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1. Introduction 

 

This training methodology will offer practical and theoretical guidelines for delivering the 
DTAM curriculum in initial (IVET) and continuing (CVET) vocational education and training 
courses. The methodology is written for both VET staff and other organizations delivering 
the DTAM curriculum. 

The curriculum contains innovative elements, both in the contents of the training materials 
as in the way the educators and students can work with the materials.  
To achieve the desired learning outcomes while working with the curriculum, this 
methodology will present best practices and guidelines for a successful implementation. 

Chapter 2 on theoretical guidelines provides some best-practice pedagogical and didactic 
models to be used with the curriculum, and an interpretation for hybrid and blended 
learning. The curriculum is written for collaborative-based learning, e-learning/blended 
learning and access to hands-on learning via (remote) internet-of-things (IOT) practice labs 
(including exercises without physical access to a lab for students who want to work on 
personal devices or from remote locations). 

Chapter 3 contains practical guidelines, based on the 11-step “challenge-based learning” 
model, and will show how to organize the learning experience for (groups of) students. 

Transferring knowledge to and from regional partners, and continuous development of the 
curriculum is discussed in the “communities of practice” chapter 4. 

This is a “living” document, meant to be updated along the way (additions must be 
recorded in the delivery slip, page 3). 
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2. Theoretical guidelines 

2.1 Competence – Autonomy - Relation (CAR) model 

Students can have many different reasons to decide to study a subject. Regardless of their 
initial motivation, the research since 2008 done by Professor Luc Stevens suggests that 
student motivation is highly impacted by three basic needs: 

● Relationship: “others appreciate me and want to associate with me…” 

● Autonomy: “I can do it myself, although not always alone…” 

● Competency: “I believe and enjoy my own abilities…” 

Students (as well as any human) need relationships. We all need to be seen, to be heard, to 
feel that we are welcome and are accepted as a part of a group. In working with the DTAM 
curriculum teachers should be aware of this requirement and make sure they welcome 
students and create a safe working arrangement. Students and lecturers jointly feel 
responsible for a good atmosphere and if it is difficult, the student can count on the 
support of his lecturer. In schools, teachers have a lot of influence on the quality of 
relationships. Not by coming to the fore, but by being available from the sidelines. 
Listening, offering trust, acting when it is really necessary, creating inviting conditions, 
setting a good example, challenging and supporting are important pedagogical conditions 
for the development of good relationships. 

Autonomy refers to the feeling of being independent. Students want to feel that they can 
do things themselves. Being able to decide for yourself, to make your own choices. This is 
only possible in an environment in which the individuality of the student is respected. A 
student is there for himself, not for his parents or for the school. At an early age, people 
have the need to distinguish themselves, to make their own choices. The pedagogical 
answer to this is to offer safety, space, guidance and support sometimes and to guarantee 
the connection with the other. Individual freedom is important and is encouraged, but 
always in relation to the other person and while retaining their freedom and your 
responsibility for it. Autonomy always refers to relationship.   
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Also, when students are able to choose between different approaches they can feel 
ownership. Even though some students will simply pick the option that they think is the 
easiest, or the least amount of work, being able to choose will boost their motivation.  
Exercises and challenges should have multiple ways to solve them. 
Finally, students are allowed to be more proficient than teachers in a specific area!  

When students experience “success” (their solution works, they followed the steps and 
have the expected results) this will increase their motivation. 
Students want to show what they can do and experience themselves as effective. That 
requires a challenge. This is only possible if the education is geared to the possibilities and 
(basic) needs of the student. Not paying attention, not participating, underachieving, not 
daring, these are often signs of coordination problems. A teacher who takes student 
development seriously offers the student the opportunity to formulate appropriate 
learning objectives for himself and to achieve achievable results for him. A combination of 
high (and realistic) expectations and availability for help and support are a good basis for 
developing a sense of competence. 
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2.2 Hybrid learning: simulated or real? 

Hybrid learning 1is a model where simulated- and realistic learning environments, and 
“theoretical” and participating learning activities 
are combined. 

Learning can take place in constructed (or 
simulated) environments like a classroom, or in 
real-life environments (like a workplace). Also, 
learning can be an “isolated” activity where 
theory is acquired, and learning can also take 
place while being part of a working community. 
Many institutions work with regional partners to 
offer internships; often starting with 
“constructed participation” (someone supervises 
the learning process in the workplace) to 
“realistic participation” (the learning is working alongside other colleagues). 

