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1. Introduction

1.1 Contextualization

Digitalization and automation cover increasingly large areas of economics, also providing
opportunity for both companies amdor ker s, as preparegl toelsange. hiney 6 r e
Europe is widely widespread the belief that through a more pervdgjitalization within

companies is possible to give birth to a fourth industrial revolution in which the "cost of
labout' factor losesimportance, for the benefitf dhe workforce cultural factor. In other

terms, instead of cheapdabour costs we should have robotsensors, equipments and
software applications, with workers, technicians and managers culturally prepared to handle
them. Achange of paradigm that etfevely opens new scenarios in the production of goods

and services and in the labor market.

A revolution that hinges on a stock of competences to which workers and citizens need to be

trained on, in order to be prepared tioe change.

These new capabilgs are related to the walled "Computational Thinking", that must be
deeply connected to the "Criticdlhinking", so that is possible to synthesize them into
critically-computational skills (CCT). We must not confuse CCT with compakeis
necessarya perform the ICT professions. It is rather using some of those skills, to create a
culture which incorporate somgroven mental processes of that discipliseich as the
definition of algorithmg in order to reuse them in any other fields.

Despite some whors consider Computational Thinking as a key competence, we could
almost think to it as a crosectoral learningwith respect to the 8 key competences,
particularly those related at least to (#3) science, technology and Mathematics, and (#4)
digital competence.

Whereas young people at schools are (recently) trained on these skills, little or nothing is
done to prepare adults to thimnsformation. It follows that workers who are not able to
participate in the few training courses on these issuesikalgto meet acultural gap which

reduces opportunities and professional openings.

Thecurrentproject iNACSRNew Adul t sé6 Compet encgantedfbpr Ski
the European Commission (Erasmus Plus programme, Key A2fidnCooperation for

innovation andthe exchange of good practiceglults eduaatior), aims to help reduce this



gap through a training action on the issue of CCT competences, addressed to, trainers

professionals and adult workers, projectos f

The goal of the progt is to create a Common Methodology for approaching to
teaching/learning of these skills, addressing adaitd actually implementing a digital

platform, accessible from desktop or mobile through which teachers can find a guide on how
toteach CCT,andaact ual Agymo to train and integrat
forwarding it to the students. On the saptatform, there will be realized 3 case studies by

the project partners in which the CCT is applied to the field of environmsugtdinabiliy,

social responsibility and sustainable development. These enable trainers, businesses and
citizens to understand thadded value of CCT applied to real problems, and learn a

methodology to teach/learn its sskills.
The actions that wilbe developed whin the project will be the following

1. Study, exchange of experiences and development of a Common Methodology, connected
to existing models with provegffectiveness, suitable to teach/learn the CCT to adult people.

It comprises the breakdown into sskills and learning evaluatiasriteria;

2. Identification of the ICT tools for teach/learn CCT such as app, web app, coding and data

analysis tools, to be integrated irsaftware solution based on open source LMS platform
type.

3.Realization of trainingcourses on ecesustainability, corporate social responsibility,
sustainable development and submit themtesawith a sample of adults;

4. Train a significant number of teachers in their own national territories through multiplier

events addressed t@iming agenciesnstitutions, and scientific communities.

5.Dissemination to a wide audience of learners and operators of the project results by
providing access to the outputs Byearperiod beyond the end date of the project.

To achieve these resultthe project relies on the contribution of Universities, Technology
partners and qualified training agencie$the four partner countries: Italy, Spain, Poland,

United Kingdom.

The current report develops the first actiéi:- Development of a commanethodology for
effective teaching / learning on CCT to aduldter the first meeting of the project, where
the partnerseexchangd their first ideasknowledge and experience among partners about

adult education on the competences and uskliis of computational and critical thinking



(CCT), we are focusing on building @ommon Methodology for Teachinigearning the
CCTs To achievethis goal, the first step planned has b&zmather the most relevant and
recent contributions dhe scientificliteratureon CCT, whose result has been this report. The

conclusions of the literature gathering will guide the next steps of this first phase, that will be

- the collection ofreal CCT teaching / learning / assessmemactices among the
partners

- the collection ofdifferent experiences on this topic throughdepth interviews with
educators

As a result of these steps, we will propos€ammon Methodology for Learning about
Computational and Critical Thinkingrgeted to adults (Q1

In the current paper, first, weontextualize the aim of the project throufgitts and
figures about digital skills in adult people and its relationship with the new ways of
understanithg the learning processsecondly we collect the main definitions about
Computational ThinkindCT) and Critical Thinking (CrT), and their related dimensions
and subskills, to discussen relationshipin the next epigrapliCritical Computational
Thinking - CCT); then we analyse the principal benefits and applications of these 21th
century skills the rext epigraphs explain the main methods and resources f@QGfe
teachinglearning, both in general, and focused on adthisn, we also discuss the main
guantitative and qualitative methods for CCT assessment; finally a conclusion is
presented to be thmse of the next steps in our project.

1.2.Facts and figures

It is obvious to all how digital technologies have transformed the way we do things in every
field of the human activity. And it is not surprising that over half of the jobs of the next
twenty years is expected to be invented and halfway through what eve tondo will be
automated in the meantime. In Europe, the technological revolution will have a tangible
impact on 54 million people between France, Germany, Spain, England and Italy, say at
Oxford Economic. But digitization and automation cover wider apag the economy and



can be an opportunity for both companies and people active in the work world, provided they

are prepared for transformatfon

In our project, with 4Europeancountries involved (ltaly, Spain, Poland and UR)of the

four partners haw a digital capital below the EU average, with less than 50% of their human
resources having at least basic skills usage with digital devices (see Figure x), compared with
other countries like Finland (almost 8D%he country's most advanced. One of thgables

that distinguishes Finland's performance is the percentage of adults participatfatpmy |
learning initiatives (32% versus9,4% in Spain, 8,3% in ltaly and 3,7% in Polasge

Figure %Y. Therefore, we can stablish a correlation betweenldprent of digital skills and

lifelong learning

Figure 1 Digital Economy and Society Index (DESI) 2017, ComponentHaman Capital,
by aggregate scores, 2017
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! seeSkills Revolution ResearchPresented at the World Economic Forum 2017 in Davos
by Manpaver Group https://goo.gl/4v83Yh



Figure 2 Participation ratén education and training (last 4 weeks), 2016
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On the other handthe need for developing adequate levels of skills for successful
participation in the labour market and society as a whole is one of the core priorities
recognised by the European Commission (see e.g. Holford & Mokepdlar, 2012;
Boeren, 2016). Loweringhe number of young people leaving school without a final
gualification of secondary school is one way to achieve a higher general skill level, but also
the stimulation of adults to undertake additional education and training throughout life is high
on the European policy agenda (European Commission, 2009). It is clear that participation
rates in lifelong learning vary between countries and that this correlates to the level of digital
skills of the population in these countries. Apart from differencesifélohg learning
participation rates, variation also exists in relation to the use of skills at work. One concept
we wi || be focussing on |l ater in this paper
data from the Programme for International éssment of Adult Competencies, a project
undertaken by the Organisation for Economic Cooperation and Development (QBTE)

it is clear that the use of these skills also vary in the four countries participating in our

project, as demonstrated in Figukeand X.



Figure 3 Skill use at work problemsolvingi simpleproblems
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Problem solving at a lower level is part of the daily working environment for more than half
of workers in the UK. Although the percentages for daily problem solving are lower in Spain
and Italy compared to the UK, it is clearlyler in Poland. A similar trend can be found in
relation to more complex levels of problem solving to be used at work. The use of everyday
complexproblemsolvingskills is clearly lower in Poland, although rather similar in the other
three countries. The KJ data show a peak at the level of complex problem solving at a
weekly basis. In Spain, nearly 30 percent of respondents indicated never to use complex
problemsolving skills as part of their work. There might be differences reasons for these
findings. Countries differ in the types of employment they have an offer because of
differences in the types of sectors that operate in their countries. The UK, for example, is
strongly dominated by the banking sector and other types of service economies. Poland is a
country that only joined the European Union in 2004 and has seen strong levels of brain drain
among its population, with many young talented workers moving to other countries, e.g. the
UK. The high proportion of Poles in the UK was one of the themes syrdigglussed in the

run up to the Brexit referendum in June 2016. Spain and Italy are Southern European
Mediterranean countries who have been hit hard by the economic and financial crisis of the

late 2000s and who are still in the process of coping with lleigls of youth unemployment.



Figure 4.Figure 2. Skill use at work problem solving complexproblems
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PIAAC also contains data on the level of computer use at work. Similar to the use of problem
solving skills, workers in the UK seem to score highest on moderate and complex use of
computers, although thdifferences with Poland and Italy are small. The country that seems
to have more workers engaging with lower level straightforward use of computers is Spain,
which also scores lower on the moderate level of computer use. While straightforward use of
compuers might dominate a range of elementary and -s&ithéd jobs, it is expected that
more and more jobs in the future will demand a higher level of sophistication in relation to
digital skills. As such, the proportion of adults using complex computer gkitisther low

and is likely in need of increasing over the coming years.

The use of skills within PIAAC is a subjective measure and does not necessarily reflect on
the actual skill level of the adult. However, PIAAC includes direct measures of skilisiand
important to explore these as well, having a more detailed look into the skills profiles of
adults in the four countries within our project. PIAAC distinguishes between literacy,
numeracy angroblemsolvingskills in a technology rich environmentat for literacy and
numeracy are available in all four countries but data in relation to problem solving in a
technology rich environment were not collected in Spain and Italy. An overview of direct
skill scores for the separate countries can be foufidlote X. For each of the skills, separate

scores are indicated for the core sestmnomic and socidemographic variables.



Figure 5. Level otomputeruse at work
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Data indicate that men score higher in all countries for numeracy and problem solving in a
technology rich environmenglthough this is not the case in all four countries for literacy.
This is not entirely surprising as it is well known that men are more likely to end up choosing
for STEM related courses and jobs in hard sciences, which rely more on numeracy skills. For
al countries and types of skills, it is clear that having higher levels of education positively
correlates with higher levels of skills, although problem solving for low educated in Poland
seems to be an exception. Generally speaking, higher educated eldaitly have an
advantage in relation to undertaking more complex level tasks in relation to literacy,
numeracy and problesolving in a technology rich environment. Unsurprisingly, younger
adults tend to score higher on the direct skills measureshwsitikely the result of the
democratisation of education and the higher proportions of younger people going to higher
education. However, in the UK, it is interesting to see that the youngest group of adults score
lower on literacy and numeracy measurgsn those in their mi@0s to mid40s.
Unsurprisingly, the data also demonstrate that participation in lifelong learning activities in
adulthood and that having a job positively correlates with the higher level of skills. It is
therefore important to stre towards a more equal and inclusive society in which all adults
receive the opportunity to engage in additional training and to further develop themselves
within meaningful employment. The reasons why the low skilled participate less in lifelong
learningactivities can be multiplésee Boeren, 2016Because of their higher chance to be

unemployed or to be employed in elementary jobs, they are not in a situation in which an



employer is likely going to invest in their skillgVhile extra training might hpl them in
getting a job or finding a better job, there are no guarantees this will happen in reality.
Furthermore, adults with the lowest levels of skills tend to be low educated and do thus not
have the similar experiences than highly educated adubis soiccessful in an education and
training setting. This might have lowered their attitudes towards learning and undermined
their confidence. Similarly, many adults might be unaware of the training opportunities

available tahem.

Tablel. PIAAC skills among partner countries

ES IT PL UK ES IT PL UK PL UK
LITERACY NUMERACY PSTRE
male 254.06 | 250.69 | 263.30 | 274.15 | 251.64 | 252.63 | 259.48 | 269.35 | 278.22 | 285.06
female 249.40 | 251.40 | 270.66 | 271.15 | 239.47 | 241.39 | 258.41 | 255.20 | 271.14 | 275.11
low ed 228.10 | 235.98 | 248.30 | 239.32 | 219.81 | 228.85 | 232.55 | 225,52 | 279.89 | 252.80
medium ed 261.65 | 263.79 | 258.50 | 273.86 | 258.06 | 263.30 | 252.60 | 263.31 | 262.86 | 278.08
high ed 282.46 | 281.98 | 297.78 | 294.13 | 277.73 | 281.70 | 289.20 | 286.25 | 287.54 | 296.11
age 34 and younger 263.90 | 261.36 | 279.65 | 274.22 | 256.55 | 257.99 | 269.24 | 263.12 | 283.18 | 289.70
age 35 44 258.70 | 253.46 | 266.30 | 278.63 | 254.95 | 250.09 | 260.51 | 268.37 | 271.17 | 282.63
age 45 and older 238.06 | 241.57 | 254.47 | 268.01 | 231.42 | 236.63 | 247.69 | 258.20 | 251.36 | 267.59
LLL participant 265.99 | 268.20 | 283.11 | 283.36 | 261.40 | 268.73 | 275.01 | 27450 | 278.92 | 286.33
LLL non-participants 235.31 | 242.27 | 253.20 | 258.37 | 228.04 | 237.74 | 246.25 | 245.34 | 258.32 | 265.52
no paid work 12 months 238.65 | 244.76 | 258.20 | 253.37 | 229.19 | 234.94 | 246.54 | 238.57 | 272.65 | 264.36
paidwork 12 months 257.88 | 254.99 | 271.49 | 278.61 | 253.28 | 254.57 | 265.18 | 269.57 | 275.34 | 284.10

Source: OECD (2013)



Through a more pervasive digitization within businesses, it will be possible to create a
fourth industrial revolution in which the "labaost" factor will lose relevance to the
benefit of the "cultural factor”. In order to hope to be part of it, it is necessary that
specialization is complemented by transverse skills to achieve a different look at the
problems. These skills are part ofcalture that takes the name Gfomputational
Thinking(introduced by computer scientist Jeannette Wing in 2006), identified with the
acronym CT, whichwe can assumm a very simple waysthe "thinking in terms of

information processing".
CT is an interdiciplinary perspective and a set of problem solving skills such as:
- Collect appropriate information and select the most relevant ones (data collection).

