 

 

If root*root = num than 

 Print “Calculation is accurate for ”, num; 

 

Question to ask: 

● Why the above code is not robust?  
● What we need to do in the real time scenario to get required accuracy? 

● What is the reason for inaccuracy in some cases? 

Example – assessment method – manual code execution 

Find a value for the variable sum at the end of program (manually tracing): 

 

Figure 21. Flow chart for assignment for manual code execution 

 

Python program: 
i = 1 

j = 5 

sum = 0 

while(i <= j): 

     sum = sum + i 

     i = i + 1 

print("Result: ", sum) 

 

 

Two possible manual executions 

Manual execution 1 
Variables: 
i=1, 2, 3, 4, 5, 6 
j=5 
sum=0, 1, 3, 6, 10, 15 
 
Output: 
Result: 15 

Manual execution 2 
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Example – assessment method – code analysis 

Find a value for the variable j that sum will be at least 7 at the end of program (manually 
tracing): 

 
 

Variables: 
i=1, 2, 3, 4, 5 
j=1, 2, 3, 4 
sum=0, 1, 3, 6, 10 
 
Output: 
Result: 10 
 

Python program: 

i = 1 

j = ? 

sum = 0 

while(i <= j): 

    sum = sum + i 

    i = i + 1 

print("Result: ", sum)  

 

Example – assessment method – code corrections 

Finish a diagram so it matches the Python program. Find what program will print on the screen 
(manually tracing): 

 
 

Variables: 
i=1, 2, 3 
j=3 
sum=0, 1, 3 
 
Output: 
Result: 0 
Result: 1 
Result: 3 
 

Python program: 

i = 1 

j = 3 

sum = 0 

while(i < j): 

    sum = sum + i 

    i = i + 1 

print("Result: ", sum)  
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Example – assessment methods – code evaluation 

Explain:  

A program could be classified after evaluation in one of the categories: 

1. syntactically correct, errorless in execution and with optimal execution 
2. syntactically correct and errorless in execution 
3. syntactically correct and has an error in execution 
4. syntactically incorrect and cannot be executed. 

 

Program description: calculate a sum of integer numbers in the range of 1 to 3 and show it at 
the end. 

Assess 4 versions of the program according to the categories above. Describe why each 
category is chosen. 

 

Python program 1: 

i = 1 

j = 3 

sum = 0 

while(i <= j): 

    sum = sum + i 

   i = i + 1 

print("Result: ", sum)  

Answer: syntactically correct, errorless in execution and with optimal execution. Everything is 
as it should be. 

 

Python program 2: 

i = 1 

j = 3 

sum = 0 

while(i <= j): 

    sum = sum + i 

   i = i + 1 

   print("Result: ", sum)  

Answer: syntactically correct and errorless in execution. The program prints each value for 
the sum. It would be better in line 7 to pull out print instruction from the while loop (delete 
tab in from of print). 

 

Python program 3: 

i = 1 

j = 3 

sum = 0 

while(i < j): 

    sum = sum + i 

   i = i + 1 

print("Result: ", sum)  

Answer: syntactically correct and has error in execution. The program has a logic error in line 
4 because it uses a range from 1 to 2 and not 1 to 3. A condition in while instruction must be 
i <= j. 
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Python program 4: 

i = 1 

j = 3 

sum = 0 

qhile(i < j): 

    sum = sum + i 

   i = i + 1 

print("Result: ", sum)  

Answer: syntactically incorrect and cannot be executed. The program has a syntax error in line 
4, “qhile” is not a keyword and must be “while”. 

 

Questions to ask 

● Do all programs run without errors? 

● What is the name of the activity/process of finding errors in a program? 

● What one needs to perform manually debugging? 

● Describe a relationship between program and software? 

● Does debugging in IDE provide a way to see values for certain variables?  
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Lesson code: LESSON (U4-L2) 

Title: Assessment of Coding Education (7,5% out of 15%) 

Learning Outcomes 

1. Evaluate code and working examples of projects written by children. 
2. Use peer assessment in the context of coding. 
3. Conduct formative assessments as a continuous form of providing feedback to 

students. 

