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Abstract 
The Digital Age gave birth to multiple forms of literacy: digital literacy and technology literacy, for 
example. This means that, the current educators need to shift from a traditional curriculum to a more 
innovative one without being appropriately guided. Considering this context, this article presents a new 
vision of knowledge representation, mainly for digital and technology literacy. This understanding 
enables everybody to take care of the digital and technology literacy development for this generation. 
Based on society development the proposed arrangement for knowledge is visually presented to 
further the mindset change of the policy makers and educators, both are able to cause a huge 
transformation on the educational system. 
Keywords: Digital Literacy, Technology Literacy, Exponential Era, Competences Framework.  

1 INTRODUCTION 
In a context of the exponential technology era and digital natives - the generation born in the Internet 
era [7] - to understand transliteracy processes with attention is essential to the real digital and 
technological knowledge development. Skills and competencies on the transliteracy concepts and 
applications have become potentially determinant of citizen empowerment in the contemporary life for 
example. In spite of that, the necessary knowledge for this new way of living, permeated by 
hyperconnected routines and collective intelligence, are not widely disseminated equally around the 
world. People are not learning how to adapt and improvise in response to the unexpected situations 
that inevitably arise in today's fast-changing world. The humanity must acquire the 21st-century 
learning skills: think creatively, plan systematically, analyze critically, work collaboratively, 
communicate clearly, design iteratively, and learn continuously [9].  
One of the root causes for this mismatch is the contemporary teaching practices. They are still far from 
the necessary reflection that the network society requires: more computational thinking and capacity of 
innovation. The confrontation of teachers and students in the classroom, mainly because of 
generational aspects, create even more complex scenarios [1]. Currently, the educational environment 
is supported by an unusual tripod: digital natives students, digital immigrants teachers as workforce 
and a whole educational system from nineteenth century. Then, the education workforce has 
difficulties and/or resistance to innovate and use technology in the traditional classrooms. Students 
are requiring another kind of classes to be motivated, while the society is requiring different skills to 
keep people up to date.  
To produce theories, practices, curricula, frameworks and anything else paying attention to all these 
components is urgent. The main components of this revolution is: engage the digital native students, 
use the workforce that is already in the system, and facilitate the acquisition of the 21st century skills. 
Some examples around the world shows how new technologies are being used in education, but the 
technologies are used simply as machines where people can get information, reinforcing passive 
approaches to learning. They are much more than this: they are a new way that people can create and 
express through. As a conclusion, information and Communication Technologies (ICTs) make a 
learning revolution possible, but they certainly do not guarantee it. As Mitchel Resnick concerns: "We 
are missing the revolutionary potential of the new technology for transforming learning and education" 
[8]. Focus just on ICT infrastructure and not on content and learning journeys is one of the  main 
reasons for the not enough knowledge produced for digital and technology literacy development.  
Although the equal distribution of digital devices around the word is not a reality today [5], there is an 
expectation that people will gain better access to digital technologies with time and investment. The 
key problem is about fluency. In some years, the "access gap" will be overcome, but a serious "fluency 
gap" could remain if we do not start the educational revolution [8]. If nothing is done in a scalable 
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manner, just a small number of people will be able to properly use technologies, what is not 
sustainable for the future development. 
The main goal of this article is to contribute to disseminate the necessity of digital and technology 
literacy thought the mindset change of the workforce that is already at the educational system. To 
achieve this, a framework to accomplish Digital and Technology Literacy based on incremental 
learning layers is presented and analysed for educational system players to get some conclusions 
about it. This is an important result to frame and catalyze the digital and technology knowledge 
development in a context of exponential rate of changes and advancements. 

