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Visual Programming Languages integrated across theurriculum in elementary
school: A two year case study using Scratch in fivechools

Abstract

Several authors and studies highlight the benefitgshe integration of Computer
Science into K-12 education. Applications such esatéh have been demonstrated to
be effective in educational environments. The afrthis study is to assess the use of a
Visual Programming Language using Scratch in otesar practice, analyzing the
outcomes and attitudes of 107 primary school stisdéom 3" to 6" grade in five
different schools in Spain. The intervention tagkse in two academic years analyzing
the practice of integrating coding and visual blogkogramming in sciences and arts.
The “Computational concepts and computational prest dimension details a quasi-
experimental approach, which showed significant rompment regarding learning
programming concepts, logic, and computationaltpres with an active approach. The
“Learning processes and coding in primary educatidmension analyzes the practice
of the experimental group through questionnaires stnuctured observation. In this
pedagogical design, students interact and create diwvn content related to curricular
areas with several advantages, such as motivdtion,commitment, and enthusiasm,
showing improvements related to computational timgkand computational practices.
Understanding of computational concepts throughaetive approach, Project Based
Learning, usefulness, motivation, and commitmenteuime the importance and
effectiveness of implementing a Visual Programmihg@nguage from active
methodologies in primary education. Due to the exfeentioned benefits and positive
results obtained in this research, it is recommeéndemplement a Visual Programming
Language in educational settings in 5th and 6tldeyia primary education through a
cross-curricular implementation.

Keywords: Computational thinking; elementary edigrgt improving classroom
teachingprogramming and programming languages; teachimgileg strategies.

INTRODUCTION

There is growing evidence to support the integrattdb Computer Science into K-12
education and students often give up Computer Seidmecause they think it is
confusing and difficult. Some teachers perceivgg@mming to be related to training
and career opportunities in technology companigsoring the global benefits and
advantages of coding in several argaelementary schoollhe purpose of the present
study is to evaluate the use of Scratch in scheskdns as an introduction to
programming for total novices, in a younger agedgrat primary school.

Scratch is a free programming language where youctaate your own interactive

stories, games, and animations. Scratch is an sparce media-rich programming

environment. This program also allows students¢ate and develop programs related
to animations, games, interfaces, and presentatlmatscan expand understanding of
computational concepts and computational practi€ag visual environment enables

an intuitive drag and drop method of programmingcihallows users to explore and

create in educational settings at several levelgrimary school. The aforementioned
application is aimed at engaging young learnernsréwide an accessible starting point
for learning with limited or no programming backgnal (Good, 2011).



Today’s educators are leveraging technology tdws $et challenges focused on active
learning in educational contexts. Project-basednierg supports dynamic learning
experiences leveraging the availability and usedhfcational technologies that can be
included and integrated into the classroom. Theaening approaches are focused on
teaching methodology and student-centered designs.

From the perspective of the K-12 Horizon Reporh(smn, Adams Becker, Estrada, &
Freeman, 2014), project-based learning, problemacbatearning, inquiry-based

learning, challenge-based learning, and similarhods foster more active learning
experiences, both inside and outside the classrddmse approaches are student-
centered, allowing learners to take control of Hbay engage with a subject.

Numerous studies have examined how a Flipped @assmodel has an impact on
learning, with very encouraging preliminary resuli®hnson et al., 2014) exploiting
interactions and virtual learning environments Shépez, Miller, Vazquez-Cano, &
Dominguez-Garrido, 2015).

From the aforementioned learning models and siedegentered on the student,
computational thinking entails logical analysisdaita, modeling and abstractions, and
implementing possible solutions. All these pradioe an educational context enable
students to understand how the world works and pedqoém with skills deemed
essential in solving complex problems (Johnsor. g2@14).

Computational thinking plans and coding in educaaoe growing in several countries
due to several advantages. In 2012 there was @nadinitiative in Estonia oriented to
integrate coding into the curriculum. United Kingdaalso implemented a national
mandate that children be taught computer programnmnprimary and secondary
schools. Moreover the Finnish educational systeromptes a comprehensive
knowledge to be able to build technologies, to ustd®d and create their own apps and
devices. The UK Secretary of State for Educatioghlighted the importance of
adapting the curriculum to teaching kids logicahkimg to create and debug programs.

There has been a growing interest in learning tmgm@am in pedagogical contexts,
driven and disseminated by organizations such adetademy.com” and “code.org,”
not only for future job opportunities and growingnaiands in this field, but for the
educational advantages and benefits that codieducation provides.

THEORETICAL FRAMEWORK
Educational research principles

The present research process focused on the applice# a Design Based Research
strategy (Anderson & Shattuck, 2012; Dede, KetelhWwhitehouse, Breit, &
McCloskey, 2009) that allows an intervention ussamplementary methods, which
contribute to understanding interactions in leagnprocesses. It is important that
Design Based Research (DBR) has an influence apdanon real educative practices
to justify the value of theoretical approaches.