Hybrid learning environments require different, sometimes new roles from students, 
teachers and the business community. We see a shifting attention to the coaching, 
reflective and investigative role of the teacher/supervisor, but also that of the student. 

Hybrid learning environments have added value for the student, vocational education and 
partners from professional practice: 

- More meaningful learning, by interweaving professional practice with education, 
- A powerful learning environment in which (elements of) theory and practice are 

meaningfully connected, which aids in the process of 'what you learn in one place, 
can also be applied in another place, at another time' . In other words: being able to 
make a transfer, which we see as a skill. 

- Challenging learning environments where breaking boundaries takes place by 
actively connecting theory and experiences & school and professional practice. It is 

 
1 ROC Da Vinci College – “Education for the future – our educational vision” – 2021-july-08. 
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precisely on these boundaries that the learning potential for our students, our 
partners from the professional field and our teachers is increased. 

- New insights, innovations and working methods for the professional field, our 
students and vocational education, by working on issues from professional practice 
together with the professional field, students and teachers: 

- An incentive towards cooperation in the vocational column IVET-CVET-higher 
vocational education and professional practice, which makes the education richer 
and the transition more gradual. 

- Responsiveness to developments in our society and the labor market. 

 

2.3 Blended learning 

Blended learning is about when you learn, where you learn, and with who you learn.  
A mixture of learning strategies in which choices can be made for students to... 

- study with and without teacher 
- study both synchronous and asynchronous 
- study Online and Offline 
- study with and without the help of technology 

… to provide optimal support in his/her learning task and at the same time to effectuate 
efficient and effective use of scarce resources such as time and space for the student and 
the teacher. 
 
Blended learning in hybrid learning environments, developed for and together with our 
students and professional practice, can be recognized in our by: 

- Learning environments that connect environments, where professional practice and 
education are intertwined, with people from multiple disciplines and levels. Flexible 
education logistics to achieve this. 

- The vocational process and the vocational context as the backbone of the learning 
process and the learning context for all students. 

- Learning environments that are aimed at continuous connection of work and 
learning processes. 



 

11 

 

- Education that comes about in co-creation or collaboration with the professional 
field and the world around us. 

- Learning environments as a safe place with a positive learning climate to 
experiment, learn from mistakes and where the work process can be stopped if the 
student's learning process requires it. 

- Learning environments and associated educational activities using an optimal mix of 
didactic teaching methods. 

- Offering space to the student to take control of his/her personal and professional 
development and learning process. 

- An environment where practice-oriented research also takes place, supported by a 
PhD and professional learning communities. 

- Situational forms of guidance for steering, coaching, supporting and/or delegating, 
making use of scaffolding and formative action. 

 
In practice, blended learning means “combine both real work context with the educational 
context” which can be done by working in companies, or having companies come to your 
institution to work with students and teachers. 

 

2.4 Bloom’s taxonomy revisited 

There are six levels of cognitive learning according to the revised version of Bloom's Taxonomy. 
Each level is conceptually different. The six levels are remembering, understanding, applying, 
analyzing, evaluating, and creating. (source: Colorado College2) 

 
2 https://www.coloradocollege.edu/other/assessment/ 
how-to-assess-learning/learning-outcomes/blooms-revised-taxonomy.html 
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Figure 2: Bloom Taxonomy revisited 

When writing texts, creating exercises and challenges, the writer should identify on which 
levels students should be trained and write questions, exercises and challenges that 
include the appropriate levels. An exercise where a student should be able to apply a given 
instruction, is a very different exercise than one where students must evaluate multiple 
approaches and choose the best. 

The next table shows common verbs associated with “remembering” (copying, defining), 
and so on. 
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Figure 3: Verbs for Bloom Taxonomy levels 

A typical “remembering level” questions could be: “define a sensoring device”. The student 
should remember the definition that he/she read in the text.  
A typical “understanding” questions could be: “compare a sensoring device to a general 
device and name two differences”. This involves both remembering device properties from 
the text, as well as understanding the purpose for both devices, as well as having the ability 
to compare them. 
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3. Practical guidelines 

3.1 Challenge based learning (11-step process) 

When groups of students work on challenges to prove their mastery of the learning 
outcomes, a specific process is used, consisting of the following 11 steps3. 

