CODINGAGIRLS VALIDATION REPORT

Elaborated by
University of Rijeka (Croatia)

Virtual Campus Lda (Portugal)

February 2021



(& CODINGAGIRLS ISPl Co-funded by the
2018-1-S101-KA201-047013 LIy E{?ﬁygﬁ;i;ﬁrﬁg{gﬁ

Disclaimer

This project has been funded by the Erasmus+ Programme of the European Union.

The information and views set out in this publication are those of the author(s) and do not necessarily reflect
the official opinion of the European Union. Neither the European Union institutions and bodies nor any person
acting on their behalf may be held responsible for the use which may be made of the information contained

therein.

License

This work is licensed under a Creative Commons Attribution-NoDerivatives 4.0 International License.

©Nole



https://creativecommons.org/licenses/by-nd/4.0/

(& CODINGAGIRLS ISPl Co-funded by the
2018-1-5101-KA201-047013 L E{?ﬁg’gﬁ;ﬁ;ﬁrﬁg{‘;ﬁ

TABLE OF CONTENTS

SUMIMARY ...uiiiieiiiiiieiiiiiiieiiiienitiieneiiiessesitttsnesssttessssistessssisttessssssteasssssstensssssrenssssssesnnss 4
VALIDATION METHODOLOGY ...cc.ciieuiiimnirinniireniiieeiiieeiiineirsesistsesirsasisisesersssssrsssersnsssssnssnes 5
PrOCEAUNE.....eiieeee e s s 6
N LA oY o1 I Y=Y oo £ SR PPPRPUPP 9
ParTICIPANTS Levtuiiiiiiii b naan 10
RESULTS ...oeeiiiiiiiieiiiieiirieiireeii e teasisraesstnesssrasssssssssrasssssnsssrassstensssrsssssenssssenssssassssenssssns 12
Results of questionnaires for StUdENTS .........ceeiiiiiieiicciee e e e 12
Teachers’ observations and COMMENTS .........coviiriiiriieeeee e 24
TEAChErs” COMMENTS ...ttt 25
EXPEITS’ COMMENTS .uvvvieiieeiiiieiirieeee e e ettt e et e e e e eseetrreeeeeeeeesesasbseseeseeesessnssssaeseeeeeesnnsnnes 28
DISCUSSION AND CONCLUSIONS ......ccuciiiiiiiniiieeiiriniiieeinineirseerineersessstnesersnsssssessrenssene 30
ANNEXES ...ttt rreee et re s st rsn e ss s reaes s ranasssssesnssssstenssssstesnsssssnennsssssenns 33
S1. PRELIMINARY QUESTIONNAIRE FOR STUDENTS.....ccoiiiiiiiiiee, 33
S2. FOLLOW-UP QUESTIONNAIRE FOR STUDENTS ..., 35
S3. STUDENTS' COMMENTS ...ceiiittieeeeiiite e esieee e eeree e s e e e e s e e e e ssaate e e s s sbaeeeessaeeeesnnnes 37
T1. TEACHERS’ OBSERVATIONS....ccctttiititeniieeniieeeriteeesiteessireesieeesseeessaeesiseesnaseessnseesnnns 38
T2. TEACHERS COMIMENTS ....ettiieeeiiitee e eitee ettt e e et e e e svee e e s s e e e e s naaee e seasaeeeesnnnaeaaean 39
E. EXPERTS COMMENTS .. s 40
NATIONAL EVALUATION REPORT: BULGARIA..........ccottmiiiiriniiiiiieinnnneessnnesessnnenes 41
NATIONAL EVALUATION REPORT: CROATIA.....c.cotieiiriniiieirinineesinrneeneessssnessnensane 97
NATIONAL REPORT: GREECE ......ccccuciiiimeniiiiinnniiiiieeiiiiieneiiinesasssnisnesssnessssssnesnessns 132
NATIONAL REPORT: ITALY ..ccuuuiiiiieiiiitiiiiiineiiiieneiinienesiiniensssisnessesssiesessssnesnessens 165
NATIONAL EVALUATION REPORT: PORTUGAL......ccccceirmmmeiiiirneniiiiieneisinenesinnmsnensns 213
NATIONAL REPORT: SLOVENIA........cccoetiimmmnnnntiiiiiiiiiinnntieeeiiiisesssssseseeesssssssssssssens 244
NATIONAL EVALUATION REPORT: TURKEY .....ccccciiimuiiiiiiiniiiiiininiinininnneineeinenenes 279



(& CODINGAGIRLS ISPl Co-funded by the
2018-1-5101-KA201-047013 L E{?ﬁg’gﬁ;ﬁ;ﬁrﬁg{‘;ﬁ

SUMMARY

This document presents the results of the validation of the Coding4Girls (C4G) methodology
and results and it is the final stage of the process as defined by the Validation Guidelines
document.

In general, the validation process followed the established procedures, integrating multiple
guantitative and qualitative data collections tools (interviews, surveys, observation, etc.) and
involving different participants like teachers, students and external experts, with staff from
the project members acting as observers. This allowed to have a holistic view of the whole
process and answer criteria like the accomplishment of learning objectives, the analysis of
materials and support tools, the interaction between teacher and student, student-student,
student-materials and tools, the student’s attitude, satisfaction, achievement, persistence,
etc. As such, the validation process allowed to trace a detailed picture of the advantages and
disadvantages of the C4G methodology and results and, therefore, contribute to improve the
designed curriculum and the provided contents and tools.

As a general conclusion from the validation results, it is possible to consider that all the
objectives of the process were achieved with success with a great involvement of students
and teachers in spite of the COVID 19 pandemic that restricted many events to an online form.
The C4G flexible and modular methodology was able to cope with those requirements and,
as a result, teachers and students now have available a set of contents and tools for
developing coding abilities. And, although primarily meant to foster girls’ interest in coding
and computer science, the validation showed that the methodology is equally effective for

boys.



(& CODINGAGIRLS ISPl Co-funded by the
2018-1-5101-KA201-047013 L E{?ﬁg“;ﬁ:oigﬁri”;{gﬁ

VALIDATION METHODOLOGY

In CODINGA4GIRLS the validation activities aim to ensure that the proposed pedagogical

framework meets the needs of the identified target groups in terms of relevance, acceptance,

usability, and effectiveness. These needs were originally translated in the following

educational objectives:

e Obl. To prepare young learners to enter computer science careers by building
programming skills;

e Ob2. To enable learners to apply the newly developed programming knowledge in wider
learning contexts;

e Ob3. To build transversal competencies related to programming, such as analytical and
critical thinking;

e Ob4. To foster positive attitudes towards computer science among girls and boys with the
objective of promoting the uptake of related educational and career paths;

® Ob5. To raise awareness on the links between ICT and the real-world through learning
scenarios that demonstrate how ICT solutions can enhance quality of life and address
common needs;

e Ob6. To empower learners to think entrepreneurially for introducing solutions to real-

world problems through design thinking mind sets.

The educational objectives address the challenges faced by learners leading them to not

choose careers in computer science, namely preparedness in terms of skills and perceptions

in relation to the benefits and suitability of computer science careers for all, including girls

and boys. More specifically:

1. Objectives (1) and (2) are directly related to employability of learners through the
development at school age of competencies related to work thus address ET2020?

objectives and the objectives of the New Skills for New Jobs initiative?;

L https://ec.europa.eu/education/policies/european-policy-cooperation/et2020-framework en
2 https://ec.europa.eu/social/BlobServiet?docld=4508&langld=en
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Objective (3) is directly linked to PISA® and ET2020 objectives in relation to building
transversal competencies that help learners excel in academics and at work
independently of subject area;

Objectives (4), (5), and (6) promote links between education, research, and the real world
and address the New Skills for New Jobs initiative objectives which highlights the gap
between available skills sets to those in demand by industry and points to the need to
exploit all talented human capital, including girls and boys, in innovation related careers
that are expected to drive sustainable economic growth in the coming years and, as a

result, employability and social cohesion.

Procedure

The assessment of the accomplishment of these high-level objectives was done through an

on-going internal and external validation that engaged representatives of project

stakeholders throughout the implementation period. The proposed CODINGA4GIRLS

evaluation methodology was based on a descriptive case study research?® taking place at

three levels:

1. Internally, engaging project partners;

2. Externally, engaging external groups of users that are representative of stakeholders, and
specifically learners and teachers;

3. Through external experts who provided a professional opinion on the completion, quality,

and effectiveness of project outputs.

Specific indicators in terms of effectiveness, quality, and completion included:

(i)
(i)

(iii)

the accomplishment of learning objectives by the students;

the perception of end users, namely learners and teachers, on the relevance and
effectiveness of game-based learning for building programming skills;

the perception of end users, namely learners and teachers, on the relevance and

effectiveness of the specific CODING4GIRLS learning approach;

3 http://www.oecd.org/pisa/

4 Yin, R., Case Study Research: Design and Methods, 2nd Edition, Sage Publications, 1994


http://www.oecd.org/pisa/
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(iv) the acceptance of the proposed methodologies by teachers;

(v) the perception of teachers on the relevance and effectiveness of instructional process
support tools;

(vi) the perception of usability and acceptance of the proof-of-concept serious game
approach in connection with the wider CODING4GIRLS game-based, design thinking

educational framework.

Due to the COVID-19 pandemic, the validation process was extended in time and finally took
place along the following tasks and timeline:

1. 02/AA4 - Evaluation through groups of learners and teachers (M13-M28)

2. 02/A5 - Evaluation through external experts (M13-M28)

02/A4 - Evaluation through groups of learners and teachers
Each partner was responsible for engaging user groups (learners and teachers) through
learning activities built upon the CODING4GIRLS methodologies and tools. Each local/national
implementation was scheduled by each partner according to the local conditions, particularly
in relation to the COVID 19 pandemic.
In most countries, this task started with a training workshop for teachers presenting the C4G
project, the proposed learning methodology and tools so that t hey were comfortable with
the C4G approach and GBL in general. In several countries future teachers of informatics
(students of master’s degree programmes) were included in the implementation activities as
well.
The format and duration of each local/national implementation was established by the
responsible project partner (details are described in national reports) as there were
differences namely in terms of availability of the target group, of the local conditions (for
instance, it may be implemented in the scope of a school’s curricular activities or as a free
standalone course), situation with the COVID 19 pandemic, etc.
In terms of validation, a set of procedures and tools was established:

e Before the implementation students answered a preliminary questionnaire where

their profile is identified.

e During the implementation sessions, teachers:
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Used observational assessment methods and document the reaction of
learners and their progress in building coding skills

Documented their findings in short texts

After the implementation, in the last session, students answered the follow-up

guestionnaire with their perception and views on the C4G learning approach.

Teachers then collected the students’ verbal qualitative opinions and comments

through a group interview and transcribed their opinions.

Teachers also reported back their own views related to:

o

Their perception on the accomplishment of learning objectives by the
students;

Their perception on the relevance and effectiveness of game-based learning
for building programming skills and of the specific CODINGA4GIRLS learning
approach;

Their acceptance of the proposed methodologies;

Their perception on the achieved fun by the students;

The overall organization of the implementation;

Their perception on the usability and acceptance of the proof-of-concept
serious game approach in connection with the wider CODING4GIRLS game-

based, design thinking educational framework.

The following tools (annexed) were available:

S1_Preliminary_questionnaire_for_students

S2_Follow-up_questionnaire_for_students

S3_Students_comments

T1_Teachers_observations

T2_Teachers_comments

02/A5 - Evaluation through external experts

Validation through external experts was pursued in the area of learning design aiming to

further improve project outputs and to ensure that they met the needs of learners and
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teachers. Each partner identified 1 or 2 external experts (university professors related to
teacher training, education, computer science, etc. Researchers in the field, teachers with
experience in teaching coding to this target group, etc.), met with them and provided them
with the C4G methodology, content and tools. They were able to test these materials and
when possible, they were asked to follow the implementation with the teachers and students.
In the end, their qualitative opinions and comments were collected verbally through a
structured interview. Their opinions covered...:
a. The overall organization of the implementation
b. Their perception on the accomplishment of learning objectives by the students;
c. Their perception on the relevance and effectiveness of game-based learning for
building programming skills and of the specific CODING4GIRLS learning approach;
d. Their perception on the acceptance of the proposed methodologies by teachers;
e. Their perception on the usability and acceptance of the proof-of-concept serious
game approach in connection with the wider CODINGA4GIRLS game-based, design
thinking educational framework.
A tool (annexed) was available to complete these reports:

e E_Experts_comments

National Reports
National report was provided by each partner presenting the format and duration of
local/national implementation activities and results. National reports include the following
sections:
e EXECUTIVE SUMMARY with a brief overview of the implementation and the main
results
e |IMPLEMENTATION with a description of the used methodology (how many teachers
involved, how many students, how many sessions and when, concepts approached,
exercises, etc.).
e RESULTS from all the data collection tools, namely teachers’ observation, teachers’

comments, students’ comments, experts’ comments, students’ questionnaires
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e DISCUSSION AND CONCLUSIONS with an analysis of the achieved results namely in

terms of improvements to be included in the next versions of the C4G methodology

All national reports are included in this document as annexes. Based on the national reports
and respective data, a global report (this document) that presents the summarized results

was produced.

Participants

The project team members from partner institutions were actively involved in the
implementation and validation activities. They are all researchers in the field of game-based
learning, programming, didactics of informatics, and e-learning.

Direct participant of the implementation and validation activities were teachers of
informatics and future teachers (Nt=225) from primary and secondary schools in partner
countries and their students (Ns=1236) aged from 10 to 15 years. External experts (Ne=37)
from partner countries were also included to validate the approach based on their expertise.
Table 1 shows number of students — participants of the study by age. As shown in Figure 1,
the most students were 12 years old. Depending on the country, these students are from 6%

or 7" grade of primary school or from 15t grade of secondary school.

Table 1 - Number of students by age

Years of age Number of students

10 35
11 256
12 347
13 264
14 327
15 7

Total 1236

10
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RESULTS

Results of questionnaires for students

Two questionnaires for students were used: preliminary questionnaire about the use of digital
devices and perceived level of programming and the follow-up questionnaire about
satisfaction with programming and coding activities, satisfaction with the organization of the
implementation, and perception on the acquired coding skills.

In both questionnaires students were asked to self-assess their current level of programming
skill. Based on this question, the difference between students’ self-assessed initial and final
level of programming skill was calculated (the answers from the questionnaires were paired
based on the code that students have entered).

A total of 862 students (70% of students who participated in C4G activities) solved the
preliminary questionnaire. A total of 709 students (57%) solved the follow-up questionnaire.
Self-assessment results were compared only for students who solved both questionnaires -

633 students (51%).

S1 - Preliminary questionnaire

A total of 862 students solved the preliminary questionnaire about the use of digital devices
and perceived level of programming. The mean age of students was 12.5 years (SD=1,106).
Table 15 shows number of students who solved S1 by gender and grade. Figure 2 shows the
distribution of number students by gender and age who solved S1 (44% of boys and 56% of
girls).

Table 2 - Number of students who solved S1 - Preliminary questionnaire by gender and grade

Years of age | 10 11 12 13 14 15 | Total
Boys 8 77 | 119 | 89 85 0 378
Girls 1 98 | 142 | 123 | 114 6 484
Total 9 175 | 261 | 212 | 199 6 862
Response rate 26% | 68% | 75% | 80% | 61% | 86% | 70%

12
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Figure 2 - Distribution of students who solved S1 - Preliminary questionnaire by gender and age

Table 3 shows descriptive statistical analysis of participants’ responses to the questions
related to the use of digital devices, the internet and video-games. It is worth noting the
values of the standard deviation, which for some questions indicates larger deviances from
the average values. The comparison of the overall average results by gender (Figure 3) shows
that, on a weekly basis, boys use digital devices and the Internet more and spend significantly

more time playing games.

Table 3 - The use of digital devices, the internet and video-games by gender

Question N | Min| Max | Mean SD
1. For how long have you been using computers, tablets or other B9ys 378 11 12 1600 |2.11
digital devices (in years)? Girls_| 484 | 0 14 | 525 | 203
Total | 862 | 0 14 5.58 2.10
2. How many hours per week do you use a computer, tablet or Bst 378 105 | 168 | 18.33 | 19.48
. . ! Girls | 479 | 0 190 | 16.76 | 21.01
other digital device?
Total | 857 | O 190 | 17.45 | 20.35
Boys | 376 | O 140 | 19.02 | 20.52
3. How many hours per week do you use the Internet? Girls | 476 | O 168 | 16.88 | 19.86
Total | 852 | O 168 | 17.80 | 20.16
Boys | 376 | O 84 10.82 | 11.95
4. How many hours per week do you play video games? Girls | 481 | 0 70 | 3.23 | 6.05
Total | 857 | 0 84 | 6.56 | 9.86

13
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The use of digital devices, the internet and video-games

4. How many hours per week do you play video games?

3. How many hours per week do you use the Internet?

2. How many hours per week do you use a computer,
tablet or other digital device?

1. How many years have you been using computers,
tablets and other digital devices?

Ll
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Figure 3 - The use of digital devices, the internet and video-games — comparison by gender

The average values show that students spend a little more time on the Internet than using
digital devices. It can be assumed that such numbers are results of misconceptions. For
example, some students may think that using their smartphone to access the Internet does
not count.

The participants (N=859, 375 boys, 484 girls) self-assessed the level of their programming
skills on the scale from 0 - | have never coded or programmed before to 4 - | can design a
solution of a problem in the form of a program. Results are shown in the Table 4. Most of the
students stated for themselves that they are at level 1 - novice programmers (28.41%) or on
level 2 — can code simple programs (35.51%). If we compare these results by gender (Figure
4), it can be seen that the boys prevail among the students that self-assess their level of

programming with the levels 3 and 4.

Table 4 - Self-assessment of programming skills by gender

Level of programming skills Boys Girls Total

0 - | have never coded or programmed before 13.33% | 21.49% | 17.93%
1-1am a novice programmer (just have basic ideas) 29.07% | 27.89% | 28.41%
2 - | can code simple programs 33.87% | 36.78% | 35.51%
3 - I am fluent in programming (can create a full program) 19.20% | 11.16% | 14.67%
4 - | can design a solution of a problem in the form of a program | 4.53% | 2.69% | 3.49%

14
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Figure 4 - Self-assessment of programming skills — comparison by gender

In the preliminary questionnaire the participants also stated which programming concepts

are they familiar with. The results (Table 5) show that students are mostly familiar with the

statements (53.94%), variables (47.80%) and loops (46.40%) while they are the least familiar

with the operators (11.72%) and parallelism (3.25%). According to the results, boys are in a

certain percentage more familiar with all the concepts except parallelism (Figure 5). The

largest difference in percentages can be observed for the concept operators.

Table 5 - Familiarity with the programming concepts

Concept Boys Girls Total

Loops 50.79% | 42.98% | 46.40%
Conditionals 40.21% | 33.68% | 36.54%
Variables 50.53% | 45.66% | 47.80%
Statements (sounds, movement, looks, drawing) | 57.14% | 51.45% | 53.94%
Operators 13.76% | 10.12% | 11.72%
Events 34.66% | 28.10% | 30.97%
Parallelism 3.17% 3.31% 3.25%

15
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Figure 5 - Familiarity with the programming concepts — comparison by gender

Table 6 shows students’ responses about what motivates them to learn to program
(students could choose one or more responses). The most of the students are motivated by
a success in the programming class (49.88%). Comparison by gender (Figure 6) shows that this
factor motivates girls (54.87%) to a greater extent than boys (43.65%). Also, remarkably more

boys want to follow career in programming.

Table 6 - Motivation for learning programming

Response Boys Girls Total

I’'m not motivated 15.34% | 13.56% | 14.35%
| want to succeed in the programming class 43.65% | 54.87% | 49.88%
| want to show other students | can program 15.61% | 16.74% | 16.24%
| want to follow a career in programming. 21.69% | 6.36% 13.18%
| enjoy solving logic problems and puzzles 26.19% | 21.40% | 23.53%

Motivation for learning programming

| enjoy solving logic problems and puzzles
| want to follow a career in programming
| want to show other students | can program

| want to succeed in the programming class

||||1|

I'm not motivated

0% 10% 20% 30% 40% 50% 60%

mTotal WGis WBoys

Figure 6 - Motivation for learning programming — Comparison by gender

16
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Besides choosing among the offered responses, students had the opportunity to write
everything else that motivates them to learn to program. Among the answers, they stated:
“It's fun”, “I'm interested in making programs or games”, “I want to learn how to make my
own game”, “I want to learn something new”, “l want to acquire new skills”, “I want to see if
this profession is right for me.”, “I'm motivated by my uncle who also programs”, “I'm

motivated by my father.”.

52 — Follow-up questionnaire

A total of 710 students solved the follow-up questionnaire about satisfaction with
programming and coding activities, satisfaction with the organization of the implementation,
and perception on the acquired coding skills. The mean age of students was 12.48 years
(SD=1.15). Table 7 shows number of students who solved S2 by gender and age. Figure 7
shows distribution of students who solved S2 - Follow-up questionnaire by gender and age

(45% of boys and 55% of girls).

Table 7 - Number of students who solved S2 - Follow-up questionnaire by gender and age

Yearsof age | 10 11 12 13 14 15 | Total

Boys 7 80 95 62 73 0 317
Girls 1 88 99 | 102 | 97 6 393
Total 8 168 | 194 | 164 | 170 6 710

Response rate 23% | 66% | 56% | 62% | 52% | 86% | 57%

S2 - Participants
250

200
150
100
50 I
0 -
10 years 11 years 12 years 13 years 14 years 15 years

m Boys mGirls mTotal

Figure 7 - Distribution of students who solved S2 - Follow-up questionnaire by gender and age

17
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In the follow-up questionnaire, students expressed their attitudes regarding the C4G learning

methodology and the implementation of activities using the 5-point Likert scale (1 — strongly

disagree, 2 — disagree, 3 — neutral, 4 — agree, 5 — strongly agree). According to the results

(Table 8), both boys and girls felt engaged with this way of learning and think that conducted

activities were relevant for learning programming. They understood presented concepts and

had fun during conducted activities and think that things they have learned will be relevant

for their future. | their opinion programming is not easy. However, they found C4G activities

relevant to learn programming.

Table 8 — Satisfaction with C4G learning methodology

Statement 1 2 3 4 5 AVG | SD
1. Ifound programming | Boys 8.52% | 22.40% | 27.44% | 31.86% | 9.78% | 3.11 | 1.12
challenging. Girls 4.58% | 21.12% | 31.04% | 34.61% | 8.65% | 3.11 | 1.02
Total 6.35% | 21.72% | 29.48% | 33.43% | 9.03% | 3.17 | 1.07

2. |found programming | Boys 3.47% | 7.89% | 15.77% | 51.74% | 21.14% | 3.72 | 1.02
motivating. Girls 3.31% | 9.92% | 20.36% | 51.15% | 15.27% | 3.73 | 0.95
Total 3.39% | 9.03% | 18.34% | 51.34% | 17.91% | 3.69 | 0.98

3. Ifound programming | Boys 9.46% | 24.92% | 29.34% | 27.44% | 8.83% | 2.93 | 1.13
easy. Girls 8.14% | 24.94% | 35.11% | 26.97% | 4.83% | 2.93 | 1.02
Total 8.74% | 24.96% | 32.58% | 27.08% | 6.63% | 2.96 | 1.07

4. lenjoyed Boys 3.15% | 6.31% | 15.77% | 36.28% | 38.49% | 3.93 | 1.05
programming. Girls 3.05% | 7.12% | 17.56% | 47.84% | 24.43% | 3.94 | 0.98
Total 3.10% | 6.77% | 16.78% | 42.74% | 30.61% | 3.89 | 1.01

5. lunderstood most of | Boys 3.47% | 8.52% | 12.93% | 50.79% | 24.29% | 3.79 | 1.01
programming Girls 3.82% | 10.18% | 20.87% | 44.53% | 20.61% | 3.78 | 1.03
concepts. Total 3.67% | 9.45% | 17.35% | 47.25% | 22.28% | 3.74 | 1.02
6. Learning this way is Boys 4.10% | 6.31% | 11.99% | 42.90% | 34.70% | 3.95 | 1.06
fun. Girls 2.80% | 5.85% | 16.54% | 41.48% | 33.33% | 3.96 | 0.99
Total 3.39% | 6.06% | 14.53% | 42.17% | 33.85% | 3.96 | 1.02

7. Ifelt engaged with Boys 2.52% | 6.62% | 8.20% | 41.32% | 41.32% | 4.12 | 0.99
this way of learning. | Girls 2.29% | 4.58% | 11.20% | 42.24% | 39.69% | 4.13 | 0.95
Total 2.40% | 5.50% | 9.87% | 41.75% | 40.48% | 4.12 | 0.97

8. The activities were Boys 1.26% | 3.79% | 9.78% | 43.22% | 41.96% | 4.19 | 0.88
relevant to learn. Girls 1.53% | 2.80% | 12.72% | 49.87% | 33.08% | 4.20 | 0.83
Total 1.41% | 3.24% | 11.42% | 46.83% | 37.09% | 4.14 | 0.85

9. Atanytime, it was Boys 2.52% | 10.41% | 21.14% | 42.27% | 23.66% | 3.70 | 1.05
clear what | had to Girls 2.80% | 11.20% | 34.10% | 38.17% | 13.74% | 3.71 | 0.94

do. Total 2.68% | 10.86% | 28.21% | 40.06% | 18.19% | 3.60 | 1.00
10. What | learned will be | Boys 2.21% | 4.10% | 16.40% | 39.43% | 37.85% | 4.02 | 0.96
relevant for my Girls 3.56% | 6.36% | 22.39% | 41.98% | 25.70% | 4.02 | 1.02
future. Total 2.96% | 5.36% | 19.75% | 40.76% | 31.17% | 3.90 | 1.00
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In the follow-up questionnaire, students (N=226, 31% of boys and 61% of girls) expressed

their attitudes regarding the usability of the C4G 3D game environment and game experience

using the 5-point Likert scale (1 — strongly disagree, 2 — disagree, 3 — neutral, 4 — agree, 5 —

strongly agree).