2 METHODOLOGY 
Regarding the nature of a scientific research, this article can be considered as: descriptive or 
exploratory [2], because it is seeking to understand a recent phenomena, that is still not converging 
towards their empirical findings, and it seeks to clarify concepts.  Now, defined the nature of research, 
the approaches of it can be established. Opting for a qualitative or quantitative approach. The 
qualitative approach is a possibility for exploratory studies, since it does not seek to test what is 
already known, but "base their findings on empirical data". It should be highlighted that the qualitative 
research allows the understanding of the research object in their real context and the observation of 
practices and subject interactions. All these aspects are great values to this type of approach. 

Results presented here use interviews with potential user of the new framework to get the primary 
data to produce the qualitative.  A procedure highlighted by Gil [2] as appropriate in the case of a 
qualitative research. Although, the first step was the secondary data collection using literature review. 
After the conception and final version of the knowledge representation for validation of the findings, 
primary data was obtained through interviews with potential users of it.  

Two research instruments for the interviews were built: a qualifier questionnaire, in order to verify the 
adequacy of the person to the purpose of the research and the interview guide. Aligned with the 
objectives of the current project, the script was organized to make possible the following 3 goals: (1) 
assess how comfortable non-technical professionals would be using the proposed framework; (2) 
discuss the results and (3) analyze the feasibility in different environments. Following the guidelines of 
Flick [10], the steps for data collection will be: (1) Distribute qualifier questionnaire in order to verify 
that it meets the needs of the study; (2) Personal interviews; (3)Interviews Transcriptions; (4)Validation 
of findings with the interviewee, if necessary. Data will be analyzed using discourse analysis, 
described by Flick [10] as a possibility for qualitative research, especially when the collection is carried 
out through semi-structured interviews. The steps suggested by the author for this type of analysis 
are: (1) careful reading of the transcripts, (2) encoding the material, and (3) do the discourse analysis. 

3 PRODUCTION AND RESULTS 
To understand the new layers of knowledge approach some concepts and definitions are required. 
Here, we introduce the concepts of 21st century skill and digital and technology literacy. To 
understand more about the new generation, the digital natives and the role of teachers in the new 
educational world are also discussed. 

3.1 Context and Literature Review 

3.1.1 Technology Literacy 

Gagel [4] suggested common elements of technology literacy that summarize the key features in this 
field. They are: knowledge about the details of individual technologies and about the process of 
technology development. Gagel also suggest that this type of literacy should include a holistic 
understanding of the historical and cultural context of technology and adaptability based on initiative 
and resourceful thinking. Finally, technology literacy would include four generalized competencies: (1) 
accommodate and compete with rapid and continuous technological changes;  (2) generate creative 
and innovative solutions for technological problems; (3) act through technological knowledge both 
effectively and efficiently; and (4) assess technology and its involvement with the human lifeworld.  

The importance of carrying emerging literacies is vital in order to instrument the young people to be 
protagonists and actors of their stories, prepared to not only consume, but also produce information 
and technology effectively and creatively. Development of a more clear-cut conceptual framework and 
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a set of experiences to represent the possibilities may improve the understanding of the skills included 
in the definition of digital and technology literacy and provide resource for the creation of digital 
environments using the produced guidelines for effective planning of learner-oriented environments 
required in information era. 

3.1.2 Digital Natives versus Pillars for Education 
The concept of digital natives was introduced by Mark Prensky [7]. They are the first generation to 
grow up with these new technologies and new ways of communication. They were born in the middle 
of this technological acceleration, of the Internet and its networks. Because they are frequently 
exposed to this new environment, they can quickly respond to technology changes and new digital 
devices. However, these abilities and competences to deal with technological artifacts do not make 
them technology experts, inventors, designers or developers.  
Digital natives access knowledge in a random process and through “hypertext” approaches. Besides 
that, digital natives prefer learning through visual and graphics rather than reading texts. They are 
used to learning through interactivity and games. Digital natives need an empirical approach to learn. 
Rather than a linear access to knowledge like our current school is organized. In addition to this 
complex scenario, the new generation faces the fact that school is no longer the only place to acquire 
knowledge to support their development. At the same time, knowledge is linked with competences that 
are totally new in the 21st century. Jacques Delors proposed four pillars for education in his report 
Learning: The Treasure Within [3] that are still the reference for the current education needs. The 
original pillars are following:  

• Learning to know: to provide the cognitive tools required to better comprehend the world and its 
complexities, and to provide an appropriate and adequate foundation for future learning. 