Methodology 

Instructional Strategies 

✖ Lecturing ✖ Discussion ⬜ Drill & Practice 

✖ Group work ✖ Question and answer ⬜ Project based learning 

⬜ Collaborative learning ⬜ Blended learning ⬜ Demonstration 

⬜ Role playing     

Lesson Outline  

Activity 1: Students’ programming projects 

Activity 2: Peer assessment 

Activity 3: Formative assessment in CS education 

 
Potential Evaluation Methods 

✖ Teacher Observation ⬜ Task Analysis ⬜ Written Test 

✖ Checklist/Rating Scale ✖ Peer Evaluation ✖ Oral Response 

✖ Homework Activity ⬜ Work Sample ✖ Project Based Activity 

✖ Presentation   ⬜ Other 
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ACTIVITY 1: Students’ programming projects 

Student get project assignment that should result in the development of a program code. The 
code is later assessed using the template provided. 

Theory 

There are many errors and faults that occur in the program code (Calvanese, 2005). The 
simplest and trivial is the syntax error. 

Syntax error is an error that can be detected by the computer. It means that the program 
command is not written according to the predefined structure.  

It can be manifested in the: 

 Misspelling of the reserved word (e.g. rihgt instead of right in Logo; begn instead of 
begin in Pascal, imput instead of input in Python). 

 Omission of special characters that are needed to complete the syntax (e.g. 
writeln(Hello World); instead of writeln(“Hello World”); in Pascal; to poly a instead to 
poly :a in Logo 

 Incompleteness of the command (e.g. x := sin(x; missing the parentheses before 
semicolon) 

 Wrong arguments in the procedure or function call (e.g. Canvas.Line(x,y); missing the 
second point (x2, y2) in the function call) 

 Use of Undeclared variable in strict programming languages (e.g. int a, b; number = 
a+b; number is not declared) 

Semantic errors are more complex because they represent a problem in the program logic. It 
can manifest in different way. Some can be specified, but it is necessary to know that this is 
not an exhaustive list: 

 Wrong operator (e.g. sum := a – b;  should use +) 

 Wrong procedure call (e.g. y := sin(x); where should be y:=cos(x);) 

 Argument switching (e.g. flower(:size :leaf) but it should be flower(:leaf :size)) 

 Wrong logic (e.g. if x=0 then y = a/x else y=maxint; but should be if x<>0 then y:=a/x 
…) 

Semantic errors are detected when the code produces the wrong output or it can be said that 
a program has defect. Sometimes this is easier to discover but in some cases this is extremely 
difficult to find. It is therefore advised to check the logic in advance before starting to code 
the program. Program testing is an activity which should find existence of semantic errors. 
Program debugging should help in finding where semantic errors are and their correction.  

 

● First level should be compiler (or interpreter) syntax error and warning free code 
o Should line of code (or instruction) be elemental unit of assessment or could be its parts 

● Second level should be correct execution based on given input data and expected output data 
o What are milestones (e.g. read file, convert data, print data, computation...) in algorithm and do they have the 

same importance 
● Third level should be resources (e.g. memory, CPU time, disk...) needed for execution in other words efficient execution of the 

program. 
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Implementation 

Students are set individual assignment and performs their work. Some sample assignments 
are listed in the addendum. Teacher are encouraged to find his/her own examples. 

The following is a proposed template for code assessment. Teachers are encouraged to 
prepare their own according to the students’ assignments. 

 

Descriptive 

● line of code 
● comments 
● number of procedures / functions 
● number of logical path 

 

User experience: 

● is program running: yes always/ mostly/ for expected inputs/ for some inputs/ no 
● is program understandable: yes/ partially/ no 
● is program accurate: yes/ partially/ no 
● is program predictable: yes/ partially/ no 
● is program fast enough: yes/ no 

 

Program testing: 

Inputs: 

● expected inputs: 
● border values inputs: 
● unexpected inputs: 

 

Outputs: 

● expected outputs based on inputs: 
● unexpected outputs based on inputs: 

 

Optimization: 

● Can code be easily optimized: yes / no 
 

Maintenance: 

● Can code be easily understand: yes / no 
 

 