Regarding the usability of the game environment, the results show (Table 9) that students,

both boys and girls, would like to use the game frequently and that they felt very confident

using the game. Student found the game easy to use but with support of a technical person.

Table 9 — Satisfaction with the usability of the C4G 3D game environment

Statement 1 2 3 a 5 AVG | SD
1. I would like to use this | Boys 2.82% | 8.45% | 9.86% | 50.70% | 28.17% | 3.93 | 0.99
game frequently. Girls 4.52% | 6.45% | 25.81% | 36.77% | 26.45% | 3.80 | 1.04
Total 3.98% | 7.08% | 20.80% | 41.15% | 26.99% | 3.93 | 0.99
2.1 found the game Boys 7.04% | 46.48% | 22.54% | 15.49% | 8.45% | 2.72 | 1.08
complex. Girls 7.10% | 37.42% | 21.94% | 31.61% | 1.94% | 2.80 | 1.04
Total 7.08% | 40.27% | 22.12% | 26.55% | 3.98% | 2.72 | 1.08
3 .Thegame was easyto | Boys 1.41% | 11.27% | 21.13% | 57.75% | 8.45% | 3.61 | 0.85
use. Girls 1.94% | 19.35% | 28.39% | 46.45% | 3.87% | 3.40 | 0.89
Total 1.77% | 16.81% | 26.11% | 50.00% | 5.31% | 3.61 | 0.85
4. | need the support of a Boys 8.45% | 18.31% | 18.31% | 47.89% | 7.04% 3.27 | 1.11
technical person to be Girls 6.45% | 14.84% | 15.48% | 58.71% | 4.52% | 3.36 | 1.04
able to use this game. Total 7.08% | 15.93% | 16.37% | 55.31% | 5.31% | 3.27 | 1.11
5. The various functions in | Boys 4.23% | 2.82% | 25.35% | 61.97% | 5.63% | 3.62 | 0.82
this game were well Girls 1.29% | 1.94% | 27.74% | 60.65% | 8.39% | 3.69 | 0.74
integrated. Total 2.21% | 2.21% | 26.99% | 61.06% | 7.52% | 3.62 | 0.82
6. There was too much Boys 19.72% | 36.62% | 35.21% | 5.63% | 2.82% | 2.35 | 0.96
inconsistency in this Girls 27.10% | 50.97% | 19.35% | 2.58% | 0.00% | 2.09 | 0.84
game. Total 24.78% | 46.46% | 24.34% | 3.54% | 0.88% | 2.35 | 0.96
7. Most people would Boys 2.82% | 18.31% | 28.17% | 43.66% | 7.04% 3.34 | 0.96
learn to use this game Girls 3.23% | 30.32% | 21.94% | 40.00% | 4.52% | 3.19 | 0.99
very quickly. Total 3.10% | 26.55% | 23.89% | 41.15% | 5.31% | 3.34 | 0.96
8. The game was very Boys 12.68% | 36.62% | 25.35% | 18.31% 7.04% 2.70 | 1.13
cumbersome to use. Girls 7.74% | 54.84% | 23.23% | 14.19% | 0.00% | 2.52 | 0.94
Total 9.29% | 49.12% | 23.89% | 15.49% | 2.21% | 2.70 | 1.13
9. | felt very confident Boys 1.41% 5.63% | 25.35% | 50.70% | 16.90% | 3.76 | 0.85
using the game. Girls 1.94% | 7.74% | 25.81% | 57.42% | 7.10% | 3.65 | 0.83
Total 1.77% | 7.08% | 25.66% | 55.31% | 10.18% | 3.76 | 0.85
10. | needed to learn Boys 5.63% | 19.72% | 25.35% | 45.07% | 4.23% | 3.23 | 1.00
many things before | Girls 5.16% | 13.55% | 18.06% | 50.97% | 12.26% | 3.42 | 1.04
could get going with this
game. Total 5.31% | 15.49% | 20.35% | 49.12% | 9.73% | 3.23 | 1.00
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As shown in the Table 10, both boys and girls expressed positive attitudes regarding the game

experience. In their opinion the game is fun and they were fully occupied with it. While

playing, students felt content, happy as well as rich experience. They were not bored nor did

they feel (time) pressure.

Table 10 — Satisfaction with the usability of the C4G 3D game environment

Statement 1 2 3 4 5 AVG SD
1. |felt content. Boys 4.23% 4.23% | 15.49% | 25.35% | 50.70% | 4.14 | 1.10
Girls 1.94% 1.94% | 15.48% | 47.10% | 33.55% | 4.08 | 0.86
Total 2.65% 2.65% | 15.49% | 40.27% | 38.94% | 4.10 | 0.94

2. | felt skilful. Boys 1.41% 9.86% | 15.49% | 47.89% | 25.35% | 3.86 | 0.96
Girls 0.65% 9.68% | 25.16% | 50.97% | 13.55% | 3.67 | 0.85
Total 0.88% 9.73% | 22.12% | 50.00% | 17.26% | 3.73 | 0.89
3. lwasinterested in Boys 2.82% | 15.49% | 25.35% | 35.21% | 21.13% | 3.56 | 1.08
the game's story. Girls 0.00% | 9.68% | 30.32% | 45.81% | 14.19% | 3.65 | 0.84
Total 0.88% | 11.50% | 28.76% | 42.48% | 16.37% | 3.62 | 0.92

4. |thought it was fun. Boys 2.82% | 8.45% | 9.86% | 43.66% | 35.21% | 4.00 | 1.03
Girls 0.00% 3.23% | 14.84% | 63.87% | 18.06% | 3.97 | 0.68
Total 0.88% | 4.87% | 13.27% | 57.52% | 23.45% | 3.98 | 0.80
5. 1was fully occupied Boys 1.41% | 15.49% | 12.68% | 53.52% | 16.90% | 3.69 | 0.98
with the game. Girls 1.94% | 10.32% | 14.19% | 62.58% | 10.97% | 3.70 | 0.87
Total 1.77% | 11.95% | 13.72% | 59.73% | 12.83% | 3.70 | 0.90
6. |felt happy. Boys 1.41% | 12.68% | 9.86% | 49.30% | 26.76% | 3.87 | 1.00
Girls 0.65% 3.87% | 15.48% | 65.16% | 14.84% | 3.90 | 0.71
Total 0.88% 6.64% | 13.72% | 60.18% | 18.58% | 3.89 | 0.81
7. It gave me a bad Boys 57.75% | 23.94% | 11.27% | 141% | 5.63% | 1.73 | 1.09
mood. Girls 58.06% | 32.26% 9.03% 0.65% 0.00% | 1.52 | 0.69
Total 57.96% | 29.65% 9.73% 0.88% 1.77% | 1.59 | 0.84
8. |thought about other | Boys 22.54% | 43.66% | 9.86% | 19.72% | 4.23% | 2.39 | 1.16
things. Girls 24.52% | 49.03% | 15.48% 9.68% 1.29% | 2.14 | 0.94
Total 23.89% | 47.35% | 13.72% | 12.83% 2.21% | 2.22 | 1.02
9. Ifound it tiresome. Boys 60.56% | 23.94% | 7.04% | 5.63% | 2.82% | 1.66 | 1.03
Girls 53.55% | 28.39% | 14.84% 2.58% 0.65% | 1.68 | 0.87
Total 55.75% | 26.99% | 12.39% 3.54% 1.33% | 1.68 | 0.92
10. | felt competent. Boys 5.63% | 14.08% | 30.99% | 43.66% | 5.63% | 3.30 | 0.98
Girls 3.87% | 15.48% | 40.00% | 38.71% 1.94% | 3.19 | 0.86
Total 4.42% | 15.04% | 37.17% | 40.27% 3.10% | 3.23 | 0.90
11.1thought it was hard. | Boys 14.08% | 56.34% | 16.90% | 12.68% | 0.00% | 2.28 | 0.86
Girls 13.55% | 50.32% | 20.65% | 14.84% 0.65% | 2.39 | 0.92
Total 13.72% | 52.21% | 19.47% | 14.16% 0.44% | 2.35 | 0.90
12. It was aesthetically Boys 14.08% | 49.30% | 21.13% | 12.68% | 2.82% | 2.41 | 0.98
pleasing. Girls 10.97% | 42.58% | 20.65% | 23.23% 2.58% | 2.64 | 1.04
Total 11.95% | 44.69% | 20.80% | 19.91% 2.65% | 2.57 | 1.02
Boys 7.04% | 15.49% | 19.72% | 40.85% | 16.90% | 3.45 | 1.16
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13.1forgot everything Girls 9.68% | 19.35% | 21.29% | 41.94% | 7.74% | 3.19 | 1.13
around me. Total 8.85% | 18.14% | 20.80% | 41.59% | 10.62% | 3.27 | 1.14
14.1 felt good. Boys 2.82% 8.45% | 11.27% | 57.75% | 19.72% | 3.83 | 0.94
Girls 0.65% 4.52% | 21.29% | 65.81% 7.74% | 3.75 | 0.69

Total 1.33% 5.75% | 18.14% | 63.27% | 11.50% | 3.78 | 0.77

15.1 was good at it. Boys 0.00% 9.86% | 11.27% | 63.38% | 15.49% | 3.85 | 0.80
Girls 0.65% 8.39% | 27.74% | 60.65% 2.58% | 3.56 | 0.71

Total 0.44% 8.85% | 22.57% | 61.50% | 6.64% | 3.65 | 0.75

16. | felt bored. Boys 43.66% | 28.17% | 15.49% 8.45% 4.23% | 2.01 | 1.15
Girls 41.29% | 38.06% | 16.13% 4.52% 0.00% | 1.84 | 0.86

Total 42.04% | 34.96% | 15.93% 5.75% 1.33% | 1.89 | 0.96

17.1 felt successful. Boys 0.00% | 12.68% | 22.54% | 47.89% | 16.90% | 3.69 | 0.90
Girls 1.94% 8.39% | 25.16% | 60.65% 3.87% | 3.56 | 0.78

Total 1.33% 9.73% | 24.34% | 56.64% | 7.96% | 3.60 | 0.82

18. I felt imaginative. Boys 9.86% 8.45% | 25.35% | 50.70% | 5.63% | 3.34 | 1.05
Girls 3.87% | 12.26% | 21.29% | 57.42% 5.16% | 3.48 | 0.91

Total 5.75% | 11.06% | 22.57% | 55.31% 5.31% | 3.43 | 0.96

19.1 felt that | could Boys 0.00% 8.45% | 21.13% | 57.75% | 12.68% | 3.75 | 0.79
explore things. Girls 1.94% | 4.52% | 21.29% | 63.87% | 8.39% | 3.72 | 0.76
Total 1.33% 5.75% | 21.24% | 61.95% | 9.73% | 3.73 | 0.77

20.1 enjoyed it. Boys 2.82% | 15.49% 9.86% | 42.25% | 29.58% | 3.80 | 1.12
Girls 2.58% 7.10% | 11.61% | 61.29% | 17.42% | 3.84 | 0.89

Total 2.65% 9.73% | 11.06% | 55.31% | 21.24% | 3.83 | 0.96

21.1was fast at reaching | Boys 2.82% | 16.90% | 28.17% | 45.07% | 7.04% | 3.37 | 0.94
the game's targets. Girls 2.58% | 18.71% | 40.65% | 36.13% | 1.94% | 3.16 | 0.84
Total 2.65% | 18.14% | 36.73% | 38.94% 3.54% | 3.23 | 0.88

22.1felt annoyed. Boys 50.70% | 19.72% | 22.54% | 5.63% | 1.41% | 1.87 | 1.04
Girls 52.26% | 36.13% | 10.32% 1.29% 0.00% | 1.61 | 0.73

Total 51.77% | 30.97% | 14.16% 2.65% 0.44% | 1.69 | 0.84

23.1felt pressured. Boys 50.70% | 25.35% | 15.49% | 4.23% | 4.23% | 1.86 | 1.10
Girls 54.84% | 38.06% 6.45% 0.65% 0.00% | 1.53 | 0.65

Total 53.54% | 34.07% 9.29% 1.77% 1.33% | 1.63 | 0.83

24.1felt irritable. Boys 66.20% | 11.27% | 16.90% 1.41% 4.23% | 1.66 | 1.08
Girls 63.87% | 30.32% 3.23% 1.94% 0.65% | 1.45 | 0.71

Total 64.60% | 24.34% 7.52% 1.77% 1.77% | 1.52 | 0.85

25. 1 lost track of time. Boys 8.45% | 12.68% | 19.72% | 46.48% | 12.68% | 3.42 | 1.13
Girls 5.16% | 19.35% | 26.45% | 43.23% 5.16% | 3.24 | 1.00

Total 6.19% | 17.26% | 24.34% | 44.25% 7.52% | 3.30 | 1.04

26. | felt challenged. Boys 7.04% | 11.27% | 28.17% | 47.89% | 5.63% | 3.34 | 1.00
Girls 4.52% | 16.13% | 25.16% | 49.68% 3.23% | 3.31 | 0.94

Total 5.31% | 14.60% | 26.11% | 49.12% 3.98% | 3.32 | 0.96

27.1found it impressive. | Boys 7.04% 8.45% | 35.21% | 38.03% | 11.27% | 3.38 | 1.03
Girls 3.23% 8.39% | 27.10% | 56.13% 5.16% | 3.52 | 0.85

Total 4.42% 8.41% | 29.65% | 50.44% 7.08% | 3.47 | 0.91

Boys 5.63% 8.45% | 23.94% | 56.34% 5.63% | 3.48 | 0.94

Girls 7.10% | 14.19% | 20.65% | 55.48% 2.58% | 3.32 | 0.99

of the European Union

21



(& CODINGAGIRLS STl Co-funded by the
2018-1-5101-KA201-047013 L E{?ﬁ:&ﬁ:oﬁgg%ri”;?;ﬁ

28.1 was deeply
concentrated in the Total 6.64% | 12.39% | 21.68% | 55.75% | 3.54% 3.37 | 0.98
game.
29. 1 felt frustrated. Boys 49.30% | 26.76% | 16.90% | 4.23% | 2.82% | 1.85 | 1.04
Girls 48.39% | 36.77% | 10.97% 1.94% 194% | 1.72 | 0.88
Total 48.67% | 33.63% | 12.83% | 2.65% | 2.21% | 1.76 | 0.93
30. It felt like a rich Boys 2.82% 8.45% | 18.31% | 46.48% | 23.94% | 3.80 | 0.99
experience. Girls 1.29% 7.74% | 18.06% | 61.94% | 10.97% | 3.74 | 0.81
Total 1.77% 7.96% | 18.14% | 57.08% | 15.04% | 3.76 | 0.87
31.1lost connection with | Boys 9.86% | 26.76% | 28.17% | 29.58% | 5.63% | 2.94 | 1.09
the outside world. Girls 21.94% | 30.97% | 24.52% | 21.29% | 0.65% | 2.47 | 1.08
Total 18.14% | 29.65% | 25.66% | 23.89% | 2.21% | 2.62 | 1.10
32.1felt time pressure. Boys 42.25% | 23.94% | 22.54% | 8.45% | 2.82% | 2.06 | 1.12
Girls 45.81% | 34.19% | 14.84% 3.87% 1.29% | 1.81 | 0.92
Total 44.69% | 30.97% | 17.26% | 5.31% | 1.77% | 1.88 | 0.99
33.1 had to put a lot of Boys 5.63% | 14.08% | 22.54% | 42.25% | 14.08% | 3.46 | 1.09
effortinto it. Girls 6.45% | 20.65% | 25.81% | 39.35% | 7.74% | 3.21 | 1.06
Total 6.19% | 18.58% | 24.78% | 40.27% | 9.73% | 3.29 | 1.07

In the S2, the students again self-assessed the level of their programming skills on the scale
from 0 - | have never coded or programmed before to 4 - | can design a solution of a problem
in the form of a program. A total of 633 students (273 boys, 360 girls) solved the preliminary
and the follow-up questionnaire so their self-assessment results were compared. Table 11
shows data on the difference between the self-assessed initial level and the self-assessed final
level of programming skill. Over 40% of students stated that they have progressed, the most
of them for 1 level (29.07%). About 6% of students self-assessed their programming skill level
higher before participating in CAG activities. It can be assumed that these students were not
able to self-assess their programming skill realistically before the C4G activities. Comparison
by gender shows that slightly fewer girls remained at the same level of programming skill than
boys (difference is 0). Also, slightly more girls progressed by one level than boys (difference
is 1).

Table 11 - The difference between the self-assessed levels of programming skill

Difference
-2 -1 0 1 2 3 4
Boys 0.37% 4.76% 55.31% 25.64% 10.99% 2.56% 0.37%
Girls 0.56% 6.67% 47.22% 31.67% 11.94% 1.94% 0.00%
Total 0.47% 5.85% 50.71% 29.07% 11.53% 2.21% 0.16%
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A Wilcoxon’s signed rank test for paired samples showed that students self-assessed their
programming skill significantly higher after the C4G activities compared to self-assessment
before the C4G activities (Table 12). The results of rank-biserial correlation (rB), which are

considered as an effect size, show large effect size, overall and by gender.

Table 12 - Comparison of self-assessment of programming skill

Descriptive statistics Wilcoxon’s signed rank test results
N MIN | MAX | MEAN SD w P Effect size (rB)
A N 2 I T el
S e 0 4 [isioliow] 85 | <oor| o8
rotal [sife3s] 0 | 4 | 1S07[1083] s | ooy | o
Students’ comments

In their comments after the implementation activities, the students stated that they are very
happy with this way of learning, think that they have learned a lot, and feel like real
developers because they created their games. During the implementation of C4G approach,
they could hardly wait for every new task and new project. Learning by designing games was
for students interesting and “much more fun than traditional learning”. Some students said it
would be fun if they could choose a theme for the game by themselves.

Students were satisfied with the received materials. This way of learning was very fun and
they can't wait for more tasks like these. In some countries, these activities motivated
students to enrol in extracurricular course in programming.

Students who participated in the activities online mentioned that they liked doing the tasks
at home but that they would like to try this approach in the classroom, too.

Students also liked 3D game. The experience of using the games in the Students Game
Environment was both fun and interesting for boys and girls because it enabled them to see
actually what kind of product is attainable through the coding. Some of the students criticised
the high technical requirements for playing the 3D game since they would like to play the

game via smartphones or tablets at home.
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Teachers’ observations and comments

After the implementation activities, teachers and future teachers (Nt=225) were asked to
express their qualitative opinions about the C4G methodology and the implementation

process using the forms T1 and T2.

Teachers’ observations

Using the form T1, teachers and future teachers reported on students’ participation and
engagement as well as learning difficulties and problems.

All teachers stated that students were actively involved in the activities. They were motivated
for work, discuss, collaborate, brainstorm, and help each other while participating in the
activities. Students had a lot of fun developing games and were motivated to learn new
functionalities to implement them in the game. They also enjoyed playing their games as well
as seeing the other participants playing the games they had created. Most of the students
successfully completed all the tasks with the help of prepared materials. Students with some
previous experience in programming were more independent and often did even more than
excepted. Novice programmers with no previous experience needed more support in the
beginning, but with some assistance and hints from teachers and other students were able to
create projects in Snap!. In some countries, students continued doing challenges and asking
teachers and project members for support and comments even after the testing. Some
teachers suggested development of additional challenges as well as more complex scenarios
for students of secondary schools.

Due to technical limitations, some students were slower in completing assignments. Students
working on tablets had some problems with the Snap! but students who were creating
projects on desktop computers or laptops had no problems. Some teachers pointed out that
Snap!, in comparison with Scratch, have less features.

Regarding the C4G 3D game, teachers stated that the use of the game supported the learning
and teaching process effectively because in this way students were more interested and
motivated to learn even more complex scenarios. Teachers pointed out that one of the key
advantages of the C4G game is that entices students to engage with building programming

skills but also that it takes into account the needs of girls, aiming to bring them closer to
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computing. Some students needed more time to become familiar with the Students' Game
Environment but once they get used to it the motivation and interest were greater than
before. Some technical issues were notices due to the weak technological infrastructure in
the schools or the devices that students have at home.

In general, no particular differences in the learning process and involvement levels between
girls and boys were observed. There were no visible differences between girls and boys
regarding the perceived fun either. However, the motivation seemed to be a little different:
boys were very much interested in the coding itself and finding out about what they could do
with the instructions. Girls were more reflective, liked to understand very well every aspect
of a certain challenge so that they could be more creative in the solution. Boys were a bit
competitive and always tried to be the first to finish an activity while typically girls were more
reflective and more perfectionist in terms of the final result (for example, they always tried
to customize the background and objects in the scenes). Girls liked very much the stories in
most of the challenges and tried to contribute also to that aspect. But they also collaborated
between themselves in the process of finding bugs and problems in the challenges.
Teachers noticed that students, while using the game, asked both practical questions related
to the execution of the game in diverse environments and devices as well as more high-level
issues related to the importance of programming in the digital age. The experience with the
C4G game enabled student to understand that the evolution of technology, and more
specifically of network speeds, is a driver for demand for ever evolving digital applications
which in turn drives the need for qualified programming professionals. During the
implementation activities students also reflected on how girls and boys have equal
opportunities in engineering careers and more specifically the software industry and that it is

important for society to put all innovative minds to work for addressing emerging challenges.

Teachers’ comments

Using the form T2, teachers reported on accomplishment of learning objectives, relevance,
effectiveness and acceptance of the proposed methodology by the students, and the overall
organization of the implementation.

The opinion of the teachers is that game-based learning is fun for students. They are

motivated to solve tasks (problems) which makes this way of learning effective for learning
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programming. All teachers stated that the learning objectives were fully achieved by the
students during the C4G activities. Teachers liked that learning objectives are stated in all the
prepared learning scenarios (projects). The developed materials and tolls facilitate the
understanding of the contents, students learn by doing in an interdisciplinary perspective,
mixing creativity with imagination. Students can achieve learning objectives by developing
digital skills, with particular regard to computational thinking.

According to teachers, this learning approach had a great influence on the motivation of the
students and therefore on the competences achieved. Some students were motivated to
improve the original game by adding functionalities that went beyond the expected skill level
simply because they wanted to make their game better and have more fun playing it.
Relatively complex concepts were no longer difficult to understand, and that is the biggest
benefit of this approach. Additionally, teachers think that this approach challenges students
and helps them see the big picture before designing a detailed solution. In particular, the use
of these digital tools and games makes the activity captivating, increasing the pupil's
motivation and commitment, thus promoting learning.

Teachers agreed that the students fully accepted the C4G methodology. The topics of the
projects were very interesting to them and most of students enjoyed using newly acquired
programming knowledge to create games. They love playing games and this approach gave
them the opportunity to design their own simple game. C4G projects had a positive effect on
their desire and motivation to eliminate all mistakes. Students persisted until they reached
the set goal - a game they could play. The relatively complex learning content of
programming, which is often perceived as difficult and boring, was presented in a fun and
meaningful way that the students enjoyed.

According to teachers, the C4G approach is suitable for a different kind of learning styles for
the students, thanks to the use of challenges and the learning scenarios designed on several
levels of difficulty. Additional benefit is ability to discuss challenges in the brainstorming
section.

The teachers reported that the 3D game was attractive to students, enticing learning to want
to explore it further. Part of the attractiveness is the 3D graphics of the application that are
very similar to what students are used to when playing digital games for entertainment. The

graphical environment and the user movement in the digital world is comparable to popular
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commercial games in terms of quality and fidelity and this is one of significantly positive
aspects of the application.

In case C4G activities were conducted online, the insight regarding achieved fun by the
students could not be complete, but teachers stated that it is evident from the
communication with the students that the students had fun and were looking forward to
gaining new knowledge using the C4G methodology.