• Learning to do: to provide the skills that would enable individuals to effectively participate in the 
global economy and society. 

• Learning to be: to provide self analytical and social skills to enable individuals to develop to their 
fullest potential psycho-socially, affectively as well as physically, for a all-round complete 
person. 

• Learning to live together: to expose individuals to the values implicit within human rights, 
democratic principles, intercultural understanding and respect and peace at all levels of society 
and human relationships to enable individuals and societies to live in peace and harmony. 

Today, specific knowledge changes constantly and does so at an exponential speed. It is no longer 
valuable for  students to store a single knowledge and competence for the rest of their life. The digital 
native has to be a lifelong learner. The necessity of the pillars is pretty clear, but they need to be more 
interconnected in the actual panorama. This is the main idea the proposed framework address. 

3.2 Knowledge Representation as a Tree 
The selection of the contents to cover in a journey of digital and technology literacy are one of the 
biggest challenges, mainly for non-technical people. This topics selection should be based on the 
context of students are inserted and it should be relevant for society development, where the root of all 
technology development should be planted. Give any rule for this selection break the flexibility it needs 
to be built in the community that is delivering the learning journey, but a visual guide could help and 
support this task. The most appropriate representation is a tree. Which is convergent with the whole 
essence of the proposed framework and give the idea of ramifications with no rules for relations and 
no limits for growth. 

The representation of a tree is iconic, because shows the power of technology to invent new areas 
and give attention of specific ones depending on the time. A new branch can be created and explored 
from another one. Another details of this representation that make it important is the possibility of 
different sizes and thickness of each bark. Exploring one specific subject may be interesting for a 
chosen community context. The biggest challenge is to choose the main trunks to sustain the whole 
tree. These topics should be the more relevant ones for the participants as a way to keep them 
engaged.  

The base of the tree should be composed by the most relevant subjects, the most used ones to create 
the first connection. All the other subjects will be branches of these ones and the knowledge will grow 
in an emphatic way. The Figure 2 shows the subject A as the root of the knowledge tree. Subject B 
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and C will be explored starting from A. Branches starting from any of the subjects are possible and 
there are infinite possibilities like subject D starting from C and E starting from B. 

With all this way trod, any person that is interest in developing a curriculum for technological and 
digital literacy can use this approach reflecting what are the main subjects and contents to be covered 
in the specific scenario. And this structure can be changed any time if the scenario changed, that is 
why it is important to keep it simple and visual.   

 
Figure 2: Knowledge Tree Example 

3.3 Knowledge Tree applied at a curriculum example  
To show the concept of Knowledge tree applied a curriculum is presented. The suggested topics are: 

•  Part 1: Using and Understanding technology and its power 

o How computers think! 
o Digital life 
o Understanding and Evaluating 
o The internet and the WWW 
o Social Network and The power of technology 

• Part 2: Being productive and effective with technology 

o Productivity 
o Programming 
o Interface and User Experience 

• Part 3: Creating with technology 

o Ideation and Validation 
o Mobile Interfaces 
o Prototyping 
o Mobile Programming with AppInventor 
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Looking for the proposed curriculum is important to highlight the main influences of the visualization. 
The content were organized based on layers to make the evolution clear for non-technical people. 
This resource also help to catalyze the educational mindset shift for non-linear learning experiences 
where each individual make it happens based on their context and necessity. Another important 
aspect is the space for reflexive discussions on some topics like privacy in the proposed curriculum. 
As a reflection of the new tool the specific tools and languages importance is not bigger than the 
understanding of the consequences of all this learning. To have specific technical skills do not 
guarantee technological or digital literacy. It is not true that because somebody can fix a computer or 
find a bug in a software this person have a sense of the risks, and benefits associated with 
technological developments. This person may be not prepared to make choices about other kind of 
digital experience that affect their lives. That is why does not make sense to have a linear approach 
for the literacy levels for technology and digital life. We do need a more global sense of the abstraction 
and cognitive capabilities of a person 