 Individual work 

 Group work 

 Pro and contra discussion 

 Teacher demonstration 

 Collaborative learning 

 PBL – Project based learning (see examples) 
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Example: Fibonacci number calculator 

Students should find an algorithm that prints a value for a given positive number/index (i > 0) 
of element according to the following starting numbers and their values: 

The algorithm is as follows: 

 F1 = 1 

 F2 = 1 

 Fi = Fi-1 + Fi-2 

 

This is a well-known Fibonacci number/sequence. 

i 1 2 3 4 5 6 7 8 9 10 

value 1 1 2 3 5 8 13 21 34 55 

 

Solutions 

Python program 1: 

num = int(input("Enter a positive number (> 0): ") 

vi_1 = 1 

vi_2 = 1 

i = 0 

if num <= 0: 

   print("Please enter a positive integer") 

elif num == 1: 

   print("Value: ", vi_1) 

elif num == 2: 

   print("Value: ", vi_2) 

else: 

   while i <= num: 

      vi = vi_1 + vi_2 

      vi_1 = vi_2 

      vi_2 = vi 

      i += 1 

   print("Value: ", vi) 

 

In this program, a function calculates a value for a given argument based on recursion and 
returns it. There is a print of the value returned from the call of the function with same number 
as the argument. 

Python program 2: 

def Fibonacci(n):  

   if n <= 0:  

      return "Incorrect number"  

   elif n == 1:  

      return 1 

   elif n == 2:  

      return 1 

   else:  

      return Fibonacci(n - 1) + Fibonacci(n - 2)  

  

num = int(input("Enter a positive number (> 0): ") 

print(Fibonacci(num)) 

 

Questions to ask 

 A source code solution to a given problem (assignment) could be written on a paper or 
in some program (especially IDE) on the computer.  
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 Assessing the solution differs depending on a media where is stored.  

 Syntax error should have bigger negative influence when the source code is written on 
the computer because it could be verified by IDE, compiler, or interpreter.  

If the solution has no syntax error then it could be assessed in one of two ways: 

 Based on correctness in the execution. There are only two states: pass or fail. 

 Based on completeness. The expected solution should be prepared and divided into 
more parts (steps in algorithm) where each part has some % of the whole solution. 
According to the parts that could be found in student’s solution a teacher/peer grades 
with sum of % for those parts (points). 

Correctness in the execution could be assessed in one of two ways (or both of them): 

 Automatically by some tools – usually for a lot of students and short algorithmic 
problems with known input (one or more test files) and output (file). There are only 
two states: pass or fail. If it fails than a teacher could assess it manually. 

 Manually by teachers or peers.  

 

Example: Assessment of code 

Use Python program 1 and do the assessment based on the following table: 

Part Lines % 

input number  1 - 1 5 

initialization of variables  2 - 4 15 

check for the invalid number  5 - 6 10 

check for the first two number 7 - 10 20 

compute for other numbers 11 - 16 45 

print result 17 - 17 5 

Total 100 

 

Python program 1: 

1 num = int(input("Enter a positive number (> 0): ") 

2 vi_1 = 1 

3 vi_2 = 1 

4 i = 0 

5 if num <= 0: 

6  print("Please enter a positive integer") 

7 elif num == 1: 

8  print("Value: ", vi_1) 

9 elif num == 2: 

10  print("Value: ", vi_2) 

11 else: 

12  while i <= num: 

13  vi = vi_1 + vi_2 

14  vi_1 = vi_2 

15  vi_2 = vi 

16  i += 1 

17  print("Value: ", vi) 

 

ACTIVITY 2: Peer assessment 

This activity will focus on Peer assessment in coding education. 
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Theory 

Peer assessment is done by students by assessing the work of their fellow students. They provide 

feedback (and may include grades) on the quality of their work. It is very beneficial in assessing the 

coding projects since it demands higher levels of students’ knowledge on the Blooms taxonomy, 

namely, to analyse and to evaluate. But before assessment takes place, the group has to develop and 

agree on the assessment criteria, which can be in form of rubrics or something similar. By involving 

them in  developing the criteria this takes students deeper into the  learning and allows them to 

understand the topic thoroughly. Criteria are set before actual work begins, to allow students to 

prepare their programs in accordance to criteria and to use self-assessment of their work.  