Teachers share opinion that the proposed learning methodology is captivating for both girls
and boys, develops a greater interest in the discipline, enhances computer skills, keeps
curiosity high, educates for innovation, invites for collaboration with others, while
maintaining and promoting one's individuality. The complexity of the learning content and
programming tasks in the course gradually increases so that students can effectively progress
in the learning process. The games they program become more and more interesting and
present a real challenge.

Teachers also agree that the C4G game-based, design thinking educational framework is
applicable in their future work. Learning scenarios with projects that need to be developed in
Snap! are appropriate to the age of students and plan to use them in future. Some teachers
suggested that the challenges should be more complex for secondary school pupils (14-16
years old).

Teachers also believe that a design thinking approach in combination with game-based
learning can be used not only for development of programming skills but also to enhance
students’ creative potential which can result in some new ideas and solutions. The approach
can be used to increase both male and female participation in computer science and for
future involvement in related professions.

Teachers perceived the C4G game to be of great value for introducing programming to wider
audiences and for attracting all children, including both girls and boys, to information
technology studies and careers. The game can help students demystify technology and to
understand is not only a choice for boys but also for girls, and that they can participate equally
in the field of information technology. The Teachers' Game Environment allows the design of
educational activities through an easy interface. As added value, the teachers pointed out
functionality that allows them to review and reproduce courses and activities produced by

other teachers and made public for use. This is beneficial for individuals that have less
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experience with the deployment of serious games since it enables them to design activities
for their students by being inspired and guided by activities and materials designed by others.
Finally, the teachers found the link between programming and STEAM particularly useful as
both fields help build critical and analytical thinking, and combined offer opportunities for
positive multiplier effects on student transversal, soft skill development.

Regarding the overall organization of the implementation, teachers reported that it was fully
aligned to the teaching needs (achievement of the outcomes related to programming).
Created materials for implementation of C4G activities are comprehensive and clear. It was
useful to have instructions for using Teachers' Game Environment. During the
implementation, logistical support from project team members was efficient and available at
any time. Teachers pointed out that they were involved in all phases and that these activities

were a good opportunity for them to learn about new approaches.

Experts’ comments

External validators (Ng=37) were also asked to give their qualitative opinions regarding the
accomplishment of learning objectives by the students, relevance, effectiveness and
acceptance of the proposed methodology by the students, and the overall organization of the
implementation.

According to experts’ opinion, C4G design thinking educational framework is effective and
applicable for teaching programming to girls as well as boys. Experts agreed that for
developing basic programming skills among students from 10-16 years, the C4G methodology
is very suitable. Snap! programming interface allow students to create interactive stories and
games which is fun and stimulating for them. The advantage of coding using blocks is that
students of that age do not need to learn the programming syntax because this negatively
affects students’ motivation to learn programming (they usually forget the syntax very
quickly). According to the experts, projects in CAG learning scenarios are well designed but
some of them suggested the development of complex scenarios for older students.

Experts mentioned that the learning objectives for each learning scenario (challenge) are very
clear and very well detailed which allows teachers to plan activities and assess whether
students reached those learning objectives. Experts think that during C4G implementation

activities students accomplished all the learning objectives and acquired basic programming
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skills. According to experts, the proposed methodology favours the achievement of learning
objectives because they are suitable for all age groups and represent an interactive and
alternative way to acquire skills by stimulating curiosity and motivation. The activities within
the platform are well structured. The challenges structure guides and stimulates the students
to move on to the next level - from simple problems to more complex so students, both girls
and boys, who have difficulty to master programming concept during traditional teaching can
achieve good results through the C4G approach. The graphics design in the Students' Game
Environment is captivating and the challenge modalities at different levels are suitable for the
age of the target group of students.

According to experts, designed tools are good support to teachers. The integration of the
teacher and student platforms facilitates building programming skills by creating customized
learning scenarios. Therefore, the CAG approach can be very effective.

Experts stressed out that the CAG approach assumes solving real-life problems which is
interesting to students, especially girls. The projects stimulate students to be creative and
enable them to learn in a fun way by creating games. Topics included in the projects are
interesting to the girls and motivate them to solve the given problem using newly acquired
programming knowledge. At the same time, topics are interesting to boys as well.

Experts noted that the proposed methodology helped students feel engaged. Moreover,
students were actively participating in activities and collaborating with each other since the
approach involves design thinking. Using design thinking issues and problems can be
observed, discussed and reflected upon in terms of the impact of the solutions created on
their users and society.

Experts assessed the overall organization of the implementation successful. They think it was
very important to verify the proposed methodology with teachers. The experts think that the
flexibility of the C4G validation methodology was fundamental to ensure results in the
situation with the COVID-19 pandemic. For teachers, it was a good opportunity to improve
knowledge and get familiar with the developed resources and tools available. The number of
resources and tools for the teachers is a very positive aspect of this approach as it gave the

teachers confidence to guide the students in the process of learning to code.
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DISCUSSION AND CONCLUSIONS

The results of the preliminary questionnaire (S1) showed that students of both genders use
the Internet and digital devices, on average a couple of hours a day, and have 5 to 6 years of
experience in their use. This shows that the students had the appropriate digital skills
necessary for the implementation of the CAG approach. The large number of hours that some
students spend per week using digital devices and the Internet is partly conditioned by the
online teaching that was conducted is schools at the time of the implementation activities.
Results also showed that students play video games and that boys spend significantly more
time playing them than girls. This indicates that game-based activities, such as those designed
within the C4G approach, should be tailored to interests of the girls to keep the girls
motivated.

Results of the preliminary questionnaire also indicated students are mostly motivated for
learning programming by success in the programming class (girls to a greater extent that
boys). Students are also motivated by the fact that they enjoy solving problems and puzzles
and because creating their own games is fun for them. This confirms that the C4G
methodology which includes creating games for solving real-life problems is appropriate for
the target group of students. According to the results, boys are further motivated by the
desire to become programmers while girls are very little motivated by this factor. This shows
that girls are less interested to follow a career in programming so they need to be motivated
by approaches like C4G.

In the initial self-assessment of their programming skills, the most of the students stated that
they are novice programmer s (level 1) or that they can code simple programs (level 2). This
is confirmed by the results regarding the familiarity with programming concepts which
showed that most students are familiar only with basic concepts such as statements and
loops. Some students attend the subject Informatics for several years but do not consider that
they have developed programming skills. The reason for this may be that they find
programming difficult and are not interested in learning.

Results of the comparison of self-assessment confirmed the effectiveness of implemented

activities for learning programming. Students self-assessed their programming skill
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significantly higher after the C4G activities compared to self-assessment before the C4G
activities (large effect size is present for overall results and results grouped by gender).
Students’ attitudes regarding the C4G methodology, expressed in the follow-up
guestionnaire, shown that they consider the approach relevant for learning programming and
that they had fun and enjoyed programming which also supports the validation of the C4G
approach. Regarding the 3D game environment, both boys and girls found the game fun and
would like to use it frequently. As stated before, students’ qualitative feedback was also very
positive.

After the implementation activities, teachers reported that conducted activities enable
students to achieve learning outcomes and at the same time had fun. Teachers think that
creating games is a very effective way for students to learn programing concepts and they
plan to apply the C4G methodology in the future as well. They observed that C4G approach
encouraged creativity and problem solving and students were motivated to complete the
project (their own game) to the end. Regarding the C4G 3D game, teachers stated that the
use of the game was effective because in this way students were more motivated to learn
programming. Some of them stressed out that one of the main advantages of the C4G game
is engaging students in programming and at the same time taking into account the needs of
girls through the design of the 3D environment and inclusion of logical mini-games/puzzles.
The external experts who participated in the validation activities agreed with these
observations and support the application of game-based learning approach using visual
programming tools for learning programming. They emphasized the good choice of topics of
the projects included in the learning scenarios which are interesting to girls and encouraged
them to apply their programming knowledge. Experts stressed out that the C4G approach

assumes solving real-life problems which is interesting and motivating especially for girls.

Regarding the possible improvements, one of the challenges for teachers in schools was the
size of the Coding4Girls 3D game application, which made it difficult to download to the
computers due to their limited capacity and the low bandwidth of the network. To overcome
this, the recommendation is to provide the teachers with USB sticks with the software

installation. The other problem was related to technical difficulties encountered by students
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who used Snap! on tablets, so the next version of the C4G methodology could include the

possibility of using another visual programming tool beside or instead of Snap! (e.g. Scratch).

In conclusion, all goals related to the implementation of C4G methodology were achieved
successfully with the large participation of students and teachers despite the COVID 19
pandemic which limited many events to an online form. The flexibility of C4G methodology
has proven to be successful and appropriate for students, both girls and boys, and has made
it possible to achieve learning outcomes in an effective and fun way in both f2f and online
environments. Although it is primarily intended to encourage girls’ interest in coding and
computer science, validation has shown that the methodology is equally effective for all

students.
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S1. PRELIMINARY QUESTIONNAIRE FOR STUDENTS

Code:
Age:
Sex:

Country:

1. For how long have you been using computers, tablets or other digital devices?
years

2. How many hours per week do you use a computer, tablet or other digital device?

hours
3. How many hours per week do you use the Internet? hours
4. How many hours per week do you play video games? hours

5. a) What is your level of programming, now?
i.  Never did any coding or programming
ii.  Starting (just have basic ideas)
iii.  Coding (can create parts of a program)
iv.  Programming (can create a full program)
v.  Problem solving (can pick a problem and design a solution for it in the form of
a program)
b) If you already did some coding, which of the following concepts are familiar to you?
i. Loops [
ii.  Conditionals
iii.  Variables
iv.  Statements (sounds, movement, looks, drawing)
v.  Parallelism

vi.  Operators

0O o o o o oo

Vii. Events

2. What motivates you to learn to program?
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I’m not motivated

| want to succeed in the programming class

ii)  want to show other students | can program
iii) I want to follow a career in programming

iv) | enjoy solving logic problems and puzzles

v) Other

* X
* *
* *
* *

* ok

0O o o o o

Co-funded by the
Erasmus+ Programme
of the European Union
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S2. FOLLOW-UP QUESTIONNAIRE FOR STUDENTS

Code:

CODINGA4GIRLS
2018-1-S101-KA201-047013

1. Classify the following statements:

‘,t
* *
Erasmus+ Programme
LS

of the European Union

. Co-funded by the

Strongly Disagree Neutral Agree Strongly
Disagree Agree

a) |found programming challenging

b) |found programming motivating

c) |found programming easy

d) Ienjoyed programming

e) | understood most of programming

concepts

f) Learning this way is fun

g) |felt engaged with this way of learning

h) The activities were relevant to learn

At any time it was clear what | had to do

What | learned will be relevant for my
future

2. What is your perceived level of programming, now?

a) Starting (just have basic ideas)

b) Coding (can create parts of a program)

c) Programming (can create a full program)

d) Problem solving (can pick a problem and design a solution for it in the form of a

program)

3. Usability of the game environment® (optional)

Strongly
Disagree

Disagree

Neutral

Agree

Strongly
Agree

| would like to use this game frequently.

| found the game complex.

The game was easy to use.

| need the support of a technical person to
be able to use this game.

The various functions in this game were
well integrated.

f)

There was too much inconsistency in this
game.

5 Adapted System Usability Scale (SUS): https://www.usability.gov/how-to-and-tools/methods/system-
usability-scale.html
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g) Most people would learn to use this game

very quickly.

h) The game was very cumbersome to use.

i) Ifelt very confident using the game.

j) | needed to learn a lot of things before |

could get going with this game.

4. Game experience ® (optional)

Strongly Disagree Neutral Agree Strongly
Disagree Agree

a) |felt content

b) | felt skilful

c) Iwasinterested in the game's story

d) Ithought it was fun

e) | was fully occupied with the game

f) Ifelt happy

g) It gave me a bad mood

h) |thought about other things

i) |found it tiresome

j) Ifelt competent

k) Ithought it was hard

I) It was aesthetically pleasing

m) | forgot everything around me

n) |felt good

o) |wasgood at it

p) |felt bored

q) |felt successful

r) |feltimaginative

s) |felt that | could explore things

t) lenjoyed it

u) | was fast at reaching the game's targets

v) |feltannoyed

w) | felt pressured

x) |feltirritable

y) |lost track of time

z) |felt challenged

aa) | found it impressive

bb) | was deeply concentrated in the game

cc) Ifelt frustrated

dd) It felt like a rich experience

ee) | lost connection with the outside world

ff) |felt time pressure

gg) | had to put a lot of effort into it

6 Adapted from the Game Experience Questionnaire (GEQ):

https://pure.tue.nl/ws/portalfiles/portal/21666907/Game Experience Questionnaire English.pdf
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$3. STUDENTS’ COMMENTS

Country:

Teacher:

Date:

In the end of the implementation group all the students and collect their verbal qualitative
opinions and comments. You can ask students about the overall organization of the
implementation, their perception on the acquired knowledge, their perception on the
relevance and effectiveness of game-based learning and their perception on the achieved fun.
You can also ask them for other information that you find relevant. Students can also report
on any learning difficulties or problems during the course and what they did when they found
those problems. Students can also express their views on how to improve the C4G

methodology, tools and contents. Transcribe here their opinions.
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T1. TEACHERS’ OBSERVATIONS

Country:

Teacher:

Dates: to

During the implementation sessions, observe and document the reaction of your students
and their progress in building coding skills. Report here the mains aspects of that observation

(are they having fun, are they struggling with the content, exercises, are they collaborating,

asking for support, etc.)
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T2. TEACHERS’ COMMENTS

Country:
Teacher:
Date:
Please report your views on:
a. Your perception on the accomplishment of learning objectives by the students;
b. Your perception on the relevance and effectiveness of game-based learning for
building programming skills and of the specific CODING4GIRLS learning approach;
c. The acceptance of students of the proposed methodologies;
d. Your perception on the achieved fun by the students;
e. Your analysis of the overall organization of the implementation;
f.  Your perception on the usability and acceptance of the proof-of-concept serious
game approach in connection with the wider CODING4GIRLS game-based, design

thinking educational framework.

39



(& CODINGAGIRLS STl Co-funded by the
2018-1-5101-KA201-047013 L E{?ﬁg’gﬁ;ﬁ;ﬁrﬁg?gﬁ
E. EXPERTS COMMENTS

Country:
Expert names:
Date:
Please report the expert views on:
a. Their perception on the accomplishment of learning objectives by the students;
b. Their perception on the relevance and effectiveness of game-based learning for
building programming skills and of the specific CODING4GIRLS learning approach;
c. The acceptance of students of the proposed methodologies;
d. Their perception on the achieved fun by the students;
e. Their analysis of the overall organization of the implementation;
f.  Their perception on the usability and acceptance of the proof-of-concept serious
game approach in connection with the wider CODING4GIRLS game-based, design

thinking educational framework.
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EXECUTIVE SUMMARY

Implementation and validation of the C4G approach in Bulgaria held from February to
December 2020 with experts, teachers in Information technology, Informatics and Computer
modelling and students age 13-14 from Vocational school of Geodesy, Construction and
Architecture, Blagoevgrad. Due to the COVID-19 pandemic, Bulgarian schools were in most of
the time closed and face-to-face training activities with the teachers were forbidden. There
were some periods for face-to-face activities in September and October 2020 and we use
these periods for some of validation activities. The approach was adapted for implementation
and use in online environment.

The validation activities were focussed mainly to the teachers and prospective
teachers. Students from Master degree program “Technology for education in mathematics
and informatics” (Nmst= 15 ) were involved in the course “Computer games in teaching
mathematics and informatics” the course was implemented in blended mode — combination
of face-to-face and online activities. Also, after multiplayer event we organised in December
2020 online qualification course for teachers in ICT, Informatics and Computer modelling
(Nt=25). The course syllabus was approved by the Faculty council of the Faculty of
mathematics and natural sciences at SWU “Neofit Rilski” and gives teachers 2 qualification
credits for 16 hours online videoconference meetings and 16 hours for self-preparation and
working in on-line environment according to national requirements for teachers’ qualification
improvement. One teacher together with member of project team organised validation
activities with school students (Ns=39) in Vocational school of Geodesy, Construction and
Architecture, Blagoevgrad. In addition, two experts (Ne=2) were invited to validate the
approach.

The all activities with teachers and students were based on the C4G methodology and
game-based environment developed in the frame of the project.

Results showed that students accepted the game based C4G methodology,
participated actively in short workshop and part of them decided to continue with
extracurricular activities in programming. Teachers and experts have positive attitude to the

proposed methodology and game-based environment.
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IMPLEMENTATION

Validation activities

The validation activities in Bulgaria were implemented with:

personal communication with experts and one teacher, who in the next stage
applied the C4G approach with school students. During these personal
meetings first were presented ideas of the C4G methodology and after that
the game - based environment was introduced;

blended learning course in area of educational computer games with master
degree students (N=15) “Technologies for teaching of mathematics and
informatics”. The course was organized in face-to-face classes, on-line
videoconference meetings and self-learning in online environment. As a result

of this course master students prepared learning scenarios and some of them

implemented scenarios in C4G game-based platform.

Fig. 1. Moments from face-to-face workshop with prospective teachers - students in Master

degree
Face-to-face activities with students from one vocational school. In frame of
these activities teacher and member of our project team presented and
trained the students to use the C4G game based environment for introducing
students in programming concepts and engaged them for participation in
extracurricular course in digital competences and programming. Information
about these presentations were published on the web site of the school -

https://www.pgsag-blg.com/?page id=7
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e Online course with teachers from different parts of the country. In this online
course participated high motivated teachers in ICT, Informatics and Computer
Modelling from Capital city — Sofia, Towns in South-East, Nord-East, South-
West and Central parts of Bulgaria (Sofia, Blagoevgrad, Kardzhali, Provadia,
Yablanica etc.). Information about this course was announced during
multiplayer event at 9.12.2020 and in the Facebook group of teachers in
informatics. We organized 16 hours in videoconference environments of MS
Teams (this is requirement of the Ministry of Education) and LMS Moodle. All
sessions were recorded and published in the LMS Moodle and MS Teams. The
course is available in Bulgarian language at

https://edugames.swu.bg/moodle/course/view.php?id=18
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Fig.2. Screenshots from the online course in Moodle environment

Data collection tools

During the validation of C4AG approach, all the data collection tools provided in the
C4G validation strategy were used:
e S1-—Preliminary questionnaire (for students)
e S2 —Follow-up questionnaire (for students)
e T1-Teacher’s observations (one teacher)
e T2 -Teacher’'s comments
e T2A —Teacher’s comments for online course
e E—Expert’scomments
The data collection tools were before validation activities translated into the Bulgarian
language.
Questionnaires S1 and S2 were paper based, while data collection tools S3, T1, T2, and
E for teachers and experts were prepared as Word documents in which they could write
observations and comments. Also, for the online course for teachers was developed Google

form with extended number of questions.

Materials

During the implementation, learning scenarios and 3D game environment that were
developed by the project partners were used, also additional materials have been developed
to support activities. All resources were translated in Bulgarian.

Because most of the students have had a low motivation for programming and no
previous experience in programming some of topics were presented with aim to increase
their motivation. Additional game-course was prepared by teacher and member of project

team. The course includes all minigames and initial step in programming with Snap!
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For the training of the master degree students in face to face mode we used next games and
learning scenarios:

e Introduction to Snap!

e Discover Snap! : move a sprite

e Moving around the stage

e Changing costumes and turning

e Sounds of the farm

e Chameleon’s summer vacation
In online workshops with teachers we demonstrated process of development of learning
scenario and implementation of the scenarios in the C4G game platform with scenario Allice
in the Wonderland and additional scenario Traffic Light.
(The whole activity in Snap! is available at

https://snap.berkeley.edu/snap/snap.html#present:Username=ddureva&ProjectName=Svet

=
¢« c @ © & hitpsy/snap.berkeley.edu/snap/snap.htmi#present:Username = ddureva&ProjectName=Svetofar e yinmo e =

Hanpes c @D cronkw
| & c GEB rpanyca J
S\l o6bpuy ce B nocoka K
sampm § ¢ @B any ﬁmnunmxv
;oacmﬁ pazmepa Ha ‘Tﬁj |
s Kancn 3a @B cex
fstes] opoopEn acn 22 @ cex

0bbpHM Ce B nocoKa

npemunn kom x CD v @D
| npemnim B Touka randomp:
nnbzrane @ cex Ao x

CMeHH KOCTIOM C abby-b |
npomenn x c G

e T CeeTHa KbNTO, HO BCE OlWe He G1Ba Aa npecuyai. Bee nak we-ce-orneaam. =0 10

Hacipoit x va B

npomenn y c §[H
3 abby-c | |
Hacipoit y Ha g 55"l Beve morananpecekaynuuaral el 5 WS

06bphy ce B nocoxka K9

& c @D rranyca

aKo e B Kpas, oTONbCHM C

M (x noznymun
M (y nozuums

Fig. 5. Traffic Light — story telling

Setup model and procedure

Sessions with students in school were relatively short (about 3 school hours) therefore

to engage and motivate students we developed additional game with all minigames. The
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teacher was involved in the C4G approach and had previous experience and research
activities in area of design thinking methodology.

Before the workshop with the students, teacher conducted survey S1, after the
workshop students filled the survey S2. The students were required to write the anonymised
code received from the teacher to ensure comparison of results regarding the self-assessment
of their programming skill.

Teacher reported the reaction of students and their progress in building coding skills
using the game-based C4G approach (T1) and her own views related to the relevance and
effectiveness of the CODINGA4GIRLS game-based learning approach for building programming
skills (T2). The teacher participated in the online National Multiplication event and shared her
experience and observation during these short workshops with the students.

The first validation workshop with teachers and prospective teachers was
implemented in blended mode with Master students. They expressed their opinion regarding
C4G approach in T2 in MS Word files. First in face to face mode we presented them the main
principles of programming in Snap! All of them had already an experience with Scratch and
we compared main futures of both programming environments. After that we involved the
teachers in the C4G approach with game — they were in role of students. They played the
selected game. During the next face to face session, master students worked together with
the project member on development of example game in C4G game-based environment. In
the frame of the virtual classrooms and self-learning activities they developed own learning
scenarios and games.

After the National multiplier event (December 2020) an online course was
implemented with teachers from different part of the country. Some of teachers had
experience in block programming environment, some of them were without any experience
in block programming environment. In the course teachers were involved in the game-based
approach, design thinking ideas and learning framework. Due to different initial programming
skills of the teachers, we presented main concepts and blocks in Snap! programming
environment. Also because another environments is most used in the schools — Scratch, we
compared functionalities of both environments Snap! and Scratch. Teachers were involved in
the C4G game-based environment first as a students and after that as a teachers. The next

step in the course was to present structure of learning sheets. We used as an example learning
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scenario 14. Allice in wonderland. In the last virtual session we prepared together new
learning scenario , Traffic light“ which is based on the story telling and broadcasting events.
The syllabus of the course and screenshots from the online course are presented in Annexes.

External experts expressed their point of view regarding proposed C4G approach.

Participants

The project team at SWU includes researchers and teachers (Npr=3) in the field of
game-based learning, programming, didactics of informatics, multimedia and e-learning. All
actively involved in the preparation of the implementation and validation activities, including
collaborative work with teacher and students and preparing of additional on-line learning
materials and virtual workshops.

Direct participant of the study were one teacher in informatics (Ny=1), 39 students at
8™ grade (14 years old), 18 Master students in program “Technology of education in
mathematics and informatics”, 25 teachers — participants in online qualification course and
two experts.

The teacher that conducted training with the students has more than 15 years of
teaching experience in informatics and research interest to the design thinking and game-
based education in informatics. The first expert is senior teacher in informatics at
mathematical high school, has more than 20 years of experience in teaching in informatics,
participated in group at Ministry of education for development of new curricula in ICT and
computer modelling for 5-7™ grades. She holds PhD degree (from 2019) and her PhD thesis is
related to development of integrative model (based on game development and game-based
learning) for teaching programming in secondary school. The second expert has more than
15 years of experience in teaching ICT and is currently part time PhD student at University of

Plovdiv with research interests in methodology of game-based education in ICT.
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RESULTS

Results of questionnaires for students

According to the accepted validation strategy two questionnaires for students were
used: preliminary questionnaire about the use of digital devices and perceived level of
programming and the follow-up questionnaire about satisfaction with programming and
coding activities, satisfaction with the organization of the implementation, and perception on
the acquired coding skills.

In both questionnaires students were asked to self-assess their current level of
programming skill. Based on this question, the difference between students’ self-assessed
initial and final level of programming skill was calculated (the answers from the
guestionnaires were paired based on the code that students have entered).

A total of 26 students (66,67% of students who participated in C4G activities) solved
both questionnaires. We processed data for students participated in both questionnaires - 26

students (66.67%).

S1 - Preliminary questionnaire
The mean age of students was 13.96 years (SD=0.2041). The number of girls is 5 (19%)
Table 31 shows descriptive statistical analysis of participants’ responses to the
guestions related to the use of digital devices, the internet and video-games. The comparison
of the overall average results by gender (Figure 3) shows that boys and girls have been using
digital devices for the same length of time. On a weekly basis, girls use digital devices and the

Internet more, but boys spend significantly more time playing games.

