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Abstract This study explored the educational effects of the digital citizenship teaching and learning
model on middle school science classes. For this purpose, two classes of the third grade of middle
school in Gyeonggi—do were selected, and the experimental group(28 students) was taught science
classes using digital citizenship learning model, and the control group(28 students) was taught in
regular lectures. The measurements used to verify the effects of science classes using the digital
citizenship learning model were digital citizenship and empathy tools. The data collected for the effect
verification were analyzed by independent sample t—test and ANCOVA. As a result, the experimental
group applying the digital citizenship learning model showed higher scores of digital citizenship and
empathy than the control group. Therefore, it can be seen that the middle school science class
applying the digital citizenship learning model was effective in cultivating the digital citizenship and
empathy of middle school students. In future studies, it is necessary to examine the effects of digital

citizenship learning model at different school levels and other subjects.
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- Analyzing and evaluating information on social issues

- Cultivating ethical and empathic attitudes

- Solving problems ingeniously
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Fig. 1. Digital Citizenship Learning Model
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Table 2. Science class applying digital citizenship
learning model
Lesson Content and Activities
—Presenting a movie featuring the mechanical energy
Lessonl/ | hidden in life

Mechanical |—Proceeding with a project to create a rolling ball

energy creatively by researching, analyzing, and evaluating on
conversion | the website by linking the dynamic energy with the
and social | cutting edge technology based society

life —Announcing of the result of the <Rolling Bar Challenge>,
upload it to the paddlet and reflect on the result

—Introducing of the movie (Seungri—ho) that can
recognize the problem caused by space waste, and the
class discussion of the possible role of digital
Lesson technology to slove it.
2-3/ —Collecting and analyzing data in groups on the impact
Effects of | of the deadly threat of space debris on life and
Space Trash| problems to be solved for a sustainable space
on Human | environment, discuss various methods, share ideas and
being present ideas using paddles
—Reflecting and Idea sketching that can consider
effective treatment methods and issues together and
apply scientific principles

—Providing a problem scenrio of technology use such as
Lesson artificial intelligence in daily life
4-5/ —Exploring the criteria for classifying space garbage by

Creating a | group (natural and artificial)

learning | —Creating and sharing a game that classifies space
model with | debris using an artificial intelligence learning software
Teachable | called Teachable Machine

machine | —Reflecting on learning models for problem solving

through the artificial intelligence tool

—Providing a problem scenario of dealing with excretions
when living in a spaceship made of a variety of digital
technology

Lesson .
Zggs —Group work(mission) : DCollecting and analyze data for
each group on the recycling of water by astronauts, @
Resource . .
. . Exploring the social problems posed by advanced
circulation of Py .
technology, and @ Sharing the group work results
astronaut X
using paddlet.
excrement

—Reflecting on waste disposal as an important part of
space exploration activities and as an important
material for plant cultivation
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Table 3. Examples of teaching and learning process

Student Teacher

Presentation of

data for situational
awareness related to
the problem of space
debris

Understanding the
space debris and the
impact of science and
technology on society
and life

(D Recognizing and
clarifying
situations related
to class topics

Analysis of data on the
social problems and
impact of space debris
and digital technology
on society

Providing guidance and
assistance in inquiry
activities for digital
technology related
problem

Gathering and
analyzing
information about
the situation

3) Expression,
sharing, and
organization of
inquiry results

Posting group
discussion results on
the paddlet

Providing feedback on
group presentations

Internalization of |Writing the impact of |Encouraging to think

learning science and technology |about the impact of
experience and |on human life in a problems on daily lives
reflection reflection journal in a high—tech society

Solar sailboat

space net

Fig. 2. Example of class materials of the experimental
group
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Table 4. Descriptive statistics of pre—test, post—test,
and adjusted scores for digital citizenship

Pre test | Post test adjusted

scores

M(SD) M(SD) M(SE)
Ethics for digital EC | 4.11(.59) | 4.44(.43) 4.44(.07)
environment CC | 4.12(.60) | 4.19(.54) | 4.19(.07)
Fluency for the Digital EC | 3.70(.68) | 4.17(.49) 4.16(.07)
tools CC | 3.67(.72) | 3.83(.67) | 3.85(.07)
EC | 3.46(.63) | 4.04(.47) 4.06(.06)

Reasonable Activity
CC | 3.55(.83) | 3.76(.68) 3.73(.06)
Self—identity in digital EC | 3.74(.59) | 4.15(.58) 4.17(.06)
environment CC | 3.79(.63) | 3.88(.46) 3.87(.06)
Social/cultural EC | 3.34(.69) | 3.79(.54) 3.80(.05)
engagement CC | 3.33(.66) | 3.50(.60) | 3.51(.05)
EC | 3.62(.46) | 4.07(.37) 4.08(.04)
Total

CC | 3.63(.54) | 3.78(.43) 3.77(.04)

EC=Experimental Group, CC=Control Group

= PN =]
ARFE FHS-E Asla
S FEAMEA A=

Table 59} #t}.

Table 5. Covariate anayis for digital citizenship

Source SS df MS F
37.8 7wk

Covariate 5.32 1 5.32

Covariate 13.03 1 | 13.03 | 132,02

Reasonable Main effect 1.52 1 1.52 15.34#*
Activity Error 4,96 53 .10
Total 19.51 | 55
Covariate 9.25 1 9.25 | 87.93%xx
Self—identity in | Main effect | 1.31 | 1 | 1.31 | 12.45%
digital
environment Error 5.57 53 11
Total 16.13 | 55
Covariate 13.56 1 | 13.56 | 185.24x
Social/cultural Main effect 1.15 1 1.15 | 15.78:#xx
engagement Error 3.88 | 53| .07
Total 18.59 | 55
Covariate 6.93 1 6.93 | 206,14
Main effect 1.27 1 1.27 | 37.70%xx
Total
Error 1.78 53 .03
Total 9.98 55

#p<.05, #p<.0l, **p<.001I
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(F=15.78, p<.001) &304 Agxcta} AL kol
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Table 6. Descriptive statistics of pre—test, post—test,
and adjusted scores for empathy

Pre test | Post test adjusted
scores
M(SD) M(SD) M(SE)

Main effect .92 1 92 6.54%

Ethics for digital
environment Error 7.41 53 14

EC | 3.64(.44) |4.10(.44)| 4.08(.05)
CC | 3.59(.54) |3.67(.55)| 3.69(.05)

cognitive empathy

Total 13.65 | 55
Covariate 10.54 1 |10.54

68,80k

EC | 3.36(.44) |3.83(.38)| 3.84(.06)
CC | 3.39(.48) |3.43(.51)| 3.42(.06)

affective empathy

Fluency for the | Main effect 1.35 1 1.35 8,82

Digital tools

Error 8.12 53 .15

EC | 3.50(.37) |3.97(.36)| 3.96(.04)
CC | 3.49(.41) |3.55(.43)| 3.55(.04)

Total

Total 20.01 | 55

EC=Experimental Group, CC=Control Group
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