Implementation 

Evaluate peer assessment and reporting 

 The assessment performed in the classroom for selected student projects (Activity 1) 
should be performed in peer-to-peer manner. Couples could be made with the choice 
in an online-classroom or teachers form the couples for peer assessment.  

 One group of students have to prepare assessment guidelines for a specific project. 
Then at least two other groups should assess the same project based on guidelines and 
then discuss how they did it and where they had a different opinion  

Prepare cumulative results of assignments and evaluate students’ reports 

 Students reports can be uploaded to online-course assignment; the structured data 
can be gathered using a standard questionnaire based on different assessment 
methods. Review gathered data with the students and explain the most common 
faults, ... 

 

 Group work 

 Pro and contra discussion 

 Teacher demonstration 

 Collaborative learning 

Questions to ask 

 Why is peer assessment beneficial for the students understanding? 

 Is necessary that group agree on the criteria? Who prepares criteria? 

 Can criteria be prepared at the end of the assignment?  
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ACTIVITY 3: Formative assessment in CS education 

In this activity the focus in on different possibilities of formative assessment in CS education 

Prerequisites 

 Formative assessment (Frey & Fisher, 2011) (Moos & Brookhart, 2009) 

Theory 

Formative assessment is very useful for coding education. When students code the teacher 
gives them feedback on the quality of the whole program, the quality of code and this also 
helps when the student has problems with a program. It gives students instant feedback about 
their coding skills and gives the teacher insight into student skills and abilities.  

Implementation 

 Individual work 

 Group work 

 Pro and contra discussion 

 Teacher demonstration 

 Collaborative learning 

Question to ask 

 What kind of assessment is being used? 

 What are the differences between formative and summative assessment? 

 What is the purpose of formative assessment? 

 Why should teacher use questions and prompts? 

 When should a teacher give clues? 

Literature 

Anderson, L. W., & Krathwohl, D. R. (2001). A Taxonomy for Learning, Teaching, and Assessing: A 
Revision of Bloom's Taxonomy of Educational Objectives. New York: Longman. 

Calvanese, D. (2005). Unit 10: Program errors and exception handling. Retrieved from Introduction to 
Programming: https://www.inf.unibz.it/~calvanese/teaching/05-06-ip/lecture-
notes/uni10/uni10-main.html 

Frey, N., & Fisher, D. (2011). The Formative Assessment Action Plan: Practical Steps to More 
Successful Teaching and Learning. Alexandria, VA: ASCD. 

Moos, C. M., & Brookhart, S. M. (2009). Advancing Formative Assessment in Every Classroom: A 
Guide for Instructional Leaders. Alexandria, VA: ASCD. 

  

https://www.inf.unibz.it/~calvanese/teaching/05-06-ip/lecture-notes/uni10/uni10-main.html
https://www.inf.unibz.it/~calvanese/teaching/05-06-ip/lecture-notes/uni10/uni10-main.html
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ADDENDUM to Activity 1 

Examples of assignments 

https://www.myassignmenthelp.net/algorithm-assignment-help 

Graphics assignment: 

 Prepare a program that draws any convex polygon with equal sides (Figure 22).  

 Prepare a program that would draw a rose (Figure 23).  

 Prepare a recursive program that would draw a line. The input is a size of the first side 
(Figure 24). 

 Prepare a program that would draw a tree. The input is a size of the tree trunk (Figure 
25). 

 
polygon 40 7 

 

‘40 pixel side and 7 sides, for understanding the angle and number of sides. 

Code is for MSWLogo or FMSLogo 

(http://fmslogo.sourceforge.net/) 

free for anyone. 