Table 1 - The use of digital devices, the internet and video-games by gender

Question N [Min| Max | Mean SD

Boys | 21 | 2 11 | 6,67 | 2,517
Girls |5 |5 |8 6,60 | 1,140
Total (26 |2 | 11 | 6,65 | 2,297
Boys |21 |5 | 8 | 30,43 | 20,889
Girls | 5 10 | 105 | 60,60 | 43,552

5. For how long have you been using computers, tablets or other
digital devices (in years)?

6. How many hours per week do you use a computer, tablet or
other digital device?

Total | 26 | 5 | 105 | 36,23 | 28,278
Boys |20 |3 |56 | 17,85 | 16,576
7. How many hours per week do you use the Internet? Girls |5 |9 |95 | 5540 | 41,016
Total | 25 |3 | 95 | 25,36 | 27,072
8. How many hours per week do you play video games? Boys |20 |0 | 74 | 19,00 | 19,791

51



CODINGA4GIRLS
2018-1-S101-KA201-047013

the

Rt Co-funded by
P Crasmus+ Programme
* X of the European Union

Girls | 5 0 10 | 2,60 | 4,219
Total (25 |0 | 74 15.72 | 18.918
The use of digital device, internet and video games
4.  How many hours per week do you play B
video games?
3. How many hours per week do you use
the Internet? _
2. How many hours per week do you use a
computer, tablet or other digital device?
1. For how long have you been using
computers, tablets or other digital devices (in... -
0 10 20 30 40 50 60 70
Total M Girls HBoys
Figure 8 - The use of digital devices, the internet and video-games — comparison by gender
The participants self-assessed the level of their programming skills on the scale from 0 - I have

never coded or programmed before to 4 - | can design a solution of a problem in the form of

a program. Results are shown in the Table 2. Most of the students stated for themselves that

they are at level 0 — novice in programming (50%) and level 1 - novice programmers (38.5%).

If we compare these results by gender (Figure 4), it can be seen that the boys prevail among

the students that self-assess their level of programming with the levels 0 and 1. About 80% of

the girls stated that their previous knowledge are at level 1.

Table 2 - Self-assessment of programming skills by gender

Level of programming skills Boys Girls Total

0 - | have never coded or programmed before 61,9% 0 50,0%
1-1am a novice programmer (just have basic ideas) 28,6% 80% 38,5%
2 - | can code simple programs 0% 0% 0%
3 -l am fluent in programming (can create a full program) 9,5% 20% 11.5%
4 - | can design a solution of a problem in the form of a program 0% 0% 0%
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Self -assessment of programming skills

4 - | can design a solution of a problem...
3 -lam fluent in programming (can... Sy
2 - | can code simple programs
1-1am a novice programmer (just have... s

0 - I have never coded or programmed...
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Total M Girls HBoys

Figure 9 - Self-assessment of programming skills — comparison by gender

In the preliminary questionnaire the participants also stated which programming
concepts are they familiar with. The results (Table 53) show that students are mostly familiar
with the events (26,9%) and operators (19,2%) while they are the least familiar with the loops
(3,8%) and parallelism (7,7%). According to the results, there is difference in familiarity of
programming concepts between the genders (Figure 5). The largest difference in percentages
can be observed for the concept operators. But due to small numbers of girls it is possible
that there is no statistically significant difference in ratios for girls and boys. Additional

analysis is needed.

Table 3 - Familiarity with the programming concepts

Concept Boys Girls Total
Loops 4,8% 0% 3,8%
Conditionals 9,5% 40% 15,4%
Variables 14,3% 20% 15,4%
Statements (sounds, movement, looks, drawing) 4,3% 40% 11,5%
Operators 14,3% 40% 19,2%
Events 19% 60% 26,9%
Parallelism 4,8% 20% 7,7%
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Figure 10 - Familiarity with the programming concepts — comparison by gender

Comparison of motivations by gender (Table 4) shows that about 40% of boys and girls

are low motivated. Girls are not impressed to have carrier in programming, but they wish to

show to others that they can program. We have to take into account that girls are only 5.

Table 4 - Motivation for learning programming by grade and gender

Statement Boys Girls Total
I’'m not motivated 38,1% 40% | 38,5%
| want to succeed in the programming class 28,6% 0% | 23,1%
| want to show other students | can program 9,5% 40% 15,4%
| want to follow a career in programming 14,3 0% | 11,5%
| enjoy solving logic problems and puzzles 19% 0% 15,4%
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Figure 11 - Motivation for learning programming — Comparison by gender

52 — Follow-up questionnaire

A total of 26 students solved the follow-up questionnaire about satisfaction with
programming and coding activities, satisfaction with the organization of the implementation,
and perception on the acquired coding skills. The students are the same that filled S1
questionnaire.

In the follow-up questionnaire, students expressed their attitudes regarding the C4G
learning methodology and the implementation of activities using the 5-point Likert scale (1 -
strongly disagree, 2 — disagree, 3 — neutral, 4 — agree, 5 — strongly agree). According to the
results (Table 5.), both boys and girls felt engaged with this way of learning and think that
conducted activities were relevant for learning programming. The short time of workshop did
not give them to understand all concepts in programming. But they find that learning
programming in this way is fun. Girls find that programming is easy. Both groups boys and

girls confirm that learned material will be helpful for their future.

Table 513 — Satisfaction with C4G learning methodology

Statement 1 2 3 4 5 Mean | Median SsD
11. | found programming Boys 9,5 |14,3|19,0 | 42,9 | 14,3 3,38 4 | 1,203
challenging. Girls 0 20 | 40 | 40 0 3,2 3| 0,837
Total 7,7 154|231 42,3 | 11,5 3,35 4| 1,129

12. | found programming Boys 23,8 | 14,3 | 28,6 | 286 | 4,8 2,7 3| 1,153
motivating. Girls 0 40 | 20 40 0 3 3 | 1,000
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Total 19,2 | 19,2 | 26,9 | 30,8 | 3,8 2,81 3| 1,201
13. | found programming Boys 9,5 [33,3]286]190| 95 2,86 31153
easy. Girls 0 20 | 20 60 0 3,40 4 | 0,894
Total 7,7 308|269 269 7,7 2,96 3| 113

14. | enjoyed programming. | Boys 9,5 | 14,3 | 19,0 | 38,1 | 19,0 3,43 4| 1,248
Girls 0 0 40 60 0 3,60 4 | 0,548

Total 7,7 |11,5|23.1 423|154 3,46 4 | 1,140

15. | understood most of Boys 19,0 | 38,1190 19,0 | 4,8 2,52 2| 1,167
programming concepts. Girls 0 30 0 20| 0 2,40 2| 0,894
Total 154 | 46,2 | 154 | 19,2 | 3,8 2,50 2| 1,105

16. Learning this way is fun. | Boys 19,0 | 0,0 | 14,3 | 42,9 | 23,8 3,52 4 | 1,401
Girls 0 0 40 40 | 20 3,80 4 | 0,837

Total 154 | 0 | 19,2 423|231 3,58 4| 1,301

17. | felt engaged with this | Boys 23,8 | 23,8 /238|238 48 2,62 3| 1,244
way of learning. Girls 0 60 | 20 20| 0 2,60 2 ]0,89%
Total 19,2 (30,8 |23,1|23,1| 3,8 2,62 2,50 | 1,169

18. The activities were Boys 0 4,8 | 381 | 28,6286 3,81 4| ,928
relevant to learn. Girls 0 20 40 40| o 3,20 3,00 | 0,837
Total 0 7,7 | 385|309 | 23,1 3,69 4| ,928

19. At anytime, it was clear | Boys 0 14,3 | 38,1 | 38,1 | 9,5 3,43 3| ,870
what | had to do. Girls 0 40 | 20 40 0 3 3 1
Total 0 19,2 | 34,6 | 385 | 7,7 3,35 3 | 0,892

20. What I learned will be Boys 0 9,5 | 28,6 | 238|381 3,90 4 | 1,044
relevant for my future. Girls 20 0 0 60 20 3,60 4 | 1,517
Total 3,8 | 7,7 | 23,1 30,8346 3,85 4| 1,120

The students again self-assessed the level of their programming skills on the scale

from 0 - | have never coded or programmed before to 4 - | can design a solution of a problem

in the form of a program. A total of 26 students (21 boys, 5 girls) solved the preliminary and

the follow-up questionnaire so their self-assessment results were compared. Because the

workshops with the students were too short, we can not to expect achievements of higher

results and changes in self-assessment of programming skills. All girls do not state changes in

their level of programming skills. Only two boys (9,5%) indicate changes in their programming

skills with one level up.

A Wilcoxon’s signed rank test for paired samples showed that students self-assessed

their programming skill are the same as before short workshop activities. significantly higher

after the CAG activities compared to self-assessment before the CAG activities (Table 126).
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The effect size is calculated with formula r=£n, where Z is z- statistics obtained from Wilcoxon

signed rank test (SPSS), n is number of observations.

Table 6 - Comparison of self-assessment of programming skill

Descriptive statistics Wilcoxon’s signed rank test results
N | MIN | MAX | MEAN | SD |Z p Effect size
Boys 2; 2211 8 z31 Z; 1:222 -1,414 | 0,500 (exact sig. 0,500) 309
Girls 2; i i 2 ;j :gj 0 | 1.0 (exact sig. 2-tiled) .0
Total :: ;: (1) Z ;i 1:2?; -1.414 | 0,500 (exact sig. 0,500) 277
Students’ comments

Nevertheless, that there were no changes in self-assessment of programming skills
students were impressed by the proposed approach and as a result of this short workshops

half of them decide to start participation in extracurricular course in programming.

Teachers’ observations and comments

After the implementation activities, teachers and students — future teachers were
asked to express their qualitative opinions about the C4G methodology and the
implementation process using the forms T1 and T2.

Teachers’ observations

The teacher that implemented C4G approach reported: “The students quickly
navigated the platform, it was fun and interesting, they helped each other and competed with
each other. The students did not encounter any special difficulties in working with the
platform, they sought help in performing some tasks set by the teacher. It is very useful to
have a textbook for using the programming training platform, as well as a teacher's book with
methodological guidance and tasks and scenarios.” Also, in discussions with the teacher about
positive and negative side of Snap! usage, she comment that less features of the Snap! in
comparison with Scratch, regarding the integrated graphical editor, gives opportunities to the
students to extend their skills in searching, finding and processing external images from

internet space and take care about copyrights of the used pictures.
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The future teachers from master’s degree programme in their answers of the
questions in form T2 (11 from 15) stated their attitude to the C4G method. Most of them
mentioned that the use of games in education aims to make the learning content much more
accessible and understandable for students and at the same time to strengthen children's
interest in the discipline. Students will be engaged in the games and for them it will be fun.
The approach is relevant to the new school curricula in ICT. They evaluate positively teachers’
and students’ materials published on the web site of the project —videos, learning sheets with
scenarios. Tree of master’s degree students (one of them is teacher in Informatics)
commented that in the beginning it will be interesting for the students, but it will be difficult
to confirm that this interest will be sustainable. They also comment that approach requires a
lot of time to prepare games and to be implement in the class. The platform works slowly and
requires high parameters of the used computer system.

The master’s degree students developed additional scenarios according the C4G
methodology and some of them were implemented in the C4G game platform. Some example
of these games are given in Fig. 10. The games are:

e Fun math — access code open_math_101;
e Diver with access code —tomi017;

e Maze — access code maze4556.

MATH101

YYEHWKBT, y4aTcTBa B NPoLEeca No Cb34aBaHeTo Ha NPocTa MateMaTnyecka
1rpa BrArOYBaLLa cbBupaHe, M3BaXAaHe, YMHOXEHWE U AeNleH e U3NON3BAAKM
naatgopmarta Snap!

I'Ipep,waauka'rencraa

& FatifatimeKavalova
% . ‘ - 1)Ce3papane Ha repoin &
& open math

-

Course Math 101
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Maypkau

MomorHeTe Ha TMypkaua aa npebpon ounTe Ha pubkuUTe B KOLLHULUTE

— TEOMEHAWDI, BASKNGHEH AATOPHTLM

HacTpoiii Ha kypca

I'Ipe.quaavmarencrsa

1)3apaii npomeHnuente ©

Tencrsaro:
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2)Msuncim otrosopa &
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Course Diver

o » @ i
eri.. (@ MyMortings - 7oom [l CodingdGir »

Coding4Girls Ky

JNabnpuHT
MNoMorHu Ha MaﬁMyHKaTa ycnewHo Aa cTUrHe Ao ¢MH8,‘18.

— naup

I'Ipe,qmaswuarencraa

i‘il‘“ a_peeva 1)Cb3aaii nabupuut ! &

2)Cw3paii ceoli cnpaiit! o

[ 1 [ER—

Course Maze

Fig. 10 Games created by the master degree students in C4G platform — teacher side

Teaches from online qualification course developed 17 learning scenarios with
possibilities for integration with different school subjects — physics, maths etc.

They filled online questionnaire based on the T2 with some changes in type of
guestions. Results from the questionnaire are presented in the Fig.11 ....Fig. The colours in
the chart mean as follows: (Definitely yes — blue colour, Yes — red colour, Not — orange colour
and Definitely not — green colour).

All teachers have positive perceptions about proposed C4G approach. They confirm
that approach is effective to achievement of learning objectives, effective for building

programming skills, easy of use learning material for the students. The teachers will apply the
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platform and methodology of the Coding4girls project in their teaching practice. Only one of

them answered that will not use the game-based platform.

Pa3rneskoadnar B Kypca noaxof 3a o6yyeHWe No NporpaMmMpaHde AoNpPUHaca 3a U3NbHEHWE |_|:|
Ha uenuTe Ha obyuyeHue.

19 oTroecpa

@ Karteropuyro ga
®la
@ He

@ KateropuuHo He

Fig. 11. The proposed approach for learning programming adds value to achieve learning

objectives

Wrpoeuwat nogxon, Nnpegnoxed B npoekta CODINGAGIRLS e edekTvBEH 38 M3rpaxnaHe Ha
YMEHMS MO NporpaMmmpaHe

19 oTrosopa

@ KateropuuHo oa
®la
@ He

@ Kareropuudo He

Fig. 12. Answers of the statement: the game-based approach in Coding4Girls is effective for

development of programming skills.

MpepnoxeHata METOAONOMUA NPEQOCTaBA Bb3MOXHOCTH 3a NECHO Bb3NpWemMaHe oT
YUYEHULUMTE Ha ydebHKsa MaTepuan

19 oTrosopa

@ Kareropuuydo oa
® la
@ He

@ KateropwdHo He
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Fig. 13. Proposed methodology gives possibilities for easy understanding of learning

material

3a yueHmunTe we 6bae 3abagHo Oa M3non3eaT TO3W Noaxon.

19 oTrosopa

@ Kateropuudo ga
® [a
@ He

@ KaTeropuyHo He

Fig. 14. For the students it will be fun to use this approach

BuxTe N1 NpyMNoXunm NpegnoXxeHnsa NoAX0M, BbE BallaTa NpakTka B YllI/II"IHLLI,e?

19 oTrosopa

@ KateropuuHo ga
® [a
@ He

@ KaTeropuuyHo He

Fig.15. Would you like to apply this approach in your school practice

BuxTe nu n3anonseanu nnatgopmarta Ha coding4Girls 3a cb3naBaHe Ha UrpK 3a obByuyeHne no
nporpaM1paHe BbE BallaTa NpakTuKa B yuunuue?

19 oTrosopa

@ KateropuyHo ga
® [a
O He

& KateropuyHo He

Fig. 16. Would you like to use the game platform developed in the frame of the project

Coding4Girls?
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We also asked teachers how many hours they spend for development of learning scenario
and game in the platform in case they have developed the game. Average time for
development of scenario — 11,5 hours (STD- 16,51) and 4,7 hours for development of the
game (STD — 3,26). The process is estimated as high time consuming for development of
scenarios and game in C4G game environment. Of course, it will depend from the experience
and skills of the teacher.

The teachers gave high grade of the organisation of the online course, learning materials and
the used teaching approaches.

Regarding usability teachers confirm that approach is useful and effective. Some of them
mentioned that C4G game-based platform requires to high parameters of the computer
system, that in some cases is till not available for some schools and the system works slowly.

Some materials developed by the teachers are presented in Annex J.

Experts’ comments

External validators - experts (Ng=2) were also asked to give their qualitative opinions
regarding the accomplishment of learning objectives by the students, relevance, effectiveness
and acceptance of the proposed methodology by the students, and the overall organization
of the implementation.

They agree that for developing basic programming skills for students from 10-16 years,
the C4G methodology is suitable. The methodology for learning scenarios is adaptable to
different block programming environments and it is possible easy to transfer scenarios from
Snap! to Scratch. (Scratch is most used programming environment in Bulgarian primary
schools.) “Although very different from the traditional methodology for working in
programming classes, the proposed methodology is very well precepted by the students and
they quickly will orientate themselves in the new situation. Today's students are a generation
that grew up with various computer games. The C4Girls platform for learners did not turn out
to be something scary and difficult to work with, on the contrary - another game (challenge)
to learn to play.” The platform and the proposed methodology can be used both for the
acquisition of new knowledge and for the consolidation of already studied material.
Developed project platform requires the presence of computers with very good technical

performance. This poses some barriers to the implementation of the approach in schools,
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where technology is often obsolete. Also, the platform will be more engaged for girls if in the
beginning the rooms are decorated in suitable interior. The approach of combining game
environment for engagement of the students and learning programming through game

development is very appropriate for the students in age 10-16.
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DISCUSSION AND CONCLUSIONS

The results from students’ opinion and teacher observation show that students accept
well an approach as fun environment for building programming skills. But to achieve results
in programming they need more time for using of environment and more classes with
collaboration with classmates and teacher.

After the training activities, teachers and prospective teachers stated that proposed
conducted activities will enable students to achieve learning outcomes and at the same time
had fun. Some of master students (3) are not so satisfied about sustainable effect of the
proposed approach and platform. Teachers think that C4G approach is effective, fun and
useful for development of programming skills. They intend to apply approach in their future
work with the context of new school curricula in ICT and Computer modelling in 5-7t" grade.
This curriculum will start from 2021/2022 school year and contains topics related to
programming. In 5™ grade programming in bock based environment will continue with
development of games and use of subprograms and lists. In 6" and 7t grades students will
move from block-based programming to text-based programming in JavaScript or Python.
Teachers will decide about used programming language and environment. The combination
of design thinking and game-based approach for building programming skills is very suitable
for the students. The approach is time consuming for the teachers if they decide to develop
own scenarios and games according to needs and previous skill of the students. But the
developed in the frame of the project learning materials will help them to apply proposed
methodology and to attract the programming to the wide number of students.

Teachers and experts well evaluate fact that platform gives the teacher possibility to
adapt existing games to curricula and students’ needs. Teachers also and experts stated that
platform requires high computer systems parameters and, in some schools, will be difficult to
implement successfully the environment.

Experts suggest being improved the design of “interior” of the entrance room and
lobby of the environment.

In conclusion the C4G methodology is appropriate for students who are 10 — 16 years
old and enable the achievement of learning outcomes in an effective and fun way, it is

adaptable according curricula, students’ needs and interests. Most of schools use Scratch
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instead Snap! and in new Bulgarian curricula in ICT and programming will be introduced
JavaScript or Python. Therefore, enlargement of the platform towards the Scratch, JavaScript

and Python will be very useful.

Acknowledgments: we thanks to all participants in the validation study of the C4G
methodology and game environment and colleagues from Croatia project team for the
proposed report template. This report is based on the template of Croatian National

validation report and in some paragraphs are used relevant texts from it.
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A. S1.PRELIMINARY QUESTIONNAIRE FOR STUDENTS (in Bulgarian)

S1. MPEABAPUTENIEH BbMPOCHUK 3A YHEHULIN

Tasu aHKeTa NpeAcTaBasABa NpPeABapPUTENHO NPOYYBaAHE 33 U3M0/I3BAaHETO HA LUPPOBU YCTPOMCTBA M ONUT B
nporpammpaHeTo, NposeaeHo B pamKkute Ha npoekta CODINGAGIRLS, KoliTo Mma 3a uen ga paspabotu
UrpoBM NOAXOZL 3a U3rpaxkaaHe Ha yMeHUA 3a Nnporpammpaxe.

BawwuTe oTroBopw Lie 6b4aT aHOHMMHM U LLLE Ce U3MO0A3BaT CaMo C U3C/eL0BaTeNCcKM uenu. baarogapum Bu
33 OTAENIEHOTO BpeMe U cbaeinctame!

Mona HanuweTe KoAa, NOAy4YeH OT BallMA yuymuTen no-4ony.

KOA4 N OCHOBHA MH®OPMALMNA

Koa: Yunnunuwe:
Bb3pacr: Knac:
Mon: M b

YMNOTPEBA HA IUTUTANTHU YCTPONCTBA, UHTEPHET WU BUOEOUTPU

OT KONKO Bpeme M3nosi3BaTe KOMNIOTPU, Tabnetm nam gpyru

UMPPOBU YCTPONCTBA? roAnHM

Ko/sko 4yaca Ha ceamuua M3nosi3BaTe BalUMUTE KOMMIOTPM,

TabnetTn nnn apyru ANrMTanHU TEXHONOrMN? yaca
KonKko yaca Ha cegmuua cbpduparte B UHTepHeT? yaca
Konko Yaca Ha cegmuLa UrpaeTe BUAEOUTpU? yaca

OnuT B MPOrPAMUPAHETO

KakBo e BalleTo HMBO Ha NporpamupaHe cera? 3akpvesaeme Hali-nooxo0auus omaosop.
Hukora npeaun He cbm Nporpamupan.

A3 CbM HauyMHaeL, NPOrpammCT (MMam OCHOBHM NO3HaHUSA).

Mora ga nuwa nekun nporpamu.

Bnapea cBoboaHO NporpamupaHeTo (mora Aa cb3gam Nb/Ha Nporpama).

Mora aa npoeKkTMpam pelleHne Ha gageH npobaem noa Gopmarta Ha Nnporpama.

AKO Beye cTe M3y4yaBa/W MpoOrpammpaHe, KoAa OT CNegHMTEe KOHLENuMM BM € MnosHaTa?
Ombenexeme eOUH UaU rnoge4ye oma080pu.

Unknun MpomeHnneu Cbbutma
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Ycnosua OnepaTopu MapanenHoct

MpeacTtaBaHe (3BYK, ABUXKEHUE, U3TNe[, pUcyBaHe)

KakBo Bu moTuBMpa Aa ce HayuuTe aa nporpamupate? M3bepeme eOHo unu noseye.
He cbm moTtmsmpaH

Mckam pa ycnesa B Kypca no nporpamupaHe

Mckam fa noKarka Ha CbydeHUuMTe CU, Ye ce cnpaBam gobpe

Nckam aa paboTa, KaTo nporpamuct

NHTepecHO MU e, A3 pellaBam NIOMMYECKN 334341 U Nb3enu

Apyro
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S2. NOCNEABALLO NMPOYYBAHE 3A YHEHULIN

ToBa e nocneaBallo NpoyyBaHe 3a ygosneTsopeHoctTa oT C4G noaxoaa 3a obyyeHne M U3nbAHEHNETO Ha

AeMHOCTM 33 NpuaobusaHe Ha YMeHMA 3a NporpaMmmpaHe.

BawwuTte otrosopu Lwe 6'b,D,aT AaHOHUMHM U LWe Ce U3NO0A3BaT CaMo 3a U3Cne[0BaTesiICKu uenn. bharogapum

BW 33 OTAENEHOTO BpEME U CbaencTeme!

Monsa, HanuweTe No-401y KoAa NojayyvyeH OT BaluA yuyuten (TOBa € CbWHAT KoL, KOMTO CTe U3NoN3Baau B

npeaBapuTeNHUA BbNPOCHMK).