 
Figure 4: steps in challenge based learning 

As a teacher, you will need to guide your students through the challenge by: 

- Starting up the teams 
- Present and identify the challenge 
- Inform teams about feasibility parameters and help them collect information 
- Have teams show their proposals 
- Have teams organize actions and carrying them out 
- Have teams present results 

 
3 INCOBOTICS – Ready for Industry 5.0, “CHALLENGE BASED LEARNING 11-step process” 
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- Analyze and evaluate the teaching process with the teams 

Each step serves multiple goals: 
 
GOALS of activating the team: 

- Create/reinforce the collaborative environment 
- Starting the teaching process 
- Getting to know the students and their profiles 
- Establish/agreement on operating rules 
- ACTIVATE the team and prepare it for action 

 
GOALS of presentation: posing a challenge, identify and connect to it 

- Present the tasks to the students in an attractive way 
- Give them a picture of what you are about to start 
- Explain the new scenario to them 
- Understanding the problem and what needs to be done 
- Identify previous knowledge 
- Motivate students and turn problem solving into a challenge for them. 

 
GOALS of setting parameters, obtaining, and organizing information 

- Create questions 
o What do I have to study? 
o What do I have to learn to do? 
o What information do I need? 

- Split the challenge into areas of expertise 
- Create research 

 
GOALS of Proposals 

- Each student has to bring at least one solution to the problem (DIVERGENCE) 
- Working on creativity 
- The more solution ideas the better 
- Presentation and defense of the student's solution 
- Learning from others 
- Working on communication 
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- The group of students has to choose one of all the solutions (CONVERGENCE) 
- Decision-making: individual and group. 
- Searching for a common solution through teamwork 

 
GOALS of organizing actions 

- Structure how they will take the proposal forward. 
- Use of planning tools 
- Timing, sequencing, responsibilities, risk agreement. 

 
GOALS of carrying actions out 

- Carry out what they have identified, enhancing specific skills and abilities 
- Develop what they have learned in the process 
- Follow up on what has been done by correcting deviations. 

 
GOALS of the analysis: 

- Refining the teaching process 
- To offer tools to see and improve the level they have in the different competences 

through feedback 
- Become aware of how far they have come, where they want to go, and what 

commitments they will make 
- Making compromises 

 

3.2 Design criteria for challenges 

Students need to work on challenges, and follow the 11 steps, described above. 
 
Design criteria for suitable challenges are: 

- Problems should be “real-world”, preferably explained to the students by someone 
from a regional organization/company; 

- Many different “solutions” should be possible and it’s up to the students to research 
multiple possible solutions (with regards to feasabile in terms of available materials, 
costs, time, teacher knowledge, lab availability); 
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When developing the different steps for a challenge, ask yourself these questions: 

- Does each of the 11 phases apply to our challenge? What for? 
- How do we do work groups? Do we use any dynamics? 
- Is it written in such a way that the whole faculty understands it? 
- Should we identify and distribute roles? 
- Is it written down in the teacher's challenge? 
- Should we activate the team in every challenge? How? With what dynamics? 
- Is the contract drawn up and reviewed/reinforced at each challenge? 

 
Presenting the problem 

- What is the problem we propose? Is it real? Is it an everyday occurrence in the 
student's life? 

- Is it confusing? Can it have more than one solution? 
- Have you taken into account the profile of the student? (High/medium, ½,...) 
- Do you have dynamics to identify what needs to be done/worked on? 
- Are you going to work on transversal competences? Which ones? How? What 

evidence are you going to collect? 
- How will students connect with the problem and accept it as a challenge? (What is 

the dynamic?) 
 

Parameters 
- Have we identified the parameters/questions to be extracted? 
- Do we have in writing how we are going to make it dynamic? 
- Will we do it individually, in working groups or in the whole group? 
- If all the parameters are not present, how will you take action? 
- Are the information gathering activities identified and planned? 
- Are the activities designed to seek the answer to all parameters? 
- What evidence will you collect to know where the student is with regards to the 

technical competences to be acquired? Will you give feedback? 
- What transversal competences will you work on? What evidence will you receive? 
- Will the evidence be individual or group? 
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Organizing actions and carrying them out 
- Has the teaching team identified the following activities to be carried out?  
- Have the risks been taken into account? 
- Will we provide them with the necessary resources? 
- Have we taken into account whether they are medium or higher grade? 
- What evidence are we going to collect? Have we worked on this evidence before? 
- Can they carry out what they have planned? (time, resources, responsibilities) 
- Are there activities that work on competences? 
- When evaluating the competences, has the necessary evidence been identified? 
- Is a review of the planning foreseen? 