The key point to built it for specific context is to chose the most important topics focusing in the 
relevance of it for the context of the participants. At this present example of curriculum the key 
subjects are: WWW & Internet and Applications. They represent the bigger percentage of technology 
use in the current times. Other important topics like privacy and devices were distributed and 
contextualized around these two. 

The distribution of the topics were done to represent the context of the current Brazilian society, the 
scenario of the course. Which means it does not make sense to use high technology and discuss 
cutting edge innovation in because Brazil is an emergent country with commodities exportation as the 
base of economy. The topics suggested to cover a complete digital and technology literacy overview. 
The knowledge tree representation of this curriculum is following in the Figure 3. 

.  

Figure 3: Knowledge Tree Example 

3.4 Interviews Qualitative Results 
As first step for the interviews analyses, profiles of chosen interviewees are compiled in the Table 1:  
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Table 1.  Interviewees' profile 

Interviewees Gender Profile City/State Experience with Digital 
and Technology Literacy? 

E1 MALE Entrepreneur and Educator Curitiba/PR No 

E2 FEMALE Arts Teacher   MG No 

E3 MALE Technology Researcher Sao Paulo/SP Yes 

E4 MALE Programming teacher for 
non-programmers Curitiba/PR Yes 

E5 FEMALE Elementary School Teacher Ferraz de 
Vaconcelos/SP No 

E6 MALE Technical School Teacher Irati/PR Yes 

E7 MALE History High School Teacher Betim/MG No 

E8 MALE Middle School Teacher Sao Paulo/SP Yes 

E9 FEMALE College Professor Recife/PE Yes 

E10 FEMALE Social Entrepreneur Belem/PA No 

The selection of the interviewees followed the standards for this kind of primary data selection. Some 
aspects received special attention. They were: equivalent gender distribution; technical and non-
technical people perspective; geographical distribution to reflect all the different contexts found in a 
continental in development country like Brazil; representatives of public and private educational 
systems. As second step, the main premises to be discussed during the interviews were tabulated to 
show the opinions distribution among the interviewees. 

As shown in Table 2,  almost all the interviewees agree that infrastructure is a problem. Mainly when it 
means for them use the computers and devices that the schools provide for them. The big disruption 
here for them is the use of the personal smartphone. Almost all the interviewees mentioned that the 
vast majority of the students have smartphones. Another common observation in the interviews was 
that if you know how to something is done you will make use in a better way, mainly when this is true 
for abstract knowledge like digital life and technology, that is why teach about technology is so 
important even for the digital natives that already know how to use.  Some of the interviewees feel this 
urgent necessary but they assume it is impossible for them to help because that they have not enough 
knowledge to evaluate, this is one of the explanation for the diluted positioning about the hypothesis 5.  

Table 2.  Interviewees’ positioning about assumptions  

  Interviewees positioning 

# Hypothesis Agree Disagree 
Believe 
that 
depends 

No 
thoughts 
about 

1 
Available infrastructure is still  
an obstacle for digital and technology literacy 

E1, E2, E3, 
E4, E5, E6, 
E7, E8, E9, 
E10 

   

2 
The lack of training and exposure to  
technology of teachers is a limiting factor for digital 
and technology literacy 

E1, E2, E3, 
E5, E6, E7, 
E8, E9, E10 

 E4  

3 
Being producer / constructors change 
 the way we use technology and digital environment 

E1, E2, E3, 
E4, E5, E6, 
E7, E8, E9, 
E10 

   