Educational processes have been strengthened antretecades from scientific
knowledge in pedagogy across different models amthodological approaches in



educational research. DBR is being utilized indreglg in educational contexts
(Anderson & Shattuck, 2012, p. 24). DBR offers asb practice” stance that has
proved useful in complex learning environments, ihi@rmative evaluation plays a
significant role (Dede et al., 2009, p. 6).

DBR is proposed as a strategy to innovate in edutat contexts, and allows for a
systematic strategy focused on learning. It is t@raéstic approach to understanding
the processes of learning through informed explomaenactment, evaluation within a
local context, and development of design princigkesderson, 2005). This approach
improves the impact of educational interventionaultfle methods and interactions
constitute basic elements in this approach (Mak003).

Pedagogical design and theoretical foundations: Céaic approaches, Project Based
Learning and Bloom’s taxonomy

The applied pedagogical model is based on the peizaj implementation of cross-
curricular approaches through the contemporaryniegr and inter-disciplinary
approaches. The application of principles of ingion (Gagne, Briggs, & Wager,
1992) is elemental in this process in order to gheattention of the students, inform
them of the objectives, stimulate recall of priearning, present the content, provide
learning guidance, elicit performance (practicepvple feedback, assess performance,
enhance retention, and transfer skills to the job.

Significant learning and prior learning is importé&om the perspective of other classic
authors taken into account in this pedagogicalgieand collaborative learning through
critical thinking (Ausubel, 1978). Social interamis in learning environments from the
perspective of socio-cultural and constructiviseotiies (Vygotsky, 1978) are essential.
Other important elements are related to interastionsocial and cultural contexts in
educational activities, situated learning, and vactiparticipation in learning
communities and groups with an intercultural conganin this case.

Moreover, Project Based Learning (PBL) is a comsivist approach in educational
activities aimed at solving problems in real cotdewith opportunities for inquiry-

based learning (discovery) in order to ensure teatning occurs when the subject
investigates, discovers, and solves problems dgtive

Learning by doing motivates students and allowsntlie develop oriented problem
solving strategies. The approaches to learningdiygdand learning by creating imply
an approach to teaching and learning in gainingwkedge and skills focused on
educational process. By working on self-directenjguts where students think critically
and communicate effectively, students are mastecm@ academic content aligned
with 21st century skills while tackling real issugs their community and beyond
(Johnson et al., 2014; Saez-Lépez & Ruiz, 2012).

In order to analyze learning processes we neeg@ads, instruments, and taxonomies,
and the degree of increase in knowledge levelseseas a key indicator for knowledge

increase in general (Bloom, 1956). To assess aifepprocess, the degree of increase
in knowledge levels must be measured.



The learning objective is to obtain high levels kofowledge, but knowledge is not
simply an accumulation of knowledge for the studeémt remember. Since the
contribution of Bloom’s taxonomy, it is assumedttlearning to higher levels depends
on the acquisition of knowledge and skills of cerfawer levels. Learning essentially
involves different hierarchical levels of knowleddetailing intellectual skills into six

categories:

The first and most basic level is “knowledge,” whighows the memory of previously
learned material through evocable facts, termsclwasmcepts, and answers. The second
level of knowledge must be “comprehended,” whiclplies that students understand or
interpret data based on prior knowledge. The tlevel of knowledge is “application,”
which implies that students select, transfer, asel data and principles to complete a
problem or task. The fourth level is “analysis,” ialh entails that students distinguish,
classify, or relate assumptions, hypotheses, ateenie of an issue to understand the
organizational structure. The following level ig/fghesis,” in which students integrate
and combine ideas compiling information in diffedr@armys by combining elements into
a new pattern and structure. The sixth and fine¢llef knowledge is “evaluation,”
which deals with presentation of reviews assesiagnformation, validity of ideas, or
guality in relation to a set of criteria.

Computational thinking and programming in educational contexts: Scratch

Wing (2006) is one of the first authors who defiried term computational thinking as
“solving problems, designing systems and understgnof human behavior, using the
fundamental concepts of computer science” (Win@62@. 33).

The International Society for Technology in Edugoatiand the Computer Science
Teachers Association (2011) define computationiakthg as:

Formulating problems in a way that enables us &ébausomputer and other tools
to help solve them; logically organizing and analgzdata; representing data
through abstractions such as models and simulatiangomating solutions
through algorithmic thinking (a series of ordereeps); identifying, analyzing,
and implementing possible solutions with the goélachieving the most
efficient and effective combinations of steps aesburces; and generalizing and
transferring this problem solving process to a widgety of problems.

Computational thinking is based on processes, reltgea human or a machine. The
methods and computational models allow solving lemols and designing systems that
we could not do alone. Therefore it comes to usingpmputer to solve a series of
problems through problem representation, predictaomd abstraction (Kafai & Burke,
2014; Sengupta, Kinnebrew, Basu, Biswas, & Cladid,3).

