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Abstract. Software is usually considered enabler for innovation in education. Thus, it is necessary
to investigate: What leads to innovation in education and which, therefore, should be considered in
the development of educational software? How to support decision-making for choosing software
to be used in teaching and learning? How to evaluate software that enables, transforms, or supports
innovation in education? In order to answer these questions, a research work was conducted that
resulted in an approach called DEISE, which is concerned with drivers that lead to innovation in
education and indicators that measure the fostering of software to skills need to students for 21st
century learning. Through a web system developed for technological support to the DEISE ap-
proach, a set of educational software was evaluated by educators and the results show the index
of innovation in education for each evaluated software and a comparison between educational
software of similar purpose.

Keywords: innovation in education, 21st century skill, driver of innovation, indicator of innova-
tion, educational software.

1. Introduction

Factors such as globalization, new technologies, migration, international competition,
ever-changing markets, and environmental and political challenges are motivating a new
educational model that is better suited to the challenges of the 21st century (Luna Scott,
2015a). Among the main problems pointed out by experts is that students are not being
equipped with the skills necessary for a satisfactory and productive personal and pro-
fessional life (Luna Scott, 2015a). For example, learning to learn is a skill that leads to
lifelong continuing education.

According to World Economic Forum report (Partovi, 2018), we are facing the chal-
lenge of redefining elementary education to keep up with the skills evolution students
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need to solve, innovate and succeed. Students need to improve skills and learning as a
matter of urgency to address persistent global challenges (Saavedra & Opfer, 2012). The
introduction of new content in the elementary school curriculum, such as concepts of
computer science and computational thinking, aims primarily to stimulate student skills
such as creativity, problem solving, ethics and collaboration (Partovi, 2018).

To bring about the changes required in the educational model, we must innovate. In-
novation is considered a key element in the knowledge-based economy and fundamental
to the continuous improvement of education and the enhancement of learning outcomes,
equity, cost efficiency and student satisfaction (Looney, 2009). Innovation in educa-
tion manifests itself through processes and products that significantly improve teaching
and learning as well as facilitate student development. Digital technologies, especially
software products, are tools that if properly used can enable, transform, or support in-
novation in education.

Support by software products to the teaching and learning process is already a reality
in many educational institutions, providing a virtual extension of the classroom in which
students can learn at their own pace and provides an alignment of education with the new
generation of students fluent in technology. However, the offer of educational software
is quite extensive and larger than the demand. A question that then arises is how to make
the decision to select software to support the teaching and learning?

According to UNESCO report (Luna Scott, 2015b), innovation in education is strong-
ly related to providing students with 21st century skills which consist of a combination of
critical thinking, autonomy, creativity, collaboration and communication. However, the
ability to measure innovation is essential to an education improvement strategy (OECD,
2014). On the other hand, evaluation is vital to the innovation process (Looney, 2009).
Those implementing innovative projects need to evaluate their effectiveness and make
the necessary adaptations. Evidence of the impacts of new approaches is also essential
for successful dissemination.

Software products, considered as differentials to improve teaching and learning and
for student development, need to be evaluated against indicators that measure innovation
in education. Indicators can be defined as measures used to describe and analyze actual
situation, assess the achievement of objectives and goals and its changes over time, and
predict trends.

However, educational software assessment approaches generally address only issues
of interest of any kind of software, such as human-computer interaction and usability, as
well as other software quality requirements such as performance, portability, and main-
tainability. In this way, another question arises: How do we measure educational soft-
ware as enabler of skills needed to the students for 21st century learning and working?

Evaluation by indicators serves to measure the innovation of educational software
already developed. However, in the case of developing new educational software, it is
also necessary to identify which factors, if satisfied, contribute to achieving innovation
in education. Such factors are called innovation drivers. Driver is therefore a factor that
“leads to” or “bridges” innovation. Thus, the last question that motivates the develop-
ment of this work is: What factors should be considered in the educational software
development process, which are drivers for innovation in education?
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This paper then presents the development of an approach called DEISE (acronym
in Portuguese language to Determinantes e Indicadores para Softwares Educacionais)
which specifies: drivers used as guideline to educational software development and in-
dicators used to measure educational software as enabler of skills needed to the students
for 21st century learning and working. In addition, a web-based system was developed
for technological support to the DEISE approach. Through web system developed a set
of educational software was evaluated from specified indicators.