- Interpret data (extrapolate meaning), locate recurring properties or structures, draw

conclusionsdata analysis)

- Organize and represent data through tables, graphs, diagrams, figures, text

descriptions, etc. (representation of data)

- Reduce complexity to clarify the main idea, identify important features and create

patterns (abstraction)

- Plan a cplex task by decomposing it into easier tasks to deal with (decomposing a

problem)
- Give multiple responses to issues (creativity)

- Identify the solution alternatives to choose the best combination of steps and resources

(critical thinking)
- Plan and @ange sequences of steps to solve a problem (algorithms)
- To use or create simulations, for example to make experiments (simulation)

- Recognize how technology can help us accomplish new tasks that would otherwise be

overly repetitive, very difficult oevenimpossible to deal with (automation)

- Organize people, tasks and resources to work together in the same time interval in

order to pursue a common goal (parallelization).

Thanks to the introduction of the CT in the schoairiculum (since 2016 in ddrent
European countrigschildren are adopting this way of problem solvifigachers (of all

subjects) are also trying to acquire this culture before applying it to the classroom and

11



are still far from being understood as interdisciplinary, not compaience, but that

from it take some consolidated categories.

But what do we do for those who camet of the school and are on the job market?
And what do we do for those who take care of adult education to adapt themselves to
teaching on this subject?Wwe do not want adults to be culturally out of game we have

to respond. From here, the NACSR projatioves forward, adding to these
considerations an emphasis on the importance of critical thinking. When complexity
facilitates shortcircuits, critical thinking is required ("thought is critical or not
thinking") that is to say with Gallino the "ability to judge widternatives exist, even in
situations where it does not seem to exist, and to choose between them looking at those
that go in thairection ofthe final ends ". The project needs a comparison with different
cultures and experiences, and a solid scientifiatribution, for this reason it involves

universities and training agencies from other European countries

1.3.New ways of learning:Bloom's taxonomy adapted to digial era

The underlying framework used in this project starts from the revised Bloom Taxonomy
(1956) published by Anderson and Krathw{2001) and can be situated in the field of
cognitive | earning science. Despite its
tool for stablishing the learning objectives in different levels of education. This
taxonomy hierarchically organizes the wagswhich people learn, starting from the
most basic functions to the most complex levels of knowledge, representing factual,

conceptual, procedural and metacognitive knowledge.

The different cognitive processes in which the learning levels in this reiasedomy

of Anderson and Krathwohol are decomposed are the following:

1. Remembering: It is based on recognizing elements using the memory. Remembering
is present when memory is used to recall or retrieve definitions, facts or lists of

concepts.

2. Undestanding: In this case, cognitive processes are used to construct meaning from
different types of functions, written or graphic activities such as interpreting messages,

proposing classifications, summaries, inferring, comparing, and explaining.

12



3. Applying: This cognitive process refers to situations in which materials acquired
through products such as models, presentations, interviews or simulations are being

implemented into practice

4. Analyzing: In this process,the learner is able to break conceptso imparts,
determining how the parts relate or interrelate with each other or with the overall
structure or purpose. The learner can construct mental actions to differentiate, organize
and distinguish between components or parts. Afterwards, the perdde ie dlustrate

this mental function to create e.g. spreadsheets, surveys, diagrams or schemes, or

graphical representations.

5. Evaluating: Before the creative function, the final level of the revised taxonomy by
Anderson & Krathwohl (2001), the learnieas to be able to make judgments based on
criteria and standards of control and crit

new

6. Creating: As the most difficult cognitive process according to Anderson & Krathwohl
(2001) , 6cr eat i intggfation of eldmanssetal formm a cohehert and

functional whole, reorganizing them in a new model or structure.

In these cognitive process, 4 levels of knowledge are produced, framtpkestto the

mostcomplex:

1. Factual knowledge At this level, stidents should have basic levels of knowledge in

order to feel familiar with a discipline or to be able to solve problems.

2. Conceptual Knowledgé At the conceptual level, students should be able to
recognize interrelationships between basic elementsinwdh larger structure and

understand how these elements can work together.

3. Procedural Knowledgé At t he procedur al l evel, stud
something, research methods, and criteria for using skills, algorithms, techniques and

met hods 6.

4. Metaognitive Knowledgei At this | evel, Afknowl edge of

wel | as awareness and knowl edge of one' s

Taxonomy by Anderson & Krathwohl, 2001, p.29).

According to Ananiadou & Claro (2009) and Larson & Northiglitler (2011), despite
they base their studies on the old Bl oomds

13



in2%century studentsd competencies. I n this
on the revised Bl oomb6s t ahk(2001p adgptingyttoher d er s on
digital era, where technology and collaborative practices take a very relevant role in

l earning. According to Churches, both <coll
knowledges, but tools for making easier and more effetlierg@rocess of remembering,

understanding, applyingnalysing evaluating and creating.

Brennan & Resnick (2012) and Gouws, Bradshaw & Wentworth (2013) linked this
revised typology to the c omeriegidr Clgahd fic o mpu
“critical thinking" (hereinafter Cr), two competencies that Wing (2010, p. 3) claimed

as Othe new I|Iiteracy of the 21st centuryo.
(2013) explain tha€omputational and Critical Thinking (hereinaf@CT) is one of the
mosteffective way to complete the cognitive process explained by the aforementioned
taxonomy. That is because CCT is based on the idea of breaking complex problems into
different and more manageable parts, recognize the patterns of these parts and the
attribues that define them, organize the data, being able to abstract and represent the
problem in different ways, for later creating multiple and original respons#sato

problem Then the solution can be generalized, transferring the problem solving to a

wide variety of other questions. This CCT allows to the learner to acquire a logical

critical thinking, identifying different alternatives to solve a problem, and different
combinations between them, like the algorithm pattern that computers use, but
promotingat the same time an organic cooperation between all the participants. Linking

back to the typology described above, critical thinking therefore is mainly situated at the

more advances levels of cognitive learning, as discussed by Anderson and Krathwohl
(2001), based on original work by Bloom (1965), including also collaborative and

digital skills (Churches, 2007; 2008).

In our projectour aim is to apply this methodology of breakihgwn the macro skills

of CCT isrktid IB®ub n order to be used on a Di
the teachers to be applied in effective and motivating adult training. Using the revised
typology by Churches (2007, 2008) as our framework, examples of ICT tools and Apps

related to each cognitive process and that are aligned with the new skillsSfor 21

century, such as collaborative and digital competencies are the following:

14



1. Remembering: Mindmap, flashcards, presentation tools, Open Office, Google
Documents, Moodle, Hot potatoes, search engines (google, ask, yahoo), library
catalogues (Google Academic, etc.)

2. Understanding: Word Processing, Mind map, wikis, web publishing, blog journals,

collaborative documents (google documents), wikis, podcasts, facebook publishing.

3. Applying: GIMP, Paint, Comic creation tools (comic life, Hypercomic), presentation
tools (powerpoint, google presentation), creation of podcasts, interviews (skype, etc.),

edting of video (windows movienaker, etc.).

4. Analyzing: survey tools (Google Drive, SurveyMonkey), discussion boards (forums,
etc.), relational databases (MySQL, Access), GIS systems (Google Earth, Google maps,
Flickr), Relationship mind maps (SWOT, ¢i@resentation tools, web publishing, etc.

5. Evaluating: Panel discussion (word processing, podcasts, twitter), reports of
evaluation (web published, wikis, presentation tools as Power Point), Networking

(social networking tools), instant tests onlineofdle, labtests, etc.)

6. Creating: All the previous tools can be applied for the creation of new knowledge.

2. Definition of CT

But,| e startswith the beginningdespite of the fact that CT & concept with a short
story, there are already different approaches to its definition. To distinguish them,
RoméanGonzéalez, PéreGonzalez & Jiménez Fernandez (2017) propose the following
classification: a) generic definitions; b) operational definitioos;educational and

curricular definitions
a) General definitions

The first time CT was definedias in 2006 by Jeannete Wingnd reformulated by
herself in 2010as thefithought processes involved in formulating problems and their
solutions so that the soludns are represented in a form that can effectively be carried
out by an informatiofprocessing ageat ( Wi n g p.33.2Thid definition was
quickly deepened, including the subskills that CT is based on, as Selby & Woollard
(2014) stated, CT it a bbasad activity that enables problems to be resolved,
situations better understood, and values better expressed through systematic application

of abstraction, decomposition, algorithmic design, generalization, and evaluation in the
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production ofalmut omati on i mpl ementable by a di
To simplify its conceptualizatigrauthors likeHu (2011),Denning (2009pr Korkmaz

Cakir, & Ozden(2017) have defined CTas a problemsolving processa system
designing and a method of understanding the human behaviors by drawing attention to

the basic concepts of the science of computer

As CTwas a concept linked with computers bywtsrd definition, provoking confusion
with programming and other ogutational science¢Grover & Pea, 2013)Wing
(2006) clarified what was CT and what was not, pointing out the following statements

about CT meaning:

- CT is mnceptualizing, not programmintn CT to think as a computer scientist
is beyond being able of programming a computer, because, as Selby & Wollard
(2014) also explained, it requires multiple levels of abstraction.

- CT isa fundamental, naa rote skill. This statement means that is a patence
that humans need to function in an effective way in the Society of Information
(Castells 2010, not just a mechanic process as computers work. So, CT is a
human way of thinking and solving problems. Because of that, it requires also
skills that canputers are not able toave Creativity and imagination. Using
digital devices, humans are able to find solutions to problems that are limited for
computers In other words, digital devices can be very uséfols for CT but
human skills are essentialdevelop it.

- CT oomplements and combines mathematical and engineering thinking.
Computer science is formally based on mathematics and, when interacting with
reality, on engineering thinking, but CT, overcoming the limitations of digital
devices, complemesithe previous two by being able to go beyond the physical
world.

- CT is based basically ordeas, notartefacts CT is based on computational
concepts that allow us to solve problems, tackle with our daily lives and
interacting effectively with digital devices and other people, although
technology is present all the time in our lives.

- CT is for everyone andverywherelts aim is to be integral to human skills in its
mo s t inclusive meaning. ltés a grand
change thir view on problem solving, only limited by curiosity and

imagination.
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b) Operational definitions

However, more than 10 years after Wing's initial formulation of what the TC implied,

there is still some confusion in the term, especially when it comes &fdrang it to

education and evaluating its development and effective(@@ssver & Pea, 2013;
(RomanGonzélez, Pére@onzalez, & JiméneEernandez, 20)}7 Because of that
Weintropet al . (2015, p.130) consider that &é06i't
thinking down into a set of welldefined and measurable skills, concepts, and/or
pract i c e sDedpite pfpghe fad that )n literature thoslementsare defined in

different wayswe def end that first i1itds needed to
that CT includes, according to literature.shkmple but holistic approach to thdtas

been the proposal made by Korkmeizal. (2017 basing their work on ISTE (2015)
proposal,identifying the followingtypes of thinking that CT includeslgorithmic

thinking, cooperativity, creative thinkingritical thinking, and problem soluin

About Algorithmic T hinking (AT), Hu (2011) and Kata{2014) define it as the

process towards formulating the steps that leads to the desiredardutpoper, Pérez

& Rainey (2010) include a relevant specification, thatihRl o es not require a
and mathematical thinking and is almost solely depertde on t he humands f o
capacity for abstractiand ( pn.othét &9rds, although the AT is the usual process

that is followed in computingwhere an input is received and it is processed
sequentiallyto provide an outputthe abstraction of human thought when solving a

specific problem, sequencing it in a number of concrete steps, proposing alternatives to

arrive at the best solution, is a clear example of AT, such as elaborating a cooking

recipe or following a series ofstructions for driving a vehicléradav, Stephenson &

Hong, 2017).

One of the competences or subskills that does not appear in all the descriptions of CT,
but that authors liké-arris & Sengupta (2014) o Standl (20®ndider essentials
Cooperativity (Coop). This is because, for the resolution of complex problems,
collaborative work is an essential skill, involving simultaneously diffebemavioural

and socialcognitive skills (Warneken, Steinwender, Hamann, and Tomasello §2014)
widening those cogtive processesngaging with the thought processes of one or more
partnes (Dolek et al., 2017)In the current Network Societ{Castells, 201)) the
resolution of complex problems though a shared ey resolution of complex
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problems in a shared way is presented as an essential ability to participate effectively at

the social and labor level.

As Wing already propose(®006),other of the essential capabilities when applying CT,
offering solutions to complex problems, is ti@eative Thinking (CreT). In a

simplified way Korkmaz et al. (2017, p. 56tlefine CreTasit he s ki | | of beir
reveal a norexistent product, being able to imagine or being able to carry out a work in

was different than those seen by everyone andrbg abl e to develop
However, it is not just about creating new ideas or products, but it is also one of the
essential dimensions of ti&T, (DeSchryver &Yadav, 2015a8s we will see in next
epigraphsThis is because an individual who has fineperty of creative thinking also

has the ability to solve problems through the CrT, since both are trying to solve a
problem by developing genuine ideas, different from the ordinary (&wekmaz et al.,

2017).

Authors like Ater-Kranov, Bryant, Orr, Wadlce & Zhang (2010)and, more recent]y

Kules (2016),as we defend in the present project, they point out that one of the
competence®r types of thinkingmost commonly related to the CT is tkitical

Thinking (CrT). If the main objective of the CT is the resolution of complex problems
effectively, the CrT provides a multidimensional approach to deep reflection, evaluating

the problem, selecting and adapting in a justified way existing knowledge and skills to

solve it, predicting possible outcomes, fostering the abstraction, deducing and
generalizing (Kules, 2016, Williams, 2005). Although in the following sections we will

dedicate ourselves to the more concrete definition of this term, it is essential to highlight
thatauthors such as Voskoglou and Buckley (2012) consider that the process of CrT is

similar to that of CT when proposing creative solutions based on preexisting
knowledge, being a precursor or antecedent of the CT in the resolution of problems.
Evancho (200pemphasizes that the CrT is definediias he i ndi vi dual to m
and assessmentiented conscious judgments and express these judgments to reach a
deci sion as to that s/ he sslasmacodnclusion, whenabel i ev
problem issolved using the CrT (and as we will see complex problems always need

CrT), it can be considered as a fundamental component of the CT

Finally, the fifth subskill associated with the CT, as we explained above, BsdbEm
Solving (PS)(Hu, 2011; Dennig, 2009).In this sensethe PS is associated with the

AT, since the process that is followed to solve a problem in a computational way is to
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structure it through data or information and propose an algorithmic solution (Hu 2011).
In other words, faced witln obstacle that, a priori, was not easy to understand, we
compromised cognitively and subconsciously with the search for a solution (Voskoglou
and Buckley 2012) based on some form of computation (National Research Council,
2011).