Programming is not only a fundamental skill of cangtional science and a key tool
for supporting the cognitive tasks involved in catgtional thinking but a

demonstration of computational competencies as (@tver & Pea, 2013), improving
learners’ higher-order thinking skills, and the depment of algorithmic problem-
solving skills (Fessakis, Gouli, & Mavroudi, 20XKxfai & Burke, 2014).



The ability to be a creator rather than just a aamer of technology is increasingly seen
as an essential skill in order to participate futlya digital society. There is research
related to computing in education (Clark, Rogewa8ling, & Pais, 2013; Gardner &
Feng, 2010; Lambert & Guiffre, 2009). But the imjanice of teaching computational
thinking skills from an early age is a key eleminatt has captured the attention of some
researchers (Fletcher & Lu, 2009).

Computer programs tell the computer precisely wiwatdo, step-by-step. Writing
computer programs doesn’t require special experjis clear and careful thinking.
Therefore, there may be a great advantage in #iiegr these practices into
pedagogical activities to enhance logic, math, d&atdBased Learning, problem solving,
and critical thinking skills. There are strong @as for students to learn to program.

Only a few studies have focused on computing iimmelgtary school settings. The
majority have focused on computer science at tgha bchool level with a direct focus
on the career path (Maya, Pearson, Tapia, Wh&fReese, 2015).

Even though there is growing evidence to suppatittegration of Computer Science
into K-12 education, there are also misconceptantsinaccurate perceptions (Armoni,
2011). Some students often give up computer scibrcause they think it is boring,
confusing, and too difficult to master (Wilson & Mat, 2010).Visual programming
solves many problems, allowing coding in primarpaea. Visual programming with
blocks (such as Scratch) can fit only in ways thake sense, because of their shapes,
S0 it is not possible to get error messages froencttmpiler. This is a great relief for
introductory programming, and saves the learnemfrsmuch of the heartache
traditionally forced on them by textual languagéal¢on & Moffat, 2010, p. 70).

Some teachers perceive programming to be relaté@itong and career opportunities
in technology companies, ignoring the global beeednd advantages in several areas.
Some teachers believe that the only computing éxpezs are those related to
programming languages such as Java or C++, sontlagynever consider introducing
computing in the earlier grades (Maya et al., 2015)

Scratch is a programming language created by tfedobhig Kindergarten group at the
MIT Media Lab. The Scratch programming languageersff more than 100
programming blocks, grouped into eight differentegaries (motion, looks, sound, pen,
control, sensing, operators, and variables). Thisg@amming environment enables
young people to create their own interactive sgrgames, and simulations, and then
share these creations in an online community witkeroyoung programmers from
around the world. Pupils can program and sharedati’e media such as stories,
games, and animation. Children learn to think cvebt and collaboratively using
Scratch. Coding in this interface is easier thaditronal programming languages due to
kids playing and interacting with the colorful bkscto create scripts.

Scratch is based on the ideas of the constructee@shing and “logo” project (Papert,
1980). This versatile application can be used ¢ater projects containing media scripts.
Images and sounds can be imported or created atchansing a built-in paint tool and
sound recorder (Maloney, Resnick, Rusk, SilverldaBastmong, 2010).



Resnick, Maloney, Herndndez, Rusk, Eastmond, Bremtaal. (2009) highlight that
programming is an extension of writing. The abitidyprogram allows people to “write”
new types of things, such as interactive storiamep, animations, and simulations.

Sengupta et al. (2013) developed a framework figniaslg concepts of computational

thinking with scientific inquiry to showcase how darwhy computing should be

integrated into science and math instruction. THeynonstrate the effectiveness of
aligning these concepts in a middle school scietassroom.

In the process of learning how to program, studksash mathematics (Sengupta et al.,
2013) and computational concepts such as varialdegs, or conditionals. These
practices can be applied transversely in primarycation through project-based
learning, in many subjects: math, language, ans&tbn, science, and social science.

Brennan (2012) notes key activities that shouldnoduded in the design of learning
environments mainly related to constructionism. €arctionism is grounded in the
belief that the most effective learning experienaes related to active construction,
socially meaningful elements, interactions withesgh(Papert, 1980), and elements that
support thinking about one’s own thinking (Kolodn@&amp, Crismond, Fasse, Gray,
Holbrook, Puntambekar & Ryan, 2003; Papert, 1980).

Teachers and students have the perception thatgonoging is very complicated due to
the high level of abstraction of the concepts iheotto program. The creators of Scratch
(Resnick et al., 2009) believe that it is posstblencompass different types of projects
in different contexts through a fun, meaningfuldasocial programming language.
Papert (1980) argued that programming languagesighmve a “low floor” (easy to
get started) and a “high ceiling” (complex projécts

The Scratch programming environment and languag& wogether to create a system
that is exceptionally quick to learn (users carpbegramming within fifteen minutes)
yet with enough depth and variety to keep userageg for years (Maloney et al.,
2010, p. 14). The children spent more time workiomg Scratch than with any other
package they had available to them. It seems tihedrScratch succeeds very well in
fostering creativity and in social sharing of theuliimedia products (Weintrop,
Beheshti, Horn, Orton, Jona, Trouille & Wilensk®1%; Wilson & Moffat, 2010).