In addition to this introductory section, this paper is structured into the following
sections: Theoretical background; Specification of the DEISE approach; Results and
Discussion.

2. Theoretical Background

According to OECD (2010), innovation in education involves dynamic change that adds
value to the educational process and results in measurable results, whether in terms
of stakeholder satisfaction or student performance. For Fullan (2007), educational in-
novations must contain at least three elements: (1) the possible use of new or revised
materials (instructional resources such as curriculum materials or technologies); (2) the
possible use of new teaching approaches (i.e. new teaching strategies or activities); and
(3) the possible change in beliefs (e.g. pedagogical assumptions and theories underlying
new specific policies or programs).

The OECD (2017) proposes an innovative learning structure, called 7 + 3”, consist-
ing of seven principles for learning environments and three fundamental dimensions for
innovation in education. The principles for learning environments are: (1) to recognize
students as key participants, encouraging their active engagement and developing their
understanding of own activity as learners; (2) be based on the social nature of learning,
actively encouraging well-organized cooperative learning; (3) teaching professionals
should be highly attuned to student motivations and the fundamental role of emotions in
performing tasks; (4) accommodate individual differences between students; (5) demand
hard and challenging work from students, but without excessive burden; (6) operate with
clear expectations and implement assessment strategies consistent with those expecta-
tions, providing formative feedback to support learning; and (7) promote connection
with other areas of knowledge and subjects.

The dimensions of innovation in education are: (1) to innovate the pedagogical core
of the learning environment, either in the main elements (students, educators, learning
content and resources) or in the dynamics that connect them (pedagogy and formative
assessment, use of time and organization of educators and apprentices); (2) know the
outcome and monitor the level of learning achieved by different teaching strategies and
innovations; and (3) work with different media such as families and communities, higher
education, cultural institutions, media, business, and especially other schools and learn-
ing environments, to directly shape the pedagogical core and learning leadership.

Rethinking pedagogy is a central activity for innovation in education. Pedagogy is
the set of teaching and learning practices that shape the interaction between teachers and
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students. Pedagogy provides teachers with decision-making possibilities on how they
teach and may appropriate the use of digital technology as a complement rather than as
a substitute for teaching (Peterson et al., 2018).

Among pedagogical approaches that represent alternatives to the traditional teaching
and learning are: Game-based learning (Oblinger, 2004) — provides immediate feedback,
allowing students to test hypotheses and learn from their actions within the game, and
enable self-assessment through scoring mechanisms and range of different difficulty
levels; Flipped classroom (Bergmann & Sams, 2016) — instructional content is provided
in advance, and during class, students seek to apply theoretical knowledge in interactive
group learning and / or problem-solving activities with teacher guidance; and Problem-
Based Learning (PBL) (Berbel, 1998; Prince, 2004). — encourages active student partici-
pation in the search of knowledge, encourages group work to identify what needs to be
learned to solve a particular problem.

Traditional pedagogy emphasizes the memorization or application of simple proce-
dures that do not promote in the students skills such as critical thinking and autonomy
(Luna Scott, 2015a). Students need to engage in learning that has genuine relevance to
them personally and to the communities in which they are inserted. Real-world experi-
ences coupled with engagement and collaboration provide opportunities for students to
build and organize knowledge, engage in research, investigation, writing and analysis,
and communicate effectively. The collaborative process makes students consider new
uses for knowledge (apud Darling-Hammond et al., 2015).

UNESCO has produced a report (Luna Scott, 2015a) that compiles several studies,
such as the P21 framework (P21, 2011) and Delors report (Delors, 1996), which de-
fine the so-called skills required for students for 21st century learning. Skill is a devel-
oped aptitude or ability to use one’s knowledge effectively and readily in execution or
performance (Merriam-Webster, 2016). Some these 21st century skills can be fostered
through educational software such as:

e Autonomy — Student’s ability learning how to learn, set his/her learning goals,
plan and monitor learning, produce new knowledge without the formal aid of an
educator. Educational software can act as a kind of virtual tutor, guiding the stu-
dent on a learning path.

e Adaptability — Students’ ability to adapt to different forms of teaching and learn-
ing and to apply knowledge in different ways to solve problems. Educational
software can support different learning paradigms, such as flipped classroom,
PBL, etc.