To sum up, each type dfiinking is a way of solving problems, although when they
come together they give rise to a new and more powerful Sall theCSTA-ISTE
(2015) defines CT as the common reflection ofrel, AT, CrT, PS and Mop.
Therefore fiwhen these skills are takento consideration as together, they explain a
brandnew thinking skill that is called as ©@TKorkmaz et al., 2017, p. 260)

Other publications have tried to operationalize more the definition of CT specifying in a
concrete way, not only the types thfought, but the subskills that the CT includes.
Following CSTA & ISTE (2011), Seehorn, et al. (2011) or even Google for Educators
(2017), these TC components could be giigagated into the followingskills
(considered asonceptsby Kules, 2016)

- 1. Formulating problems in a way that enables us to use a computer and other

tools to help solve them

- 2. Logically organizing and analyzing data

- 3. Representing data through abstractions such as models and simulations

- 4. Automating solutions through algthmic thinking (a series of ordered steps)

- 5. Identifying, analyzing, and implementing possible solutions with the goal of

achieving the most efficient and effective combination of steps and resources

- 6. Generalizing and transferring this problsaiving process to a wide variety

of problems

For developing those skills (or concepts), saligpositionsare needed (Kules, 2016),

although work with CT will be useful also to develop them:

- Confidence in dealing with complexity
- Persistence in working wWitdifficult problems
- Tolerance for ambiguity

- The ability to deal with opeended problems
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- The ability to communicate and work with others to achieve a common goal or

solution

On the other hand, Yasar, Maliekal, Veronesi & Little (2017), faced with this
complexity of definitions, have tried to specify the central and essential elements of
the CT. According to the authors, associative processing (understood as inductive
reasoning, and therefore, as abstraction), distributive (understood as deductive
reasoimg, which allows us to decompose complex information), storage and
retrieval of information, seem to be fundamental of the thought generated by a
computational mind. In essence, they explain that the natural inclination of our brain
IS, before a complexrpblem, to break it down into smaller fragments, "attacking"
each one separately, until a cumulative (reunited) solution is found. This process is
the one used, as we said, by human beings due to the experience accumulated in the
PS, but also by computershis process, as we will see, is the basis of modelling

used as a priority tool as a work tool for the acquisition of CT.

c) Educationakcurricular definitions

RoméanGonzalez et al. (201mphasize a third block of approaches to the CT that,

more tlan defnitions themselves, are ways of developing this competence in
educational environments such as the classroom. The organization Computing At
School (CAS Bareffot 2014) affirms that CT involves six different concéptsc,

algorithms, decomposition, patter, abstraction, and evaluatipand five approaches

to work (tinkering, creating, debugging, persevering, and collaboratinglthe

classroom (CAS Barefoot, 2014), an idea developed inUtke While in the USA,

Brennan and Resnick (2012) describe the TC as a framework in which they develop
three key di mensions: 6computati onal conce,|
conditional s, operator s, and ndeatinga and 6comp
iterating, testing and debugging, reusing and remixing, abstracting and modularizing);

and 6computational perspectivesd (expressin

On the other hand, in this educational approach, Kules (2016) assimilagtd IEWith
learning outcomes listing the following ones as the most important between the ones
formulated by Seehorn et al. (2011):
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- Use predefined functions and parameters, classes and methods to divide a
complex problem into simpler parts

- Describe asoftware development process used to solve software problems (e.g.,
design, coding, testing, verification).

- Explain how sequence, selection, iteration, and recursion are building blocks of
algorithms.

- Compare techniques for analysing massive data colfexctio

- Describe the relationship between binary and hexadecimal representations.

- Analyse the representation and tradis among various forms of digital
information.

- Describe how various types of data are stored in a computer system.

- Use modeling and simulanh to represent and understand natural phenomena.

- Discuss the value of abstraction to manage problem complexity.

- Describe the concept of parallel processing as a strategy to solve large problems.

- Describe how computation shares features with art and nhysicanslating

human intention into an artefact.

3. Definition of CrT

The definition and structuref CrT has claimed for more attention frostientific

|l iterature than CT, b e(cag 20%1leMooré, 8045),dutcam c h o | «
be generallydefinedas @At he use of cognitive skills
probability of a desirable outcome. Critical thinking is purposeful, reasoned, anrd goal

directed. It is the kind of thinking involved in solving problems, formulating inferences,
calcdating likelihoods, and making decisions.)(When we think critically, we are

evaluating the outcomes of our thought procesde®sv good a decision is or how well

a problem is solvedo (Halpern, 1998)

As advocated by authors such as Mueller et al. {Ralepending on the complexity of

the problem, the CrT activates thoughts of a higher order, if the problem involves a
great complexity, or of a lower order, if the problem is simpler. In the first case, the
thought is not necessarily algorithmic, sintéia more demanding cognitive process,
while, in the second case, the thought follows a more direct sequential algorithmic style

that involves a minimum cognitive load to arrive at more direct to the final solution.
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However, for Voskoglou & Buckley (20)12CrT is often considered a type of Ron
algorithmic and complex way of thinking that seeks multiple solutions to a problem.
Following, as in the case of the CT an operative definition, these authors emphasize that
the generalabilities that the CrT encomgses areanalysis, synthesis, evaluation,

inferring, estimating, predicting angeneralisingabstraction)

However, if we deepen into the differeskills associated with these abilities, Kules
(2016) selects the following ones, basing i

Developing insight into egocentricity or sociocentricity

- Exploring thoughts underlying feelings and feelings underlying thoughts
- Developing intellectual humility and suspémgl judgment

- Refining generalizations and avoiding oversimplifications

- Comparing analogous situations: transferring insights to new contexts

- Developirg criteria for evaluation: clarifying values and standards

- Questioning deeply: raising and pursuing roosignificant questions

- Analyzing or evaluating arguments, interpretations, beliefs, or theories
- Generating or assessing solugson

- Listening critically: the art of silent dialogue

- Making interdisciplinary connections

- Reasoning dialogically: comparing peestives, interpretations, or theories
- Comparing and contrasting ideals with actual practice

- Examining or evaluating assumptions

- Distinguishing relevant from irrelevant facts

- Making plausible inferences, predictions, or interpretations

- Giving reasons andvaluaing evidence and alleged facts

- Recognizing contradictions

- Exploring implications and consequences
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Moreover, the Critical Thinking Communityhrough the work by Paul & Elder (2005)
stablish that e basic conditions implicit whenever we gather, conceptualize, apply,
analyse synthesize, or evaluate informatiothe elements of reasoniifgonceptg - are

the following:
- Purposé the goal or objective of the intellectual activity

- Questionatissue 1 the specific question, issue or problem that is being
addressed

- Point of viewi the perspective being taken

- Assumptionsi explicit or implicit, which shape the point of view and how we

reason information/data
- Conceptd the ways we categorize and intetggeenomena

- Inferenced the conclusions we draw

Implicationsi what our inferences compel us to believe or do

To assesamong students these elements of reasoning that CrT incRal@s& Elder
(2005) propose the followingntellectual standards Clarity, Accuracy, Precision,
Relevance, Depth, Breadth, Logic, Fairneskerefore, a rubric for assessing this

complex concept of CrT could be the following.

Table2. CrT Rubric

Elements of reasoning

Intellectual standards

Clarity Accuracy Precision Relevance Depth Breadth Logic Fairness

Purpose

Questionat-
issue
Point of
view

Assumptions

Concepts

Inferences

Implications

Source:Own elaboration based on the workPgul & Elder (2005)
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On the other hand, Voskoglou & Buckley (2012), point out that CrT is a prerequisite to
knowledge acquisition, combining concepts and principles. Concepts are acquired
through abstraction and principles connect those concepts as a networkgfar

cognitive structure When a new concept is acquirddhas to fit the prexisting

cognitive structure, not being possible this process without SoT according to these

authors critical thinking is a prerequisite to knowledge acquisition and application to
solve probl ems. However, as we wil|l di scus
sufficient condition when we are faced with complex reahmelogical problems.
Technol ogi cal probl ems require also a ©pra
(Voskoglou & Buckley, 2012, p. 32)

4. Discussion on CCT (relationship among CT and CrT)

As we have seen, synthetically, @l'a newproblemsolving method named like that

because it uses extensivatpmputer science technique8.n t he ot her hand,
analysed the concept of CrT because its close relationship witQ@@ling Voskoglou

& Buckley (2012), if we have to face a problem, and, even more, alepmppmblem,

we always need Cr T because Athe compl exit
synthesis, deciding on the best method, pay
those skills are only comprised in CrT. However, as we have just remirkeaa
previous epigraph, nowadaysod6 problems in t
enough to solve the problems that we have to face because technology is involved,

being needed to develop CT. However, they also claim ésatyill see althoughCT

joins CrT and existing knowledge and applies them to solve complex technological
problems the relationship between th@o modes of thinking in solving problems, has

not been yet clearly established.

According to Voskoglou & Buckley (2012) CT synthegses CrT and existing

knowledge and apply theto PS In other words, to solve a problem, humans use their

minds, the existing knowledge that we already hat@ed, and it is applied to

overcome the obstacles that we find. These problems or obstacles can be from the most
simple to the most complex, but in this last casehave to uséor apply)abstraction,

uncertainty, application of multiple criteria, reftion, and selfegulation and we are

able to acquire new knowledge from each PS experi¢nce. i t s nature CT do

mandatory a computer to solve a problem,ibahcourageso use CrTusing computer
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science concepts and techniqtespply thento solve a problenDue to thatCT is a
prerequisite to PS whetomplextechnological problems need to be facedwever,
Voskoglou & Buckley (2012) also explain thatespite thinking can be mundane or
complex, andntentional or unintentional, no real problem can be solved withdugh

order thinking skill CrT. So CrT als@recedes any form of thinking skill in PS.

I n that sense Voskoglou & Buckley (2012)
(2012) propose two adels ofapproaching PS that linkrT and CT. In other words, if

we start from a PS situation, considering the problem as an obstacle, there are two
different approaches to overcome this obstacle conne€liigand CT and the link

between them is the exisg knowledge that the person hasese two models can be

linear or threedimensional depending on the direction of this relationship.

The first model (Figure ) shows dinear relationship betwee@rT, CT and existing
knowledgefrom previous experiencebeing PShe product of themAlthough,PSdoes

not feature in the processes expligity i t 6s t he consequence of
thinking, a new knowledge that we acquire and we are able to apply to this situation and
new ones thanks tihe thinkirg process we have followelh thismodel,each construct

is a prerequisite to the next.

Figure6. Linear PS model

CrT Knowledge CT Application

SourceGiannakopoulos (2012)/oskoglou & Buckley (2012)

Own processing

In the second modeF{gure 3 CrT, CT and knowledgéke place simultaneouslto
solve the problem or obstacle. According to the authbestype of problem dictates the
sequence of the relationshjfeing PS again the outcomkthese processes
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Figure7. 3-D problem solving model

Problem
CrT (obgacle)
":\‘\‘*~
1 N S~a
/ N S~a
/ AN T~
I o RN
/I \\ ,i‘
1 A P 4d
I, \\\ ”:::/ —’ —>
! el Application
/ v Problem solved
! -Z--" CT (produa)

Source: Giannakopoulos (201®)pskoglou & Buckley (2012)

Own processing

As the aforementioned authpremong others, link directly n o wa d RS €dd
consequently CT and CrT) with technolodiiese two models can conceptualizen

different ways:

1) Linear PS modelwhen we aware about the specifimblem we analyse the
information we haveritically (though Cr1) using our existing knowledge, and
t hen we At hiduking&Bn aacientificravpyud selvthe problem.

2) 3-D PS model CrT, existing knowledge and CT are applied to the PS
simultaneouslyVoskoglou & Buckley (2012kxplain that, in thigrocess, if
there are enough exisg knowledge background and we use CoTrétrieve
newone,thenwe aply CTand the problem is solvetlowever, this relationship

between the three constructs and its later application to PS has to be justified.

Therefore to clarify the relationship of CrT and CT, we can conclude that CT

synthesises CrT and existing knowledge towards a PS. So CrT can exist without CT, but

CT needs CrT for its development, being a more complex and elaborated skill needed to

f ace nopvmaadbalyesnds . On the other hand, CT cl ai

for PS, but it needs skills that only humans have, such as acquiring different purposes,
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assumptions and viewpoints (Hu, 2011), creativity (Voskoglou & Buckley, 2012) and

abstraction (Grosr & Pea, 2013), amonq others.

Another of the few approaches to the union of both concepts was made by Kules
(2016), who, referencing the works by the aforementioned Voskoglou & Buckley
(2012) or Hu (2011)s pe c i f i e sis esshndia for krmowladge Bcquisition, sense
making, judgment and problesolving by applying higher level thinking skills such as
analysis, syntheses, evaluation, inference, prediction, and generalization. CompT

applies strategies in the service of lmeaCritT and problers o | v.i ng o

Trying to further operationalize the link between both concepts, Kules (2016), makes a
comparison between the CrT and CT frameworks, with relevant similarities, and the
concepts learningdispositions and skills (hamed in pevious epigraphsassociated

with each of the types of thinking, in which we can find both equations and differences
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Table3. Comparison between CrT and CT framework, concepts, dispositions and skills.