KOA 1 OCHOBHA MH®OPMALUA

Koa: Yunnuwe:
Bb3pacT: Knac:
Mon: M b
C4G METO40N0IMA 3A ObYYEHUE
o Hamam
Knacuduumpaitre CNeAHUTE  HanwaHo HecvenaceH CvenaceH Hanvaxo
MHeHue

TBbpAEeHUA: HecvenaceH cvenaceH
MporpamupaHeTo 3a MeH e

1 2 3 4 5
npean3BUKaTeCTBO.
MoTmBMpaH cbM Aa Nporpamupam. 1 2 3 4 5
Cuntam nporpaMmpaHeTo 3a JIeCHo. 1 2 3 4 5
MpuATHO MU e aa Nnporpamupam. 1 2 3 4 5
Pazbupam noBeyeto OT nporpamute

1 2 3 4 5
KOHUEeNnunu.
Ob6yyeHuMeTo No TO3M HauuH e 3abaBHO. 1 2 3 4 5
MouyyBCTBaXx Cce aHraXMpaH C TO3M HauuH

1 2 3 4 5
Ha oby4yeHue.
JeltHocTnTe 65xa A06pe noabpaHu. 1 2 3 4 5
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Mo BcAKO Bpeme bGelwe ACHO KakBO

1 2 3 4 5
TpabBa Aa HanpaB.s.
ToBa, KOETO Hayuux, we mu b6bae

1 2 3 4 5
nonesHo 3a B 6baelue.
BBb3MNPUETO HUBO HA NMPOrPAMUPAHE
KakBo e BalweTo HMBO Ha NporpammpaHe? 3axkpvaaeme Hali-nooxo0Aawusa omeaoseop.
HuKkora npeaun He cCbm nporpammpan
A3 CbM HauMHael, B NporpaMmmpaHeTo (MMam OCHOBHa npeacTaBa)
Mora aa nuwa fiecHu nporpamum
Bnapgen cBoboaHO NporpammpaHeTo (Mora Aa cb3gam MbjiHa nporpama)
Mora ga npoeKktTupam pelueHue Ha npobnem nog popmaTa Ha Nporpama
YOOBCTBO HA UTPOBATA CPEAA

o Hamam
Knacuouumpaiite CNegHUTe  Hanwvaro HecvanaceH CvenaceH  HanwaHo
MHeHue

TBbpAEeHUA: HecvenaceH cvenaceH
Bux nckan ga M3nonssam Tasu urpa no-

1 2 3 4 5
yecTo.
Hamupam nrpaTta 3a C/I0XKHa. 1 2 3 4 5
UrpaTa 6ele necHa. 1 2 3 4 5
Mmam Hyxga oT nomow, 33 Aa

1 2 3 4 5
M3NoN3BaM Ta3u uUrpa.
PaznnyHnte ¢yHKUMKM B urpaTta Osaxa

1 2 3 4 5
nobpe NHTerpmpaxu.
B Tasu wurpa mmawe TBbPAE MHOrO

1 2 3 4 5
HenocneAo0BaTeNHOCT.
lNoBeyeTo xopa MHOro 6bP30 b6uxa ce

1 2 3 4 5
Hay4MM Aa U3NON3BaT Tas3n Urpa.
NrpaTa 6ewwe MHOro Tpomasa. 1 2 3 4 5
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YyBCTBax ce yBepeH, AOKATO Urpas. 1 2 3 4 5
TpabBawe pa Hayya MHOro Hewa,
npean Aa mora ga 3anoyHa ga urpasa 1 2 3 4 5
Tasu urpa.
OnuT B UTPUTE
Knacuouumpaiite CNeaHUTe  Hanwvaro HecvanaceH aman CvenaceH  HamvaHo
MHeHue
TBbpAEeHUA: HecbvenaceH cbenaceH
YyBCTBax ce 4OBO/EH. 1 2 3 4 5
YyBCTBaXx ce CPbYEH. 1 2 3 4 5
3anHTepecyBax ce OT urpara. 1 2 3 4 5
Mwucnex, ye e 3abaBHoO. 1 2 3 4 5
bAx Hanb/AHO 3a€eT ¢ urpaTa. 1 2 3 4 5
YyBcTBax ce WacCTAMB. 1 2 3 4 5
MrpaTa Mu pasBanum HaCTPOEHMETO. 1 2 3 4 5
Mwucnex 3a gpyru Hewa. 1 2 3 4 5
N3moputenHo e. 1 2 3 4 5
YyBCTBax ce AOCTAaTbYHO KOMMNETEHTEH. 1 2 3 4 5
Mwucnex, ye e TpyAHoO. 1 2 3 4 5
belle ecteTMyeCKM NPUATHO. 1 2 3 4 5
3abpaBKx 32 BCUYKO OKOJIO MEH. 1 2 3 4 5
YyscTBax ce fobpe. 1 2 3 4 5
Bax nobbp/a B TOBA. 1 2 3 4 5
bax oTeryeH. 1 2 3 4 5
YyBCTBax ce yCMneLleH. 1 2 3 4 5
Mpoasux BbobparkeHMe. 1 2 3 4 5
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YyscTBax, 4e mora pga wu3cnegBam

HeluaTa. '
3abaBnsBax ce. 1
Bbp30 nocTuUrHax Lennte Ha urpara. 1
YyBcTBax ce pasapasHeH. 1
YyBCTBax ce MpUTUCHAT. 1
YyBcTBax ce pasapasHUTENHO. 1
N3rybux npepcrasa 3a BpemeTo. 1
bewe enHoO Npeam3BMKaTENCTBO. 1
YyBCTBax ce NnpeAn3BUKaH. 1

Bax 4bN6OKO KOHUEHTPUPaAH B uUrpaTa. 1

YyBcTBax ce pa3oyapoBaH. 1
YyBcTBax ce ¢ boraT onuT. 1
3arybux Bpb3Ka C BbHLUHUSA CBAT. 1
YceTux HaTUCK BbB BPEMETO. 1

TpabBalwe A4a NON0OXKA MHOrO yCcuaMA 3a

TOBa.

* X
* *
* *
* *

* ok

Co-funded by the
Erasmus+ Programme
of the European Union

4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
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C. S3.STUDENT’S COMMENTS (in Bulgarian)

S3. MHEHUE HA YHEHULUMN

Cnepn npunaraHeto Ha C4G noaxoda 3a M3rparkgaHe Ha yMEHMA NO nporpamupaHe,
yuuTenuTe cbbmMpaTt MHEHMA U KOMEHTAPW OT Y4EeHULMTE B FpynoBa aHKeTa u rn 0606wasar.
Mons, rpynupanTte yd4eHUUMTE N cbbepeTe TEXHUTE MHEHMA U KOMEHTAPW, KaTo M3Non3BaTe
TO3M dopmynap.

bnarogapum Bu 3a OTAENEHOTO Bpeme U Cbﬂ,eﬁCTBMe!

OCHOBHA NH®OPMALLNA
Yuuten: Knac:
Yunnuuwe: HarTa:

OBLWA OPTAHU3AUMNA U BB3MPUATUE OT Y4EHULINTE

buxme moenu 0a nonumame yyeHuyume 30 MHeHUemMmo UM OMHOCHO UAso0cmHama
opeaHusayusA, npudo6umume 3HAHUA, MAXHOMO 8dv3rpuamue 3a ymecmHocmma u

€d)€KmU6HOCI’an Ha o6yquuemo, OCHOBAHO Ha u2pu u nocmuecHamomo 3abasneHue.

TPYAHOCTU NPU OBYYEHUETO

buxme moenu 0a nonumame yyeHUUUMeE 3a BCAKAK8U 3ampyOHeHUs uau rnpobaemu, ¢
Koumo ca ce cb1bCKanu no spemMe Ha Kypca u Kakea e busaa peakyuama um, omepusaliku

me3u npobnaemu.

MHEHWE HA YYEHUUWTE 3A TOBA KAK JA CE NOAOBPAT METOAOJIOTUATA,
NMHCTPYMEHTUTE N CbAbPXAHUNETO HA C4G.

BCMYKO, KOETO CHUTATE 3A NMONE3HO
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D. T1. TEACHER’S OBSERVATIONS (in Bulgarian)

T1. HABJTIOOEHUA HA YHUTENA

Mo Bpeme Ha M3NbAHEHWE Ha 3ajayuTe, ydyutenute HabnwAaBaT U AOKYMeHTMpaT
peakuMATa Ha Y4YeHMUUTE U TEeXHUS HanpeobK B M3rPaXKkAaHETOo Ha YMeHus no

nporpamupaHe, M3non3Barikmn urposn-6asmpanua C4G noaxoga,

Monsa, usnonssavte TO3M GOPMYyNsApP WM nocoyeTe BalMTe HabAOAEHUA OTHOCHO
n3bpoeHnTe NOo-A0/Y aCNEKTU.

bnarogapum Bu 3a OTAENEHOTO Bpeme U Cb,El,eVICTBMe!

OCHOBHA NH®OPMALIMA
Yuuten: Knac:
Yunnuuie: Oatu (oT - po):

YYACTUE U SAMHTEPECOBAHOCT HA YSEHULUWNTE

B3emam au akmusHo yyacmue 8 obyyeHuemo? CompyoHuyam au cu? 3abasaseam au ce?

um.H.

TPYOHOCTU N MPOBNEMMU MPU OBYHYEHUETO

Cpew,am au mpyoHOCMU CbC CbObPHAHUEMO U/ Unu mexHoaso2uasma? mam au Hyuoa

om nomouwj, npu pabomama e NAaM@opmama? u m.H.

BCMYKO APYIO, KOETO CHUTATE 3A NOSE3HO

73



(& CODINGAGIRLS STl Co-funded by the
2018-1-5101-KA201-047013 L E{?ﬁ:&ﬁ;ﬁ;ﬁr@mﬁ

E. T2. TEACHER’S COMMENTS (in Bulgarian)

T2.2 AHKETA 3A YHUTE/IN

CbbupaT ce MHEeHMA 1 KOMEHTAPW Ha yuyntenmte oTHocHo C4G noaxoda, OCHOBaH Ha urpaTa

3a U3rpaxXgaHe Ha ymeHumAa no nporpamupaHe.

Mons, M3non3sanTe To3n d)opmynﬂp ncnoageneTte Balleto MHEHKME NoO VI36pO€HI/ITe no-gony

adCMeKTH.

bnarogapum Bu 3a OTAENEHOTO Bpeme U Cb,El,eVICTBMe!

OCHOBHA NH®OPMALNA

Yuurten: [arTa:

Yunnuwe:

MPMHOC HA C4G NOAXOAA 3A WU3MNBbAHEHWUE HA NOTEHUUMANHWUTE UEJIN HA
OBYYEHUETO

E®GEKTUBHOCT U AKTYAJIHOCT HA WUIPOBMA NOAXOA NPEO/OXEH B TMPOEKTA
CODINGA4GIRLS 3A U3rPAXKOAHE HA YMEHWA NO NMPOrrPAMUPAHE
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Bb3MOMHOCTM 3A BB3MPUEMAHE HA MPEAJIOMEHATA METOLOMOMMA OT
YYEHULIMTE

3ABABHO /1M WWE E 3A YYHEHUUMWTE OA U3MNON3BAT TO3M NOAXOA4?

BALWETO MHEHUE 3A OBLLUATA OPTAHU3ALUMA HA OBYHEHUETO HA YHUTESTN
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MON3BAEMOCT U Bb3MNPUEMAHE HA NOAXOAA CODINGAGIRLS 3A OBYYEHWE YPE3

CEPUO3HU UTPU (KombBuHaums Ha AuM3aliH MUC/eHe, UrpoBKM noaxon, obpasoBaTenHa

pamKa)

KOMEHTAPWU, KOUTO CHUTATE 3A NMONE3HN
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F. EXPERT’S COMMENTS (in Croatian)

E. KomeHTapu Ha ekcnepTu

Cnepn BHegpABaHe Ha uUrposo-6asmpaH C4G 3a usrpaxaaHe Ha YMEHUA 3a nNporpamupaHe,
BepbasHUTE KayeCcTBEHN MHEHUA U KOMEHTAPW Ha eKcnepTuTe ce CbbupaT B CTPYKTYPUPaAHO

MHTEPBIO.

Mons, u3nonssante To03n GopPMyApP U NOCOYETE EKCMEPTHO MHEHME MO U3BPOEHUTE NO-A0Y

adCMeKTH.

GENERAL INFORMATION

Ume: Mosnuua:

UHCcTUTYUMA: [ara:

N3nbaHeHMe uenuTe Ha o6yqume OT ydeHunuuTe

CvoTBeTcTBUME U ed)eKTMBHOCT nrposo 6a3MpaHOTO o6yqume 3a U3rpaxKgaHe Ha yMeHUA 3a

nporpamupaHe npeanoxeH B npoekta Coding4Girls

Bb3npmemaHe Ha npeanoxeHata MeTogo/10rma oT y4eHUuUunTe
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MocTuraHe 3a6aBneHne OT yyeHMUUTe

BawweTo 06110 MHeHMe 3a LUANOCTHATa OpraHn3aLma npu peanamsauus Ha nogxoaa

lNon3BaemocCT M Bb3NpMemaHe Ha KoHUenuuATa Ha noaxoga 6a3MpaH Ha CEPUO3HUN UTpU

(cBbp3aH c CODINGA4GIRLS urposu noaxon, An3anH mucneHe n obpasoBaTesiHa pamKa)

BcAKO Hello, KOeTo cmATaTe Ye e NoAX0AALLO Aa KOMeHTUpaTe.
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G. Screenshots from the online course with the teachers

&« c @

= Edugames EBNMAPCKM (BG) ~

© & hitps://edugames.swu.bg/moodle/course/view.php?id=18 had +

Martepuann ot 18.12.2020

N @O @

A ® [aHuena [lypesa-Tynaposa

C4G - yuuTenu
o
% Pa00THW NUCTOBE 38 Y4nTenu a
YyacTHULM 7
W, Anuca s cTpanarta Ha uyjecaTa a
3naukn 3 ] Konose 3a AOCTBN A0 NYGNHYHHTE KypCoBe: @]
KomneTeHuyn @ | Bpusta kbm KoHBEpTOP Ha paiinose oT Scratch kbM Snap! a
o ToBa & OHNaliH KOHBEPTOP, KOITO KOHBEPTUPA (haiinose oT Scratch KoM Snap!
LIEHKH
KowBepTupa u (haiinose oT Scratch 3.0
I nasHa L4 A
@ 3anHc - 1 4acT - cLeHapHH "Pakazsane Ha HCTOpA™ a
= 7
@8 Marepuany oT oHnaitH @ 3anuc ot Teams - 2 - Cpeaa Ha Coding4Girls - MuHM UrpH m]
CeMHHap 9.12.2020
M 3anwcu OT cpewjara Ha
16422020 19.12.2020
i CueHapuit CeeTotap @]
M Matepuan oT
7
16.12.2020 MUH UTPH - MHCTRYKLMN a
4
10.12.2020 7 Template_traffic_lights m]
7
@ 3anic 1 - cbanasate Ha CLEHAPHN Ha YPOK "CBETOMAP™ a
DUHAMHO 3alaHNE p
@ sanmc2- CbanasaHe Ha WrpaTa "CseTogap” 8 cpeaa Ha Coding4Girls @]
%
Temab il @ 3anic 3 a
& c @ © @ hitpsi//edugames.swubg/moadle/mad/forum/discuss.php?d=16 B 94 L IN@D @ _0

= Edugames EBNMAPCKN (BG) ~

®uHanHo 3ajaHue - cnofensaHe Ha cb3fafeH,clieHapuk Ha YpoK UMK urpa B
cpenata Ha Coding4Girls

,BenukageHcko 3anue” - ekun Kpucta MexaHmkuicka n TuHka [pokonosa

C4G - yuntenn
VuacTHUUM
3Hadkmn
KoMneTeHuym
OLieHRH

B nasHa

M MaTepuanu oT OHnaitH
cemnHap 9.12.2020

@m 3anwcw oT cpeuata Ha
16.12.2020

M Matepuann ot
18122020

19.12 2020

DuHanHo 3afaune

Tema 6

n

A& ® [annena lypesa-Tynaposa

&) AGoHUpaHe

« OGukHoBEHN ApotH MNpoekT "CpaBHABaHE Ha Yncna” P
MokaseaHe Ha OTTOBOPUTE BbB BROKeHa hopma. + MNpemecTBaHe Ha Tasn AMCKYCUAB . ¥ MpemecTeaHe 3aboknaqe
»BENUKAEHCKO 3aiye” - ekun Kpnera Acka W TWHKa M|

OT KpncTa Mexanmpuiicka - NoHeAenHnk, 28 Aekemepy 2020, 20°49

MpoeKT BENVKAEHCKD 3afiue” 3apaBeiiTe, koner! MpeacTaBAME B NPOEKT ,BENMKAGHCKO 3aiiye”, KOATO & peannaupaH oT KpucTa
Mexanm#uiicka n Turka Npokonosa . ToBa € cLieHapuii Ha ypok no ,KoMmioTbpHO MofiennpaHe” 3a 4 Knac, ¢ KOATO e Lenn yyeHnLuTe aa

<« OOukHoBEHN ApOONK

YNPEKHAT W 3aTELPAAT SHAHWATA CH BLPXY YCNIOBHUA ONOK ,if, cMAHA HA CLIEHa, CMAHA Ha KOCTIOM, MOMYYaBAHE W M3NPalaHe Ha CHoOLEHHA,
M3MION3BaHE Ha OTIOK K&)' U M34akaii”. LienTa Ha urpaTa e yyeHULMTe [1a e HayyaT Kak a Cb3nasaT Kofl, KOHTO N03B0NABa BhBeKIaHe Ha
YMCAO OT KNABHATYPATA M A2 CMEHAT KOCTIOMA HA CMIPAiT CTIPAMO BbEEAEHOTO YNCNO. UrpaTa e peanusupana n3yano & Snap! U e nyéniuHo
NOCTHAHA. JIMHK KbM MrpaTa: https //snap berkeley edu/project?u handzhiyska_krista&project=easter_Tinka_Krista

Chb3[afeH € 1 Kype B NnaTopMata CodingdGirls U ce kaisa: easter rabbit Koj 3a 4ocTbn: easter_rabbit MokenaBaMe yCnex Ha BCUIK!

W8 LS14_C4G_Learning_Scenarios_Tinka_Krista_Velikdenskoto_zaiche_i_negovite_palta.docx

Cyma OT PedTHHM: - Ouexka.. %

Some final assignments, developed by the teachers

[IMpeKTHa XMNepBpb3ka | PeflakTnpare | VsTpusaHe | OTroBapsHe

MNpoexT "CpaeHAsaHe Ha yncrna" p
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Aa pasyuus Snap!: Abuxeus ce enpatim

‘
3apexdare...

0000 © © 0 0 ©0 © Oj-0000 0 © O O O O O

B Coronaviru: % Zimbra: Inbc

> e e

C4G - yuuTenn

1 Kype: Cod >

[anvena flype

YyacTHILM

3Haukn

KomneTeHumm

Ouetik

W nasHa

M Marepuani ot onnaiid
ceminap 9.12 2020 J

|
M 3anucu o7 cpewara H
16.12.2020

0000 ®© © © © © © O

W8 Matepuany ot
18.12.2020

M 19122020

OVHANHO 3aaaHne

IMate o CARa Tema 3a opyma
M Temat _ ; ; _
AKO CTe U36Pank CaMo CLEeHapui Ha YpoK. KaveTe (haiina 8b8 hopyma. Ao haiinsT e Haa 5 MB, KaveTe ro 8 06nak i cnop

Development of scenario in learning sheet for the topic Traffic Light

$ap ( Ha

[/uenmumTe e ce HayuaT 4a NAHWPAT Pa3Ka3Bake Ha UCTOPUA, A3 MINON3BAT
prsnparern cboGUIEHNA 33 CHHXDOHNSMPAHE Ha ASHHOCTHTE Ha CNPaHTOBETE.

Mpeanasmkatencraa

10000 0 © © © © 0 ©

Development of game Traffic Light in the C4G environment
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H. Syllabus for teachers’ qualification course

SOUTH-WEST UNIVERSITY “NEOFIT RILSKI”

BLAGOEVGRAD

Approved by:

Dean of FMNS: / Assoc. Prof. El. Kapawpa+osa, PhD /

SYLLABUS

for a qualification course for teachers

GAME-BASED PROGRAMMING TRAINING TECHNOLOGIES

CODINGAGIRLS PROJECT

RATHN Co-funded by the
58 Erasmus+ Programme
* X of the European Union

Period of Tuition:

32 hours

Form of Tuition:

Partial on-site attendance/distance

Tuition-Providing Faculty:

(FMNS)

Faculty of Mathematics and Natural Sciences

Tuition-Providing Department:

Informatics (in FMINS)

BLAGOEVGRAD
2020r.
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Syllabus

RATHN Co-funded by the
58 Erasmus+ Programme
* X of the European Union

The syllabus and the teaching and learning materials were designed within the Coding4Girls

project, co-financed together with ERASMUS+, KA201

Name of Programme

GAME-BASED CODING INSTRUCTION TECHNOLOGIES

Programme Target:

(more than one type of educationalists can be chosen)

X Teachers — primary school
X Teachers — lower-secondary school
X Teachers — upper-secondary school
Head-teachers
Deputy Head-teachers
X Head of ICT Sector

Pedagogical consultants, psychologists

Pedagogical staff in dormitories

Speech therapists, rehabilitators, resource teachers

Répétiteur, choreographers, coaches

Other (please specify)

Syllabus annotation

Brief description:

The course is designed to target teachers of computer modelling at primary level, IT teachers at

lower-secondary level, and IT and Informatics teachers at upper-secondary level, as well as head

of ICT sector. Course graduates will be able to organise successfully digital competences

development classes within the framework of the Education for Tomorrow project and other

extracurricular activities in the field of teaching programming.

The syllabus includes the following key topics:
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1. Fundamental concepts — serious games, game-based learning, design thinking, learning

5.

theories and their association with serious games.
Game environments for the teaching of programming. Overview.

Snap! block environment for programming. Major characteristics and blocks. Introducing
basic structures through computer games design.

Game environment for programming, designed through the Coding4girls project. Teacher
interface and student interface. Application of the environment in the process of acquiring
new content and skills, digital competences evaluation, independent studies.

Creating learning scenarios for teaching coding to children through computer games.

The form of tuition is partial attendance — 16 classes of attendance is required, as well as 16

classes if distance education in the form of webinars and independent assignments. Practice

sessions involve group work and production of resource materials. Should attendance at the

university is impossible (in accordance with instructions of the Ministry of Education and Science

/MES/), classes will be held in the form of synchronous learning through synchronous distance

learning technologies: on-line videoconference platforms.

Aims and Objectives:

The tuition will result in improving the trainees’ knowledge and skills in:

Academic competence:

Knowledge in the sphere of the teaching and learning in computer modeling and coding,
as well as coding teaching methodology. (1.1.)

Evaluation of digital competencies through contemporary means and technologies (1.2.)
Development of communicative skills, critical and design thinking for the purpose of
efficient search, deduction and selection of information from a variety of sources. (1.7)

Pedagogical competence:

Planning of activities, in the sphere of extracurricular education in coding (1.1)
Realization of disciplinary and interdisciplinary connections, forecasting of the expected
learning outcomes. (1.2)

Application of innovative methods for teaching and evaluating students' results. (1.5)
Supporting and motivating students in the formation of digital skills (2.4)

Implementing the requirements for safe learning, education and work conditions and
providing students with a safe and secure environment, including work on the Internet
(2.10)

Using innovative methods and tools to promote student progress. (3.2)
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Administrative competence

e Organization of coding training in a game environment.

Methods of teaching:

The following training methods will be applied:
Lecture, discussion, group work, independent assignment.

Material, technical and information resources specific to the program:

Laptop, video projector, screen, internet access, computer room with internet access for
students, e-learning platform Moodle, online video conferencing environment, study materials:
user guides, videos, sample lesson scenarios, developed within the Coding4Girs| project.

Relationship between the theoretical and practical parts:

Theoretical part - 30%, practical part - 70%

Competencies to be acquired:
(one may choose one or more types of competencies)

X Academic

X Pedagogical

Organisational

Communicative

X Administrative

Forms of tuition:

On-site attendance

X Distance

X Partial on-site attendance

Duration of tuition:
(number of classes)

32 (16 on-site attendance and 16 distance education)
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Number of qualification credit points:

(number of points)

2 credit points

Final evaluation (elective):

X Defending a lesson project

Test

Presentation

Other(please, specify):

Methodological case-study

Trainers included in the program:
(list the names and PIN of the trainers)

Daniela Ivanova Tuparova
Boyana Garkova
Rositsa Georgieva

Contact person:

Name:

Daniela lvanova Tuparova

Current address (by ID card):

Tel:

E-mail:

ddureva@swu.bg

Blagoevgrad
2020r.

Lecturer:

/ Prof. Daniela Tuparova, PhD /

The syllabus was discussed and approved by the Department Council of the Department of

Informatics oNn ...ceeeeeeeee v,

..... protocol Ne

Head of Department:

/Assoc. Prof. Stefan Stefanov, PhD/

The syllabus was approved by the Faculty Council of the Faculty of Natural Sciences and

Mathematics on ........ ; protocol No....
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I. Some materials developed by teachers — scenario and games
Project “Clean the Seabed” by Elena Garbacheva
“This is a lesson scenario in which students will learn to use variables. They will also
consolidate their previous knowledge and skills.
| created a game that is now public and available in Snap !. The octopus moves with the help
of arrows.
The link to the game is:

https://snap.berkeley.edu/project?user=elenagmg&project=Sea-floor-end

After collecting all the garbage, the octopus should go to the trash.

Of course, garbage collection is not an easy task, so there is a sprite - a star that returns the
octopus to its starting position.

The collected garbage is counted and this number is stored in a variable.

The course | created on the Coding4Girls platform is called "Clean the Seabed."