e Analytical thinking — Students’ ability to analyze information and use logic to
address problems. Educational software can enable different ways or strategies to
solve a problem.

e Collaboration — Students’ ability to interact effectively with other students, par-
ticipate in a collective process to accomplish a task (teamwork) and share knowl-
edge. Educational software can assist in the development of collaborative activi-
ties, such as shared writing of a document online.

e Communication — Students’ ability to communicate with others or to communi-
cate understanding of knowledge acquired. Educational software can enable syn-



Drivers and Indicators of Innovation to Educational Software 5

chronous and asynchronous communication between students, as well as provide
visual means for demonstrating learned content.

e Creativity — Students’ ability to question the status quo and articulate different
ideas to address a problem and then choose the one that best fits the context. Edu-
cational software can assist creative activities, such as storytelling, digital proto-
typing, visual mapping, etc.

e Critical thinking — Students’ ability to access, analyze and synthesize informa-
tion needed to compare evidence, evaluate competing alternatives and make re-
sponsible decisions. Educational software can provide feedback about different
solution alternatives.

o Knowledge transformation — Students’ ability to make diverse transformations
between tacit and explicit knowledge. Educational software can allow different
pieces of knowledge be combined into a new form of knowledge.

3. Specification of the DEISE Approach

The 21st century skills are related to emerging development models (Ananiadou &
Claro, 2009). An education system aligned with today’s demands must be concerned
that students acquire these skills which are considered essential for his/her personal
and professional life. The DEISE approach aims to contribute to innovation in educa-
tion by providing a strategy to drive development and to evaluate educational software
from the perspective of fostering the skills needed to the students for 21st century
learning.

3.1. Conceptual Model

Fig. 1 illustrates the Conceptual Model which provides an overview of the concepts,
and their relationships, that guided the development of the DEISE approach. The DEISE
approach is based primarily on drivers and indicators of innovation in education. Con-
ceptually, drivers lead to innovation in education, while indicators measure innovation
in education. The drivers are technical and pedagogical factors that can be considered
during the educational software development process to direct and increase the chance
of success in the pursuit of innovation in education. Indicators are factors that assess
whether educational software fosters students’ 21st century learning skills, which are
among the key goals of innovation in education.

The DEISE approach aims to support the educational software development and
evaluation. This strategy was implemented through a web-based system. The possible
users of the developed web-based system are: educational software industry; educational
institutions; educators; and education experts.

Education experts are professionals who have experience using software products
to assist the teaching process. They can use the web-based system to evaluate such
educational software by their level of compliance with specified indicators. The edu-
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Fig. 1. DEISE Approach Conceptual Model.

cation software industry comprises individual developers and development companies
who can use the web-based system to: consult the set of drivers as a checklist to guide
the software development process; and consult the level of innovation of the devel-
oped educational software, calculated from the assessments made by the education
experts. Educational institutions and educators can use the web-based system to assist
with decision-making about selecting educational software to provide students with
specific learning skills based on innovation indicators according to education expert
assessments.

3.2. Drivers of Innovation

The drives of innovation serve as guideline to educational software development and are
grouped into two categories: technical, related to computational processing and other
technological issues; and pedagogical, related to teaching and learning practices.

In the DEISE approach, drivers of innovation were identified from a systematic
literature review mapping. (Barbosa & Souza, 2018) and from analysis of technical
reference documents in education produced by the Organization for Economic Coop-
eration and Development — OECD (OECD, 2014; Pena-Lopez, 2017). Table 1 shows
the identification and description of the drivers of innovation, as well as their source
and category.

The OECD is an international organization aimed at fostering discussion and shar-
ing of experiences between governments on the economy and social welfare, as well
as seeking solutions to common problems, including those in the area of education.
(http://www.oecd.org/education).
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Table 1

Drivers of Innovation

Driver:

Description:

Source:
Category:

Driver:

Description:

Source:
Category:

Driver:

Description:

Source:
Category:

Driver:

Description:

Source:
Category:

Driver:

Description:

Source:
Category:

Driver:

Description:

Source:
Category:

Driver:

Description:

Source:
Category:

Driver:

Description:

Source:
Category:

Driver:

Description:

Source:
Category:

Driver:

Description:

Source:
Category:

Driver:

Description:

Source:
Category:

Computational processing capacity.

The educational software works properly on machines (e.g. microcomputers, mobile devices,
etc.) with basic computational processing configuration.