Framework

CrT

CT

Concepts and abstraction (batfe ways that we categorize and interpret)

Formulation and Questieat-issue (Both are how we state clearly what we are trying to achieve Information/data)

Confidence and persistence/perseverance as dispositions

Logic is a foundational element of eachmework

Questionatissuei the specific question, issue or problem tf
is being addressed

Formulating problems in a way that enables us to ug
computer and other tools to help solve them

Point of view

Assumptions

Algorithmic thinking

Efficiency and effectiveness

Concepts (C), Dispositions (D) ané&kills (S)

CrT

CT

Generating or assessing soluti¢8%

Use predefined functions and parameters, classes and mg
to divide a complex problem ingimpler parts(S)

Describe a software development process used to ¢
softwareproblems (e.g., design, codintgsting, verification).
)

Explain how sequence, selection, iteration, and recursion
building blocks of algorithmgS)

Compare techniques for analyzing siae data collectiongS)

Use modeling and simulation to represent and unders
natural phenomenéS)

Refining generalizations and avoiding oversimplifications (S

Comparing analogous situations: transferring insights to
contexts (S)

Making interdisciplinary connections (S)

Generalizing and transferring this problealving process to ¢
wide variety of problems (C)

The ability to communicate and work with others to achiey
common goal or solution (D)

Listening carefully, fairmindedness, mility, and courage (D)

Communication and working with others (S)

Clarity, Accuracy, Precision (C)

Compare techniques for analyzing massive data collections|

Describe the relationship between binary and hexadeg
representations. (S)

Analyzethe representation and tradfs among various form
of digital information. (S)

Describe how various types of data are stored in a com
system. (S)

Concepts (C)

Discuss the value of abstraction to manage problem compl

S)

Developing insightrito egocentricity or sociocentricity (S)

Exploring thoughts underlying feelings and feelings underly
thoughts (S)

Developing intellectual humility and suspending judgment (§

Source: Kules (2016)

Own processing
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Taking into account this frameworKul es ( 2016) agrees with Voc:

approach (2012) about CT being a concept that applies and broaden CrT. However, this

author, also points out some concepts that CT ignores. Kules defends that CrT concepts

of Purpose Point-of-View and Assumpgbns and CrT skills likeevaluation questioning

deeplyandexploring consequenceshould be added to PS, its abstraction and solution

evaluation, because they are subsumed by CT, having the risk of privileging or

marginalizing certain perspectives. In the same line, Lee & Garcia (2014), defends that

if CT is defined by Wing, among aths, as a real life PS, it must be applied for that

pur pose, encouraging studentsod soci al awar e

I n this way, taking into account Voskogl ot
(2014) and Kul esdé (20 in6ip clasify th& selationship whi c h
between CrT and CT, we can conclude that: CT synthesises CrT and existing

knowledge towards a PS, broadening the meaning of CrT and making it more
applicable and usef ul for nowadaysd6 techno
CrT for its development, not onlnaturallye c au s e
inside of CT concept, but also because it can bring to CT a deeper understanding

of different perspectives about the problem and the consequences of its solution.

I n other words, and as Easterbrookods (20114
encouraging casideration of social awarenessor perceived social impact of our

PS processnot addressed in CT.
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5. Application and Benefits of developing CCT skills

Once the relationship between CT and CrT is establighiidthe link of their purpose

for PS we can assme the generic terminology of CCT (CrT would be inside of CT,
and CT would include its social impact influenced by CrT), although literature speaks
generically of CT. On the other hand, it is necessary to justify, beyond the general
consensus among reselaers, teachers and public institutions about the necessity of
developing this type of competences in the current Information Society, the benefits of
its development.

Since the formulation by Wing (2006) of the term CT, there have been numerous
studies tlat have been devoted to deepening into this type of thinking and extolling its
benefits (Barr & Stephenson 2011, Bundy 2007, Cooper et al., 2010; Gretter & Yadav
2016, Grover & Pea, 2013, Guzdial 2008, Lu & Fletcher 2009, Lye & Koh 2014,
Snalune 2015, Weirop et al 2015, Wing 2006, 2008, 2011, 2014), assuming that "there
IS general agreement that computational thinking is a fundamental skill that students
need to be equipped with" (Doleck et al., 2017, p.355).

At this point, it is necessary to emphasizattthe literature on CT teachibgarning in

adults is practically noexistent, so it is necessary to attend in a generic way to the
benefits of learning these competences independently of the target audience to which
these experiences are directed, assgnthat the studies on primary and secondary
school children prevail. In this sense, the only adult group that has received attention
among the scientific works, are the teach@s we will see on epigraph.2. CCT
teachinglearning to teachersivhosebenefit of CT learning is mainly aimed at what
they are going to transmit to their students.

Firstly, authors such as Martinez (2007) or Green & Gillhooly (2005) emphasize that,
regardless of their educational level, there is a generalized inability pbtheation to

solve problems in daily life, or, in other words, to apply the theory to practice. Due to

this, if, as we have seen, the acquisition of CT has as main objective the PS through

skills such as logic, creativity, algorithmic thinking, modelihgsimulations, its
development in this sense can generate numerous benefits (Einhorn, 2012), since it
doesnoét include only a scientific methodol

innovative approach to the PS (Voskoglou & Buckley, 2012).

On the othe hand, authors likAkcaoglu & Koehler 2014, Calao et al. 2015, or
Lishinski, Yadav, Enbody, &Good @O016) defend thatexposing students to
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computationalthinking ideas also improvesesidestheir problemsolving abilities

their critical thinking skills. This statement is based on evidence, such as the study by
Akcaoglu & Koehler (2014), where, using the PISA probkstving test to measure
this capacity in middle school students that used a Sebatedd curriculumgompared

to a control group, thesignificantly increased theRSskKills.

Yadav et al. (2011) argue that new generations (digital natives) are already equipped
with an understanding for PS computationally, but they have not developed it.
Nowadays, students usually learn some of thessuiotures of computational thinking

in the different subjects that they study at school, but, in many cases, they are not able
to transfer them to other problems out of this specific environment (Barr & Stephenson,
2011). Due to this, authors like LarsonNorthern (2011) emphasize that this type of
21th century skills should be transversal, including subskills like creativity,
perseverance, problem solving and teamwork, being able to apply them to real world in

different contexts, updating but applying Bilos Taxonomy (see epigraph 1.2.).

Related to this work of the CT in the classroom, several authors claim greater attention
to it, given that, although there is not enough evidence to affirm it, the development of
these skills could be related to a bettesidemic performance (Doleck et al., 2017). All
this has led to the incorporation, or planning to incorporate, the work of CT and
computer programming in the curriculum of Primary and Secondary schools in many
educational administrations of different cougdr In this sense Boccioni, et al. (2016)
establish 4 groups of countries depending on the degree of implementation of the TC in

school curriculums.

- The first group is in the process of reviewing and modifying their CV including
the CT: England, France,rffand, Poland, ltaly, Turkey, Denmark, Portugal,

Malta, Croatia and Scotland.

- In the second group, we find those countries that have not yet included the CT in
the curriculum, but are planning to do so in the short term, including: Ireland,

Czech RepublicNorway, Wales, Greece, the Netherlands and Sweden.

- The third group includes countries that already have extensive experience in the
inclusion of CT in educational stages, especially in-compulsory secondary

education: Austria, Cyprus, Israel, LithuanHungary and Slovakia.
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- The fourth group includes the countries with different policies at the regional
level, resulting in a different inclusion of the TC in the curriculum depending on
the territorial laws. In this group, we find: Spain, Germany, Betgiand
Switzerland.

Figure8. Distribution of grades of inclusion of CT in the curriculum

[ Renewal of the curriculum to integra®@d
B Planningto introduce CT in the curricuim
[ ]Large traditon in CT

[ ]Regional policies for integrating CT

Source: Boccioni, et al. (2016)

However, the CT in the curriculum of Adult Education does not appear in any of the

European countries.

This recent but intensivapplication is argued by Boccioni et al. (2016) for two main
reasons:
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1. The development of CT skills in children and youth so they can think differently,
express themselves through a variety of media, solvem@dd problems and analyse
everyday issuesom a different perspective.

2. The promotion of CT to boost economic growth, cover ICT jobs and prepare for

future jobs. Fact that we can associate with the object of our research.

In this sense, and directly related to the object of our work, whenigixglahe reasons

for the teaching of Computational Thinking, many articles of the literature mention as
some of their general benefits the increase of the ability to think and the need to develop
new competencies for the labour market. At the level oEim®pean Union, the New
Skills Agenda for Europe (European Commission, 2016) focuses on the need to develop
digital skills to promote employability. The agenda invites Member States to invest
more in the training of digital skills (including coding / camipg) across the spectrum

of education and training.

Therefore, in most countries, both within and outside Europe, the main reason for
introducing Computational Thinking into the curricula is to promote the competencies
of the 21st century, essential fan active and fruitful participation in the knowledge
society and, in a more pragmatic sense, for employment in a labour market oriented to

digitalization (Industry 4.0).

However, we must not forget that in our definition of CCT we have included the
CrT, in many cases not specified its benefits in the literature on CT, despite being
one of the fundamental types of thinking included in it. If we take into account the
authors who have explored the CrT independently, they emphasize that this type
of thinking fosters the informed, ethical and committed participation of citizens in
society, achieves the development of a critical conscience, and integrity in the face
of external political, cultural and economic influences (Davies, 2014; Brookfield,
2011; Ten Damé& Volman, 2004) and, as in the case of CCT, the learning to solve
problems and decisioamaking (Halpern, 1998). Specifically, in the case of
students, and associated with what has already been seen in the CT, several
researchers (Abrami, et al., 2015; Kuls, 2016), consider that they are able to
perform better when they think critically about what they are. learning, but they
also express their concern about the lack of a consistent learning of this skill in

college and university, and, consequently, the pparation of graduates.
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Therefore, as a conclusion, we can say that the union of the learning of CrT and
CT, (CTT) is necessary in the achievement of a society capable of facing the
economic, cultural, political, labour and social challenges of the 21strdery, as
the European Commission (2016) points out. A way of tackling the PS that, taking
into account the approximations of both types of thinking, as advocated by
Buckley (2012), includes reflections on real problems and their consequences and

implicati ons.

In this sense, although most of the experiences on PS through CT do not take this
approach into account, there are works suc
teachinglearning process of CCT includes the objective of converting students in

“critic al problem-solvers" (p.49), the final aim of our CCT approach.

Figure9. CCT model

Problem

(social, economic, laborj

Reflection on cultural, etc.)

the impact

Problem Solving Existing Knowledge

CrT
CT (high cognitive process)
(social awareness)

Source: Own elaboration

6. Methods and resources for teachingearning CCT

When addressing the teachileg@rning methodologies of CT, we are going to focus on
experiences of CT pedagogy, because there are almost no experiences on CCT as we
have assumed it. To do so, it is necessary to address, in the first place, the different
pedagogical approaches, to then specify the learning tools that can be used in classroom
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practice. As we have already pointed out in previous sections, these experiences are
mainly focused on Primary and Secondary students, although they can be applied in
many cases to adult educatioWe divide this epigraph in two stépigraphs,
explaining, first, the 4 pedagogical approaches, according to the methodological

paradigm they follow, and, second, the main tools of each approach.

6.1.Pedagogical approaches

Al t hough Il iterature didnot deepen into the
practical teachin@nd its benefits, we focused on the scarce works that tried to make a
classification on this topiddowever, the absence of generally accepted classiiicat

different pedagogical approaches that address CT tealga@ingng lead us to make our

own oneg distinguishing four approachesand mixing theinputs by Boccioni et al.

(2016)(a, b,c)andL e e & S o e (@)dobecayse e Inélyded CrT as a core of its

proposal.

- a) Computer science unplugged
- b) Computational modelling and simulation
- ¢) Inclusive CT

- d) Critical ComputationalLiteracy (CCL)

a) Computer science unplugged

The Computer Science Unplugged model is based on CT tedeliming without
technology. The objective is to solve problems in an unplugged way (games and puzzles
that use cards, string, crayons and even physical activities), while the students assimilate
computational fundamental concepts. The activities introduce studef§ torough
concepts such as binary numbers, algorithms and data compression, separated from
computers, and no programmimgckgroundis required to engage with these ideas.
Accordingto the main pogram that develops this idea, Computer Science Unplugged
(2017), the activities are suitable for people of all ages, from primary school to seniors,
and from many countries and different contexts. Familiarity with gkills and

programmingcan allow students to not only use simulations, but also modify the
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underlying computational model, and design and implerttegit own onesand get

them to ruma simulation (Lee et al., 2011

b) Computational modelling and simulation

In the second type gfedagogical approaches, modeling and simulation through STEM
(science, technology, engineering and mathematics) through an electronic device
(computer, laptop, tablet, etc.) is the way to acquire the skills related to CT. Usually the
objective is to desiga video game using CT patterns, since it is an activity that can be
very motivating for students. This pattern acquisition related to the CT is done through
this videogames design and can be transferred to the development of models and
simulations. It ighe type of pedagogical approach most commonly used in Primary and
Secondary education, having been included, as we have seen, even as part of the
educational curriculum. In this sense Voskoglou & Buckley define that the best way to
teach and learn CT ar@T is programming (2012). It includes students' activities with
computers (solution of real world problems, exercises, etc) that are properly designed to
help them in developing the necessary cognitive structures. This approach defends that

it has been mven to be the most effective (Weller, 2D03

c) Inclusive CT

Normally, as we have already mentioned, the activities for CT adquisition are aimed at
Primary anl Secondary students. Howevtire third pedagogical approach that we list,
asksthat this CT teachinggarninghas to takento account the needs of gender equality
and special education that may occur in these areas (Boccioni et al., 2016). The
objective, also within the documeBtigital Inclusion for a better EU societgf the
European Commission (2017), is that equality and inclusion are present in the
integration of CT in compulsory education, given the usualdeepresentation of

women incomputationastudies, as well as the racial divide.

However, at this point weoasider that it is also necessary to spabkutageism,
becauseeven in the most inclusive tendencies of the CT teademgping, adults are

not taken into account, evidencing a type of approach to education that suffers from this
kind of prejudice. Witin the concept of Extended Socialization, and, consequently, the

relevance acquired by lifelong learning strategies (liiguez Berrozpe and Marcaletti,
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2016a, 2016b, 2017), actions should be promoted that favor the acquisition of

computational skills at aliges, being included in this pedagogical approach.

d) Critical ComputationalLiteracy (CCL)

The last pedagogical approach, which is not usually contemplated in the literature on
CT, is the one that is more aligned with our idea of CCTL asks forthe unon of CT

with Critical Literacy (hereinafter CL), comparable to our concept of CrT (Lee &
Garcia, 2014; Lee & Soep, 2016). In his works, Clifford H. Lee, defends that, in the
process of CT teachidgarning, it is necessary to take into account the dmrttans

that the CL can make. If the CrT (or CL) is an abstract way of examining society, and
the CT is avat of tangible and practical PS, the union of both (in their words CCL) may
be the most useful pedagogical approach to solve issues while social awaeness
developedLee & Garcia (2014) point out that:

ACritical comput at i on adeeminglyt desstard cogiceptsrinivastlys t oget her
different disciplines; critical literacy and computational thinking. Critical literacy

developed as an instructional approach by social critical theorists interested in dismantling

social injustices and inequities. EmtBng the work of Freire, it provided historically

oppressed communities a means to observe, analyze, and deconstruct the inequitable

systems of power in all facets of society. Computational thinking, often associated with the

field of Computer Science, ¢oses on the approach one takes to solve problems, design

systems, and understand human behavior (Wing, 2006, 2008). By emphasizing the thinking

practices involved in computing, which may include fields as diverse as computer science,
communications, anchformation science, rather than the technicalities of programming,

Wing sought to highlight the high level analytical skills required to solve and design

solutions to computingelated problemg é ) the actual anal ytical t hin
much more comgl X , circul ar, ambi guous, mul tiple, soci al
solve human problems with computational tools, one must be highly attuned to the complex

array of human behaviors, the technical affordances and limitations of the tools, and the

imagnation and creativity required to come up with multiple solutions( p. 48 4)

To develop what the authors call CCL, the best method is critical multimodal and
transmedia products, working with them in teams to ensure not only abstraction

and creativity in glving problems, but also cooperative work.