 
Presenting the results: 

- Should the results be presented formally? Why? 
- Which competencies are we going to work on, and which ones are we going to 

evaluate? 
- What will the presentation tell us about how the learning process 
-  went or about the information of the product produced? 

 
Reflection and evaluation of learning 

- How does the teaching team participate? And the students? 
- Is there an event to celebrate what has been achieved? 
- Is there a plan for who is going to give feedback? 
- Will a feedback report or similar be issued? 
- Will those commitments be collected? How? 
- Where is it and what improvement tools have been designed? (To be offered to the 

learner) 
- Will the student's progress be assessed? 
- Is the same challenge expected to be assessed? 

 
When students have read the training material, participated in the individual and 
collaborative exercises, optionally made a test, and this way showed that the learning 
outcomes are achieved, then the real proof will be to build a prototype in an IOT lab.  
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Students must integrate multiple techniques and demonstrate their ability to choose the 
best (or the most affordable, or the fastest achievable) solution. 
 

3.3 Collaborative based learning 

Some learning outcomes are achieved by reading text, while others will need to be 
achieved by exercises, on a laptop or in a lab. Some exercises and challenges are meant to 
be done in a group. 
 
Examples of collaborative learning: 

● a group is given a number of subjects, which will need to be investigated 
● the group discusses who will be doing which subject 
● everyone will create their part 
● the results will be put together (for example in a short presentation) 
● the group will present the result back to the class 

 
Or: 

● an assignment consists of different nodes/hosts, each playing another part in the 
exercise 

● every group member will setup and configure one of the nodes/hosts, 
● the group will troubleshoot together 
● the end result will be demonstrated to the instructor and/or the class 

 
Or: 

● An exercise consists of a part where a python script needs to be created (one or 
more software developer students will need to do this part), 

● another part consists of setting up a MySQL database on a raspberry pi (one or 
more IT systems & devices, or networking administration, or devops students will 
need to do this part) 

● The end result will be demonstrated to the instructor and/or the class 
 
Or: 
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● A small group (1) will be given the assignment to give as many unique arguments for 
a given solution to a problem.  

● A second small group (2)  will gather arguments opposing the solution from group 1 
● Groups (1) and (2) will exchange arguments / discuss in front of the class 
● The class will decide which case will win. 

 

3.4 E-learning/blended learning 

The training materials should be useful in different scenarios: 
● the student is using the materials individually (not in class); some self-test quizz 

questions should be usable for the student to determine if he/she understands the 
theory and knows the correct meaning of technical jargon. 

● the teacher should use the training materials for classical, teacher-driven classical 
interactions (teachers explains / gives demo’s and references the material. or : 
teacher assigns parts of the material as homework and does exercises with the class 
- or only the students that come prepared (flipping the classroom) can join the 
exercises. 

 

3.5 Hands-on learning via (remote) IoT labs 

A selected portion of the exercises / tests should be done using the “DTAM internet of 
things (IOT)”-lab, where students need to be present in class. Also, the “lab” exercises 
should be split into individual parts and group assignments. 
Instructions on how to reserve a timeslot in one of the DTAM labs will be provided in the e-
learning environment https://e-training.dtamproject.eu/.  
 

3.6 Hands-on learning via simulated online tools 

Not all students have access to an IOT lab all the time, so parts of the exercises and 
challenges should be able to be done at home, in a simulated environment. Where 
applicable, add available and free online tools for students to use instead of the IOT lab. 
Some online environments require a credit card and not all students own one, so make 
sure to test this before having students use the platform or tool. 
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3.7. Evaluating student progress by using Rubrics 

Every module has a challenge which students will work on in groups, to show their 
understanding of the learning outcomes.  

When students finish the challenge, their work is evaluated by using a rubric. A rubric will 
describe many learning outcomes (left column). In this example only one learning outcome 
is shown) and observations for the situation where the student needs to improve, the 
situation where the student meets expectations and the situation where the result exceeds 
expectations. A teacher can use the rubric to evaluate if the result for the learning outcome 
meets or exceeds the expectations, or if the student needs to improve. 
 