The code for it is: sea_bed”

© & httpsy//snap.berkeley.edu/snap/snap.html#p:

(Y o % Sea-floor-end

€ ynpasnetme %]
BuHumoct Censopu | -
3syun { Oneparopu
Monwe: { Npouernmen

nanpes ¢ @[ cronku

& < €E® rpoayca ‘Vuacmoﬁ points | ua croisocr [
zasppm § c G rpany P am——— ¥

[ e 3a € cex
06bpHy ce B nocoka ‘ e 3a @ cex

06bpHi ce kbM kypcopHamll|

n}enunnmx@y@

BRSNS v e randorm p pHy ce B nocoxa IR ofbpuu ce 8 nocoka EIER
nnb3rase &P cex no x | nanpep c § cronku nanpeg c @[ cronku

npomenn x c G T se
S nychm 38yKk FingerSnap | | nycum 3syk FingerSnap s ~ ~ ~ ‘ ‘ ‘
Hacpoii x na (I npemnin koM x EEED v GED | npemmnn kom x GED v GED

npomenn y c E(B " ——— N - v' . ‘ i *

HacTpoi y va B i
| o6bpuu ce B nocoka EEIER

aKo e B Kpas, oTHNbCHNA C | nanpes c G cronkn

Hanpeg c CTbhKn
y— «@

bottle  bottle{?) bottle(3) bottle{s) paper paper(z) paper(3)

ofl| "N caperit) Trash  Copair

o6bpHu ce B nocoka RS Stage

W (y nozuuus nycHu 3ByK FingerSnap \
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Compare numbers by Julietta Dimitrova

Game for checking knowledge about numbers.

<« c @ @ & hittps;/fsnap.berkeley.edu/snap/snap.htmli#present:Username=]_dimitrova&ProjectName=resurs_zad1 - o ® =

%% resurs_zad1
o) (T (B [Copair |
Brusoot Censopn || - J

{ 3oy { oneparopu
Wonme { npouernmen R oo

v amwann

|T|’annea < &I oK : _ o —
| & c @@ rmanven D %o Crp il
S ——— : i
| sasppm § rpagy 3anuiLun Yucno
no-Manko or 200.
s e L -
= \
| obBpHM Ce KbM KypcopHaM| | / \

\ .
I

||:|;mmmmx0vo

O
(T ,,

| nvarane @ cex no x @} [ it D cex

> # &

lg=E=tes 4 5 B
| nacon x wa CB 33 @ cex Crpaiir  Crpaii2 Cnpaiin{d Crpaiim(d
-

[Tiponenny c GEB
[Hacpon v 1a @B
| ako e B kpan, oTOABCHA

M (x nozuums nonuTai EERIINTRT MEYTERDD] 1 wauakait

M (y noanuns

Let’s calculate by Galia Kojumdzhieva

<« ¢ o © & hitpsi/fsnap.berkeley.edu/snap/snap htmi#present:Username=roni_2111&ProjectName=pecusTanelieditModer o Pd L IinmD e =
= o ¥ MNpecwmsATaHe 1 - "l
pe '

Dmimerme { ynpaaneime 3] 3 m Ha Komko & paBHo

Brsumoct Cetsopn | - 23412

{ 3eyum { Oneparopn + Asenmo

Momme e Cpntose  Kocmows  3syun ot
| Hanpea c €I cronxm

| (E < & rpanyca

[V 20N 3npageit-Xa nopeuasan e-3anaun! =] ceK

[ c @B ey |
[

| t‘)ﬁl-mln ce B nocoka | LOL T CiTiHa konKo-e-pasHo-2+37 RT=TETE T

ETOR  omrosop | = H

Kanin 3a @@ cex

| NPeMUHA KbM X op vy & HHaue |

P — aKo
| NpeMMHM B TouKa random pe . <[5 0T >[5
& T
= (5T HMp ewnw!-OnwTai 0THoeo! =21 cex
| nvarane @ cex oo x @ L (2]

| o6mpHiu ca KbM kypcopHamll|

| npomenn x c G

||;acrpoixuao

| npomMein y c GTB £ omosop = 3

| HacTpoii v Ha @ xaxion [FET] 5o ) cex
uHaue I

aKo e B KpaR, OTONBCHM G 5
[ pa aKO otrosop LAY wau € ormrosop EA0
e R
M (x noznunn Tl Nowyeni-n-onuTai-oTHosol fe= i 2 SR
B R K =
SRS P

https://snap.berkeley.edu/snap/snap.html#present:Username=roni 2111&ProjectName=%

D0%9F%D1%80%D0%B5%D1%81%D0%BC%D1%8F%D1%82%D0%B0%D0%BD%D0%B5&edit

Mode&noRun
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Fun geometry by Slavka Baleva

< ¢ o © & nhitpsy/snap.berkeley.edu/snap/snap.htmi#present:Usernames= slavka&ProjectName=Fun_geometry w YN @D @ =

[ & | 3% Fun_geometry

) (I |5
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€ Zeyum { Oneparopn yepraew!
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- -

| & c €& rpanyca

|7353hnw $ c €E» rpaay:

v | G0, ¥:180)

a

L /!
‘ HACTPO# Gpoli TOUKW | H@ CTOHHOCT ﬂ

= -
| samecia wonuna |

(%:240,Y:0)

| ofmpun ce & nocoxa =y
= ‘ ufiepn monms c paznep EP
| 06bpHM Cce KbM KypcopHa Ml

[ Apemmnn xom = @B v @) =mEn e ) e [

saBnpm™ & c §ED rpanyca

| npesin & Touia randomp

| nmarane I cex ao x = L
‘ nonuTail TIDNEEY M H3uakai

| npomenn x ¢ G ko omrosop =
T

B:

&
' npomenn Bpoii toun | c I \
P

||;acmoixuao
|ﬁnmeunvcm

[Wacrpoii v wa @B cantcn [EETERH |

| ako @ B Kpan, OTEABCHM C

| u3unCTM Bowuko
M (x noauuns

M 'y nozuumn

| HaTHCHK MoNMBa A

https://snap.berkeley.edu/snap/snap.html#present:Username=slavka&ProjectName=Fun g

eometry

Mental arithmetic by Emilia Nikolova

[asmmesme { Ynpasnesme
Briumoc Cenaapn
€ 3oy { Oneparop
Wonma € Mposerinuas Koe &
Hal-ronaMoTo

| nanpeq c &I crenkn uucno ot
| é < BB rpanyea nokasaHuTe?

Bﬂmrlml $ c €EB rpapy:

| CKpHiA

| 06BpHm ce & nocoxa

| o6mpHu ca KbM kypcopHamll|

| HacIpoi c2_| Ha crofinoct | nponzsonto unciio wexay & n

[ e o comme )

|I:I;3‘INIHNIKH‘IX6V0

| NPEeMHHA B TOUKA random ps

- T ————
| nvarane @ cex no x @ | HacTpoid ¢3 | ua croiinoct | npowasonno uncno ey & n €
p— T roine

||;acrpoixuao

[Fipomenn v < GEB
| vacrpoit v va @B
|ako @ B kpan, oT6nBCHA ce

M (x noznunn
M (y noanuns

https://snap.berkeley.edu/project?user=emilinikol&project=MentalArithmetic%20-%20v1
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The live of the Bat — Margarita Velikova
The game is like the Live of Chameleon, but it is simple and involves if else constructions and

sensors.

<« c @ © @ nhttps://snap.berkeley.edu/snap/snap.htmi#present:Username=fenix&ProjectName=If_else_variant&editModes&n bl w R |\ cin ) =

[Fanpen < G cromer.
| 6 < §E® rpapyca

Bﬂmrnm $c rpany

o6bpHM ce B nocoka ETRS
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| obbpHM Ce B nocoKa aKO e B Kpas, OTBNhCHH ce

| o6 BpHH Ca KbM KypcopHa |

||:|;u|mmmxova

| UL IUUNER GO MENUEIUEE e 3np ageite, a3 chi Tpecny v Ce uyBCTEAM THOTO Zo0pe! npoMent x ¢ {10 ]

@Ko e B Kpas, oOTHABCHA ce

(UK nonupa nu | ? | 06uphn ce B nocoka K

| nnarane @ cex ao x @ cHetn kocTion ¢ npunent

et |- D
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Game with ball by Valentina Simeonova, Ljuben Simeonov
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Order the jigsaw by Velichka Sabahlakova
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See Code Download Embed Add to Collection
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Fractions in mathematics by Muharem Mollov
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Happy Easter — Story telling by Krista Mehandzhijska and Tinka Prokopova
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Story — Happy Easter

Celebrations by Nely Mircheva
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Course in C4G game platform: ,,IIpa3zanunu nmo3apaBiaeHus

Access code: wishes_nm
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Game Ballet by Rositsa Georgieva

Ha cuesrara ce nossasa BOAEL], KOUTO npeacrass banetHa TaHUs0pKa TA M3nu2a Ha cuerara u Taduyea noa 3ByUUTE Ha My3uKa

Wabepete noaxoaswa cuyeHa v repou 3a BaneTHoTo npeAcTasnesue (CUeHa, Boell U TaHLLop)

HaxapawTe cnpainTsT ,Bogew|’ aa wanese Ha cuexata u Aa NpeacTas TaHUbopa
Moxe na usnonasare T03u KO,

set size to G %
move @D steps
change size by @D

glide @) secs o x: GED v: @
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Hakapaii cBos cnpaiim 0.
ce Buxxu u 20Bopu.

Instructions
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% CAG Game = X

Kos cekyus.
JAokdema

u3nossbame 3a

Buxerue Ha

enpadm?

“ C4G Game x

Kak oa Hakapame

enpativna oa

206opu?
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J. Screenshots from courses used in training of master students
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.
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i ree lest Generator.. () ASeflows (B Zmbra Web Cient.. [ Dicng-fwarspocr.. G Bxons Mosra Fbank () Bigietiuto exsopa Obyuene Q) Cisco WiebsicMeeti.. () My Mieetings - Zoom [l Codmgdcn »

CMsAHa Ha KOCTIOMU U 3aBbpTaHe

YUeHUKbT ce yuu KakK Aa MpoMeHU KOoCTHoMa Ha cnpa17|'r npw 3aBbpTaHe, 3a Aa
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EXECUTIVE SUMMARY

Implementation and validation of the C4G approach in Croatia took place from
February to June 2020 as part of teaching of subject Informatics in primary schools. Due to
the COVID-19 pandemic, Croatian schools were at that time closed so the approach was
adapted for use in online environment.

Teachers (N7=8) from eight primary schools in Rijeka and students - future teachers of
graduate study programme of Informatics at University of Rijeka (Nsr=43) participated in the
validation study and organized online game-based activities for building programming skills
among students (Ns=773) from 5" to 8™ grade of primary school. All implementation activities
were based on the selected C4G learning scenarios and instructions for students and assumed
independent work of students under the guidance of their teachers in virtual classrooms.

Using developed data collection tools, teachers’ and students’ attitudes, observations
and comments regarding the game-based C4G methodology for building programming skills
were collected. In addition, external experts (Ne=3) were included in the validation of the
approach.

Results showed that students accepted the game-based C4G methodology.
Conducted activities enabled them to develop their programming skills in a fun way. Students
were motivated to learn programming using tasks that included solving real-life problems.
Teachers, students — future teachers, and experts consider this approach as relevant and
effective way of acquiring programming skills that is applicable and appropriate for the
students aged 10 to 16 years. They also confirmed effectiveness of support tools used in the
instructional process. Based on the performed C4G implementation and validation activities
in Croatia, it can be concluded that with the help of the developed materials and guidance
from teachers, students can achieve learning objectives also in the online environment. In
order for the approach to be applied online, it would be useful to allow students to create
programs using Scratch. In this way, the technical problems that students encountered when

using Snap! on tablets could be avoided.
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IMPLEMENTATION

Introductory workshops

In line with the C4G validation strategy, implementation of the game-based C4G
approach in Croatia started with workshops for teachers and experts who agreed to take part
in the implementation and validation activities (Figure 12).

Introductory workshops were organized at the University of Rijeka, Department of
Informatics (UNIRI) on 21th of February and 2nd of March 2020. During the workshops,
project members presented the information about the CODING4GIRLS project and approach
for building programming skills. Details regarding the protocol for implementation and the
validation of the approach in the Croatian schools have been agreed. The teachers and

experts were also provided with all the necessary contents and tools.
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Figure 12 - Introductory workshop with teachers and experts at UNIRI

Data collection tools

During the validation of C4G approach, all the data collection tools provided in the
C4G validation strategy were used:
e S1-Preliminary questionnaire (for students)
e S2 —Follow-up questionnaire (for students)
e S3-—Student’s comments
e T1-Teacher’s observations

e T2 —Teacher’'s comments
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e E—Expert’'s comments
The data collection tools were before validation activities translated into the Croatian
language.
Questionnaires S1 and S2 were created using Google Forms while data collection tools
S3, T1, T2, and E for teachers and experts were prepared as Word documents in which they

could write observations and comments.

Materials

During the implementation, learning scenarios and instructions for students that were
developed by the project partners were used. Unfortunately, developed 3D game
environment was not used since it should be used in computer classroom in schools and the
implementation activities were carried out online.

In collaboration with the teachers and experts, the following subset of C4G learning
scenarios with mini-projects (serious games) was selected to be used in schools:

1. Introduction to Snap! interface

Time to bring your sprite to life

Cameleon’s summer vacation

2

3

4, Picking up the trash
5 Buying food for a picnic

6 Recycling

7 Simplified PACMAN game.

This subset covers the basic programming concepts that are in the focus of the C4G
approach (loops, conditionals, variables, statements, operators, events, parallelism). Each
learning scenario enable students to learn one or multiple programming concepts by creating
a game that addresses real-world problem. To further motivate girls to learn programming,
the topics of real-world problems are chosen to be attractive to girls. All resourced were
translated into the Croatian language prior to implementation.

The implementation approach was adapted for online learning so teachers prepared

additional learning materials with instructions and tasks for C4G activities in order to support

student’s independent work (e.g. Learning programming in Snap!, shown on Figure 13).
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Figure 13 — Thinglink interactive learning material “Learning programming in Snap!”
Video tutorials were also recorded and published on YouTube (Figure 14) with the aim
of making it easier for students to work independently in online environment. For example,

sets of videos were prepared to introduce students with the tool (Introduction to Snap!) or

to help them with the development of the projects included in the learning scenarios (Picking

up the trash, Recycling).

3 YouTube ™ Pretrazivanje B Q. H a g
roprisn ey S 4 SNap!
; ; T — S 1 : Recikliranje -
Projektni zadatak: Recikliranje @'@ e -"-,! e St

Projelt CodingdGarly

y

L\

gprogn 2
B B

P REPRODUCIRAJ SVE

g0 4. Snap!
Recikliranje -

Laura Sutlovic

. . 4. Snap!
Programski jezik Snap! Scenarij 3 Recikliranje -
4: Recikliranje

5 videozapisa + 88 pregleda + Posljednje azuriranje:

Laura Sutlovic

[ — -]
21. tra 2020. = = - 4. Snap!

- B .~ =% Recikliranje -
_ N 4 E %‘r‘ Y
=% A ~» b - w Laura Sutlovic
Ovaj edukativni video napravljen je za potrebe online
nastave iz informatike. Video prati powerpoint SRS 4. Snap!
prezentaciju 'Recikliranje’. Popratne materijale izradile 5 T Recikliranje -
su Laura Sutlovi¢ (video) i Matea Turalija (powerpoint Ll !m Laura Sutlovic
prezentacija), materijali su kreirani prema projektu
Coding4Girls.

Figure 14 — A set of video tutorials for the learning scenario “Picking up the trash”
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Setup model and procedure

Sessions for building programming skills using the C4G approach were organized as a
part of regular teaching of subject Informatics in primary school that was at that time carried
out in online learning environments due to COVID-19 pandemic. Implementation activities
were conducted in 5™ and 6™ grade where the subject Informatics is compulsory and in 7t
and 8™ grade of primary where the subject is optional.

Depending on the teacher, implementation activities took place during 6-8 weeks
between March and June 2020. Students were expected to dedicate 4 hours of independent
work per week. Teachers delivered learning materials to students using virtual classrooms
(created with Microsoft Teams, Edmodo or similar tools).

Teachers first organized sessions in order to introduce coding concepts. Students
could practice those concepts using exercises and then they were expected to create a serious
game using the learnt coding concepts. During the sessions, teachers provided guidance and
help to the students with the given tasks. At the end of each session, students could present
their games and experiences to peers and participate in de-briefing in the virtual classroom.
At the beginning of the implementation in schools, students answered the preliminary
guestionnaire (S1). After the implementation, in the last session, students answered the
follow-up questionnaire (S2) about their perception and views on the C4G learning approach.
They were required to write the anonymised code received from the teacher to ensure
comparison of results regarding the self-assessment of their programming skill. Teachers
collected students’ qualitative opinions and comments through a group discussion in virtual
classrooms (S3).

Teachers also reported the reaction of students and their progress in building coding
skills using the game-based C4G approach (T1) and their own views related to the relevance
and effectiveness of the CODINGA4GIRLS game-based learning approach for building
programming skills (T2).

To further improve project outputs and ensure that they meet the needs of learners
and teachers, the game-based C4G approach for building programming skills views related to

the relevance and effectiveness of the CODING4GIRLS game-based learning approach were
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collected from external experts (E). Experts were given access to project documentation and

results as well as to contents created during the implementation.

Participants

The project team at UNIRI includes researchers and teachers (Npr=4) in the field of
game-based learning, programming, didactics of informatics, and e-learning. All of them were
actively involved in the preparation of the implementation and validation activities, including
selection of teachers and experts to participate in the study.

Direct participant of the study were teachers of informatics (Nt=8) from 7 primary
schools in Rijeka, Croatia together with their students (Ns=773). All the selected teachers have
years of experience in teaching informatics and they are mentors in informatics for students
— future teachers of informatics from UNIRI during the teaching practice in informatics.
Students — future teachers of informatics (Nst=35) who are in the final year of study and
therefore obliged to attend a teaching practice in informatics were also included in the
implementation activities. Many of them will start working in schools next school year and
will be able to apply the C4G approach with their students. Depending on the number of
classes and students, each teacher - mentor was assigned with 3 to 6 students - future
teachers who helped to prepare and conduct the C4G activities under mentor’s supervision.

The C4G approach for building programming skills was applied in 38 mixed-gender
classes and involved a total of 773 students aged from 11 to 15 years (5™ to 8™ grade of
primary school). The subject Informatics is compulsory for 5" and 6" grade students while for
7t and 8™ grade students the subject is optional. Table 1 shows number of students —
participants of the study by age/grade. The number of students in the classes ranged from 13
to 28 while the average number of students in one class was 20. The most students were from
6t grade (Figure 1).

Table 14 - Number of students by age/grade

Years of age | Grade Classes Number of students
11-12 5 9 191
12-13 6 14 308
13-14 7 8 146
14-15 8 7 128
Total 38 773
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Figure 15 — Number of students by grade

Three external experts (Ne=3) were chosen for the validation activities based on their
expertise. Two of them are university professors and researchers, one in the field of teacher
education and the other in the fields of computer science and teaching programming. Third

expert is a teacher advisor for informatics who works in a primary school.
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RESULTS

Results of questionnaires for students

Two questionnaires for students were used: preliminary questionnaire about the use
of digital devices and perceived level of programming and the follow-up questionnaire about
satisfaction with programming and coding activities, satisfaction with the organization of the
implementation, and perception on the acquired coding skills.

In both questionnaires students were asked to self-assess their current level of
programming skill. Based on this question, the difference between students’ self-assessed
initial and final level of programming skill was calculated (the answers from the
guestionnaires were paired based on the code that students have entered).

A total of 569 students (73.61% of students who participated in C4G activities) solved
preliminary questionnaire. A total of 424 students (54.85%) solved the follow-up
guestionnaire. Self-assessment results were compared only for students who solved both

questionnaires - 347 students (44.89%).

S1 - Preliminary questionnaire

A total of 569 students solved the preliminary questionnaire about the use of digital
devices and perceived level of programming. The mean age of students was 12.31 years
(SD=1,024). Table 15 shows number of students who solved S1 by gender and grade. The

number of girls and boys who responded is approximately equal (Figure 2).

Table 15 - Number of students who solved S1 - Preliminary questionnaire by gender and grade

5th grade | 6th grade | 7th grade | 8th grade | Total
Boys 68 111 57 47 283
Girls 74 121 52 39 286
Total 142 232 109 86 569
Response rate | 74.35% 75.32% 74.66% 67.72% | 73.61%
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Figure 16 - Distribution of students who solved S1 - Preliminary questionnaire by gender and grade

Table 3 shows descriptive statistical analysis of participants’ responses to the

guestions related to the use of digital devices, the internet and video-games. It is worth noting

the values of the standard deviation, which for some questions indicates larger deviances

from the average values. The comparison of the overall average results by gender (Figure 3)

shows that boys and girls have been using digital devices for the same length of time.

However, on a weekly basis, boys use digital devices and the Internet more and spend

significantly more time playing games.

Table 16 - The use of digital devices, the internet and video-games by gender

Question N |Min| Max | Mean SD
. Boys | 283 |1 |12 | 6.237 | 2.055
9. For how long have you been using computers, tablets or -
other digital ievices \(/in years)? ° i Girls | 28610 |14 |5.767 |1.882
Total | 569 | 0 | 14 | 6.001 | 1.982
Boys | 283 | 1 | 168 | 19.834 | 19.637
10. How m:?m'y hour§ per week do you use a computer, tablet or Girls 1281 0 | 168 | 16.196 | 19.419
other digital device?
Total | 564 | 0 | 168 | 18.021 | 19.596
Boys | 282 | 1 | 140 | 21.603 | 21.315
11. How many hours per week do you use the Internet? Girls | 277 | 0 | 168 | 17.643 | 19.502
Total | 559 | 0 | 168 | 19.611 | 20.517
Boys | 282 | 0 | 62 | 11.261 | 10.803
12. How many hours per week do you play video games? Girls | 284 | 0 | 35 2905 | 4.922
Total | 565 | 0 | 62 | 7.075 | 9.367
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Figure 17 - The use of digital devices, the internet and video-games — comparison by gender

The average values show that students spend a little more time on the Internet than

using digital devices. It can be assumed that such numbers are results of misconceptions. For

example, some students may think that using their smartphone to access the Internet does

not count.

By comparing the data by grade (Table 17) it can be noticed that 5™ and 6™ grade

students use digital devices and the Internet less than 7™ and 8™ grade students. Analysis of

individual responses shows that some 7™ and 8t grade students reported very high values

(e.g., 100 hours per week for the use of Internet) which affected these average results.

Table 17 - The use of digital devices, the internet and video-games by grade and gender

Question Sthgrade | 6% grade | 7™grade | 8" grade
1. For how long have you been using | Boys 5.279 6.000 7.000 7.255
computers, tablets or other digital devices | Girls 4.804 5.876 6.192 6.692

(in years)? Total 5.032 5.935 6.615 7.000

2. How many hours per week do you use a Boys 18.426 15.324 24.035 27.426
computer, tablet or other digital device? Girls 12.528 14.819 18.250 24.333

’ Total 15.414 15.063 21.275 26.023

3. How many hours per week do you use the BF)ys 18.537 18.261 26.105 28.404
Internet? Girls 12.522 15.534 22.510 26.487
Total 15.485 16.798 24.390 27.535

4. How many hours per week do you play Boys 10.828 8.833 12.412 16.213
. Girls 2.603 3.213 2.981 2.410

video games?

Total 6.586 5.914 7.913 9.953
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The participants (N=569, 283 boys, 286 girls) self-assessed the level of their

programming skills on the scale from O - | have never coded or programmed before to 4 - | can

design a solution of a problem in the form of a program. Results are shown in the Table 4.

Most of the students stated for themselves that they are at level 1 - novice programmers

(33.39%) or on level 2 — can code simple programs (32.51%). If we compare these results by

gender (Figure 4), it can be seen that the boys prevail among the students that self-assess

their level of programming with the levels 3 and 4.

Table 18 - Self-assessment of programming skills by gender

Level of programming skills Boys Girls Total
0 - I have never coded or programmed before 9.54% | 7.34% | 8.44%
1-1am a novice programmer (just have basic ideas) 31.45% | 35.31% | 33.39%
2 - | can code simple programs 29.68% | 35.31% | 32.51%
3 - 1 am fluent in programming (can create a full program) 23.32% | 17.48% | 20.39%
4 - | can design a solution of a problem in the form of a program | 6.01% | 4.56% | 5.27%
Self-assessment of programming skills
4 - | can design a solution of a problem in
the form of a program —
3 - | am fluent in programming (can create
a full program) .
2 - | can code simple programs —
1 -1 am a novice programmer (just have
basic ideas) L a
0 - | have never coded or programmed
before ..

0%

5%

10% 15% 20% 25%

Total mGirls mBoys

o 30% 35% 40%

Figure 18 - Self-assessment of programming skills — comparison by gender

The analysis by grades (Table 19) shows that the largest number of students who have

never coded (level 0) is from the 5 grade, as expected. In 6™, 7t and 8" grade most of the

students stated that they can code simple programs (level 2).