 

to poly :a :n 

 repeat :n [ 

 fd :a 

 rt 360/:n 

 ] 

end 

 

Figure 22: Polygon with equal sides 

 
rose 10 12  
 
10 pixels for size and 12 leaf in the flower. This is good for the Divide-and-conquer 
algorithm 

Code is for MSWLogo or FMSLogo 

(http://fmslogo.sourceforge.net/) free 

for anyone. 
 

to flower :a :n 

 repeat :n [ 

 right_leaf :a*0.6 

 rt 360/:n 

 ] 

end 
 

to left_leaf :a 

 repeat 2 [ 

 repeat 9 [ 

 fd :a 

 lt 10 ] 

 lt 90 

 ] 

end 
 

to right_leaf :a 

 repeat 2 [ 

 repeat 9 [ 

 fd :a 

 rt 10 ] 

 rt 90 

 ] 

end 
 

to rose :a :n 

 fd :a*3 

 left_leaf :a 

 fd :a 

 right_leaf :a 

 fd :a*10 

 flower :a :n 

 bk :a*14 

end 

 

http://fmslogo.sourceforge.net/
http://fmslogo.sourceforge.net/
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Figure 23: Rose 

 
special 100  

 

(100 pixel initial size of other line), especially good for learning of recursion 

algorithm. There are many variations to this form. 

 

Code is for MSWLogo or FMSLogo 

(http://fmslogo.sourceforge.net/) free 

for anyone. 

 

to special :a 

if :a > 0 [ 

 fd :a 

 rt 90 

 special :a-2 

] 

end 

 

Figure 24: Recursive drawing 

 
tree 70  

 

(70 pixel tree trunk), good for understanding recursion and repetitive patterns. 

This can be further upgraded if we use random angle. 

Code is for MSWLogo or FMSLogo 

(http://fmslogo.sourceforge.net/) free 

for anyone. 

 

to tree :a 

 fd :a ;tree trunk 

 crochet :a 

 bk :a 

end 

 

to crochet :a 

 if :a > 4 [ 

 lt 30 fd :a crochet :a-10 bk :a 

 rt 60 fd :a crochet :a-10 bk :a 

 lt 30 

 ] 

end 

 

Figure 25: Recursive tree 

Number manipulation assignment: 

 Prepare a program that would accept numbers and display (min, max, sum, and 
average) 

 Prepare a program that would take two list of numbers and prepare single list of 
sorted numbers 

 Prepare a program that would accept integers and display only those which are 
divisible by (any arbitrary number) 

 Prepare a program that would accept float and ... 

http://fmslogo.sourceforge.net/
http://fmslogo.sourceforge.net/
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Text manipulation assignment: 

 Prepare a program that would accept text and display number of words (number of 
any particular char e.g. “a” in the text). 

 Prepare a program that would accept a sentence and sort words from the sentence. 

 Prepare a program that would accept a sentence and display words in reverse order 
(expand to display even words in reverse of chars - good for practice recursion) 

 Prepare a program that would read a text file and display statistics of it (how many 
sentences, words, char with and without space). 

 

Example: Discuss the variations of software solutions 

Discussion topics: good programming style (limitation of line numbers in function), use of 

comments, good / bad program structure, use of common principles for variables’ and 

functions’ names; use of descriptive constants vs constants themselves,  

to poly :a :n 

 repeat :n [  

 forward :a 

 right 360/:n 

 ] 

end 

 

to poly :a :n 

 repeat :n [ fd :a rt 360/:n ] 

end 

 

Questions: 

 Which of the two programs are easier to read? 

 Where is easier to find some errors? 
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Example: Discuss the variations of software solutions 

to right_leaf :a  

; :a is a variable that correspond to the size of the leaf 

 

; we need to draw two sides of the leaf and return to the same 

; location at the end of the drawing. Therefore we need to make 

; a full circle – 360 degrees 

; 

; let calculate 

; first repeat 2 => 2 

; second repeat 9 => 9 

; inside repeat we make 10 deg. right (9*10) => 90 degrees 

; then we turn for 90 degrees 

; together we get 2*(90+90) = 2*180 = 360 degrees 

 

 repeat 2 [  

; leaf is an outer line of a quarter of the 36 sided polygon. 

; 9*10 degrees and we get a quarter of the 36 sided polygon 

; drawing the part of the leaf we get a 90 degree angle 

 repeat 9 [  

 forward :a 

 right 10 ] ; end inner repeat 9 

 

; we have drawn one side of the leaf and we need to turn 

; 90 degree to draw the other side of the leaf to return 

 right 90 

 ] ; end outer repeat 2 

end 

 

to right_leaf :a 

 repeat 2 [ repeat 9 [ 

 fd :a rt 10 ] 

 rt 90 

 ] 

end 

 

 

Questions: 

 Which of the two programs are easier to read? 