The learner has to be able to put concepts toruieeir projects and understand other
students’ work. Assessments should explore theskipteuways of knowing. “The
intersection of computational thinking concepts aodnputational thinking practices
leads to multiple ways of knowingBrennan & Resnick, 2012, p. 23).

Through Scratch, it is intended that students bellable to use programming concepts
through a visual and intuitive language, because rttanagement is performed by
placing blocks of different colors and commands,ciwhresult in a product. “The
Scratch programming system strives to help user&l botuitions about computer
programming as they create projects that engageititerests” (Maloney et al., 2010,
p. 14).

Brennan and Resnick (2012) described some basicpuational concepts that
designers tend to use when they program:



* Sequence: To create a program in Scratch, you teedhlink systematically
about the order of steps.

» lteration (looping): Forever and repeat can be usedteration (repeating a
series of instructions).

» Conditional statements: If and if-else check faoadition.

* Threads (parallel execution): Launching two stamkthe same time creates two
independent threads that execute in parallel.

« Event handling: For example, when key is pressetveimen sprite is clicked,
there are actions.

« User interface design: For example, using clickablgtes to create buttons.

* Keyboard input: Some blocks prompt users to type.

Several research studies found positive outcomé&sede to both attitudes about
computing and computer science (Lambert & Guifg@09; Lin, Yen, Yang, & Chen,

2005) and increased skills related to computati@esicepts (Baytak & Land, 2011,
Kwon, Kim, Shim, & Lee, 2012). Maya et al. (2015pae that research on teaching
practices indicated that teachers who were injtiadkeptical of implementing

computing found computer programs such as ScratchEdoys to be both valuable
(Clark et al., 2013) and accessible (Lee, 2011).

Aims

The main objective of the study is to analyze tbedfits and possibilities of coding
with a Visual Programming Language through projeatsl activities in primary
educationThe specific objectives are:

 To assess the attitudes of primary school studesgarding programming,
projects and content creation using a Visual Prognang Language.

* To analyze creation of multimedia content, digitaimpetence, and learning
processes through Learning Centered Design anagodi

« To check students’ motivation, encouragement, pezdeusefulness, and results
through Project Based Learning and programming.

« To analyze acquisition of basic computational paogming concepts in primary
education.

Method

The research process focused on an interventiong usomplementary methods,
implementing a “Design Based Research” strategydéison & Shattuck, 2012; Dede
et al., 2009). The aforementioned DBR involves ipldt collaborative iterations
(Anderson & Shattuck, 2012). In this significanteirvention, being situated in a real
educational context DBR provides a sense of vglititthe research and ensures that
the results can be effectively used to improve tac

The DBR approach is implemented in this particidatting consistently with this
methodology. This case study is approached fromednesearch methods (described in



different dimensions) and it involves multiple #&ons, collaborative partnership
between researchers and teachers, and practicatirap the educational practice. This
methodology incorporates both evaluation and ecgdianalyses.

From the detailed Design Based Research framerdbearch applies mixed and
complementary methods from quantitative and qualéadata and instruments (Figure
1). In dimension 1 a quasi-experimental desigpiad, analyzing data through t-test.

Dimension 2 is centered on two academic years dagegical practice in primary
education. So it is a case study witsuavey and structure observation as techniques. In
this context we use classic Bloom taxonomy (19563dsess the practice and a Bloom
Rubric (Fu, Wu, & Ho, 2009) to analyze learning gasses and results. In this
dimension the evaluation was based on a natucaéstluation model approach, which
is conducted with the collaboration of the partip students and teachers (Guba &
Lincoln, 1981). Therefore, suggested evaluaticamigpplied synchronized field survey,
which combines qualitative and quantitative evatmtmethods and structured
observation.

Data triangulation ensures that there is evidencsupport the validity of results and
minimize error variance (Goetz & LeCompte, 1988)eTdata triangulation of Cohen,
Manion, and Morrison (2000) was implemented usingamngitative information
collected in tests and scale.

Triangulation of data is developed from test resuih dimension 1 and the
implementation and evaluation of the scale adnmengst to 6th grade students. To
analyze the scale results, this study assumeshbategree of learning determines the
development of the knowledge process from Bloorh366) framework and rubric.

Using information provided from taxonomies (Nasstr@009), practice is designed to
harnesses the potential to understand and credltetie Scratch application, which
facilitates the work with codes and programs (ds)igo create multimedia content
(Brennan & Resnick, 2012; Maloney et al., 2010)hwén active student-centered
approach.

Independent variables are basically: grade (prinsuoiyool, ' grade) and gender.
Controlled variables related to attitudes are peeck usefulness and self-efficacy.
Learning is related to history and computationaiteats.