(Valiente, 2010)

Technical

Active teacher participation in the educational software development process.

Teachers participate from the conception (idea and requirements) to the functional tests
(evaluation and verification) of the educational software.

(Valiente, 2010)

Technical

Educational software maintainability.

Easy, accurate and economical educational software maintenance.
(OECD, 2017)

Technical

Teacher proficiency in using the educational software.

Teacher training level to use the educational software in teaching activities.

(Avvisati, Hennessy, Kozma, & Vincent-Lancrin, 2013; OECD, 2017; Valiente, 2010)
Technical

Educational software availability.

Educational software availability for use (anywhere and anytime) by students and teachers.
(Istance & Kools, 2013)

Technical

Trial and evaluated educational software before distribution.

Students, teachers, and education experts experiment and evaluate a beta version of the
educational software to provide improvement suggestions for the final version.

(Valiente, 2010)

Technical

Feedback on student performance.

Feedback on student performance in learning activities conducted through the educational
software.

(OECD, 2017, Valiente, 2010; Veraszto, do Amaral, & Barreto, 2013)

Pedagogical

Challenging environment and student reward.

Educational software provides different levels of difficulty to perform tasks and provides rewards
according to student performance and involvement.

(Booyens, Molotja, & Phiri, 2013; Hosie, Schibeci, & Backhaus, 2005; Istance & Kools, 2013)
Pedagogical

Parent participation in the student learning process.

Educational software enables parents to actively participate in the student learning process (e.g.,
requesting specific assignments, providing rewards, tracking performance, etc.).

(OECD, 2017)

Pedagogical

Integration of educational software into teaching planning.

Level of integration of the educational software with the academic activities provided for in the
teaching planning (e.g., compulsory use of the educational software to perform academic tasks).
(Hosie et al., 2005; Istance & Kools, 2013; Valiente, 2010)

Pedagogical

Educational software provides teacher with formative student assessment.

Educational software allows assessment and monitoring of individualized student performance.
(Istance & Kools, 2013)

Pedagogical
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3.3. Indicators of Innovation

Indicator of innovation is used to measure and monitor innovative performance, the ca-
pacity to innovate and setting guidelines. In the DEISE approach, indicators of innova-
tion are aligned with one of the key-goal education which consists in to enable students
with skills needed for 21st century learning and working, as reported by OECD (Ana-
niadou & Claro, 2009) and UNESCO (Luna Scott, 2015a). Table 2 presents the iden-
tification, description and skill-related of the indicators of innovation specified well as
example of educational software that can be used to foster this skill.

Table 2

Indicators of Innovation

Indicator:

Description:

Skill:
Example:

Indicator:

Description:

Skill:
Example:

Indicator:

Description:

Skill:
Example:

Indicator:

Description:

Skill:
Example:

Indicator:

Description:

Skill:
Example:

Indicator:

Description:

Skill:
Example:

101. Educational software as enabler to self-managed learning.

Enable the student self-learning, set his/her own learning goals, plan and monitor his/her own
learning, evaluate his/her own progress.

Autonomy.

MinecraftEdu (education.minecraft.net) provides instructions and means for the student to chart
and develop his/her own learning strategy.

102. Educational software as enabler to different learning styles and paradigms.

Enable the student self to adapt to different forms of learning, such as active learning,
gamification, etc.

Adaptability.

Khan Academy (khanacademy.org) can be used as an extension of the traditional classroom for
e-learning and flipped classroom.

103. Educational software as enabler to personalized learning.

Enable the student learning at his/her own pace and proficiency level.

Autonomy and adaptability.

Symbaloo (symbaloo.com) allows the availability of different learning paths for the student to
choose from which is most appropriate for his/her pace and level of knowledge.

104. Educational software as enabler to teamwork.

Enable individual contribution of the student in a collective effort to accomplish a task.
Collaboration.

Google Docs (google.com/docs) enables collaborative making of online documents, spreadsheets,
and presentations where a student can contribute, and changes made can be viewed by the group
in real time.

105. Educational software as enabler to peer learning.

Enable the student to share knowledge and learn by teaching.

Communication and collaboration.

Stack Overflow (stackoverflow.com) is an online community of practice in which software
development learners share knowledge and teach how to solve problems of collective interest.