 Which of the two programs are easier to understand? 

 Why should comments be used? 
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Lesson code: LESSON (U5-L1) 

Title: Design lessons plans for relevant coding topics. (15%) 

Learning Outcomes 

 Define learning outcomes for a coding lesson. 

 Create a lesson plan for a coding lesson. 

 Develop a time plan for a lesson plan. 

Methodology 

Instructional Strategies 

✖ Lecturing 

✖ Discussion 

⬜ Drill & Practice 

✖ Group work 

⬜ Question and answer 

✖ Project based learning 

⬜ Role playing 

⬜ Blended learning 

⬜ Demonstration 

Lesson Outline 

Activity 1: Defining learning outcomes for a coding lesson 

Activity 2: Creating a lesson plan for a coding lesson 

Activity 3: Developing a time plan for a lesson plan 

 

Potential Evaluation Methods 

✖ Teacher Observation ⬜ Task Analysis ⬜ Written Test 

⬜ Checklist/Rating Scale ✖ Peer Evaluation ✖ Oral Response 

✖ Homework Activity ⬜ Work Sample ✖ Project Based Activity 

⬜ Presentation   ⬜ Other 
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ACTIVITY 1: Defining learning outcomes for a coding lesson 

Theory 

Why is it important to define lesson goals? Many new teachers ask this question. When 
thinking of teaching goals, one must be familiar with traditional approach which is focused on 
the goals and contemporary approach which relies on learning outcomes. When thinking of 
the goals and learning outcomes one must keep in mind possible ways of their evaluation and 
this is much easier to achieve with learning outcomes than it is with the goals. 

  Goal Learning outcome 

Meaning The purpose toward which an endeavour is 
directed. 

Something that one's efforts or actions 
are intended to attain or accomplish; 
purpose; target. 

Scope Broad: in the sense that goals are general 
intentions and are not specific enough to be 
measured. 

Precise: Learning outcomes are set for 
certain tasks in particular. 

Specificity General: general intentions towards the 
attainment of something 

Specific: precise actions for 
accomplishment of a specific task. 

Measure Goals may not be strictly measurable or 
tangible. 

Must be measurable and tangible. 

Orientation Teacher-focused Learner-centred 

Time frame Longer term Mid to short term 

Table 6: Difference between goals and learning outcomes7 

Learning outcomes consist of three parts, of which first two parts are mandatory: 

 I) verb which defines a type and level of an activity 

 II) short description of an activity 

 III) how will the activity (outcome) be evaluated. 

Basic rules for creating learning outcomes are: 

 each learning outcome must have at least one verb 

 if it has multiple verbs, they should be complementary and logically connected 

 learning outcome must be measurable (how it will be evaluated) 

 one should avoid long and complex learning outcomes 

 when formulating learning outcomes, one should avoid undefined verbs such as: 
know, learn, understand, ... 

 avoid comparative values such as “better”, “more”, ... 

For additional ideas please consult resources at the end of this section which give further 
detailed information on learning outcomes.. It is important that one practices creation of 
learning outcomes. For that one should use necessary materials (active verbs) and defended 
topic of a subject. There are different ways to construct learning outcomes, but also basic rules 
which learning outcomes must follow as well as their exceptions. Certain verbs and phrases 
should be avoided when formulating learning outcomes. Also, one should keep in mind the 
balance between learning outcome groups (cognitive, psychomotor and affective domain). 

                                                           
7 Adapted from: Weber State University. Goals vs. Objectives. Retrieved from: 
https://weber.instructure.com/courses/307280/pages/goals-vs-objectives 

https://weber.instructure.com/courses/307280/pages/goals-vs-objectives
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Implementation 

 Discussion. 

 Work in pairs. 

 Individual work. 

Questions to ask 

 Why is it important to understand a goal? 

 What is the difference between goals and learning outcomes in a teaching process? 

 What rules should be applied when creating learning outcomes? 

 List some verbs and phrases which should be avoided when creating learning 
outcomes and explain why they should be avoided. 