Design Based Research (Anderson & Shattuck, 2012)

Dimension 1: Computational concepts and Dimension 2: Learning processes and coding in
computational practices primary education
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Figure 1: Research design. Dimensions, technigueksjnstruments.
Participants

The study sample consists of 107 primary schodlesits from sixth grade in five

different schools in the Castilla-La Mancha and kthdegions in Spain. Regarding
gender, 60.7% are girls and 39.3% are boys. Respmate is 86.991% so sample
mortality is 13.008%. We also have a control gréngm one school with 32 primary

school students, which response rate is 91.428% sanaple mortality is 8.572%.

Contingency analysis (Chi square) is not detailedalse there are no significant
differences regarding gender or school. The sanmpl@ot randomized; therefore
dimension 1 is a quasi-experimental design. Dinen& analyzes the practice of the
aforementioned experimental group through two acécdgears (fifth and sixth grade

in primary school).

Program implementation

Intervention design is a key feature of the quadityl results of research projects. It is
important to document creation and implementatiaring intervention so readers of

the research can judge for themselves the posgiloifi achieving equivalent results

from the use of interventions in their own contexts

From an international perspective, these practmes related to K-12 curriculum
standards, including the Common Core State Stasdang CSTA K-12 Computer
Science Standards and ISTE NETS Common Core Statel&@ds for Mathematics
2010. In Spain, the curriculum framework is based pyimary school standards
(Spanish Ministry of Education and Culture and $oMECD, 2014) and from



important perspectives of digital competence franme#ley competences for lifelong
learning (European Parliament and Council, 2006).

Application takes place in"band &' grade in primary education over the academic
years 2013-14 and 2014-15 in 20 one-hour sessimegrated in sciences and arts with
the use of a Visual Programming Language, spetiifiesing integrated multimedia
resources with the Scratch application (Figure 2).
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Figure 2: Creative computing activities from 20022015. Source: http://edresearch.hypotheses.arg/90

session 16 learning his...

Competences in these sessions are: Mathematicgbetente, science competence,
digital competence, learning to learn, and cultw@inpetence (European Parliament
and Council, 2006). Computational concepts andtigex involved are the following
(Table 1).

Regarding the processes of construction in comipua&tpractices in the classroom, we
focus on“experimenting and iterating,” which refers to stats developing projects

step by step, trying new contents and elementslyiagp different concepts, and

revising them.

Computational Concepts Computational Practices




Sequence Experimentation and iteration
Iteration (Looping)

Conditional Statements

Threads (Parallel Execution)

Event Handling

User Interface Design

Keyboard Input

Table 1: Computational concepts and practices.cgoldrennan, Balch, & Chung, 2014.

Instruments and reliability

Through the DBR approach, we apply mixed methodsakeh using a variety of tools
and techniques in the intervention consistent whi research design. “It is perfectly
logical for researchers to select and use differmaghods, selecting them as they see
the need, applying their findings to a reality tleaboth plural and unknown” (Maxcy,
2003, p. 59).

The intervention comprises two academic years (201,32014-15) with programmed
activities. Students created their own materialedasn the project goals applying
methodological strategies described in the themakframework. Multimedia, coding,
and communications enabled several possibiliti@dyaad in this research. The present
study proposes two dimensions that address tharsdsebjectives.

The first dimension measures Visual Blocks Creative Computing Test QZB)
results through a quasi-experimental method. Catalé validity of content provided by
nine expert judges provides a value of Aiken V (8 #[n (c-1)]) greater than 0.8 in all
items. Pretest/posttest design measures compuhtmoncepts and computational
practices. Construct validity was examined by erqgiliry factor analysis, using the
criterion of extraction of eigenvalues > 1, and tmethod of varimax rotation.
Moreover, an 8.36 value of Cronbach reliabilityacceptable (Hair, Anderson, Tatham,
& Black, 1998). The aforementioned test has 40 stevith a structured and progressive
sequence. It assesses the understanding of compatatoncepts, the use of different
commands and visual blocks that allow the undedstgnof computational practices to
apply computer animations, games, and creationsdincational settings. This test
covers aspects related to computational concepts@mputational practices. Students
answer items related to sequences, loops, conditistatements, parallel execution,
coordination, event handling, and keyboard inputpeétimenting and iterating is
important to understand and answer the test’s itgittssuccess.

The second dimensioranalyzes a questionnaire that analyzes learningepses and
students’ attitudes. This kind of research is idezh to describe the individual
experience in particular environments (Creswell030 Students filled out this
guestionnaire pertaining to their perception of tlesigned scales (Table Pnother
instrument used for this dimension has been stredtsystematic observation. A
coding method based on the defined categories €T kdnd Bloom’s taxonomy (1956)
was used and it has already been explained inusgections of this paper (see Table
2). The use of structured-systematic observatiom @search method has the advantage
of accessing directly what students have experienddle they were carrying out the
activities. Thus, the application of this data eollon method throughout the whole



educational intervention ensures that data is c@te without researchers’ direct
interaction with participants.