4 
Still we prefer to ban cell phone use in 
 schools than rto risk the use in the wrong way 

E2, E3, E4, 
E5, E8, E9 E1, E6 E7 E10 

4783



 

 

5 

The available curriculums and resources for digital 
and technology literacy development   
is restricted and they are not prepared for non-
technical educators 

E1, E3, E5, 
E7, E8, E9  E4, E8 E2, E6, 

E10 

6 The mindset of teachers is still of experts and not 
coaches 

E1, E2, E3, 
E5, E6, E7, 
E8, E9 

  E4, E10 

7 The society has difficulties to understand the digital 
natives 

E1, E3, E5, 
E7, E8, E9 E6 E2,E4 E10 

8 They believe that digital and technology literacy is 
scalable 

E1, E3, E4, 
E5, E6, E7, 
E8, E9 

 E10 E2 

Similar to this kind of observation, there is a particular difficult to understand the digital native, their 
vision about the world and their main goals. The whole educational system is trying to keep this new 
type of student engaged, but most of them are failing because they are using the same old strategies, 
trying to make them adapt themselves to the old standards. To illustrate the situation described some 
patches from the interviews were transcripted, extracted and translated. They are the following:  

• Comment 1: “Typically they have a lot of practice and little knowledge of what they are doing. 
Digital native is that person who has not gone through the process of discovering the 
technologies that surround her. It simply does not have the blockages that most people have. 
And these kids are not interested in the role. They are interested in typing, in the virtual, in the 
different.”  

• Comment 2: “I imagine the digital native being this generation Z, who are the young people who 
have already been born with internet, with computer at home. It makes you think using this 
model of tabs, the internet. It makes more and more sense to be talking about something, but 
already have another subject. It is common to have a repertoire totally diverse, but at the same 
time superficial. To understand a lot of the world, but not much about each one.” 

Added to this weak understanding of the digital natives, the teacher and educator mindset remain in 
the past. They are experts and not coaches. They know the truth and not accept the experiences and 
tests. This posture with digital natives is one of the barriers to be overcome to teach technology and 
digital literacy in the school.  
Other point of agreement among the interviews is that the proposed curriculum is scalable because is 
short and not dependent of a technical person. Another positive aspect is the use of the Hero Journey, 
where they receive a call, live this journey and they have a final mission to use all the acquired 
knowledge. In the case of the curriculum is to solve a community problem with mobile technology 
building an app.  A pointed difficulty is to convince the schools to integrate the proposed curriculum on 
their terms. Twenty hours is affordable for the classes shift during the afternoon for example, but to be 
in the mandatory curriculum is too much. They will need to do a lot of arrangements.  
Gender was also a recurrent topic in the interviews. For the interviewees the main differences among 
girls and boys related to technology is the interests. For boys que best part of technology and internet 
are the games. For girls, are the social networks like Facebook and Instagram. They also, see some 
differences about the stereotype created for people who like technology. The image, mainly for the 
girls is the anti-social long hair nerd guy. For the boys, this stereotype is less offensive. That is why 
change the overall stereotype will help them to live in the current information society, but at the same 
time will help the technology industry to diverse their workforce and make more girls interested in 
STEM field.  

4. CONCLUSIONS 
Although our everyday life increasingly depends on technology, we are not yet equipped and educated 
to make well-considered decisions or to think critically about technology. The majority of the humanity 
have a poor understanding of technology, like how it influences society, and how people can and do 
affect its development. Building this solid scientific base require testing, creating and time, which 
depend on competent researchers, developing and periodically revising a research agenda. The 
findings must be incorporated into teaching materials and techniques and into formal and informal 
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education settings. We must produce not just curriculums and resource for these literacies 
developments, but write policies to make it a reality in the whole world. Someone who knows about 
basic technological and digital life principles but who has no hands-on capabilities with even the most 
common technologies, can already have some level of literacy, but can not be considered as 
technologically literate as someone who already can take advantages of these tools. On the other 
hand, to work with digital immigrants, the first step might be different.  
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