If our idea of CCT for adults is positioned in one of these pedagogical approaches,
we undoubtedly opt for an inclusive approach (c) beyond ageist criteria, which

takes into account the contributions of CrT inlgem solving (d).
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6.2. Teachinglearning tools

One of the fundamental elements that we have pointed out &fTthe that it is a type

of thoughtthat entails, essentially, its continuous implementation through experience,
interactions, and actively doing. Due to this, in the literature there are numerous studies
that explain the design, implementation and evaluation of concrete practices catrried o
in the classroom. Once again, the majority recipient of these praatetds Primary

and Secondary students, so tbw specificexperiences with adults will be addressed in

the following section.

For their understandingve have chosen to includeaobageneric experience in one of

the four pedagogical approaches explained above. On the other hand, given the
multiplicity of experiences in this sense, this point will be developed with greater depth
and practicality in the section of the report dedicatethe collection of best practices

by the partners.

a) From the perspectivediComput er science unpluggedo

As we previously specified, this perspective advocates for CT teadbanging without
using ICTs. Through these activities, students acquire the following subtypes of
computational thinking by playing games in the classroom or outside it, usually in a

coopeatve way. (Computer science unplugged, 2017):

Data: Representing Information
Algorithms: Putting Computers to Work
Procedures: Telling Computers What to Do
Intractability: Really Hard Problems
Cryptography: Sharing Secrets

The Human Face of Computing: Intetiag with Computers

=4 =2 =4 4 -4 A -2

Community Activities
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These large groups encompass multiple activities in which students work with binary
numbers, image representation, error detection, search algorithms, programming

language, human interface, information hididgtabases, efc

A classic examplés the classification network. The students have some numbers and
they are placed in the squares on the left to then move in the direction of the arrows.
The students meet in pairs in circles (nodes) and compare the nsutiméye have. The
student with the smallest number follows the arrow téhbkisleft, while the student

with the largest number follows the arrow to/hes right. They then meet with other
students at the subsequent nodes and compare the numbers again, continuing the
process until they reach the squares on the right. Thus, how a computer makes a
classification netwdqt, without using any technology is pressshtin an easy and

coopearive way.

Figurel0. Six-way classification network design

IN ouT

Source: Bell et al. (2012)

b) From the perspective diCo mput at i onal model |l ing and

Undoubtedly, there is a certain consersm®ngteachers and researchers thatGfias
a learned approach, and the best way to develop it explicitly is through programming,

since it is the only way to use all &T subskills the and the mviousknowledge

2 Activities can be found irbttp://csunplugged.org/activities/
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acquired in this field, both explicit and taat the same time. In addition, the fact of
using programming to acquire ti&, does not imply that it a rbé totally applicable

to disciplines beyond the computational sciences, from STEM to Humanities and Social
Sciences in the 21st century (Voskmgk: Buckley, 2012).

Following Einhorn (2012programmingrequires the student to appyeativity, logic,
algorithmic thinking and experience learnitagthe resolution of a problem, such ke t
design of a video gameefining his/heractionswhile he/ske understand the problem

and their pevious errors when tackling it. In addition, the "problem" to be solved can be
created by the student hinerself, asking hinfherself what questions Fehewants to
solve, and addressing them in the most creative whis duthor argues that 21st
century problems require complex cognitive skills and sophisticated tools available,
such as digital devices, which, following Einhorn (201f) beyond their practical use,

allowing the development of creative thinking.

On the other hand, as we have specified in the definition of CT, Yasar, et al. (2017)
consider that using computer modelling as a learning tool for €iBures the
acqusition of the essential subskills in which tR is divided. That is, deductive
thinking, bybreakingin small parts a complex problem, inductive thinking through the
association of elements and their consequent abstraction, simplifying, categorizing and
recording key information from scattered data, storing information (knowledge acquired
after the experience) arits recovery to be applied in later PS. Programming allows the

iterative and cyclical use of this process in teaching.

These authors highlight the tools that, by presenting a simple intariake, possible to
modelthrough the coputer:
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Table4. List of useffriendly modéling and computer simulation tools

Tool Description Link
Interactive investigate physics concepts http://www.desigrsimulation.com/IP
Physics (IP)
AgentSheets | Investigate biology concepts via games http://www.agentsheets.com
simulations
Ge o me t | Model geometrical concepts http://www.dynamicgeometry.com
Sketchpad
(GSP)
Stella Investigate chemistry concepts | https://www.iseesystems.com
modeling of rate of change
Project Online couseware for exploring STEN http://www.shodor.org
Interactivate | concepts
Excel Constructs handsn  modeling &
simulations using rate of change (new
old + change)
Scratch A menudriven language for creatin| http://scratch.mit.edu
games and simulations
Python An objectoriented language with simpl http://www.python.org/
and easy to use syntax

SourceYasar et al. (2017)

In this sense, the primacy of Scratch as a tool to pror@dtethrough computer
programming is indisputable since its launch in 2007. In fact, it has even been
progressively incorporated into compulsory educatiessons Scratch is a visual
programming language developed by the MIlEdia Lah which allowsstudentsto

easily create games, programs, animations and interactions, making possible to program
for everybody without the need to know how to program. Howevee skills acquired
through Scratcltan be applied to other basic programming languageb as Pyibn

and Java (MIT Media Lab, 2017; Marji, 2014). The school initiatives in all the levels of
Primary and Semndary, even in the universitare very numerouspeing their
enumeration practically unabatdebr adults the experiences are less, but we can find
some examplesThis is because it can be applied regardless of age, background, or
interests (Marcelino, et al., 2017). According to Resnick et al. (2009), a Scratch Project
consisting of a set of actors that may hé&ehaviours defined through the langga
commands, and that act on a stage or screen. These projects can be personalized,
through the inclusion of photographs, voice excerpts, music clips, etc., and shared,
reused, or developed in collaboration with others through the environment website.

These authors equate the work with Scratch with the Lego construction game, since:
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The Scratch grammar i s based on a collection
children snap together to créapgograms. As with Lego bricks, connectors on the blocks

suggest how they should be put together. Children can start by simply tinkering with the

bricks, snapping them together in different sequences and combinations to see what

happens. There is none dfet obscure syntax or punctuation of traditional programming

languages. The floor is low and the experience playuatatch blocks are shaped to fit

together only in ways that make syntactic sense. Control structureddiieeer and

repeat ) are Gshapedto suggest that blocks should be placed inside them. Blocks that

output values are shaped according to the types of values they return: ovals for numbers

and hexagons for Booleans. Conditional blocks (like and repeat -until ) have

hexagorshaped voids, tlicating a Boolean is require@Resnick et al., 2009, p. 63)

This simple interface allows to imagine, create, play, share, and reflect, given the
infinite possibilities of composition that it offers. In its process of decomposition and
abstraction it fulfils the prerequisites for acquisition @f. On the other handits
continued use allows to acquire and reuse knowledge and experience in this or other

programming resources aR&

Another experiencahat we can consider into thi€omputational modelling and
simulationparadigm is the one carried outteISTE (200 17) A Comput ati onal
f or . la lthis @wrogramme, the objective @meparing young learners to become
computational thinkers who understand how today's digital tools can help solve
tomorrow's problemsTo do that they propose different daily life problems (like

growing a plant or managedaily traffic stuck in a schodlusing different digital tools:

scratch, programs for mindmagp programs for presentationslatabase programes,

graphic representatioqsogrammesetc. This work is in line with the adaptation of the

Bloom's Taxonomy to the 21st century skills proposed by Churches (2007, 2008),

where itsadquisitiongoes through the use of different digital tools.
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Figurell, Adapt at i taxonomyto Ath centumdskills and CT

Source: Churches (2007, 2008nderson & Krathwohl (2001)

Own processing

c) From the perspective of #Alnclusive CTO

In the first place, it is necessary to clarify that this perspective does not imply the
application of other tools than the ones specified in the two previous points, but its
objective to include theinderrepresented groups in the CT learnsygch asethric
minorities or womenln this sense, initiatives like Exploring Computer Science (ECS)
seem to try to involve these underrepresented minorities, especially in upper secondary
education (Boccioni, 2016). This initiative involves changes in the curric@oc
teacher professional development. The first, the curriculum, was designed to involve all
students in Computational Thinking, especially those from schools with few resources.
For its part, the teacher professional development program focuses onepraeised

on research and equity (Ryoo et al., 2013; ECS, 2017).

Specifically what they propose in ECS is a eygar course consisting of 6 units
(approximately 6 weeks each), which are developed using catigmalpractices using
a computer, with the sp#icity that the activities are contextualized to be socially
relevant and significant, attending to the diversity of the studentsuiiteare the

following:

- Humancomputer interaction. In this topic, students, while learning the concepts
of computing and computer science, investigate the suitability of these
components for particular applications, fundamentally using the web search. In
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addition, participants study the CT understanding that it is not a type of
"magical” thinking of computers, but is E@son algorithms applied to useful
representations of information. At the same time, they reflect on the impact of
information technology in different social, economic and cultural contexts

- Problem solving. In this unit is where the CT itself is introduced, appipag
techniques using and creating algorithms to various conflicts or obstacles
different contexts. For thishey use abstraction and creativity to solve complex
problemsthato mput er s, by tthemselves, canb

- Web design. In this unithe participants assume the role of programmers, thus
expanding their knowledge and experience on algorithms, abstraction and web
page design, applying it to a specific web design. At the same iBsues of
social responsibility in the use of the web, and usability of it, are explored.

- Programming. In this case, students must design algorithms and create
programming solutions for various computational problems using an iterative
development process Scratch.

- Computing and data analysis. In this topic, participants use the computer to
process large data sets, in order to find patterns and test hypotheses. The social
implication of this topic is that students can appreciate how the widespread
accessto data and information facilitates the identification of problems, by
working with data related to problems of the local community.

- Robotics. Finally, participants in the course learn to integrate hardware and
software to solve problems, applying knowdedalready acquired to the study of
robotics. The reflection that is established in this regard is the applicability of
robotics as a method of innovation and automation of processes that can be

dangerous or problematic for humans.

In short, the course foses on practical CT teachiarning, while reflecting on the
social implications of technology in diverse contexts. Because of this we could link this
experience with the following pedagogical approach, because, although not named in
this way the CrT (oCL) is present throughout the process of acquiring CT skills

d From the perspective of ACCLO

The pedagogical approadefinedby Lee & Garcia (2014) or Lee & Soep (2016), also
advocates a series of concrete tools in which the CT and the(dZrCL) join.
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Specifically, they claimthat theaim of this educational paradigmtisficr eat e t ool s
are relevant, meaningful, and socially just, we create space for historically marginalized
youth to learn that their voices, opinions, and perspediv ar e v alSoepdo (Lee
2016 p. 489) Specifically, they focus on neschoolactivitiesfor CCL learningdigital
throughmedia creation by youth

Lee andSoep (201pexplain the projectVest &le Storiescarried out within theontext

of the secalled Youth RadioInteractive an afterschool programme for Secondary
School studentsyhere they also had the opportunity of working also \pitbfessional

adults of this programme Within the paradigm of communiyased collegial
pedagogy the objective ofthe practicewas to build a map of gentrification in one
Oakland neighbourhoodworking amonginteractive teamsin this practice young
learners, with the support of adults, identified disparities and unrecognized assets in
their communities, to interrugtatterns that reinforce inequality, and to transform those
conditions into a more equitable futupmublishing a digitapp on gentrificatiotased

on their ethnographicresearch.The work was developed following phases of
brainstorming, discussingnalysing reflecting, and creating interactivatefactsfor
dissemination through various public media outlets.

For the realization of therpject, the young people investigated different sources, from
archives of libraries and public databases to asbhies, to accumulate information so
that it appeared in the application. Secondly, they devoted themselves to the production
of content, such as videtbcumentaries, interviews, and materials for the application
such as handrawn icons, strings of codaserflows and wireframes, giving rise to the
final digital application. In third plagethey published the application online and
disseminated it in interviewsneighbourhoodcommunity events and professional
meetings. Fourth, and given the social imfpafcdhe app, they provoked social dialogue
with the agents thatere involved in thexcessive gentrification in theeighbourhood

(such as tourism, for example), giving rise to a civic and political debate. Finally, the
material formed the basis (based evidence from the research) to mobilize actions,
encouraging others to think critically, act and organize.

These five phasesyresearch, production, circulation, dialogue and mobilization
according to the authors, constitiaa option forcomprehensive literacy in today's
world, both inside and outside the school. While young people acGuirgrying to

solve a problem by decomposing it into parts, researching, using digital tools and

creating afinal product) they acquire civic awareness and capacity for resistance and
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collective selfdetermination, from a Freiriamonception but making use of the
connectivity that digital media allows. In the words of Lee & Siyey exhibit new
forms of liteacy, we also must acknowledge that tebpw us new forms of civic and

political engagement ( 201&%, p. 490

To summarize, in this section we haeealisel 4 proposa to approach theCT
teachinglearning taking into account, on the one hand, the memses (unplugge or

using digital devices), and, on the other hand, tieal goal (if theytake into account
further aims apart from CT acquiring, such as developing CrT). If the most widespread
pedagogic approach i€omputational modeling and simtilan, and its usual tool
(Scratch), we consider that there is a more inclusive prapésaband with broader
objectives (d) that make us advocdte them, taking into account its precepts to
achievethe approach to the PS carryimgth it a critical andinclusive reflection on

learningand its outcomes

7. Methods and resources for teaching/learning CCT to adults

As specified throughout this report, the CCT is considered one of the essential skills to
be developed in the 21st century, givenrdéevance of digital media and ustry 4.0.