During the conduct of structured-systematic obdemaclassifying subjects or objects
into predefined classes or categories is a ratbi@mwon activity. The reliability of this
classification process can be established by agkrogndividuals referred to as raters,
to independently perform this classification wikie tsame set of subjects or objects. By
accomplishing this task, these two individuals viilve just participated in what is
called an inter-rater reliability experiment exmetto produce two categorizations of
the same subjects or objects. The extent to whieket two categorizations coincide
represents what is often referred to as inter-raebility (Gwet, 2014).

Inter-rater reliability or concordance is the degmef agreement among raters. The
statistic used for this measurement is Cohen’s &apith the teacher (in each school)
and the researcher as raters, taking into accberarmount of agreement that could be
expected. Cohen’s kappa is one of the most commas®y statistics to test inter-rater
reliability, like most correlation statistics, tkeappa can range from -1 to +1. We get a
value regarding the relative observed agreemenngmaters. Only items with Cohen’s
kappa values over 0.60 are accepted in this rdseAtcitems under this value were
eliminated. Cohen (1960) suggested: valaésas indicating no agreement and 0.01 —
0.20 as none to slight, 0.21 — 0.40 as fair, 0.40.60 as moderate, 0.61 — 0.80 as
substantial, and 0.81 — 1.00 as almost perfeceageat (McHugh, 2012).

Methodological and data triangulation consisterihwvai DBR design provides data from
different sources, techniques, and instruments rtleroto increase validity. It is
recommended to use more than one method to enhlhecealidation process. Inter-
method and multi-method and independent measurash réhe same conclusions,
providing validity and reliability.

The survey questionnaire includes five scales. Ppdrticipants completed the

aforementioned paper questionnaire after the exyat in the classroom. Content
validity provided by nine expert judges gives aueabf Aiken V higher than 0.7 in all

items. Therefore, relevance and appropriatenesghef instrument in qualitative

validation is acceptable. Moreover, construct vglidvas examined by exploratory

factor analysis, using the criterion of extractmeigenvalues > 1, and the method of
varimax rotation. Regarding value of Cronbach telity, 7.89 is acceptable.

* The scale active learning 1 contains five questigmesent in Hiltz, Coppola,
Rotter, and Turoff (2000).

e« Scales 2, “Contents in art history,” and 3, “Congpiainal concepts and
Gamification,” are based on a study of Saez-Lopet. £(2015).

» Scale 4 for perceived usefulness consists of thuestions adapted from Davis,
Bagozzi, and Warshaw (2002).

e Scale 5 for “fun” during the learning activitiesnsists of five questions adapted
from the scale created by Laros and Steenkamp J2005

With this intervention, Scratch is integrated asrt®o academic years in the Spanish
education system in social sciences and art educaBloom’s taxonomy is considered
when assessing the first subscale criteria (Tapld'l2e degree of increased levels of
knowledge serves as a key indicator for increaseaviedge in general (Bloom, 1956).



To evaluate the learning process, the degree ofase in knowledge levels should be
measured. Learning essentially involves differeatels of knowledge. Bloom’s
taxonomy addresses the acquisition of knowledgepag®sed to information based on
memorization of the student.

Bloom (1956) highlighted a hierarchy of knowledge six categories which are
organized into levels of difficulty. The first amdost basic level is “knowledge,” which
is the data or information that one can remembke Jecond category of knowledge
should be “understood,” implying that students ustdd the meaning, translation,
interpolation, and interpretation of instructionshe third level of knowledge is
“application,” which involves the use of a concepa new situation. The fourth level is
the “analysis” that focuses on separation of cotsgptheir parts in order to understand
the organizational structure. Along with the anaBit skills, students must be able to
participate in “synthesis” by building a structurepattern from diverse elements. The
sixth and final level of knowledge is “evaluationyhich deals with the ability to make
judgments about the value of ideas or materials.

Grade

Failed Passed Acceptable Good Excellent

The question did The student relied The student set up a The student The student

not reflectany ~ completely on question and understood certain  synthesized course

deliberation on  course material provided a rational, aspects of the coursecontent and his/her

the course with no creative logical answer. material to a degree pre-existing

material. The thinking of his/her (comprehension) that he/she created aknowledge to generate

question makes own. guestion that a creative question that

no sense. (no (memorization) required deductive provided added value

learning) thinking. to the course content.
(application/ (synthesis/evaluation)
analysis)

Table 2: Rubric based on Bloom'’s taxonomy (Bloo®6@). Source: Fu et al., 2009, p. 561.

Results
Dimension 1: Computational concepts and computatical practices

Dimension 1 is centered on the application of asgaaperimental design, analyzing
data through a student t-test with a paired santpkis We have applied Visual Blocks
Creative Computing Test (VBCCT) with a pretest podttest design, which allowed us
to ascertain whether there were significant impnosets before and after the
implementation of the project. Normality is assumdue to sample size and the
Kolmogorov-Smirnov test. The significance leve) is 0.01.

From the results of the student t-test adminisiered¢an be stated that there are
significant improvements in the results of the afoentioned test, so the implemented
program improves the ability of students to undardtprogramming concepts and logic
and create multimedia products related to curritubontents.