 Why should teachers start to plan a lesson plan from learning outcomes? 

Resources 

Anderson, L. (n. d.). Bloom’s Revised Taxonomy: Cognitive, Affective, and Psychomotor . Retrieved 
from Arkansas State University: https://www.astate.edu/dotAsset/7a3b152c-b73a-45d6-
b8a3-7ecf7f786f6a.pdf 

CEDEFOP - European Centre for the Development of Vocational Training. (2012). Curriculum reform in 
Europe: The impact of learning outcomes. Retrieved from CEDEFOP - European Centre for 
the Development of Vocational Training: http://www.cedefop.europa.eu/en/publications-
and-resources/publications/5529 

CEDEFOP: European Centre for the Development of Vocational Training. (2017). Defining, writing and 
applying learning outcomes: A European handbook. Retrieved from CEDEFOP: European 
Centre for the Development of Vocational Training: 
http://www.cedefop.europa.eu/en/publications-and-resources/publications/4156 

Center for Excellence in Learning and Teaching. (n. d.). Tips on Writing Course Goals/Learning 
Outcomes and Measurable Learning Objectives. Retrieved from Iowa State Universtiy: 
Center for Excellence in Learning and Teaching: 
http://www.celt.iastate.edu/teaching/preparing-to-teach/tips-on-writing-course-
goalslearning-outcomes-and-measureable-learning-objectives/ 

 

  

https://www.astate.edu/dotAsset/7a3b152c-b73a-45d6-b8a3-7ecf7f786f6a.pdf
https://www.astate.edu/dotAsset/7a3b152c-b73a-45d6-b8a3-7ecf7f786f6a.pdf
http://www.cedefop.europa.eu/en/publications-and-resources/publications/5529
http://www.cedefop.europa.eu/en/publications-and-resources/publications/5529
http://www.cedefop.europa.eu/en/publications-and-resources/publications/4156
http://www.celt.iastate.edu/teaching/preparing-to-teach/tips-on-writing-course-goalslearning-outcomes-and-measureable-learning-objectives/
http://www.celt.iastate.edu/teaching/preparing-to-teach/tips-on-writing-course-goalslearning-outcomes-and-measureable-learning-objectives/
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ACTIVITY 2: Creating a lesson plan for a coding lesson 

Prerequisites 

 Motivational techniques from pedagogy and psychology. 

 Knowledge related to behaviour and manners from field of pedagogy. 

 Didactical principles. 

 Class organization. 

 Teaching methods and techniques. 

 Learning methods and techniques. 

 Programming/coding knowledge. 

 

Theory 

When planning a lesson one should start from examples which should be well known to the 
students - their own school experience. Reflecting on how classes are usually organized can 
help one in creation of their own lesson plan. One must keep in mind necessary elements for 
every section of a class: introduction middle section and end section. Each section can have 
certain variation of their sub-elements and approaches. It is good to think of personal school 
experience as basic pool of ideas. 

Key elements for the introduction section are: 

 class agreement 

 motivation 

 previous knowledge 

When planning the middle section of a lesson plan one must keep in mind possible approaches 
and combinations in the middle section: learning new knowledge and skills, practice, 
evaluation or any combination of previous three activities. Motivation and behaviour (both 
professional and general) should also be mandatory for the section. Each activity must be 
connected to the learning outcomes defined for the lesson.  

In the end section each teacher must plan activities focused on final instructions related to 
class management, practice and lesson evaluation. If there is time class can be concluded with 
behavioural elements linked to the middle section. This will add to the holistic approach and 
present the whole lesson as meaningful unit.  

Examine different lesson plan templates and try to analyse each section. One of the templates 
is available in the resources section at the end of this section. Feel free to modify it or seek 
other similar resources which are available online or from relevant national sources for 
teachers.  

Teachers must keep a clear connection between learning outcomes, lesson plan and its 
template. 

When creating a lesson plan the teacher must pick the order of activities and choose which 
activities can be accomplished within a class. The teacher must also keep in mind the learning 
outcomes he/she created for the lesson and make sure those elements are clearly connected.  
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Implementation 

 Discussion. 

 Work in pairs. 