Table 19 - Self-assessment of programming skills by grade and gender

Level of programming skills 5t grade 6t grade 7t grade 8t grade
h ded Boys 19.12% 6.31% 10.53% 2.13%
gr'o'gr:"mer::(;’i;‘;gr: or Girls | 20.27% 2.48% 3.85% 2.56%
Total 19.72% 4.31% 7.34% 2.33%

1-1am a novice programmer Boys 41.18% 26.13% 26.32% 36.17%
(just have basic ideas) Girls 45.95% 32.23% 30.77% 30.77%
Total 43.66% 29.31% 28.44% 33.72%

2 - I can code simple programs Boys 23.53% 32.43% 35.09% 25.53%
Girls 20.27% 38.02% 44.23% 43.59%
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Total 21.83% 35.34% 39.45% 33.72%
3 -1 am fluent in programming Boys 13.24% 25.23% 24.56% 31.91%
(can create a full program) Girls 9.46% 23.14% 15.38% 17.95%
Total 11.27% 24.14% 20.18% 25.58%
4 -1 can design a solution of a Boys 2.94% 9.91% 3.51% 4.26%
oroblem in the form of a program Girls 4.05% 4.13% 5.77% 5.13%
Total 3.52% 6.90% 4.59% 4.65%

In the preliminary questionnaire the participants also stated which programming
concepts are they familiar with. The results (Table 5) show that students are mostly familiar
with the statements (72.23%) and loops (61.51%) while they are the least familiar with the
operators (12.48%) and parallelism (2.28%). According to the results, there is no major
difference in familiarity of programming concepts between the genders (Figure 5). The largest
difference in percentages can be observed for the concept operators.

Table 20 - Familiarity with the programming concepts

Concept Boys Girls Total

Loops 60.78% | 62.24% | 61.51%
Conditionals 47.70% | 46.50% | 47.10%
Variables 51.24% | 46.85% | 49.03%
Statements (sounds, movement, looks, drawing) | 71.38% | 73.08% | 72.23%
Operators 15.55% | 9.44% | 12.48%
Events 38.52% | 36.01% | 37.26%
Parallelism 1.77% 2.80% 2.28%
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Figure 19 - Familiarity with the programming concepts — comparison by gender

Comparison of the results by grade and gender (Table 21) shows that 5™ graders are

at least familiar with all the concepts.
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Concept 5t grade 6t grade 7t grade 8t grade
Boys 39.71% 64.86% 68.42% 72.34%
Loops Girls 39.19% 71.07% 71.15% 66.67%
Total 39.44% 68.10% 69.72% 69.77%
Boys 26.47% 45.95% 61.40% 65.96%
Conditionals Girls 25.68% 47.93% 63.46% 58.97%
Total 26.06% 46.98% 62.39% 62.79%
Boys 16.18% 49.55% 73.68% 78.72%
Variables Girls 13.51% 45.45% 78.85% 71.79%
Total 14.79% 47.41% 76.15% 75.58%
Boys 63.24% 73.87% 70.18% 78.72%
fntzizTnZZtts f;‘(’)‘;?d;r awing) Girls 62.16% 75.21% 82.69% 74.36%
Total 62.68% 74.57% 76.15% 76.74%
Boys 11.76% 11.71% 17.54% 27.66%
Operators Girls 9.46% 7.44% 9.62% 15.38%
Total 10.56% 9.48% 13.76% 22.09%
Boys 26.47% 45.05% 45.61% 31.91%
Events Girls 22.97% 40.50% 48.08% 30.77%
Total 24.65% 42.67% 46.79% 31.40%
Boys 0.00% 1.80% 0.00% 6.38%
Parallelism Girls 2.70% 2.48% 0.00% 7.69%
Total 1.41% 2.16% 0.00% 6.98%

For some of the concepts (loops, statements), the results for 6™, 7" and 8™ grade

students do not differ, while for some (more advanced) concepts (conditionals, variables,

operators) there is an increase in the level of familiarity. As in the case of overall results, there

are no major gender differences in the familiarity with the programming concepts except of

concept operators.

Table 6 shows students’ responses about what motivates them to learn to program

(students could choose one or more responses). The most of the students are motivated by

a success in the programming class (60.63%). Comparison by gender (Figure 6) shows that this

factor motivates girls (70.98%) to a greater extent than boys (50.18%). Also, remarkably more

boys want to follow career in programming.

Table 22 - Motivation for learning programming

Response Boys Girls Total

I’'m not motivated 17.31% | 15.38% | 16.34%
| want to succeed in the programming class 50.18% | 70.98% | 60.63%
I want to show other students | can program 10.95% | 8.04% | 9.49%
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| want to follow a career in programming 22.97% | 5.24% | 14.06%

| enjoy solving logic problems and puzzles 24.38% | 19.58% | 21.97%

Motivation for learning programming

| enjoy solving logic problems and puzzles

| want to follow a career in programming

| want to show other students | can program
| want to succeed in the programming class

I'm not motivated

||'H

0% 10% 20% 30% 40% 50% 60% 70% 80%

Total mGirls mBoys
Figure 20 - Motivation for learning programming — Comparison by gender
Comparison by grade (Table 23) show that 6™ graders are the most motivated,

especially by wanting to succeed in the programming class. They also enjoy solving logic

problems and puzzles more than students from other grades (particularly boys).

Table 23 - Motivation for learning programming by grade and gender

Statement S5thgrade | 6" grade | 7*" grade | 8% grade
Boys 17.65% | 13.51% | 24.56% | 17.02%
I’m not motivated Girls 17.57% 8.26% 19.23% 28.21%
Total 17.61% | 10.78% | 22.02% | 22.09%
Boys 42.65% 53.15% 49.12% 55.32%
| want to succeed in the Girls 62.16% | 80.99% | 67.31% | 61.54%
programming class
Total 52.82% | 67.67% | 57.80% | 58.14%
Boys 8.82% | 11.71% | 10.53% | 12.77%
| want to show other students | can Girls 9.46% 9.09% 7 69% > 56%
program
Total 9.15% | 10.34% | 9.17% 8.14%
. Boys 2941% | 20.72% | 22.81% | 19.15%
L‘:(’)ag';;::n‘:?:;w a careerin Girls 405% | 7.44% 1.92% 5.13%
Total 16.20% | 13.79% | 12.84% | 12.79%
, , , Boys 2353% | 30.63% | 15.79% | 21.28%
: izjzfg:"'v'”g logic problems and 7 ¢ 2027% | 22.31% | 19.23% | 10.26%
P Total 21.83% | 26.29% | 17.43% | 16.28%

Besides choosing among the offered responses, students had the opportunity to write

everything else that motivates them to learn to program. Among the answers, they stated:
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“It's fun”, “I'm interested in making programs or games”, “I want to learn how to make my
own game”, “l want to learn something new”, “I want to acquire new skills”, and “I'm

motivated by my uncle who also programs”.

52 — Follow-up questionnaire

A total of 424 students solved the follow-up questionnaire about satisfaction with
programming and coding activities, satisfaction with the organization of the implementation,
and perception on the acquired coding skills. The mean age of students was 12.25 years
(SD=1,047). Table 7 shows number of students who solved S2 by gender and grades. The
number of girls and boys who responded is approximately equal in all grades except in the 8t
grade (Figure 7).

Table 24 - Number of students who solved S2 - Follow-up questionnaire by gender and grades

S5thgrade | 6'" grade | 7t grade | 8" grade | Total

Boys 72 78 31 35 225
Girls 67 79 30 23 199
Total 139 166 61 58 442

Response rate | 72.77% 53.9% 41.78% 45.31% | 54.85%

S2 - Participants

8th grade ‘
7th grade _
0 50 100 150 200

Total WGirls WBoys
Figure 21 - Distribution of students who solved S2 - Follow-up questionnaire by gender and grades

In the follow-up questionnaire, students expressed their attitudes regarding the C4G

learning methodology and the implementation of activities using the 5-point Likert scale (1 —

strongly disagree, 2 — disagree, 3 — neutral, 4 — agree, 5 — strongly agree). According to the

results (Table 8), both boys and girls felt engaged with this way of learning and think that

conducted activities were relevant for learning programming. They understood presented
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concepts and had fun during conducted activities. Boys enjoyed programming to a slightly

greater extent and think that things they have learned will be relevant for their future.

Table 25 — Satisfaction with C4G learning methodology

Statement 1 2 3 4 5 AVG SD
21. | found programming Boys 9.78% | 25.33% | 31.12% | 24.44% | 9.33% | 2.982 | 1.126
challenging. Girls 4.02% | 23.12% | 33.16% | 31.16% | 8.54% | 3.171 | 1.011
Total 7.08% | 24.29% | 32.08% | 27.59% | 8.96% | 3.071 | 1.076
22. | found programming Boys 2.67% 9.78% | 18.22% | 46.67% | 22.66% | 3.769 .995
motivating. Girls 6.03% | 13.57% | 21.61% | 41.2% | 17.59% | 3.508 | 1.114
Total 2.24% | 11.56% | 19.81% | 44.11% | 20.28% | 3.646 1.06
23. | found programming Boys 12.44% | 28.44% | 29.78% | 20.44% 8.9% | 2.849 | 1.151
€asy. Girls 14.07% | 30.65% | 32.67% | 18.59% 4.02% | 2.678 | 1.057
Total 13.21% | 29.48% | 31.13% | 19.58% 6.6% | 2.769 1.11
24. | enjoyed programming. | Boys 3.55% | 7.56% | 19.56% | 28.89% | 40.44% | 3.951 | 1.107
Girls 6.02% | 11.06% | 21.61% | 33.67% | 27.64% | 3.658 | 1.169
Total 4.72% 9.2% | 20.52% | 31.13% | 34.43% | 3.814 | 1.145
25. lunderstood most of Boys 3.11% 7.56% | 13.78% | 48.88% | 26.67% | 3.884 .989
programming concepts. | Girls 4.53% 8.04% 20.6% | 38.19% | 28.64% | 3.784 | 1.086
Total 3.77% 7.78% | 16.98% | 43.88% | 27.59% | 3.837 | 1.036
26. Learning this way is fun. | Boys 4% 8.89% | 15.11% | 38.67% | 33.33% | 3.884 | 1.092
Girls 4.02% 9.05% | 21.61% | 29.65% | 35.68% | 3.839 1.13
Total 4% 8.96% | 18.16% | 34.42% | 34.42% | 3.863 | 1.109
27. |felt engaged with this Boys 1.33% | 6.67% | 7.56% | 35.11% | 49.33% | 4.244 | .949
way of learning. Girls 2.51% | 5.02% | 9.55% | 29.15% | 53.77% | 4.266 | .997
Total 1.88% 5.9% 8.49% | 32.31% | 51.42% | 4.255 971
28. The activities were Boys 1.33% 4.89% 7.56% | 40.89% | 45.33% 4.24 .889
relevant to learn. Girls 3.01% | 3.52% | 13.57% | 36.68% | 43.22% | 4.136 | .983
Total 2.12% 4.25% | 10.37% | 38.92% | 44.34% | 4.191 935
29. Atany time, it was clear | Boys 3.56% | 11.56% | 19.56% | 35.11% | 30.22% | 3.769 1.11
what | had to do. Girls 5.03% | 16.58% | 29.14% | 28.14% | 21.11% | 3.437 | 1.144
Total 4.25% | 13.92% | 24.06% | 31.84% | 25.94% | 3.613 | 1.137
30. What I learned will be Boys 3.11% 4.89% | 16.89% 36% | 39.11% | 4.031 | 1.019
relevant for my future. Girls 5.03% 7.03% | 22.11% | 37.69% | 28.14% | 3.769 1.09
Total 4% 5.9% 19.34% | 36.79% | 33.96% | 3.908 1.06

The participants again self-assessed the level of their programming skills on the scale
from 0 - | have never coded or programmed before to 4 - | can design a solution of a problem
in the form of a program. A total of 347 students (179 boys, 168 girls) solved the preliminary
and the follow-up questionnaire so their self-assessment results were compared. Table 11
shows data on the difference between the self-assessed initial level and the self-assessed final

level of programming skill. Over 40% of students stated that they have progressed, the most
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of them for 1 level (29.39%). Almost 5% of students self-assessed their programming skill level
higher before participating in C4G activities. The analysis showed that most of them were
students who initially self-assessed their skill with level 3 or 4. It can be assumed that these
students were not able to self-assess their programming skill realistically before the C4G
activities. Comparison by gender shows that slightly fewer girls remained at the same level of
programming skill than boys (difference is 0). Also, slightly more girls progressed by one level
than boys (difference is 1). For other values (differences), the results are approximately the
same.

Table 26 - The difference between the self-assessed levels of programming skill

Difference
-2 -1 0 1 2 3 4
Boys 0.56% 3.91% 55.31% 25.70% 11.73% 2.23% 0.56%
Girls 0.60% 4.76% 48.81% 33.33% 9.52% 2.98% 0%
Total 0.58% 4.32% 52.16% 29.39% 10.66% 2.59% 0.29%

A Wilcoxon’s signed rank test for paired samples showed that students self-assessed
their programming skill significantly higher after the C4G activities compared to self-
assessment before the C4G activities (Table 12). The results of rank-biserial correlation (rB),

which are considered as an effect size, show large effect size, overall and by gender.

Table 27 - Comparison of self-assessment of programming skill

Descriptive statistics Wilcoxon’s signed rank test results
N MIN | MAX | MEAN SD w P Effect size (rB)
Soys [S11181] 0 | 4 | 1781 A0B] o0 | g | g
B w1 e Il B
Total | S11307 0 | 4 | 1850 1004] ,p | o] gag
Students’ comments

In their comments after the implementation activities, the students stated that they
are very happy with this way of learning, think that they have learned a lot, and feel like real
developers because they created their games. During the implementation of C4AG approach,

they could hardly wait for every new task and new project. They were very satisfied with the
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received materials. This way of learning was very fun and they can't wait for more tasks like
these.

Students who are familiar with the programming language Scratch stated that they
would like to use it instead of the Snap!. Students prefer Scratch because it has more features
and works very well on tablets while with Snap! students who used tablets had technical

difficulties.

Teachers’ observations and comments

After the implementation activities, teachers and students — future teachers were
asked to express their qualitative opinions about the C4G methodology and the
implementation process using the forms T1 and T2.

Teachers’ observations

Using the form T1, teachers (Nt=8) and students — future teachers (Nsr=35) reported
on students’ participation and engagement as well as learning difficulties and problems.

All of them stated that the students were interested and actively participated in the
activities. Most of the student successfully completed all the tasks with the help of prepared
materials. Video tutorials were especially useful to them. The students’ projects selected by

the teachers were published in the collection C4G Croatia in Snap! cloud (Figure 22).

Published projects were created during recikliranje 8.b_franFrankovic_reci.. my_sprite S.D_FranFrakovic_cis .

Run Snap! Explore Forum Snap/Con

the implementation of the Coding4Girls
approach in Croatian primary schools. & e & @ & @ & e

by mholenko by mholenko by mholenko by mholenko
Figure 22 — Snap! collection “C4G Croatia”

Students collaborated in virtual classroom and were happy to answer each other's
guestions about the problems they encountered. However, teachers think that due to the
specifics of online learning students were not able to collaborate to the extent that

collaboration would be achieved in regular classes.
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Due to technical limitations, some students were slower in completing assignments.
Students working on tablets had problems with the Snap! since the tool did not work right
and fast enough. Students had problems with adding costumes to sprites and with occasional
freezing of its interface. The students who were creating projects on desktop computers or
laptops had no problems. The teachers suggested programming language Scratch as a

replacement since there is a mobile application that works well on tablets.

Teachers’ comments

Using the form T2, teachers (Nt=8) and students — future teachers (Nsr=35) reported
on accomplishment of learning objectives, relevance, effectiveness and acceptance of the
proposed methodology by the students, and the overall organization of the implementation.

The opinion of the teachers is that game-based learning is fun for students. They are
motivated to solve tasks (problems) which makes this way of learning effective for learning
programming. All teachers stated that the learning objectives were fully achieved by the
students during the C4G activities.

According to teachers, the students fully accepted the C4G methodology. The topics
of the projects were very interesting to them and most of students enjoyed using newly
acquired programming knowledge to create games. C4G projects had a positive effect on their
desire and motivation to eliminate all mistakes. Students persisted until they reached the set
goal - a game they could play.

Since the C4G activities were conducted online, the insight regarding achieved fun by
the students could not be complete, but teachers stated that it is evident from the
communication with the students that the students had fun and were looking forward to
gaining new knowledge using the C4G methodology.

Regarding the overall organization of the implementation, teachers reported that it
was fully aligned to the teaching needs (achievement of the outcomes related to
programming). Created materials for implementation of C4G activities are comprehensive
and clear. During the implementation, logistical support from project team members was
efficient and available at any time.

Teachers also agree that the C4G game-based, design thinking educational framework

is applicable in future work. Learning scenarios with projects that need to be developed in
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Snap! are appropriate to the age of students. Teachers who participated in the
implementation activities plan to use them in their future work. Teachers also believe that a
design thinking approach in combination with game-based learning can be used not only for
development of programming skills but also to enhance students’ creative potential which

can result in some new ideas and solutions.

Experts’ comments

External validators - experts (Ng=3) were also asked to give their qualitative opinions
regarding the accomplishment of learning objectives by the students, relevance, effectiveness
and acceptance of the proposed methodology by the students, and the overall organization
of the implementation.

All three experts agreed that for developing basic programming skills in among
students from 10-16 years, the C4G methodology is very suitable. Snap! programming
interface allow students to create interactive stories and games which is fun and stimulating
for them. The advantage of coding using blocks is that students of that age do not need to
learn the programming syntax because this negatively affects students’ motivation to learn
programming (they usually forget the syntax very quickly).

They stressed out that the C4G approach assumes solving real-life problems which is
interesting to students, especially girls. In programming classes, mathematical tasks are very
common (e.g. calculating the range, area of a square, rectangle or currency conversion and
the like), which further demotivates students for learning programming. According to the
experts, projects in C4G learning scenarios are well designed and enable accomplishment of
learning objectives. The projects stimulate students to be creative and enable them to learn
in a fun way by creating games. Topics included in the projects are interesting to the girls and
motivate them to solve the given problem using newly acquired programming knowledge. At
the same time, topics are interesting to boys as well.

According to experts’ opinion, C4G design thinking educational framework is effective
and applicable for teaching programming to girls as well as boys. Due to observed technical
problems with Snap!, experts suggest that its further development include also possibility of

learning programming using Scratch.
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DISCUSSION AND CONCLUSIONS

The results of the preliminary questionnaire (S1) showed that students of both
genders use the Internet and digital devices, on average a couple of hours a day, and have 5
to 6 years of experience in their use. This shows that the students had the appropriate digital
skills necessary for the implementation of the C4G approach. The large number of hours that
some students spend per week using digital devices and the Internet is partly conditioned by
the online teaching that was conducted during this study because students were expected to
study teaching materials, create assignments, and communicate with teachers in virtual
classrooms. Results also showed that students play video games and that boys spend
significantly more time playing them than girls. This indicates that game-based activities, such
as those designed within the C4G approach, should be tailored to interests of the girls to keep
the girls motivated.

Results of the preliminary questionnaire also indicated that younger students,
especially 6! graders, are more motivated for learning programming than 7t" and 8™ grade
students, even though for 7" and 8% grade students the subject Informatics is not
compulsory, but optional. In general, students are mostly motivated by success in the
programming class (girls to a greater extent that boys). Students (especially 6 graders) are
motivated by the fact that they enjoy solving problems and puzzles and because creating their
own games is fun for them. This confirms that the C4G methodology which includes creating
games for solving real-life problems is appropriate for the target group of students. According
to the results, boys (especially 5™ graders) are further motivated by the desire to become
programmers while girls are very little motivated by this factor. This shows that girls are less
interested to follow a career in programming so they need to be motivated by approaches
like C4G.

In the initial self-assessment of their programming skills, the most of the students
stated that they are novice programmer s (level 1) or that they can code simple programs
(level 2). This is confirmed by the results regarding the familiarity with programming concepts
which showed that most students are familiar only with basic concepts such as statements

and loops. Some students attend the subject Informatics for several years but do not consider
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that they have developed programming skills. The reason for this may be that they find
programming difficult and are not interested in learning.

After the implementation activities, teachers and student teachers reported that
conducted activities enable students to achieve learning outcomes and at the same time had
fun. Teachers think that creating games is a very effective way for students to learn
programing concepts and they plan to apply the C4G methodology in the future as well. They
observed that C4G approach encouraged creativity and problem solving and students were
motivated to complete the project (their own game) to the end. The external experts who
participated in the validation activities agreed with these observations and support the
application of game-based learning approach using visual programming tools for learning
programming. They emphasized the good choice of topics of the projects included in the
learning scenarios which are interesting to girls and encouraged them to apply their
programming knowledge.

Results of the comparison of self-assessment confirmed the effectiveness of
implemented activities for learning programming. Students self-assessed their programming
skill significantly higher after the C4G activities compared to self-assessment before the C4G
activities (large effect size is present for overall results and results grouped by gender).

Students’ attitudes regarding the C4G methodology, expressed in the follow-up
guestionnaire, shown that they consider the approach relevant for learning programming and
that they had fun and enjoyed programming which also supports the validation of the C4G
approach. Student qualitative feedback was also very positive. They expressed their
satisfaction with the approach and acquired skills but many of them stated that they would
prefer to use Scratch over Snap!. This is not surprising since Scratch is the widely used tool
for visual programming in Croatian schools so many students are used to it. In addition,
students who used tablets experienced technical problems.

In conclusion, the C4G methodology is appropriate for students who are 10 — 16 years
old and enable the achievement of learning outcomes in an effective and fun way.
Additionally, the approach has proven applicable in an online environment. Regarding the
possible improvements, the main problem were technical difficulties encountered by
students who used Snap! on tablets, so the next version of the C4G methodology should

include the possibility of using Scratch instead of Snap!.
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S1. PRELIMINARY QUESTIONNAIRE FOR STUDENTS (in Croatian)

S1. UVODNI UPITNIK ZA UCENIKE

Ovo je preliminarni upitnik o koristenju digitalnih uredaja i iskustva s programiranjem koji
se provodi u okviru projekta CODINGA4GIRLS. Cilj projekta je poticanje razvoja vjestina
programiranja koristenjem obrazovnih igara.

Tvoji odgovori ée biti anonimni i koristeni samo u svrhu istraZivanja. Hvala na suradnji!
Za pocetak, upisi kod koji si dobio/dobila od ucitelja/uditeljice.

KOD | OSNOVNE INFORMACUJE

Kod: Skola:

Godine: Razred:

Spol: M VA

KORISTENJE DIGITALNIH UREDAIJA, INTERNETA | VIDEO IGARA

1. Koliko godina koristi$ racunala, tablete i ostale digitalne )
uredaje? godina

2. Koliko sati tjedno koristi$ racunalo, tablet ili neki drugi )
digitalni ureda;j? el

3. Koliko sati tjedno koristis Internet? sati

4. Koliko sati tjedno igras video igre? sati

ISKUSTVO S PROGRAMIRANIJEM

5. Koliko si trenutno vjest/vjesta u programiranju? ZaokruZi jedan odgovor.

a) Nisam nikad programirao/programirala

b) Pocetnik/pocetnica sam (imam samo osnovna znanja)
c) Mogu izraditi samo jednostavne programe

d) Mogu izraditi i nesto sloZenije programe

e) Mogu izraditi program kojim ée se rijesiti zadani problem

6. Ako ve¢ imas iskustva s programiranjem, koji su ti od navedenih koncepata poznati?
Oznaci kvacicom jedan ili viSe odgovora.

[] Petlje (ponavljanje) [l Varijable [l Dogadaji
[l Uvjeti (ako — onda) [0 Operatori [0 Paralelizam

[0 Naredbe za kretanje i izgled likova, crtanje, zvukove
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7. Sto te motivira na uéenje programiranja? Oznaci kvacicom jedan ili vise odgovora.
] Nisam motiviran/motivirana

Zelim uspje$no savladati nastavno gradivo vezano za programiranje

Zelim pokazati drugim uéenicima da znam programirati

U buducnosti Zelim raditi kao programer/programerka

UZivam rjeSavati logicke zadatke

O O 0O O o

Nesto drugo:
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S2. FOLLOW-UP QUESTIONNAIRE FOR STUDENTS (in Croatian)

S2. ZAVRSNI UPITNIK ZA UCENIKE

Ovo je upitnik o zadovoljstvu s uéenjem prema projektu CODINGA4GIRLS i aktivnostima koje
su provedene za razvoj vjestina programiranja. Tvoji odgovori ¢e biti anonimni i koristeni
samo u svrhu istraZivanja. Hvala na suradnji!

Za pocetak, upisi kod koji si dobio/dobila od ucitelja/uciteljice (to je isti kod kao i za uvodni
upitnik).