Std Std. Upper Lower
Mean Deviat.ion Error o o t df Sig
Mean  =99%  =99%

POSTT_(VBCCT)
- 22121  5.399 522 -23.490 -20.753 -42.386 106  .000
PRETT (VBCCT)

Table 3: Paired differences. Student t-test.



Pre-t-test values are obtained from conventionattares before integrating coding in
educational contexts (mean is 7.95). Moreover, eslobtained in the post-t-test give
data obtained after the application of the intetioen (mean is 30.07), emphasizing
statistically significant differences (p<0.001) atsignificance level of 99% between
paired samples (Table 3). The values in the Vi&latks Creative Computing Test
(VBCCT) stressed the importance of an educatioredigth that includes Visual
Programming Language to understand the elementgimf mathematics, and content
creation, providing improvements as highlightedhis analysis.

Moreover, we compare the independent post-tespertdent samples, the experimental
group (mean is 30.07), and the control group (med®.28). We apply Levene’s Test
for equality of variances (Table 4). We obtain dueaof 0.008 so equal variances are
assumed at a significance levet(0.01). There are statistically significant difaces
(p<0.001) at a significance level of 99% betweentia group and experimental group.

Levene’s Test for t-test for Equality of Means

Equality of
Variances
. Sig. (2- Mean Std. Error
F Sig. t df tailed) difference Difference
POSTT_(VBCCT)
Equal variances 7.238 0.008 23.433 137 0.000 19.794 0.845

assumed
Table 4: Independent samples. Experimental grodpcantrol group. Student t-test.

Dimension 2: Learning processes and coding in printg education

This dimension highlights the case study which yred recollected data from the
mentioned scales and structured observation thrawghacademic years in primary
education (Table 5).

Classic Bloom’s taxonomy (1956) is addressed asmdwork to assess the practice
using a Bloom Rubric (Fu et al., 2009) to analyzaring processes and results. In this
dimension the evaluation was based on a natucaéstaluation model approach, which
is conducted with the collaboration of the par@eip students and teachers (Guba &
Lincoln, 1981). Therefore, the suggested evaluatsoan applied synchronized field
survey, which combines qualitative and quantitagvaluation methods and structured
observation.

Data triangulation enablesalidity of results and minimizes error variancelén et al.,
2000; Goetz & LeCompte, 1988). Different techniquesl instruments highlighted
similar results in several categories.

Question- Structured
naire Observation
Scales Items M X M X
1. Learned many factual materials 334 3.46
2. Improved ability to communicate clearly 3'38 3'43
1. Active learning 3. Became more interested in the subject 4'20 3.93 4'11 3.72
4. Participated actively 4'45 4'07

5. Assignments aided the student’s learning 431 354




1. Understood artistic elements in paintings 360 354
2. Contents in art 2. Learned biographical and historical contentSpdinish painters 3'70 3'39
histo 3. Increased cultural and artistic competence ttersiand paintings 3'52 3.69 3'50 3.45
ry 4. Improved the ability to understand artistic egsions from different eras 3'50 3'41
5. Analyzed historical and artistic content in pizigs 114 441
1. Understood sequences with combined charactckgbounds, and elements
! . . . 4.67 4.48
2. Included loops in programming to allow a propeidtimedia product 464 4.46
3. Computational 3. Added parallelism and events that allow thetaaaf interface ' '
. . 437 442 435 4.27
concepts 4. Improved ability to share and play with the emtcreated
. - . 431 4.46
5. Acquired the ability to communicate and exptessugh the content created 393 341
6. Increased fun to learn art history with games @ammations ' ’
4.61 4.46
4. Perceived 1. The courseware increased the efficiency of rayniieg process 4.06 4.72
uéefulness 2. The courseware helped improve my learning peréoice 496 455 452 4.63
3. The courseware was useful 4.65 4.67
1. I was happy 4.74 4.80
2. | enjoyed the activity 4.65 4.87
5. Enjoyment 3. I was enthusiastic 460 464 480 481
5. | felt motivated 4.79 4.76
6. | was relaxed and comfortable 4.53 4.85

Table 5: Dimension 2 scales. Values in questioenaid structured observation.

Results obtained in the scale 1 “active learninghf the questionnaire and structured
observation show values higher than 4 relateddartterest of the subject and students’
active participation in these processes (1.3 adjl. Toncerning learning of factual
materials and the ability to communicate clearhe values are somewhat lower than
3.5 (1.1 and 1.2). These are positive values layt #ne somewhat lower than the factors
mentioned above.

The questionnaire and the observation techniquegcke to some extent in item 1.5
which emphasizes assignments that aided the stadeatning. Although both values
are positive, they are considerably higher from thexspective of the students’
guestionnaire.

In short, in scale 1, which refers to active leagniwe got values close to 4, so the
obtained values in this scale are considerably.high

Regarding art and history contents, in scale 2ueslare over 3 concerning
understanding of artistic elements in paintinggglkaphical and historical contents,
cultural and artistic competence, and the abildyunderstand artistic expressions.
Therefore depending on the category, students apabte of understanding the
concepts (Bloom, 1956). The analysis of historiaatl artistic content gets higher
values when integrating to multimedia content. Reéigg contents related to art and
history mean is around 3.65 from questionnaireasirvation data.