106. Educational software as enabler to communication between individuals.

Enable the student to interact and exchange information synchronously (e.g. chat, video
conference, etc.) and asynchronous (e.g. discussion forum, e-mail, etc.).

Communication.

Google Classroom (classroom.google.com) provides an environment where students can
communicate with each other or with the mediator in different ways, such as group conversations,
direct messages, discussion boards, etc.

Continued on next page
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Table 2 — continued from previous page

Indicator: 107. Educational software as enabler to creative demonstration of learning.

Description: Enable the student to demonstrate acquired and internalized knowledge from creative way (e.g.
telling a story).

Skill: Creativity and communication.

Example: ClassDojo (www.classdojo.com) allows students to share academic activities outcomes of
different ways, such as drawings, photos, videos and notes.

Indicator: 108. Educational software as enabler to problem solving.

Description: Enable the student to use divergent thinking to meet different alternatives/ideas for solving a
problem and then use convergent thinking to make the best choice from alternatives/ideas met.

Skill: Collaboration, creativity, analytical thinking and critical thinking.

Example: Lightbot (lightbot.com) is a game that allows the students to develop different programming
logic to reach the goal and then choose the most efficient one.

Indicator: 109. Educational software as enabler to knowledge transformation.

Description: Enable the student to externalize (make explicit) knowledge acquired or recombine (synthesize)
different pieces of knowledge in a new form.

Skill: Communication, knowledge transformation and analytical thinking.

Example: MindMeister (mindmeister.com) is a graphical tool that allows students to synthesize the
knowledge acquired at different levels of abstraction through a Mind Map.

3.4. Development of the Web-Based System

The web-based system was developed to support DEISE approach. The Laravel frame-
work (www.laravel.com), based on programming language PHP, was used to web-
based system development. The Laravel framework provides dependencies manage-
ment, integration with diverse databases, as well as utilities and components to allow
modular development of a web-based system.

The design pattern MVC (Model-View-Controller) (Verma, 2014) extended with
layer Route (Coleman, 2016) was used to drive logical architecture of the web-based
system developed. The design pattern MVC aims to separate data presentation from ma-
nipulation of this data by system business rules (Sommerville, 2011). The layer Route is
responsible for managing the various predefined Uniform Resource Locator (URL) that
can be requested by the user through a browser. From the user’s request, a specific route
is triggered to control calls to the elements of the other layers so that the appropriate data
be presented to users through a web page.

Fig. 2 shows a UML Sequence Diagram for educational software evaluation sce-
nario through interaction between logical view classes from user request to gauge chart
returned which presents innovation index of the educational software evaluated.

The web-based system to support DEISE approach can be accessed through URL
www.abordagemdeise.com/en. Fig. 3 presents user interface (UI) of the web-based sys-
tem which show indicators of innovation. Fig. 4 presents Ul to evaluate educational
software from indicators of innovation. First, a user selects educational software (for
example, MOODLE) and then, for each indicator, he/she assigns one of the following
values: 1 (no meet); 2 (don’t know); 3 (partially meet); 4 (fully meet).
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Educational Software Moodle v

[101] Educational software as enabler to self-managed learning
No meet 1 2 3 o4 Fully meet

[102] Educational software as enabler to different learning styles and paradigms

No meet 1 2 ®3 - Fully meet

[103] Educational software as enabler to personalized learning
No meet 1 2 3 w4 Fully meet

[104] Educational software as enabler to teamwork

No meet 1 2 3 o4 Fully meet

[105] Educational software as enabler to peer learning
No meet 1 2 ® 3 4 Fully meet

[106] Educational software as enabler to communication between individuals
No meet 1 2 3 ©4 Fully meet

[107] Educational software as enabler to creative demonstration of learning

No meet 1 2 ®3 - Fully meet

[108] Educational software as enabler to problem solving
No meet 1 2 3 = 4 Fully meet

[109] Educational software as enabler to knowledge transformation
No meet 1 ®2 3 - Fully meet

Fig. 4. User interface of the educational software evaluation.

3.5. Evaluation of Educational Software

The evaluation of educational software was a stage in the DEISE approach development
process. Fig. 5 shows the workflow, using the BPMN notation (OMG & Notation, 2008),
carried out to evaluate educational software. A workflow represents the sequence of ac-
tivities (steps) performed over a period to achieve a goal or work.