Fact that causes thatoblemssolving in computerized environments is a mandatory
requirement for the workforce in the future, but also today. Due to this, although the
introduction of theCT in the school curculum is a reality in many European countries,
adultshavethe risk of being excluded in this type of instruction. In the first moment of
the Information Society, the digital generation gap materialized in this way, although,
the progressivantensiveandextensive implementation of ICTs, and thel u traingg
aimed tothis purpose has made Society of Information more inclusi#iiguez
Berrozpe, & Marcaletti, F, 2017b). However, as regardsGiie probably, given its
recent nature, there are hardlyanitiatives that take into account the adult population.
Coupled with this, authors such as Hamalainen et al. (2015) highlight that adults'
problemsolving skills in technologyich environments are often inadequate, and they
cannot be applied to themls.

Given that the objective of our project is, precisely, the design and implementation of an
application for the acquisition of CCT by the adult population, especially withithe

that they can apply computational thinking to their daily work, we sumaman the
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present ejgraphsthe few initiatives that the literature gathers about methods and
resources for CT teachidgarning to adults. For this, first, we briefly analyse the
implementation of previous models in the adult population; then we atitendnly

group that has received attention from the educational proposals in this regard: teachers;
and, finally, we analyse a concrete and very recent proposal that we value as very
applicable for the achievement of our objectives: thdR& model (PIAAC OECD).

7.1. CCT teachinglearning using previous models

Although none of the models specify epigraph 6 refers to adults, theie one
initiative that sometimesinvolves this group of population in CT activitie®Ve are
talking specifically about ScratchAssuming that most of Scratch users are children
below 16 years old, we can find fepproaches that defend that Sracth can be also used
by adults, so that they can acquire and refpregrammingskills and develop as
creative thinkes:

Inside this idea we can find the work made by Resnik et al. (2009) Gdiedch:

programming foralAs aut hors c¢l aim, Scratché

woul d appeal to peopl e who hagrogammepsrWevi ousl y
wanted to make it easy for everyoneabfages, backgrounds, and interests, to program

their own interactive stories, games, animations, and simulations, and share their creations

with one anothe(Resnik et al., 2009, p. 60)

In this paperthe authors present an initiative that, throughNH& program, not only

involves children and adolescents, but also adults, using the same tool and purposes.

However, as Charters et al. (200&scribe adults still have a lot of reluctance to learn
programming, and the most udgendly and motivating pgrams that exist, like
Scratch, suffer from a certain childlike appearance, so many potential users are not

attracted to it.

Due to these reasons, as can be read in the Sdriditdlab forums itself, an interesting
answer could be to adapt Scratch to d@delt population, maintaining its usability and
ease, but incorporating an appearance and objectives that would make it more

appropriate to this segment.
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7.2. CCT teachinglearning to teachers

There is a broad consensus among experts and professiatéatse introduction of TC

in the curricula of all educational levels is creating the need for continuous tdcher
professionaldevelopmentWhile resources on critical thinking for teachers are more
widely available, e.g. through a decent number of bdmisg published on the topic
which are also relevant for use in adult education contexts, resources on computational
thinking specifically dedicated to teaching adults are lacking. CT skills are already
being recognised as relevant for inclusion in thieost curriculum in primary and
secondary education. Hence, a growing number of initiatives for teaching and learning
of CT among teachers starts appearing and are therefore used as a point of reference for
our own project. In the academic literature, Yadetv al. (2014) reflected on
computational thinking as part of teacher education and researched the understanding
and attitudes towards computational thinking among 357 preservice teachers. The
results of their study demonstrate that future teachers donhohave their own views

of what might consist of CT, but they also developed their ideas in relation to how
computational thinking could be integrated into the classroom setting. This relates to
problemsolving and the use of computers or technology braader sense, but also
introduction on the use of algorithms and a focus on critical thinking. Furthermore,
employing a broader definition of CT that goes beyond the level of computer sciences,
it can also be applied in the teaching environment in ogldt other disciplines such as
Maths and Sciences/Engineering, but also English and the development of skills for
functioning in the everyday real wor | d.
found in Table X. Interestingly, their work also includadtontrol group of students

who did not receive a dedicated module on computational thinking and it is clear that
those undergoing training were more likely to define CT as something underpinned by
problemsolving and algorithmic thinking. Fourty perceoit students in the control
group thought CT refers to the use of technology and computers while only five percent
of the students following the module made the same assumption. These results thus
underline the strong need for teachers to be trained ie\anbia sound understanding

of what CT is and how it can be used in a wide range of disciplines. Yadav and
colleagues hereby focuses on the strong need for teacher educators to work together
with computer scientists in order to develop these approachesodmdgild on their

separate specialisms in a complementary way.

48



Exploring the literature on the teaching and learning of teachers in relation to CT,
Yadav seems one of the core authors who has worked in this area, together with a range
of colleagues. Whas clear in this type of literature on the need or the inclusion of CT

in the teacher education curriculum, is that it solely focuses on teachers preparing for a
career in primary and secondary schools. Large parts of this work focuses oiizhe K

educatbn in the United States.
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Table5. Examples from Three Overanl Categories

Table Il. Examples from Three Overarching Categories

Problem-solving/Logic CT involves using specific skills and strategies to
solve problems in the most logical and effective
way. CT mvolves solving problems and
understanding behavior by using concepts
fundamental to computer science.

Algorithms Computational thinking involves using algorithms
and processes to solve problems.

Use of technology/computers CT iz the process of using technology such as
computers or calculators to make solving problems
easier. It is using computer to do research and
complete assignments efficiently and effectively.

Critical Thinking Using critical-thinking and problem-solving
skillsfstrategies to solve a problem in the best way.

View of computational thinking

Teach students to use I would teach my students how to approach

problem-solving and logic questions and concepts in a way that allows them
to search for the best answer by using
problem-solving skills.

Teach students to use algorithms  Teach students to use algorithms and heunstics
and a variety of other methods to think logically
about a problem and the most appropriate way to
solve that problem.

Integrating computational
thinking into the classroom

Forus on eritical thinking * Ask questions that the students have to think in
depth about the subject. Ask students to explain
why they choose what they do.

Use of technology/fcomputers I could plan an online PowerPoint lesson that

would include a quiz at the end to ensure
understanding from the student.

Math I would implement CT into as much subjects as
possible. Mostly in math subjects, because there
is a lot of problem solving with math, such as
algorithms and heuristics. Also have them use
trial and error throughout problem solving.

Everyday/Real world You can use CT when finding the quickest route
somewhere or how to plan efficient grocery store
trips among other things.

Seience/Enginesring Using scientific method and testing hypotheses in
lab experiments.

English It iz a part of every subject area. English for
example in sentence structure there is a
systematic way of doing that, or making poems or
dissecting Shakespeare's plays.

Relationship to other disciplines

Source Yadav et al. (2014)
Looking at initiatives available online for teachers to further their understanding on how

to teach computational thinking among their students, a number of websites are
available, among which the most developed ones seem to be from Google and Barefoot.
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One of the worldeading initiatives in the teaching and learning of computational
thinking skills, also recommended by Yadav, has been developed by Google. Their
course isspecifically designed for educators who want to introduce CT in their own
curricula and who want to learn how it goes beyond skills used for the sole purpose of
computer sciences. The course can be taken online and consists of the following five
modulesm Table X.

Google has been very specific that this course is not only relevant to those teaching
computing, but also for those in Maths, Sciences and Humanities. While five core
modules exist, separate lessons and workshops are targeted towards edocatys c

from different disciplines.

Table6: Google course

A Introducing Computational Thinking: What is CF?What is computational
thinking, where does it occur, why should you care, and how is it being applied?
A Exploring Algorithms- Walk throughexamples of algorithms used in ygur
subject area. Recognize why algorithms are powerful tools to increase what you|can do
and that technology can be useful for implementing and automating algorithms.
A Finding Patterns Explore examples of patterns in Mars subjects and develop
your own processes for approaching a problem through pattern recognition.
A Developing Algorithms - Increase your confidence in applying the

computational process to a given problem and recognize how algorithms can articulate a
process or rule.
A Final Project: Applying Computational ThinkingCreate a statement of hgw
computational thinking applies to your subject area and a plan to integrate it intp your

work and classroom.

Source: https://computationalthinkingcourse.withgoagle/course?use_last location=true

Google also hosts a site where lessons plans can be shared as part of their Google for
Education project. A dedicated page exi st s
which contains more than 130 links to lesson platiesnonstrations and videos in
relation to teaching critical thinking. It
website that explains CT using the following dimensions:

- Decomposition

- Pattern recognition
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- Abstraction

- Algorithms

- Evaluatingsolutions

Each of the sections also features a qui z
of the different dimensions of CT. A wide range of other resources are available on the
Google website, although all focusing on age groups until 18. Howtbese resources

could act as a good starting point for trialling courses in computational thinking for
adults.

In the UK, Barefoot, a project funded by British Telecom to help teachers in England

with computing at school has also developed specific iegamaterials for use by
educators in relation to computational thinking about the following dimensions:

- Logic

- Algorithms

- Decomposition

- Patterns

- Abstraction

- Evaluation

The English National Curriculum f bty Comput
computing education equips pupils to use computational thinking and creativity to
understand and change the worl ddéd (Depart men
Furthermore, it can be specifically applied to a wide range of disciplines, including
English, Maths, History and Geography. The Barefoot website hosts a wide range of
resources on teaching activities in relation to computational thinking which teachers can

use upon registration on their website. Materials are also available targeted towards
teaches who work with children with Special Education Needs (SEN), to make
computational thinking as inclusive as possible. Barefoot also organises dedicated
workshops for teachers in schools.

7.3.CCTteachingl ear ni ng to adulTREmodelsi ng Pl AAC PS
After analysing the concept of CCT, and considering the lackaativities for

developingthese competences for adults, we considered the idesangf theevaluation
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of the Program for thénternational Assessment of Adult Competencies (PIAA®R)

Problem Solving in Technology Rich Environments {H&E) (OECD, 2013). In

already mentioned works, such as that of Akcaoglkahler (2014), the PS test was

used by PISA to measure this capacity in middle school dsidienorder to analyse

their CT. Therefore, our starting point was to think if the OECD programme aimed to

adults, PIAAC, could also be applied for the same psgp of assessment, but also to

orient the teachingearning work with adults, taking into account the activities that they

have to solve during the tedtlea that has been defended already by authors like
Trawick (2017) or the one we describe in thisigq@aph: Using the PIAAC Framework

for Problem Solving in Technolo@ich Environments to Guide Instruction: An
Introduction for Adult EducatorsvhereVanek (2017)defends PIAAC not only as an
assessment tool , but al s on.laetherawordsyVadek | i ne f
explains thaPSTRE fr amewor k can be used by adults
to acquire PS skills.

In this work, we made an equivalence betweefAlR& and CT, likeother authors like
Hamalainenet al. (2015) and Yadav et al. (201did before.Indeed, taking the

definition provided by the OECD (2009) on HRE of the PIAAC, we can appreciate

its similarities with the dinition we have analysed of CPSTRE is theability to use

technologyto solve problemsandaccomplish complex taskSpecifically

From a cognitive perspectivproblem solvinginvolves acomplex hierarchy of processes

and skills The core characteristic of problem solving is that it is impossible for a person to

achieve the goal through routine actions. In problem solving, one hasflext on the

situation in order to identify the proper arrangement a@dcisionsand actions that may

|l ead to a solution. Thus, the status of probl em
familiarity with the problem or category of problems. Some activities initially experienced

as problem solving may become routine activities over time with tearand practice

(OECD, 2009, p.15)

® The Programme for the International Assessment of Adult Competencies (PIAAC) developed and
conducts the Survey of Adul t Skills. The -survey m
processing skills literacy, numeracy and problem solving in tedogg-rich environments and gathers

information and data on how adults use their skills at home, at work and in the wider comifisity.

international survey is conducted in over 40 count(@&CD) and measures the key cognitive and

workplace skills neged for individuals to participate in society and for economies to prokfize

information in: http://www.oecd.org/skills/piaac/
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In this way, a series afimensionsare given, listed in table x, which correspond
directly to the PS through the CT:
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Table7. PSTRE dimensions and examples of each dimension

Cognitive strategies

Setting goals anthonitoring progress
Identifying one's needs or purposes, given the explicit and impdinitraints of a situation
Establishing and applying criteria for constraint satisfactionaamievement of a solution
Monitoring progress
Detecting and interpretingnexpected events, impasses arehkdowns
Planning
Setting up adequate plans, procedures, and strategies (operators)
Selecting appropriate devices, tools or categories of information
Acquiring and evaluating information
Orienting and focusing oneadtention
Selecting information
Assessing reliability, relevance, adequacy, comprehensibility
Reasoning about sources and contents
Using information
Organizing information, integratingcross potentially inconsistetéxts and across format
making infomed decisions
Transforming information through wing, from text to table, frontable to graph, etc.
Communicating with relevant parties

Technology

Hardware devices
Desktop or laptop computers
Mobile phones
Geographical information systems
Integratedligital devices
Software applications
File management
Web browser
Email
Spreadsheet
Commands and functions
Buttons
Links
Textboxes
Copy/CutPaste
Sort
Find
Representations
Text
Graphics
Video

Nature of problems

Task purposes (contexts)

Personal

Work/occupation

Civic purposes.
Intrinsic complexity

Number of steps

Alternatives required for solution

Complexity of conputation and/or transformation

Number ofconstraints to be satisfied

Amount of transformation required to communicate a solution
Explicitness of the problem statement (largely unspecified or escribed in detail)

Source: OECD (2009)
Own processing
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OECD summarizes this three core dimensions in the following figure:

Figurel2: Three core dimensions of problem solvingdohnologyrich environments

Elements of a situation that
trigger and condition problem
solving (eg, directions).

Technologies
The devices, applications
and functionalities through
which problem solving is
conducted.

Coanitive di .

The mental structures and
processes by which a
person actually performs
problem solving.

Source: OECD (2009, p. 11)

This conceptual framework, following agaitanek (2017, and as we have saicknbe

applied in a practical way to the HRE (or CT) teachingearning process. For this,

she proposes to raise problems related to the reality and daily life of adults, promoting
active engagement with both social and contextual factors (therefore @ls@@lying

the conceptual framework previously proposed in the form of steps, usingitCiis,

following way:

4 We strongly recommend the Reading of this paper to deepen into the proposal
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Table8. Teachable steps of the ARE process

Step 1 Goal Setting. In PSRE, a goal is an end resiilwhat you want to happen sioat task
completion is possible. You can set a goal after you recognize the difference b
what is happening and what you want to be happening; this is understanding the
of the problem. The conceptual framey

Step 2 Planning, seklorganizing. This step involves strategizing, setting up, and mo
through a series of steps requiring reflection and corresponding actions. Each
supports a sugoal, which, when achieved, triggers a new-gobl and its condtient
reflection and actions. PBRE al so call s this #Aprobl

Step 3 Acquiring and evaluating information. Because-FSE is primarily concerned wit
problems that arise due to use of ICT, this step is important. It involves an awarel
the validity of information sources and, most importanthgriical read of the content

provided.