Regarding computational concepts, there are vabigiger than 4 related to working
with sequences, loops, parallelism, events, sharamgl fun when creating these
products. There is a high correlation between atitered instruments. Concerning
communication (item 1.5) with created content, Wadue is somewhat below 4, and
even lower when analyzed by observation techniguglj.



For perceived usefulness, detailed in scale 4etaey values above 4 in all items, so the
efficiency, utility, and improvement in the leargimprocess are clearly reflected and
detailed with these values with both instruments.

Scale 5 named fun obtained very high values, hitjinem 4 and almost 5 in all items.
Therefore the students are enthusiastic, motivaedaxed, and happy to work with the
approach proposed in the intervention.

5
=
4.5 /2’
4 \/
3.5 -
c
] 3
=
2.5
2
1.5
1
1 Active 2 Art-history 3 Coding 4 Usefulness 5 Fun
=¢—Questionnaire 3.936 3.692 4.421 4.55 4.643
Observation 3.722 3.45 4.27 4.63 4.81

Figure 5: Values in scales. Questionnaire and stred observation.

Similar results are obtained from the applicatidntiee questionnaire and structured
observation. Values of all scales are positivehwiarticularly high values in regard to
fun, utility, and computational concepts (Figure 5)

Conclusions

In a case study with 107 primary school studentsking in art and social sciences with
a Visual Programming Language (Scratch), we havsemied benefits of using

programming in an educational context besides thgramming knowledge. We detail

the implementation of creative computing as anrugetion over two years, describing
evidence and results from different instrumentser&€hare positive values obtained
mainly from factors such as active learning, artl &istory contents, computational
concepts, useful, and fun. From data analysisésisarch concludes:

1. An active pedagogical approach using a Visual Rmogning Language
significantly improves several elements: learnimggoamming concepts, logic,
and computational practices (Dimension 1, studéestt VBCCT).

2. Students and observers point out that working wishial programming through
projects provides fun, motivation, enthusiasm, emehmitment from the student
(scale 5).



3. Perceived usefulness in these practices (scaladijhe computational concepts
addressed (scale 3) obtained considerably highsidtsewith average values
greater than 4.5. Therefore, the descriptive armalysmkes clear the utility and
the possibility of learning sequences, loops, perain, and events, and sharing
content (items 3.1, 3.2, 3.3, and 3.4). Fun (iter®) &and communicative
possibilities (item 3.5) are present in this edwret process.

4. Project Based Learning carried out in the intemaentenables an active
approach (scale 1). This factor obtained valuesratal, so active learning is
essential and important in this process. The aapmoach gets positive results
and stands out through a teaching methodology hten the student to
develop projects and creations.

5. With regard to art and history contents (scaler@3ults are a little bit higher
than 3; therefore, according to the proposed cayegstudents achieve an
understanding and comprehension of the aforemesdioconcepts that is
consistent with Bloom’s classical taxonomy (1956).

The values obtained in the study show statisticalgnificant improvements in the
understanding of computational concepts and cortipas practices in this
educational stage, which suggests recommendinghé¢oetiucational authorities to
implement programming in educational settings ih @nd 6th grade in primary
education. Students are prepared to address cotiomalapractices and create their
own content related to curricular areas (in respdosthe second research aim of this
study). Consistent with the intervention in thisearch a cross-implementation in all
areas is recommended, especially in social sciemugarts, given the characteristics of
the visual content presented by these areas wimables creating colorful, dynamic,
and motivating projects from an active perspectiMeese insights answer the research
aim related to analyzing the acquisition of basimputational programming concepts
in primary education.

Motivation, fun, commitment, and enthusiasm of stedents through this pedagogical
approach are reflected in the analysis of res@tadents are totally in favor of this
pedagogical design, highlighting usefulness andvectearning provided by this

approach. Therefore, students’ attitudes and mmdivgthe first and third aim of this

study) are considerably high and positive in thesetexts when integrating projects
and visual programming.

In short, the importance of an educational deskgat tncludes Visual Programming

Language programming to understand the elemernitsgaf, mathematics, and content
creation in art and history, brings significant nmoyements, as this research
demonstrates. Understanding of computational cdacaptive approach, Project Based
Learning, usefulness, motivation, and commitmenteuime the importance and

effectiveness of implementing visual programmingnir active methodologies in

primary education.
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Visual Programming Languages integrated across theurriculum in elementary
school: A two year case study using “Scratch” in fie schools

Highlights

«  We analyze the use of “Scratch” through statistical inference and case study.
e Pretest/posttest design (99%) Active approach and Computational Concepts.
« Active Learning, contents in art and History, usefulness and fun.

« Possibility of learning sequences, loops, parallelism and events.

« Project Based Learning enables an active approach, obtaining high values.