Learning outcome Must be improved Meets expectations Exceeds expectation 
Sensoring:  
the student has built a 
prototype that 
measures if a person 
is entering a certain 
restricted area and 
generates a 
notification for 
security employees in 
a guard station. 

A person entering the 
area is not detected. 
and/or 
No sensor is used to 
detect a person 
entering the restricted 
area. 
and/or 
No notification is 
given 
and/or  
the sensor does not 
cover all of the 
restricted area (a 
person could enter 
undetected) 

The prototype uses 
one sensor to 
measure a person 
entering a specific 
area and uses a single 
notification 

The prototype uses 
multiple sensors to 
measure a person 
entering a specific 
area (for example: 
video and/or 
movement sensor 
and/or infrared 
and/or sound sensor), 
and uses multiple 
notifications (sound 
and/or push message 
and/or logging to 
database) 

Evaluation for group O O O 

    

Learning outcome Must be improved Meets expectations Exceeds expectation 

… another learning 
outcome … 

… observations for 
when the group of 
students need to 

improve … 

… observations for 
when the group of 
students meets 
expectation … 

… observations for 
when the group of 
students exceeds 

expectations… 
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Evaluation for group O O O 

4. Communities of practice 

 

4.1 Regional knowledge triangles 

To keep the curriculum up to date and to exchange knowledge with local companies, both 
students, teachers and companies need to be engaged in hands-on knowledge sharing 
sessions. These come in many forms. Here are some examples, as done by ROC Da Vinci 
College in 2022 and 2023: 

● search for regional companies 
that use new technologies for 
advanced manufacturing and ask 
them if they’re interested in 
partnering with your institution. 
We were very happy with the 
positive response from the 
companies. 

● have a group of lecturers visit a 
regional company that delivers 
“internet of things” products and 
solutions, and discuss the 
curriculum to discover whether is 
prepares students for working in this industry (for example, we visited 
https://lowpad.com/ and discussed the use of Raspberry PI as a mature industry 
component, as opposed to PLC’s).  

● invite a former student that works for an “internet of things” company and ask the 
student to present to current students what knowledge is required to work in this 
industry.  
One of our students “software development” works for a company which develops 
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water slides animations, and came to show what sensors and cameras were used. 
See https://islide.com/ for 
inspiration about this company. 

 

4.2 Organize a speed date with 
companies and students:  

Invite companies for a speed date session 
with students. (The companies will be 
rewarded with getting an early 
opportunity to find good interns among the student group; the students are introduced to 
multiple companies and will gain motivation for doing projects). The students prepare 
questions related to both the theory and/or exercises and to the field of work that the 
companies are doing. 
 

4.3 Ask companies if they are open to host a prototyping project 

Another way to exchange knowledge is to have students use an internship to build a 
prototype or new product for a regional company. 
For example, in a “software development” 3-year course, the curriculum has a “group 
project” embedded in the 3rd year, where groups of students work 20 weeks on a project 
for a regional company.  
 

- teacher will approach companies (for example, companies where interns are 
working or where exams are done) 

- teacher will ask students to create groups of 4, 5 people 
- each group of student will be matched to one company (or, multiple groups create a 

prototype for the same company so many solutions will be found) 
- students listen to the problem/request from the company; they will research 

different technical approaches, from the training materials; 
- they’ll build a prototype 
- the students demonstrate their prototype to their fellow students and to the 

companies. 
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4.4 Ask company or expert to come to school to deliver a lecture  

When a group of students is following the curriculum, it will be very helpful if a company or 
expert will deliver a guest lecture to the students, the teacher(s), and/or companies. 
For example, when students follow the “security” module, it will be useful if a local 
company that works with security, comes to school and delivers a lecture on actual 
developments in IT security. A risk is that not all people from companies are able to deliver 
a short and fun presentation. It’s worth preparing the presentation together with a teacher. 
It would be very nice if guest lectures are recorded to video and shared with the other 
partners, so it can be used in other schools as well. 

Next to having a company or expert share knowledge to students, is also valuable to match 
problems and answers from companies and bring them together in school. Sometimes a 
company has a question, and another company has a solution. It's very interesting to bring 
both companies together and have them talk about the problem and the solution and have 
students participate. The same risk applies here: not all companies are used to talking to a 
group of students so there is the risk that the conversation will be too detailed for some 
students.  
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