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The main motivation of the project
1. Our realization that STEM education is transforming in the 

digital era 
2. Such transformation affects fundamentals of science 

and science education
3. The digitalization of STEM is becoming a field of intensive 

interdisciplinary research 
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We asked ourselves: 

What are the changes and the corresponding
directions that STEM education can pursue in light of
the digital turn?
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Digital Tools and Solutions for Inquiry-Based STEM LearningBook 1

Optimizing STEM Education with Advanced ICTs and SimulationsBook 2

Our two books tried to answer this question by curating 
a selection of recent and interesting research studies in 
the corresponding fields
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Description
In the digital age, the integration of technology has become a ubiquitous aspect of modern society. These advancements
have significantly enhanced the field of education, allowing students to receive a better learning experience.

Digital Tools and Solutions for Inquiry-Based STEM Learning is a comprehensive source of scholarly material on the
transformation of science education classrooms through the application of technology. Including numerous perspectives on
topics such as instructional design, social media, and scientific argumentation, this book is ideally designed for educators,
graduate students, professionals, academics, and practitioners interested in the latest developments in the field of STEM
education.
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Description
The role of technology in educational settings has become increasingly prominent in recent years. When utilized effectively,
these tools provide a higher quality of learning for students.

Optimizing STEM Education With Advanced ICTs and Simulations is an innovative reference source for the latest
scholarly research on the integration of digital tools for enhanced STEM-based learning environments. Highlighting a range of
pivotal topics such as mobile games, virtual labs, and participatory simulations, this publication is ideally designed for
educators, professionals, academics, and students seeking material on emerging educational technologies.
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Statistics
• Published: 22  (11+11) chapters
• Authors of the Chapters are from:

ü USA - 12 
ü Israel  - 4
ü Canada - 2
ü France - 1
ü Italy - 1
ü Russia - 1
ü Cyprus - 1
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The books deal with the emerging 
technologies:

• Mobile and Wearable Technologies
• Cloud Computing
• Social Computing
• Big Data and Network Analytics
• Augmented Reality
• Modeling and Simulation
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The books deal with educational 
practices:

• Simulations-Based Inquiry
• Wikigrams-Based Social Inquiry
• Web-Based Inquiry
• STEM Inquiry through mobile games
• Scientific Argumentation through Social 

Media
• Collaborative Design-Based projects
• Project-Based MOOCs
• Scientific Analysis of virtual and real Big Data
• Virtual Labs
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The books deal with aspects of 
education:

• Motivation
• Assessment
• Knowledge Construction
• Understanding of Scientific Concepts
• Special Needs Education
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The books deal with STEM in:

• Preschool Education
• K-12 Education
• Higher Education
• Teachers’ Training
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Abstract
The chapter deals with a new research field that has arisen at the intersection of scientific experiment and emerging digital technologies. The classical triad of experimental research ‘subject­

instrument­object' and its implementation in science education are in the focus of the chapter. The triad is studied in its evolution to a so­called digital triad corresponding to the experimental science

of digital society. In the digital triad, each of the three components are transformed. The knowing subject ­ researcher is transformed to the digital scholar; the experimental instrument is transformed

on the base of emerging cloud and mobile technologies; the research object comprising hybrid natural­artificial components emerges. The digital transformations of the experimental research triad

and educational practices based on the digital triad are manifested in a number of pioneer inquiry­based projects analyzed in the chapter.

Chapter Preview

Introduction
Global society has transitioned into the Digital Era; this shift represents a revolution in human history – the so­called digital revolution (Dewandre, 2011; Ess, 2015; Floridi, 2014; Turner, 2006; Yuan,

2013). This revolution relates to fundamental principles of humanity. It has changed peoples’ understanding of their place in the world, as people no longer merely consider humanity a part of the

nature, but also a part of the artificial world that humans have created. The digital revolution also changed peoples’ perception of society. Digital society is a hyper­connected one, in which people

may have hundreds of acquaintances living in distant parts of the planet, with whom they exchange information. Presently, moreover, people have unlimited and ubiquitous access to desirable

information, which, in turn, becomes personalized and context­cognizant. Indeed, our world has become one of information abundance. This state, in contrast to the previous state of information

scarcity, comprises one important characteristic of digital society (Ganascia, 2015).

Indeed, the digital era has led humanity to take on a new perspective on its surrounding environment. People are gaining an awareness of the fact that we live not only in a ‘real’ environment, but

also in a virtual space. Such a ‘twofold reality’ has led to emerging technologies of augmented and mixed reality, which enable new forms of knowing the surrounding world. This phenomenon

manifests another characteristic of digital society – a blurred distinction between reality and virtuality (Ess, 2015).