 Peer evaluation. 

 Individual work. 

Questions to ask 

 Why is planning necessary in the teaching process? 

 What should be planned ahead? 

 Are lesson plans and their implementation the same? 

 How can the plan be adjusted to deal with  unexpected situations? Can some of the 
adjustments be done already in the phase of lesson planning? 

 What are some of the good practices one should use when creating a lesson plan? 

Resources 

Alexandria City Public School. (2017). Tips for Teachers: Key Elements of Effective Lesson Delivery. 
Retrieved from Alexandria City Public School: 
https://www.acps.k12.va.us/cms/lib/VA01918616/Centricity/Domain/801/Teaching%20Tip
s%20for%20Teachers%20Vol.%202.pdf 

All you need is code. (n. d.). Lesson Plans. Retrieved from All you need is code: 
http://www.allyouneediscode.eu/lesson-plans 

Hour of Code. (n. d.). Educator Hour of Code: Lesson Plan Outline. Retrieved from Hour of Code: 
https://hourofcode.com/files/EducatorHourofCodeLessonPlanOutline.docx 

Singapore Management University. (n.d.). Lesson planning. Retrieved from Teaching@SMU: 
https://cte.smu.edu.sg/approach-teaching/integrated-design/lesson-planning 

  

https://www.acps.k12.va.us/cms/lib/VA01918616/Centricity/Domain/801/Teaching%20Tips%20for%20Teachers%20Vol.%202.pdf
https://www.acps.k12.va.us/cms/lib/VA01918616/Centricity/Domain/801/Teaching%20Tips%20for%20Teachers%20Vol.%202.pdf
http://www.allyouneediscode.eu/lesson-plans
https://hourofcode.com/files/EducatorHourofCodeLessonPlanOutline.docx
https://cte.smu.edu.sg/approach-teaching/integrated-design/lesson-planning
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ACTIVITY 3: Developing a time plan for a lesson plan 

Theory  

Planning is of outmost importance for the teaching process. Teachers must follow (and create) 
necessary logical connections between planned activities in a year time plan. For new 
teachers' basic rules of estimating duration of the activities are: 

 activity which they will carry out will approximately last as long as it takes them to 
conduct the activity 

 activity which will be led by them and followed by students will last approximately 1.5x 
the time it will take them to conduct the activity on their own 

 if activity will be carried out by students (alone) it will take them approximately 2x the 
time it takes a teacher to conduct the activity 

Teachers should keep in mind possible large differences (heterogeneous group) in students’ 
knowledge and skills which will highly influence time required to conduct planned activities. 
Students who are skilled in certain topic will sometimes conduct an activity in time as fast as 
the teacher, while lower performing students sometimes won’t be able to conduct an activity 
on their own. 

When developing a time plan, one should keep in mind that introduction and end sections of 
a lesson have their purpose and should not be ignored or approached as unimportant 
elements of a lesson with only 1 or 3 minutes of time planned for a section. There is no single 
rule or way one must use to successfully develop a time plan. It is based on practice, didactical 
principles and logical connections between key elements which define a lesson. For that one 
should focus on practical work and exercises as well as workshops and tutoring. 

Implementation 

 Discussion. 

 Work in pairs. 

 Peer evaluation. 

Questions to ask 

 Why is time plan important when creating a lesson plan? 

 How can one estimate duration of an activity? 

 Is there a difference between duration of an activity which is conducted by a teacher, 
by students lead by a teacher and by students on their own? 

 What information is necessary for successful time plan of a lesson? 

 What are some of the good practices one should use when creating a time plan for a 
lesson? 

Resources 

Singapore Management University. (n.d.). Lesson planning. Retrieved from Teaching@SMU: 
https://cte.smu.edu.sg/approach-teaching/integrated-design/lesson-planning 

Usmani, F. (2019, 1 28). Three Tools to Estimate Activity Duration. Retrieved from PM Study Circle: 
https://pmstudycircle.com/2012/06/three-tools-estimate-activity-duration/ 

https://cte.smu.edu.sg/approach-teaching/integrated-design/lesson-planning
https://pmstudycircle.com/2012/06/three-tools-estimate-activity-duration/
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