There are two roles responsible for carrying out the activities, grouped by different
swimlanes: (1) Author (of the work), responsible for the planning and preparation of
the environment for the educational software evaluation, as well as for analysing the re-
sults of the evaluations and adjusting the web-based system developed from evaluators’
feedback; and (2) Evaluator, responsible for evaluation from one or more educational
software through web-based system, as well as providing (optionally) feedback on the
evaluation made.



—
N

R. Barbosa, R. Souza

Adjust web-based
system from
feedback

: : Analyze data from

educational
software
evaluation

Define educational
software for
evaluation

Register
evaluators in the
web-based system

Author

O

Provide feedback
on educational
software
evaluation

Evaluate
educational
software through
web-based system

Evaluation of educational software through the DEISE approach
Evaluator

Fig. 5. Workflow for evaluation of educational software.

The definition of the educational software to be evaluated was based on a survey
whose participants were educators with experience in using educational software in the
teaching process. The educational software most cited for they were: Scratch (Resnick
et al., 2009); App Inventor (Wolber, Abelson, Spertus, & Looney, 2011); MOODLE
(Moodle, 2018); Google Classroom (Iftakhar, 2016); Google Suite (Kakoulli-Constanti-
nou, 2018); and Lightbot (Kazandzhy, 2017).

The evaluators are teachers of different grade level with classroom experience in us-
ing at least one of the defined educational software for evaluation. The evaluators (29 in
total) were registered in the web-based system. The author sent for evaluators an e-mail
contained respective access credentials and general instructions for educational software
evaluation. Only 19 evaluators performed at least one educational software evaluation
through web-based system of the DEISE approach. The amount of evaluation per edu-
cational software was: Scratch — 16; MOODLE — 07; Google Suite — 07; App Inven-
tor — 05; Google Classroom — 03; and Lightbot — 02.

Some evaluators provided feedback on educational software evaluation through web-
based system of the DEISE approach. From evaluators’ feedback, the author has made
the following adjustments to the web-based system usability: changed the colours of the
gauge chart showing the innovation index to education for evaluated educational soft-
ware; on the educational software evaluation user interface, added a hyperlink to web
page which presents the set of indicators of innovation; and on the drivers of innovation
web page, inserted caption to differentiate technical and pedagogical drivers.

The last activity performed consisted of analyze data from educational software eval-
uation. The results will be presented in next section.

4. Results

As previously described (Section 3.4), an educational software evaluation through web-
based system of the DEISE approach (Fig. 3) consists of to assign a score from 1 to 4 for
each indicator of innovation (Table 2). The assigned score (AS) can be: 1 — educational
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software doesn’t meet the indicator; 2 — evaluator doesn’t know whether educational
software meets the indicator; 3 — educational software partially meets the indicator; or
4 — educational software fully meets the indicator.

For assigned score (AS) is associated an assigned value (AV) as following: [fAS =1
or 2 then AV = 0; If AS = 3 then AV = 0.5; If AS = 4 then AV = 1. The Innovation Index
to Education (I2E) is average of the assigned values (AV). For example, educational
software MOODLE was evaluated by seven evaluators. Table 3 presents the assigned
score (AS) for each indicator from 101 to 109, informed by each evaluator (EV) from
EV1 to EV7, and respective assigned value (AV). The Innovation Index to Education
(I2E) is presented by indicator and for the educational software in the last two rows of
the Table 3, respectively. I2E per indicator is average of the AV. I2E for educational soft-
ware is average of the I2E per indicator. The educational software MOODLE obtained
the following I2E per indicator on a scale from 0 to 1:

e ]01. Educational software as enabler to self-managed learning: 0.86 (86%)

e [02. Educational software as enabler to different learning styles and paradigms:

0.71 (71%);

103. Educational software as enabler to personalized learning: 0.71 (71%);

104. Educational software as enabler to teamwork: 0.79 (79%);

105. Educational software as enabler to peer learning: 0.64 (64%);

106. Educational software as enabler to communication between individuals: 0.86

(86%);

e [07. Educational software as enabler to creative demonstration of learning: 0.57
(57%);

e ]08. Educational software as enabler to problem solving: 0.64 (64%);

e 109. Educational software as enabler to knowledge transformation: 0.71 (71%).