Ongoing Monitoring progress. Moving to reach a goal is a reflexive process where
continuously gauges how a strategy or action impacts progress. Thisnkagipevery
step.

Step 4 Making use of information. After finding useful information, one must then be ab
act on it.

Sorce: Vanek (2017)

Therefore the resolution of a problem related to the contents of the course centres the
instruction. Theidea is that the participantshrough learning by doingdevelop
metacognitive awareness, gainigntrol over thePS process while they acquire
academic contentOnce they train these PS skills, they can use them to solve other
problems of different cdaxts.

Regarding the way of introducing these activities of TIRE teaching with adults,
Vanek recommends that, although they can be used in any tigermhg or field they

are especially suitable for courses on the use of ICTs or digital skills, gne¢n
computer tools are needed to its realization White approach recommenddéy

Vanek also suggests not pushimpallenging PSTRE concepts at the same time as
introducing new technologies And it 6s b et mikmumurderstanding u | t

of the online environment and some of the basic computer functions

Regarding the graduation of activities, as in any learning, the author recommends
gradually adding complexityn both the description of task (i.e., making it less explicit)

and the procesgquired to solve problem (e.g., requiring more steps).

® Some examples of these steps applied to activities can be foumigh@tedtech.worlded.org/wp
content/uploads/2017/09/PSTRE_Guide Vanek 2017.pdf
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Specifically, the process of introducing-H#&E with adults that Vanek recommends is

the following (2017, pp. 1822).

0) Planning. First teacherhas to ask hirinerself the following questions, thatll

guide him/her across the process

-Wh a't tasks are relevant to my | earnerséo

education and further learning?

- What are some representative problems inherent in those tasks?

- What technologies are required for soty the problems and accomplishing the

tasks?

- What context or environment will provide the stimulus for the task and planning
for problem solving (e.g., website, software, hardware, etc.) and how complex is

it?

- By what combination of complexity factorsan | vary the difficulty of the

required tasks to meet the diverse needs of all my learners?

1)

Teaching learners why PSTRE is important: The objective is this is double.

On the one hand, pointingut the connection between problematic tasksl

technologes. On the other handan i nf or mal analysis of

technologiesn their daily lives for relevant PS

2)

with the relevant technologies, so they can understand better what needs to be explicitly

Example:

1) The teacher starts by having learners list computer skills that -
find valuablei either those they draw aegularly or those they
wish they could learn.

2) A teacher or student volunteer(s) can create a table, starting k
writing the elicited computer tools and skills down in one column
3) The teacher then facilitates the discussion further by asking fc
whateach tool or skill is used and why it would be useful,
completing the chart as the discussion unfolds.

4) If learners do not have a familiarity with any given tool or skill,
the teacher or students can demonstrate it or find an image of it
share.

Determiningneeds.l t i s needed that teachers

taught before teaching the PS (e.g., using mouse, click, copy/paste, move, highlight,

delete, etc.). Shergposes as a tool for this assessment\itbhghstar Digital Literacy
Standards
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3) Spelling out the processin this moment PSRE cognitive dimension starts

The teacher explains a problemgdahe step procesmllowing table x.
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Table9. Steps and activities for PBRE process

Step

Activity

Step 1: Set a goal

This is dAproblem findi
result, what you need to accomplish so that t
completion is possible.

You canset a goal after you recognize the differer
between what is happening and what you want tc
happening. Recognize that this might not
immediately clear. Decide how you will know whe
you have accomplished your goal.

Use the scenarios or problemsittlthe learners identifiec
in the previous exercise

What is happening / What | want to happen

Step 2: Plan and Organize

Create a plan for solving the problem. This
iproblem shaping, 0 sett
seris of phases of reflection and correspond
actions. Each phase supports a subgoal, which v
achieved triggers a new sgoal and its constituen
reflection and actions.

What strategies, technology resources, or sort
information is critical for acconijghing your goal?
How will you employ it or access it?

Use the scenarios or problems that the learners ideni
in the previous exercise. One at a time, ask learnel
make a planning chart showing technology to
employed and for what task. Thigll be the first draft of
their plan.

Task:
Technology:
What | will do:

Step 3 Monitor Progress

Moving to reach a goal is a reflexive process wh
one continuously gauges how a strategy or ac
impacts progress.

Pay attention to your progress. Dgbu make a
mistake in your planning and now need to reasses!
tasks and technology resources?

As an extension to the activity above, teachers

students to discuss how they will know if the steps tl
laid out are useful and if they are making pregreThe
table in Step 2 could be expanded with an additic
column for registering such information. Teachers foll
up with an activity about what to do if a plan fails.

Task:
Technology:
What | will do:

Progress?:

Step 4.Acquire & Evaluate Information

Not all information is equally useful or reliabl
Selecting helpful information involves an awarent
of the source and a critical read of the cont
provided.

After finding information, consider these questions:
this what | need to know@an | trust the source? Do
understand it and know how to use it?

A useful focus for developing proficiency with this step
building awareness about how to interpret informat
and evaluate its source. There are a number of reso
available onlinefor building evaluation skills, especiall
critiquing information found online.

Step 5: Use the Information

Consider what the task requires to make
information useful: Does it need to be organize
Combined with information from another source? |
into a different format? Consider how it will be be
presented or shared.

Ask students to consider the task and what final actio
required to make use of the information or soluti
gleaned through the previous steps. You might create
Chart showig the task description on one side anc
space for noting the action(s) required for making ust
information on the other side. Remind students that 1
are done after they have completed some final action.

Task / Final action

Source: Vanek (2017)
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4) Describing PSTRE complexity levels As adultlearners come to education

with different levels, teachers must be sure that the tasks have a complexity that they
can handle and give opportunities for everyone to engage with PS. To do that, Vanek
proposesa table for teachersito better understand each complexity factor and then
begin to imagine how the might be variously combined to create items of varied
complexity in order to finetune worked examples that provide adequate scaffolding for
their classroom atvitieso (2017, p. 21)
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Table10. Representing varied complexity in HRE activities

Complexity Factor

Guiding Questions for
Adjusting Complexity

Continuum
of Complexity

Tips for Worked
Examples

Definition of problem
orgoal

How clearly is the
problemdescribed; is
the goal directlystated?

Explicit -> Inferred

Be intentional about
word choice and
whetheror not the
problemastatement
includes amplelues
for learners.

Number ofonline
environmentor

How many ICTs are
required to solvéhe

One-> Two ormore

Determine required
number of ICTs based

applications problem? onthe number of steps
required and the
| e a r tachnolegdy
skills.

Familiarity of Are the ICTs Familiar-> Novel Balance choices about

environments

commonlyused
applicationsdevices, or
functions orare they
unfamiliar (e.g., email
versus ainique web
basedorm)?

familiarity of
environments and
applications with

|l earnersd
technology experience
and other complexity
factors.

Number ofsteps

Can the information
required to reach the
goal be accomplished
one step?

Limited -> Multiple

Given learner
proficiencywith
required ICTs andther
complexity factors,
determine what numbe!
of steps might inhibit
persistence.

Number ofoperators

Does the activity
requiremore than one
activity or strategy
within any of the steps
(e.g., running a sort
function and printing a
report in Excel)?

One-> Multiple

Given learner
proficiencywith
required ICTs andther
complexityfactors,
determine what numbe!
of operators mightax
task persistence.

Degree ofmonitoring

Does the task require
attending toincremental
progresdoward goal?
Whatmight indicate
positiveprogress
toward thegoal?

Little or none-> Some

Limit degree of
monitoring if the ICT or
operators required are
fairly new.

Distractorsunexpected
outcomes anémpasses

How controlled is the

task? Are there likely ta

be unintended results
that distract or hinder
progress toward the
goal?

None-> Some

In the early stages, limi
distractors. Set up
worked examples
unlikely to result in
surprises and impasses

Source: Vanek (2017)

Once the definition of the task is planned, theTRE steps required (list of possible
steps)are definedthe list of possible technologies requirsanade and the complexity

factorsin the taskare evaluatedhe task will be implemented with the adult students. In
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it, emphasis will be placed dhe importancef planning For that Vanek recommends

to use the PSRE Core Dimensions figure from the F&E conceptudramework.

Figurel13. Problem Solving Planning Map

| / \ P
f Task \

(t[)esu'ihe task here)

Possible Steps for Solving Problem
1) Make a plan: (describe)
2) Set sub-goal: (describe)
3) Evaluate info: (describe)
4) Monitor progress: (describe)

/ Technologies \

(List technologies
required for solving
the problem)

5) Use information: (describe)

Source: Vanek (2017)

Many examples of interesting activities for training-PSE, very similar to the ones

that PIAAC uses, can be found in DigitalLearn.drtips://www.digitallearn.org/

So, to conclude, although there are no examples tested on the-PSBE as an
example of CCT teachinglearning, although it has been already defended by
literature, our proposal would be to use this model, widely developed, andrdctly

thought for adult education for that purpose.

8. Methods of CCT assessment

8.1. Quantitative assessment: scales
One of the most common methdds evaluating cognitive abilities is the use of scales
to be analysed through statistics proceduresveve, given the complexity of the CT

already discussed in previous sections, its evaluation is not easy, and it has not been an

® This figure can be also used as sa$sessment or peer to peer assessment, as we will
see in epigraph 8
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element that very well developed in scientific literatbsenow On the other hand,
there is no scale that measures the gaifing the concepts of CrT and CT.
One of the most coherent options with what has been analysed so far is the evaluation of
the different subskills thatompose theCT. In this way, one of the most recent
approaches to the evaluation of O€, which ako takes into account the CrT subskill,
is the scale validated by Korkmaz et al. (20with no precedentsT h at 6 she why ,
authors take as reference earlier scales that refer to each of the stbsialispose a
new CT scale
- Creative Thinking:i How Creative Are Whettor?and devel o
Cameron (200R
- PSSAProbl em Sol ving Sc &éppneraddePetesdooped i n 1
- Cooperativity Cooper at i ve LSecaarbyédhkmaz @Q12)i t ude o
- CrT: California Critical Thinking Disposion Inventory (CCTDI) (Facione and
Faciong 1992)
- Algorithmic thinking: i L o g-iMathematia | Thinkingo devel ope
and Korkmaz (2010)
- Communication skills: after the factorial analysis communication skills
guestions were removed for not begignificant
In the first version of the questionnairgt®8ms for the communication skills, 20 items
for the algorithmicthinking, 12 items for Critical Thinking, 8 items for Cooperative
Learning, 13 items for Creativity and 13 items for problem solgkilds were selected.
After the factorial analysis to validate the scale, the items that had to be assessed within

these subskills were the following:
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Tablell Computational Thinking scale items

Creativity

| like the people who are sure of most of thecisions

| like the people who are realistic and neutral

| believe that | can solve most of the problems | face if | have sufficient amount of time and if |
effort

| have a belief that | can solve the problems possible to occur when | encgitihtemew situation.

| trust that | can apply the plan while making it to solve a problem of mine.

Dreaming causes my most important projects to come to light.

I trust my intuitions and feelings of idntofa
problem

When | encounter with a problem, | stop before proceeding to another subject and think o\
problem.

Algorithmic thinking

| can immediately establish the equity that will give the solution of a problem

| think that | have @pecial interest in the mathematical processes

I think that I learn better the instructions made with the help of mathematical symbols and concef
| believe that | can easily catch the relation between the figures

I can mathematically express the solution ways of the problems | face in the daily life.

| can digitize a mathematical problem expressed verbally

Cooperativity

| like experiencing cooperative learning together with my group friends.

In the cooperativéearning, | think that | attain/will attain more successful results because | am wc
in a group.

| like solving problems related to group project together with my friends in cooperative learning.
More ideas occur in cooperative learning.

Critical thinking

I am good at preparing regular plans regarding the solution of the complex problems.

It is fun to try to solve the complex problems.

I am willing to learn challenging things.

| am proud of being able to think with a great precision.

I make use of a systematic method while comparing the options at my hand and while reac
decision.

Problem solving

| have problems in the demonstration of the solution of a problem in my mind.

| have problems in the issue of where and how | shouldheseariables such as X and Y in the solut
of a problem.

I cannot apply the solution ways | plan respectively and gradually.

I cannot produce so many options while thinking of the possible solution ways regarding a proble
| cannot develop my owideas in the environment of cooperative learning.

It tires me to try to learn something together with my group friends in cooperative learning.

SourcekKorkmaz et al. (2017)

The scores in the scale were: Aganemailey @,

and A(5) al wayso.

8.2. Quantitative assessment:IRAC PSTRE

After analysing the concept of CCT, and considering the lack of assessment of these
competences for adults, we considered the idassiofy the evaluation of the Program

for the International Assessment of Adult Competencies (PIAAC) on Problem Solving
in Technology Rich Environments (PRE) (OECD, 2013). In already mentioned
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works, such as that of Akcaoglu & Koehler (2014), the PS test was used by PISA to
measure this capacity in middle school students, in order to analys€Thédiherefore,
we belieze that this measure could also be applied to adults
As we have mentioned in epigraph Ther authors likevanek (2017)Hamalainen et
al. (2015) and Yadav et al. (201have already made asquivalence(directly or
indirectly) between PS'RE conceptandCT. But no proposals have been made to make
an equivalence betweeRSTRE assessment and CT assessmé&h at 0 swe why
propose to use PBRE method foan alternative of CEvaluation
As pointed out in the proposal Methods and resources for G&achinglearning to
adults assessment in PERE (and consequently CCT) is best contextualized in
relevant or authentic tasks (Vanek, 2017). This prerequisite also fulfills the objective of
putting into practice, not only th€T, but also the CrT. In theameline, Gallagher
(1997) suggests that emy PSactivity, multiple-choice questions are not adequate to
evaluateit, but students must complete relevant tasks that demonstrate both an
understanding of the process and completion of tasks that arettideld in daily life
OECD (2009) explains that the evaluation of-HSE skills should include both a
measure of performance for PS and a measure of the effectiveness of the strategy. For
this, the cognitive components that underlie-THREE can be evaluad (figure X,
epigraph 7.2.): Establish objectives, plan, acquire and make use of information. These
components, however, will be related to different underlying cognitive abilities. Thus,
for example, the setting of objectives may depend on the reasalility of a person,
or the location of the information may be related to the ability of a person's visual
scanning and readingkills, although, in the casef PIAAC evaluation, being large
scale,it cannotbe so refined and only evaluates the overalfgoerance indicators of
problem solving and strategy. For this the software collects:

- the time spent solving the problem

- the actions taken

- the sequence in which the actions are carried out
Therefore, abaseline for student progress evaluation can be PSTRE assessment in

Education and Skills Online Assessment (ESO)ESO ¢l ai ms t o measur e

noncognitive skills that individuals med f or full participation
(Education and Skills Online Assessment: the online version of PIAAC, 20%4).
Vanek (2017) point outhese are skills that adults draw upon in diverse contexts and

are consequently difficult to capture insaapshot assessmeBiSOis an assessment
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tool designed to provaindividual level results thare linked to the OECD Survey of
Adult Skills (PIAAC) measures of literacy, numera@and problem solving in
technologyrich environmentsusing different level activities that assesgical skills
associated with work, home and the commur(lB50, 2014).The individual or
organizational results of this online test can be comptarede measures used in this
Survey and also contrastediwt h  par t i c irgsats providioganreasgto- e s 0
readreport after the completion of the assessmieihias the possibility of assess which

skills we want to measur e  TRE assessmebtsbeipge r f ect
availablein English, talian andSpanishamong others.