Within digital society, people have begun perceiving themselves as “informational organisms (inforgs), mutually connected and embedded in an informational environment (the infosphere)” (Floridi,

2014, p. 94). The concept of inforg includes not only humans but also specific informational artifacts that are able to communicate with people and even demonstrate elements of social behavior.

The emerging cyber­physical systems (CPS) comprise an example of such informational artifacts, since they are hybrid systems that can be considered neither purely artificial nor purely natural.

Indeed, as advanced computer­embedded systems, CPSs demonstrate one of the characteristics of digital society whereby the boundaries between people, artifacts, and nature are blurring (Ess,

2015).

Obviously, the above transformations involving such fundamental features of the human being (the emergence of the informational abundance, transforming ways of observation of the world, and a

changing view on the nature of surrounding objects) could not possibly leave unchanged key components of human culture such as scientific inquiry. Needless to say, scientific experiments are

changing with emerging technologies; this change contributes to an epistemological breakthrough and to the construction of knowledge (Ganascia, 2008).

In this Chapter, we address the ways in which scientists obtain new knowledge and how these new methods affect science education. We focus on the classical triad of experimental research,

‘subject­instrument­object,’ and study the triad in its evolution into a so­called digital triad corresponding to digital society. We show that the digital triad parts from the classical triad in three ways: (1)

it places the subject in the role of a new type of researcher – a digital scholar and an informational organism; (2) the digital triad’s emerging experimental instruments are based on mobile, wearable

and mixed­reality technologies; and (3) a new type of digital objects has emerged – namely, hybrid natural­artificial objects. We apply this proposed interpretation of the digital triad to study present

transformations in inquiry­based science education. We also discuss how digital transformations are manifested in certain educational ventures by analyzing a number of pioneer projects.

Purchase this chapter to continue reading all 26 pages >
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Symptoms and Phenomena of the Digital Age
Reality/Virtuality Human/Artefact/Nature Scarcity/Abundance 

Digital Personality Cyber Physical SystemsData Intensive Science
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Digital Triad in Science Education

Subject

Instrument
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21

Connected 
Gardening Project

gPhysics Project

Northern Taiwan 
Augmented Reality 

Based Project



4.2.3. The “Discuss“ stage
In the process of discussing questions and answers, many students formed subgroups in chat rooms to focus on a particular topic and

engaged in communication and discussion, producing text-only descriptions, opinions, and cognitions. Discussion of relevant knowledge
regarding aquatic plants also expanded into more in-depth discussions in the chat rooms. During these discussions, all the students were
able to freely express their viewpoints, and through discourse with their peers, they determined whether these viewpoints conformed to

Fig. 5. Inquiry activities by location-based AR system.

Fig. 6. Upload an observation.

T.H.C. Chiang et al. / Computers & Education 78 (2014) 97e108 103

Northern Taiwan Augmented Reality 
Based Learning Project 

An example of a 
new research 

subject 
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measured curiosity and cognitive load with well-established paper-and-pencil tests 
(Chandler & Sweller, 1991; Litman & Spielberger, 2003). 

 

  

 

Figure 3. Students in our study performing the water glass experiment with Google Glass. 

4. Results 

Because of the small sample size, we will interpret the descriptive data of the 
conducted paper-and-pencil tests very conservatively and carefully. Figure 4 shows that 
the two groups differ in their degree of curiosity state. Students who experimented with 
Google Glass have a higher degree of curiosity state than students in the CG. Using the 
nonparametric Mann-Whitney test for independent random samples, we established 
that these differences are significant and with a large Cohen's d effect size (p = 0.005; d 
= 1.1).  

However, the Mann-Whitney test showed no significant differences concerning the 
perceived cognitive load (concerning experimental demand and mobile device 
handling; pexperiment = 0.8; pdevice = 0.2). 

J. Kuhn et al. / gPhysics – Using Google Glass as Experimental Tool 217gPhysics – Google Glass for 
Wearable - Technology Enhanced Learning

An example of a 
new research 

instrument
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Connected Gardening Project 

An example of a 
new research 

object
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u Two books are just published:
1. Digital Tools and Solutions for Inquiry-Based STEM Learning
2. Optimizing STEM Education with Advanced ICTs and Simulations
u The books comprise 22 chapters, which deal with the diversity of 

topics connected with the inquiry based STEM education in Digital 
Age

u The topics are not limited by just using emerging technologies in 
STEM but include also a number of research subjects reflecting 
fundamental transformations of science in Digital Age

u The books may be used as a a comprehensive source of scholarly 
material on the transformation of science education class 
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