The educational software MOODLE was better evaluated in the indicators 101 and
106 and worst evaluated in the indicator [07. In general, educational software MOODLE

Table 3
MOODLE Software Evaluation Data

Ind. [I01] [102] [103]  [104] [105] [106] [107] [108] [109]
EV AV AS AV AS AV AS AV AS AV AS AV AS AV AS AV AS AV AS

EV1 4 1 305 2 0 2 0 3 05 3 05 3 05 3 05 3 05
EV2 4 1 3 05 4 1 4 1 4 1 4 1 4 1 4 1 3 05
EV3 1 0 3 05 3 05 3 05 3 05 3 05 1 0 1 0 3 05
EV4 4 1 4 1 4 1 4 1 4 1 4 1 4 1 4 1 4 1
EV5 4 1 4 1 4 1 4 1 3 05 4 1 2 0 3 05 4 1
EV6 4 1 4 1 4 1 4 1 4 1 4 1 4 1 4 1 4 1
EV7 4 1 3 05 3 05 4 1 2 0 4 1 3 05 3 05 3 05
I2E by 0.86 0.71 0.71 0.79 0.64 0.86 0.57 0.64 0.71
indicator 86% 1% 1% 79% 64% 86% 57% 64% 1%
12E for

Educational Software  0.72 (72%)
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Fig. 6. Gauge chart for 12E of the educational software MOODLE.

obtained I2E 0.72 (72%). Fig. 6 shows I2E to educational software MOODLE in gauge
chart format, as presented in the web-based system of the DEISE approach.

Educational software of similar purpose can be compared from evaluation carried
out by educators (evaluators) through web-based system of the DEISE approach. For
example, Scratch and App Inventor are educational software whose purpose is the pro-
gramming learning through blocks connected to each other like a puzzle, rather than
command lines, which makes it more intuitive for the student to think about the algo-
rithm and minimizes the syntactic complexity of programming language.

Fig. 7 presents in radar chart format the Innovation Index to Education (I2E) per in-
dicator (from 101 to 109) of the educational software Scratch and App Inventor. Looking

o1

Average

0.80 [102]

)] [103]

[I08] [104]

[1o7] [105]

[1os]

m——Soratch  =——App Inventor

Fig. 7. Radar chart comparative between Scratch and App Inventor.
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at Fig. 7, it’s possible to see that both value curves has similar format, but Scratch value
curve is better than App Inventor value curve. Value curve is drawing by link between
the points on the radar chart that represent the 12E value per indicator (from 101 to 109).
Value curve paints a picture of the level how educational software enables students with
some skills needed for 21st century learning and working.

6. Discussion

From academic point of view, the DEISE approach contributes to the area of innovation
in education by presenting a new and differentiated means of evaluating educational
software based on enabling students with skills needed for 21st century learning rather
than focusing on technical aspects. From technical point of view, the DEISE approach
can be used: by educators to evaluate educational software so that the repository of
evaluated educational software be evolved and expanded; by teachers and educational
institutions to assist in making a decision on which educational software to adopt; and
by individual developers or companies as guideline to the educational software develop-
ment process through the specified drivers and indicators, as well as to obtain innovation
index of education of the educational software developed.
The main research outcomes are:

e Indicators of innovation to measure educational software as enabler to: self-
managed learning, different learning styles and paradigms, personalized learning,
teamwork, peer learning, communication between individuals, creative demon-
stration of learning, problem solving, and knowledge transformation. These in-
dicators are associated with the following 21st century learning skills: autonomy,
adaptability, analytical thinking, collaboration, communication, creativity, and
critical thinking.

e Drivers of innovation, grouped in the technical and pedagogical categories, met
from a literature systematic mapping. These drivers can be used as guideline to
educational software development process.

o Web-based system used to evaluate educational software from indicators speci-
fied. From evaluation carried out is calculated the innovation index to education
(I2E) per indicator and for educational software.

e Repository of evaluated educational software used to: compare educational soft-
ware of similar purpose; and support decision-making about educational software
choice.

The main limitations of this research work are: drivers of innovation has not been
used or evaluated in the context of a real educational software development project;
few educational software evaluations carried out by few educators (19) and for only 06
educational software; the DEISE approach has not been used by teachers, educational
institutions and educational software industry aiming value delivery planned. In addition
to meeting these work limitations, future work opportunities include: designing and de-
ploying a business model based on the DEISE approach; and apply statistical treatment
of educational software evaluation data to disregard possible outliers.
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