Figure1l4. Main Elements of Education & Skills Online Assessment

Background Questionnaire

Demographic Social and Linguistic
Characteristics Education Background Employment Status

Core Cognitive Modules

Literacy Numeracy

8 8

Optional Cognitive Optional Non-Cognitive
Modules Modules

*Reading Components “ *Behavioral Performance
*Problem Solving in Competencies
Technology-Rich *Subjective Well-Being &
Environments Health
*Career Interest and
Intentionality
*Work/Training History &
Skills Transfer

Source: Vanek (2017)

Once the student has completed the test he/she (or the teacher) can compare his/her
level to the PIAAC PSRE standards (figure Xx).
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Figurel15. Description of PIAAC PSTRE proficiency levels.

Exhibit B-5. Description of PIAAC proficiency levels on the problem solving in
technology-rich environments scale: 2012

Proficiency levels
and cut scores

Lo el Problem solving in technology-rich environments task descriptions

solving in
technology-rich
environments

At this level, tasks typically require the use of both genaric and maore specific technology
applications. Some navigation across pages and applications is required to solve the
problem. The use of tools (e.g., a sort function) is required to make progress toward the
solution. The task may involve multiple steps and operators. In terms of cognitive process-
ing, the problem goal may have to be defined by the person, and the criteria to be met
may or may not be explicit, Thera are typically high monitoring demands. Unexpacted
outcomes and impasses are likely to occur. The task may require evaluating the relevance
and the reliability of information in order to discard distractors. Integration and inferential
reasoning may ba needed to a large extent.

Level 3
(341 - 500)

At this level, tasks typically require the use of both generic and more specific technology

applications. For instance, the person may have to make use of a novel online form. Some

navigation across pages and applications is required to solve the problem. The uss of tools

Level 2 (e.g., a sort function) can facilitate the resclution of the problem. The task may involve

(291 - 340) multiple steps and oparators. In tarms of cognitive processing, the problam goal may have
12 be defined by the person, though the criteria to be met are explicit. There are higher
monitoring demands. Some unexpected outcomes or impasses may appear. The task may
require evaluating the relevance of a set of items to discard distractors, Some integration
and inferential reasoning may be needed.

At this level, tasks typically require the use of widely available and familiar technology
applications, such as email softwars or web browser. Thera is little or no navigation
required to access the information or commands required to solve the problem. The prob-
lem may be solved regardless of ona’s awareness and use of specific tools and functions
(e.g., a sort function). The task involves few steps and a minimal number of operators. At

Level 1 a cognitive level, the person can readily infer the goal from the task statement; problem

(241 - 290) resolution requires one to apply explicit criteria; there are few monitoring demands (e.q.,

the person does not have to check whether they have used the adequate procedure or
made progress toward the solution). ldentifying contents and operators can be done
through simple match; only simple forms of reasoning (e.g., assigning items to categories)
are required; there is no need to contrast or integrate information.

Tasks are based on well-defined problems involving the use of only cne function within a
generic interface to mest one explicit criterion without any categorical, inferential reasoning
or transforming of information. Few steps are required and no subgoal has to be generated.

Below Level 1
(0 - 240)

Source: Vanek (2017, p.42) agbodman, Finnegan, Mohadjer, et al. (2012)

On the othe hand following Vanek (2017) basi ng her explanati or
(1997) but applying it to the kind of activities for PFRE PIAAC stablishesshe
suggestshat inPS peer feedbackr selfassessmertdan be the best way ef/aluation
providing them astructure to suppoit. For that,Vanek (2017) proposdwo rubrics to
ask to thestudentsiqdividually or among peers) how they address each aspect of the
PS process:
- Problem Planning Map (figure x)

- Problem Solving Chaffigure x)
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Figurel6. Problem Planning Map

Task
(Describe task here)

/ Possible Steps for Solving\

) Problem
Technologle§ 1) Make a plan: (describe)

(L'SF technologlgs 2) Set sulmoal: (describe)

required for solving 3) Evaluate info: (describe)
the problem) 4) Monitor progress: (describe)

\5) Use information: (describy

Source Vanek (2017)
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Table 12 Problem Solving Chart

Task: Name of the task

Technologies:Name the technologies you used to complete the task

Step What 6s I nvolved Student Notes

Set a goal AiPrleebm finding. o W
happen so that | can complete the task’
What is the end result?

Plan andbrganise AiProtsheami ng. 0 Cr e
solving the problem. What subgoals,
strategies, technology resources, or sol
of information is critical for
accomplishing the goal?

Set a subgoal What is the first action?

Monitor progress Pay attention tgour progressDid you
make a mistake in yoynrlanning and
need to reassess the tasks and technol
resources?

Acquire & evaluate information While locating and after finding
Information consider: Is this what | neec
to know? Can trust the sources?o |
understand what it says?

Monitor progress Pay attation to your progress. Did you
find the right information? Do you need
more?

Use the information you found  Conside the task required to make the
information useful: Does it need to be
organized combined with information
from another source, put into a differen
format?Consider how it will be best
presented or shared.

Set subgoal What is the next action?

Monitor progress Pay attation to your progress. Did you
make a mistake in yoyrlanning and
need to reassess the tasks and technol
resources?

Acquire & evaluate information While locating and after finding
information consider: Is this what | need
to know? Can | trust theources? Do |
understand what it says?

Monitor progress Consider whether or not you solved the
problem. If not, go back to the beginnin
and set a new goal or add a subgoal.

Use the information you found Consider the task required to make the
information useful: Does it need to be
organized, combirgewith information
from another source, put into a different
format?

Consider how it will be best presented ¢
shared.

SourceVanek (2017)

Considering these two models, we could propose a firgvaluation using ESO

assessment provided by PIAAC oiline test. After that, a peer to peer or self

evaluation during the process of completing a PS activity, using the rubrics

7C



provided by Vanek (2017). Finally, after finishing the course/workshop/seminary

on CCT, and using again ESO o i n e guestionnair e, t he

acquiring PS subskills using technology could be assessed in order to be compared

to the mark obtained in the first test.

8.3. Qualitative assessmentinterviews and project analysis

Neither have the qualitative evaluations of the TC besny developed to date. An

example is found in the work of Brennan and Resnick (2012), who, defending Scratch

as an ideal method for the CT teachiagrning, describe three main approactees
evaluate the development of tl through the works designed by the participants
using this program:

1) Project portfolio analysis: Analysethe portfolios of the projects of the participants
and generate a visual representation of the programming blsells ar not, in each
project. For this they propose tose a set of visualizations called Scrape
(http://happyanalyzing.com/) thainalysethe programming blocks within Scratch
projects(Wolz, Hallberg, & Taylor, 2011)Each column represents a project and all
of the blocks it containgndeach row represengsspecific type of Scratch block. A
darker shade indicates more frequent use of a block withiprisject. The final
column identifies blocks that have never besad An example of this analysis for

an experienced user of Scratch is shown in figure x.
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Figurel8. Scrape User Analysis visualization for an experienced Scratcher
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SourceBrennan & Resnick (2012)

2) Artifact -Based Interviews: Interviews focused, first, on the use of Scratch,
following the following guideline:

Tablel13. Use of Scratchnterview guideline

1. Background

a. Introduction to Scratch: How did you find out about Scratch? What is Scratch?

b. Current practices: Where do you &&atch? What do you do with it? Do other people t
you? Do you help other people?

2. Project Creation

a. Project framing: How did you get the idea for your project?

b. Project process: How did you get started making your project? What happenegowlut
stuck?

3. Online Community

a. Introduction to the online community: What do you do in the online community?

What is the Scratch online community?

b. Other people, other projects: How do you find interesting people and interesting pr
How do you interact with other Scratchers?

4. Looking Forward

a. Scratch: What do you dis/like about Scratch? What would you keep, add, change?

b. Technology: What are other terdated things you like to do?

c. Beyond technology: What are otmem-techrelated things you like to do?

Source: Brennan & Resnick (2012)
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Secondly, the interviewees were asked to choose two projects they had carried

out in Scratchasking about:

Table14. Artifact-Based interview guideline

History and motivation for the project
Process of developing the project
0 how they got started
o0 how the project evolved during development
0 what was important for them to know in order to make the project
o0 what problems they encountered throughout the process,
0 how they dealt witlihose problems.
Reflections on the artefact
o what they were most proud of
o0 what they might want to change
0 what surprised them
Source: Brennan & Resnick (2012)

3) Design scenariosGiven a set of three projects with lanediunmhigh complexity
levels, the respondent is asked to selectamme
a. explain what it consists of
b. describe how it can be extended
C. correct some error
d

modify the project by adding some feature.

We consider that this evaluation that is carried out on Sratch, could be implemented to
other applications that are desigrfedthis purpose, in case they are based on this type

of design and programming activities

To sum up, CT assessment is not yet developed in depth in literature. We can find
guantitative scales based on CT subskill assessment and qualitativatiemalising
interviews and he st ud e.rHovwever, gswe prapase an association of CCT
and PSTRE, when we focus on adultsd as we have already saik could propose a

first evaluation using ESOnline platformas a pre angosttest and a peer to peer or
self-evaluationduring the process of completing a PS activitgh the the rubrics
provided by Vanek (2017).
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9. Conclusions

As we have seen in the introduction sectitwe, need for developing adequate levels of
skills for successful participation in the labour market and society as a whole is one of
the core priorities recognised by the European CommisSibis. need isespecially
relevant nowadaywith the the developnmt of Industry 4.0 and the new requirements

of digitalization. A change of paradigm that effectively opens new scenarios in the
production of goods and services and in the labor mabefinitively, arevolution that
hinges on a stock of competences tacktworkers and citizens need to be trained on,

in order to be prepared for the changeong these new capabilities, we find the

called "Computational Thinking", that must be deeply connected to the "Critical
Thinking", so that is possible to synthesithem into criticallycomputational skills
(CCT). In this sense, although nowadays these competences are includeshyn
European scholac ur r i cul um, adul t popul ation are
r e v ol ibding pesegsary timster lifelong learning activities to connect them with
these new skills.

In this repotwe6ve made an &7 tamnQoTtlinkingotherd @l i n e
concluding thaCT synthesises CrT and existing knowledge towards a PS, broadening
the meaning of CrTa n d maki ng it mor e applicabl e
technological problemddowever CrT is implicit into CT, not only for beinga kind of
thinking that is naturally inside of CT conceput, also, becausé can bring to CT a
deeper understanding of different perspectives about the problem and the consequences
of its solution. CrT can help CT in encouraging consideration of social awareness, or
perceived social impact of our PS procasd its solutionsnot addressed in CRAs we

have remarked in our literature review and discussion of both concept, CrT brings to CT
the learning @ solve problems andecisioamaking, taking into accoura critical
conscience, and integrity in the face of external politicaltucal and economic
influencegto this PS

Therefore, as a conclusicebout both conceptsve can sayhat the union of the
learning of CrT and CT, (CTT) is necessary in the achievement of a society capable of
facing the economic, cultural, political, labour and social challenges of the 21st century,
as the European Commission (2016) points out. A wayaitey the PS that, taking

into account the approximans of both types of thinkinghclude reflections on real

problems and their consequences and implications.
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About CCT teachingearning to adults, we have seen that thisk&d of thinking that,

despite receiving great attention in terms of its application to primary and secondary
students, has not been developed antbagdult population, aseshypothesizeth our
introduction. The only adult group in which educational strategies have been developed
in this sense have been the teachers, since they are the ones who must transmit these
skills to the students in the classroom. Therefore, due to the absengeepnérces of

this type, we havanalyseddifferent pedagogical approaches and application tools of

the CCT, taking into account their use or not of technologies, their inclusive nature and

their express reference to the joint development of the CrT afid CC

However, if we focus our attention exclusively on the adult populatiertonsider that

a specificand interestingproposalcanbe to usehe modelof activities includedn the
Program for the International Assessment of Adult Competencies (PIAAC) on Problem
Solving in Technology Rich Environments (#RE) (OECD, 2013)Concretely we

have followed the proposal made Wgnek (2017)who develops a specifapproach to

CCT teachingearning for adults, using the example of-PSE contextualized
activities in realand relevanPStasks using digital devicesand putting into practice
notonly the CT, but also the CrT.

Finally, about CT assessmenas we propose an association of CCT andlRg, we
also consider that the best approach to evaluate CCT skills coutd use also the
different tools that OECD (2013) and authas Vanek (201 ®laim for, when we work
in PSTRE environment That is,a first evaluation using ES@nline platform as a pre
test,a peer to peer or seffvaluationduring the process of completing a PS actiwth
the rubricsprovided by Vanek (2017)and a final postest, using again ESO online

platform to assess the CCT skills improvements achieved by students

The absence of specific works regarding the CCT teadbarging for adults, leads us

to make an exploratory proposal based on this review of the literature, on the collection
of good practices by the project partners, and in the interviews depth wiglspomals,

leads us to a more concrete approach towards our gdéwadlopment of a common

methodology for effective teaching / learning on CCT to adults.
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