KOD | OSNOVNE INFORMACUJE

Kod: Skola:
Godine: Razred:
Spol: M yA
C4G METODOLOGUA
Niti se
C e . . . Uopce se Neslazem slazem, SlaZzem 1
8. Izrazi misljenje o sljedeéim tvrdnjama: . o potpunosti
ne slazem se niti se ne se v
Y se slazem
slazem
k) Smatram da je programiranje zahtjevno. 1 2 3 4 5
[) Smatram da je programiranje motivirajuce. 1 2 3 4 5
m) Smatram da je programiranje jednostavno. 1 2 3 4 5
n) UZivao/uZivala sam u programiranju. 1 2 3 4 5
0) Razumijem vedinu prezentiranih koncepata 1 > 3 q s
iz programiranja.
p) Smatram da je u€enje na ovaj nacin 1 5 3 4 c
zabavno.
g) Aktivno sam sudjelovao/sudjelovala tijekom 1 5 5 a s

ovakvog nacina ucenja.

r) Aktivnosti u kojima sam
sudjelovao/sudjelovala su bile prikladne za 1 2 3 4 5
ucenje programiranja.

s) Uvijek mi je bilo jasno Sto trebam raditi. 1 2 3 4 5

t) Nauceno ¢e mi koristiti u buduénosti. 1 2 3 4 5

ISKUSTVO S PROGRAMIRANIJEM

9. Koliko si trenutno vjest/vjesta u programiranju? ZaokruZi jedan odgovor.
a) Nisam nikad programirao/programirala
b) Pocetnik/pocetnica sam (imam samo osnovna znanja)

c) Mogu izraditi samo jednostavne programe

d) Mogu izraditi i nesto sloZenije programe
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e) Mogu izraditi program kojim ée se rijesiti zadani problem
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S3. STUDENT’S COMMENTS (in Croatian)

$3. KOMENTARI UCENIKA

Nakon primjene C4G pristupa za stjecanje vjeStina programiranja koji se zasniva na igrama,
ucitelj prikuplja kvalitativna misljenja i komentare uc¢enika u grupnom intervjuu.

Molimo da grupirate sve ucenike razrednog odjela te da kroz razgovor prikupite njihova
kvalitativna misljenja i komentare. Pitajte ucenike o aspektima navedenim u nastavku i

zabiljezite njihove komentare pomocu ovog obrasca.

Hvala Vam na Vasem vremenu i suradniji!

OSNOVNE INFORMACIJE

Nastavnik: Razred:
Skola: Datum:

CJELOKUPNA ORGANIZACIJA | ISKUSTVA UCENIKA

MoZete pitati ucenike o cjelokupnoj organizaciji u¢enja programiranja putem C4G pristupa,
o njihovoj percepciji o steCenom znanju, o relevantnosti i ucinkovitosti koristenog pristupa
ucenju programiranja koje se temelji na igrama te da li im je ovakav nacin ucenja bio
zabavan.

POTESKOCE PRILIKOM UCENJA | PROBLEMI S TEHNOLOGIIOM

MoZete pitati uCenika o potesko¢ama u ucenju ili problemima s kojima su se suocavali te
sto su radili kad su naisli na te probleme.

STAVOVI UCENIKA O TOME KAKO POBOLJSATI C4G METODOLOGIJU, ALATE
| SADRZAIJE

BILO STO DRUGO STO SMATRATE RELEVANTNIM
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T1. TEACHER’S OBSERVATIONS (in Croatian)

T1. ZAPAZANJA UCITELJA

Tijekom implementacije, ucitelj promatra i vodi biljeSke o reakcijama ucenika i njihovom
napretku u usvajanju vjestina programiranja pomocéu C4G pristupa koji se zasniva na
igrama.

Molimo da koristeéi ovaj obrazac navedete Vasa zapaZanja o aspektima navedenim u
nastavku.

Hvala Vam na Vasem vremenu i suradnji!

OSNOVNE INFORMACIJE

Nastavnik: Razred:
Skola: Datumi (od-do):

SUDJELOVANIE | AKTIVNOST UCENIKA

Jesu li ucenici aktivni? Suraduju li medusobno? Zabavljaju li se? itd.

POTESKOCE PRILIKOM UCENJA | PROBLEMI S TEHNOLOGIJOM

Da li ucenici imaju problema sa sadrZajem i/ili tehnologijom? TraZe li pomoc? itd.

BILO STO DRUGO STO SMATRATE RELEVANTNIM
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T2. KOMENTARI UCITELJIA

Nakon primjene C4G pristupa za stjecanje vjeStina programiranja koji se zasniva na igrama,
prikupljaju se kvalitativna misljenja i komentari ucitelja.

Molimo da koristeéi ovaj obrazac navedete Vase struc¢no misljenje o aspektima navedenim
u nastavku.

Hvala Vam na Vasem vremenu i suradnji!
OSNOVNE INFORMACIUE

Nastavnik: Razred:
Skola: Datum:

OSTVARENOST ISHODA UCENJA KOD UCENIKA

VAZNOST | UCINKOVITOST UCENJA TEMELJENOG NA IGRI ZA STJECANJE
VJESTINA PROGRAMIRANJA — OPCENITO TE SPECIFICNO ZA C4G PRISTUP

PRIHVACANJE PREDLOZENE C4G METODOLOGIJE OD UCENIKA
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U KOJOJ MIJERI SU SE UCENICI ZABAVLIALI?

VASE MISLIENJE O CJELOKUPNOJ ORGANIZACUI IMPLEMENTACIE C4G
PRISTUPA

PRIMJENJIVOST | PRIHVATUIVOST C4G OBRAZOVNOG OKVIRA
ZASNOVANOG NA IGRAMA | DIZAJN THINKING PRISTUPU U BUDUCAM
RADU

BILO STO DRUGO STO SMATRATE RELEVANTNIM
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E. EXPERT’S COMMENTS (in Croatian)

E. KOMENTARI STRUCNJAKA

Nakon primjene C4G pristupa za stjecanje vjestina programiranja koji se zasniva na igrama,
kvalitativna misljenja i komentari stru¢njaka se prikupljaju u strukturiranom intervjuu.

Upotrijebite ovaj obrazac i navedite stru¢no misljenje o aspektima navedenim u nastavku.

OSNOVNE INFORMACIJE

Ime strucnjaka: Radno mjesto:

Institucija: Datum:

OSTVARENOST ISHODA UCENJA KOD UCENIKA

VAZNOST | UCINKOVITOST UCENJA TEMELIENOG NA IGRI ZA STJECANIJE
VJESTINA PROGRAMIRANJA — OPCENITO TE SPECIFICNO ZA C4G PRISTUP

PRIHVACANJE PREDLOZENE C4G METODOLOGIJE OD UCENIKA — OPCENITO |
OD STRANE POSEBNO DJEVOICICA
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U KOJOJ MIJERI SU SE UCENICI ZABAVLIALI?
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EXECUTIVE SUMMARY

The report describes the validation phase organized in Greece to test the Coding4Girls
learning approach and the tools developed. In particular, it explains the main steps of the
implementation with all the target groups involved: experts, primary and secondary school
teachers and 10-15 years-old students.

Moreover, it reports on the results achieved and collected through the qualitative evaluation
tools developed and submitted before and after the implementation.

In today’s digital economy, there is a pressing need for highly skilled professionals in
information technology. This is a result of the evolution of digital technologies, and
particularly broadband network speeds, that drive demand for digital tools and services. In
the coming years growth is expected to be driven by innovation-related sectors including
information technology. To be able to compete in the global market, European SMEs and
larger companies in the information technology sector are in need of highly skilled
professionals that not only are in a position to use digital services and applications, but also
to program. Unfortunately, the engagement of women in the information technology sector
is lagging behind that of men. This is not so much a result of the lesser capacity of girls, as the
PISA survey demonstrates that girls perform as well as boys in STEAM at the age of 15. Rather,
it is a result of perceptions and attitudes that discourage girls from pursuing studies and
careers in information technology. The Coding4Girls project aims to build programming
capacity of learners aged 10 — 15 years. This is pursued through the development of a learning
game that helps build coding skills in an engaging and rewarding manner that provides rich
educational experiences. The game is part of a wider learning intervention that aims to
demonstrate that information technology is sector in which both girls and boys can excel and
express themselves creatively and professionally. This report constitutes a summary of the
piloting activities of the Coding4Girls project with external groups of students and their

teachers in Greece.
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o IMPLEMENTATION

The Coding4Girls learning intervention was validated with external groups of students in the
area of Magnesia, Thessaly. Magnesia has 150K inhabitants while the broader area of
Thessaly has 700K inhabitants and represents the central part of Greece. Thessaly has 4 main
towns with populations ranging from 70K to 200K. Outside these urban environments,
Thessaly is a broadly agricultural area as it is the biggest valley in Greece that produces
agricultural goods for the internal market and for exports. The evaluation activities were
designed to take into account this diverse environment, which includes both urban and rural
schools.

In order to select the schools that were engaged in the evaluation activities and to ensure
that all rules for the engagement of underage students were followed, the implementation
team collaborated with the Regional Center of Educational Planning of the area of Thessaly.
The Center is the Ministry of Education’s consulting organization on the adoption of
innovative learning design and approves all activities taking place in schools before engaging
students. The team worked with Mr. Alexandros Kapaniaris, the Coordinator of Educational
Planning for Informatics for the area of Thessaly, and Mr. Constantinos Panagiotou, the
Coordinator for Educational Planning for Mathematics for the area of Thessaly. Furthermore,
the team worked with the Hellenic Mathematical Society Magnesia Division, a professional
association that engages all secondary mathematics teachers in the area of Magnesia.

The Regional Center of Educational Planning recommended and gave approval for engaging
the following schools in piloting activities:

e The 5" Gynmasium of Volos [1].
e The Gynmasium of Pteleos, Magnesia [2].

e The Saint Joseph Primary School of Volos [3].

Introductory workshops

The first step of the implementation involved engaging the informatics teachers in the
selected schools to build their familiarity on the Coding4Girls software and to ensure that
they are in a position to deploy the tool for designing educational activities for their students.

The activities engaged the information technology teachers in the schools selected by the
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Regional Center for Educational Planning to participate in the Coding4Girls evaluation listed
above.

The 1%t session took place virtually and aimed to familiarize the educators with the general
objectives of the Coding4Girls project and specifically building programming skills for learners
10 — 15 with an emphasis on engaging girls. The session took place in November 2019.

A 2" session took place face-to-face in December 2019. In this session educators were
familiarized with the Coding4Girls digital learning game. The educators were guided step-by-
step through the functionality of the learning game, including both the educator and the
student views. On the educator view, the participants reviewed in practice the creation of
educational activities in the Coding4Girls environment from scratch as well as by emulating
and adapting existing public activities developed by peers. They reviewed how to define
objectives, step-wise tasks for students, optionally linking mini-games to tasks for making
activities more enticing, and reviewing student progress. On the student side, they reviewed
the way students experienced the Coding4Girls learning game. This includes the services for
collaborating and brainstorming in a group, reviewing learning activity objectives set by
educators, programming in the Snap! environment, reviewing pre-defined correct solutions
and comparing their work to those, collecting rewards in the form of coins, using the rewards
to personalize their environment, and more.

Another virtual session took place in March 2020 in which another review of the game

functionality took place for the benefit of educators.

Data collection tools

Data collection took place through qualitative evaluation approaches. Qualitative methods
are deployed when evaluation input cannot be provided with a yes/no or numeric answer but
rather is best described descriptively through text and comments. This approach is relevant
in the Coding4Girls evaluation as the proposed learning intervention aims to document the
evolution of perceptions and attitudes of boys and girls towards programming, which is best
achieved in a descriptive manner.

Evaluation took place in the form of learning experiments that engaged external groups of
students and their educators. Participatory observation methods were deployed, in which

educators undertaking the role of a researcher observed their students during their
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engagement with the Coding4Girls learning game and documented their reactions, their
perceptions, the challenges they faced, and the positive impact of the activities.
The following sections describe the activities that took place and document findings in a

gualitative manner.

Materials

The materials used during the implementation of the validation phase were
e the learning scenarios and
e instructions for students
developed by the project partners.
These learning scenarios were re-adapted to the design thinking approach and the structure
of the C4G software constituting of two parts:
e the Teacher’s Training Platform and

e the Student Game Environment.

Setup models and procedure

At the beginning of the implementation phase, students answered the preliminary
guestionnaire (S1). After the implementation, they answered the follow-up questionnaire
(S2) about their perception and views on the C4G learning approach. Moreover, teachers
collected students’ qualitative opinions and comments (S3).

The teachers reported on the students' participation and engagement and their learning
difficulties during the implementation (T1) and on the accomplishment of the learning
objectives, the relevance and effectiveness of the game-based learning, the acceptance of the
proposed methodology, the fun achieved and the overall organization of the implementation
(T2).

The external experts also gave their qualitative opinions regarding the accomplishment of the
learning objectives, the relevance and effectiveness of the game-based learning, the
acceptance of the proposed methodology, the fun achieved and the overall organization of

the implementation (E).
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Participants

Direct participant of the study were teachers of informatics (Nt=3) from 3 schools in Volos,
Greece together with their students (Ns=156). All the selected teachers have years of
experience in teaching informatics.

The C4G approach for building programming skills was applied in classes, involving a total of
156 students aged from 10 to 15 years (5" and 6™ grade of primary school and 1% to 3" grade
of secondary school). Table 1 shows number of students — participants of the study by

age/grade.

Table 28 - Number of students by age/grade

Years of age | Grade Classes Number of students
10-11 5 1 25
11-12 6 1 25
12-13 1 1 12
13-14 2 1 12
14-15 3 5 82
Total 9 156

Descriptions of activities at the 57 Gymnasium of Volos

The 5™ Gynmasium of Volos enrolls students aged 12 — 15 years. It is the only school in the
centre of the town of Volos, which has 120K inhabitants, and it is significant as it addresses
urban educational needs. The school’s student body is very representative for a medium sized
town out of the capital city of Athens. The other Gymnasiums of the town of Volos are located

in the city outskirts.

YMNAZIO

3oAOY_

Figure 23. Students arrive for class at the 5% Gymnasium of Volos.

The school has a computer lab with 12 workstations. The workstations operate on Windows®.
The lab is used for informatics but also for digital activities related to any course in the school
curriculum. This means that the lab is used by most teachers in the school. The lab also has a

server that is used for sharing software with the students.
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Figure 24. Students work in the computer laboratory at the 5" Gymnasium of Volos.

The Coding4Girls software was used in the context of the informatics course in the 3™ year of
studies. The course aims to build general digital literacy for students focusing mostly on the
deployment of typical and common digital tools and less on programming. Informatics is a
heavily lab-based course. Even the underlying theory is delivered through lab activities,
encouraging students to deploy concept graphs, spreadsheets, text processing, and more.
However, Mr. Christos Christoforidis, the informatics teacher of the school, engages students
in programming activities through tools such as Scratch, Logo, and code.org, an on-line
environment for programming exercises that has the feel of the Scratch tool. Through these
activities the teacher aims to go beyond the strict requirements of the formal curriculum for
further fostering experimentation and exploration among students with a focus on
programming and not only basic digital literacy. This is not uncommon for teachers in several,
who research options for increasing interactivity in the classroom through games and
simulations.

The evaluation activities took place in January, February, and March of 2020. 4 groups of
learners were involved for a total of approximately 70 students. The activities took place in
the context of obligatory information technology courses that address all students and are
part of the formal curricula dictated by the Ministry of Education. The students worked in
teams on the lab computers using 6-7 accounts Coding4Girls. The students were actively
engaged not only in using the Cording4Girls software but also in setting up the learning
activities. A series of sessions took place. In the 1% session the students installed the software
on the lab computers. In the 2" session the students created accounts in the Coding4Girls
software. In the 3™ session the students connected to the Coding4Girls application and

starting deploying the Chameleon activity. In subsequent sessions the students reviewed the
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Chameleon activity objectives, explored the mini games, and brainstormed on a potential
solution using the related functionality of the game. Finally, students worked on programming
a solution to the Chameleon activity using the Snap! environment that is integrated into the
Coding4Girls learning application. Notably, students were already familiar with Scratch. This
allowed them to become easily accustomed to the similar Snap! environment.

One of the challenges that were faced was the size of the Coding4Girls application, which
made it difficult to download to the laboratory computers due to their limited capacity and
the low bandwidth of the network. The reason why the software is heavy is because it
includes very nice 3D graphics that allow students to immerse into the learning activities and
to have a more enjoyable educational experience. To overcome the challenges introduced by
the size of the application, the implementation team provided the school with 14 USB sticks
on which the software was stored. With the USB sticks it was no longer necessary to download
the software as students could directly run it from the storage device that was attached to
the computer.

The experience of the students from using the Coding4Girls learning tool was very positive.
The teacher observed student reactions and engagement and reported that the software was
attractive, enticing learning to want to explore it further. Part of the attractiveness is the 3D
graphics of the application that are very similar to what students are used to when playing
digital games for entertainment. The graphical environment and the user movement in the
digital world is comparable to popular commercial games in terms of quality and fidelity and
this is one of significantly positive aspects of the application. Furthermore, the students
enjoyed the actual learning activities themselves and particularly the brainstorming and
programming as they were challenging but within their reach. They further enjoyed the
narrative of the game, specifically the Chameleon vacation theme, which introduced a fun
and intuitive wide level objective for them to achieve through programming. Girls and boys
participated equally in the activities, becoming aware that information technology is not
gender specific and that all learners have the opportunity to think creatively through
computer science.

For the teacher, one of the benefits was the fact that the tool provides some learning activities
that are already complete, such as the Chameleon educational scenario. This allowed the

teacher to directly engage with the tool immediately. The scenario further could be used as a
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good practice example that helped the teacher understand the functionality of the learning
application and was used for inspiration towards designing additional educational activities

for the class.

Descriptions of activities at the Gynmasium of Pteleos

Pteleos is a village at the south part of the region of Magnesia, which is one of the 4 smaller
geographical regions of the wider area of Thessaly. The school engages 40 learners in total
aged 12 — 15 years, approximately equally divided in the 3 academic years. Due to the small
size of the school only one group of students exists for each class from the 1% to the 3™. The
school was selected because it is located in a village and out of urban areas. The students
enrolled in the school are representative of rural populations. As such the information
collected through the evaluation activities in this school is complementary to that collected

in the urban 5" Gynmasium of Volos.
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Figure 25. Students of the 3™ grade of the Gynmasium of Pteleos log into the information technology class session
to deploy the Coding4Girls learning game.

The evaluation activities took part in the school computer lab. The lab has 12 computers that
operate on a Windows environment and a server that operates on a Linux thin client. Similar
to the 5% Gymnasium of Volos, the lab is used for the informatics course but also for all
curriculum courses when there is an opportunity or need to deploy digital tools for enriching

student experiences.
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Figure 26. Students of the 3" grade of the Gynmasium of Pteleos work on building programs in the context of the
Chameleon learning scenario.

The informatics course is taught based on the curriculum that is dictated by the Ministry of
Education. Students engage in programming by using the Scratch environment as well as the
Logo programming language.

Evaluation activities started in the spring of 2020 engaging all 3 classes, namely 1%t to 3™. The
educator, Mr. Giannis Giannakouras, presented to students the objectives of the Coding4Girls
project and demonstrated the software application. The Coding4Girls software was installed

on the school computers in the spring of 2020.
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Figure 27. Students of the Gymnasium of Pteleos deploy the brainstorming tools of the Coding4Girls learning
game.

Activities resumed in the fall of 2020. Unfortunately, activities were interrupted as a result of
schools closing in March 2020 in the context of COVID-19 prevention measures.

The implementation team provided this school as well with USB sticks that include the
software application in order to facilitate easy execution directly from the storage device,
overcoming downloading speed challenges that are faced by the school due to its rural

location. The USBs were also used to distribute the software to students for home
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deployment. More evaluation sessions took place in December 2020. The sessions took place

virtually as school were again closed only a few weeks after opening in September 2020.
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Figure 28. Students at the Gymnasium of Pteleos explore movement functions of programming through the
Coding4Girls learning game.

The sessions engaged the 15t grade (12 students), the 2" grade (12 students), and the 3™
grade (12 students). In other words, almost all students in the school engaged in programming
games through Coding4Girls. The activities took place in the context of information
technology courses in the context of the formal school curriculum.

During the sessions the students had the opportunity to experience the software tools. They
were familiarized with account creation, logging in, entering a course room, reviewing the
course objectives, and executing the course activities as these were defined by the educator.
The students used the Chameleon learning scenario, similarly to the 5t Gymnasium of Volos.
They students followed the tasks of the scenarios that involve playing a mini-game that
demonstrates a programming concept and then programming in a step-by-step manner the
behaviour of the Chameleon. The programming steps include motion, i.e. making the
Chameleon move, sound, namely making the Chameleon speak, colour, namely making the
Chameleon take the colour of his surroundings, and putting everything together. The students
also explored the gamification elements of the software application, through which a user
gains rewards in the form of coins that she may exchange for personalizing the game
environment, for example adapting the colours of the lobby, changing the music, and more.
Finally, the students experienced how they may adapt the parameters of the game

appearance through the application menu.
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Figure 29. Students at the Gynmasium of Pteleos explore the personalization of the Coding4Girls environment
through the use of gamification elements and specifically the use rewards in the form of coins gained as a result
of their engagement in the learning game.

The students engaged in a discussion in which they asked both practical questions related to
the execution of the game in diverse environments and devices as well as more high-level
issues related to the importance of programming in the digital age. They further were able to
understand that the evolution of technology, and more specifically of network speeds, is a
driver for demand for ever evolving digital applications which in turn drives the need for
qualified programming professionals. The students reflected on how girls and boys have
equal opportunities in engineering careers and more specifically the software industry and
that it is important for society to put all innovative minds to work for addressing emerging

challenges.

Descriptions of activities at the Saint Joseph Primary School in Volos

The Coding4Girls software was evaluated with students in the 5™ and 6" grades of the Saint
Joseph primary school of Volos that enrol approximately 50 students. Primary schools in
Greece enrol students aged 6-12 years. Saint Joseph is an innovative private primary school

in Volos that aims to integrate innovation in all aspects of learning, including digital education.
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Figure 30. Students at Saint Joseph Primary School engage in STEAM activities.

USB sticks with the software were provided to the informatics educator of the school, Ms. Zoi
Stellou, who provided valuable insight on student needs as well as feedback. The teacher
commented that one of the key advantages of the software is that it is developed in the form
of a game that entices students to engage with building programming skills. In addition, the
educator commented that the design of the software application took into account the needs
of girls, aiming to bring them closer to computing. This is particularly important because the
fact is that girls, although they do not lag behind boys in terms of mental development, do
not choose learning paths related to science and in particular to computer science,
mathematics, and engineering.

The teacher commented that in the Saint Joseph school, as well as in other schools, the
number of girls that participate in technology workshops that go beyond the school obligatory
activities are very few. For example, very few girls participate in after school activities related
to robotics and STEAM skill development as compared to boys. This is a result from informally
conveyed from generation to generation of attitudes, perceptions, and stereotypes that
technology is exclusive to boys.

The educator commented that for the 7 years that she works at the school as an IT teacher,
and while she expected girls to be encouraged to come to the afternoon non-obligatory
STEAM and programming workshops, there are rarely more than 1 to 2 girls in a class of 10.
This is something that is of particular concern. Furthermore, many girls in obligatory computer
science classes that take place in the context of the formal school program in the morning
become stressed if an exercise they are assigned proves to be challenging and will rarely try

for a 2" time without the teacher’s encouragement and support. Girls tell the teacher that
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they are afraid that they will damage the computers. This may reflect an attitude of distancing
themselves from an activity that they are not yet familiar with; it may also reflect attitudes
that have been subconsciously passed on to them by their immediate environment that they
cannot obtain this knowledge and, as such, should distance themselves from the equipment
without even making an effort.

The Coding4girls software enables children in general and girls in particular to build and apply
programming skills. Some of the benefits of the software include the attractive environment,
its graphics, and it’s the simplicity that makes it accessible. On the other hand, the application
design, which integrates girls’ preferences on engaging in digital games based on related
research encourages the participation in programming of all children and aims to increase the
participation of girls in digital activities.

More specifically, the school chose to apply the Coding4Girls software not only in the
afternoon non-obligatory workshops but also in the morning formal curricula to which all
students have access, in order to allow all students to familiarize themselves with the tool.
Coding4Girls allows the design through an easy interface of educational activities by teachers
for the benefit of their students. It may be deployed not only in the context of digital
education but also for building STEAM skills. The software can help students demystify
technology and to understand that it is not only a choice for boys but also for girls allowing
them to participate equally in information technology.

The school aims to continue deploying the Coding4Girls application for the rest of the 2020 —
2021 academic period after schools reopen to live instruction. In addition to that, it aims to
deploy the software in the coming years documenting the expectations and experiences of
all students, with an emphasis on girls. More specifically, the school aims to evaluate the
degree to which girls overcome their fear of technology as a result of using the Coding4Girls
interventions and other digital tools, overcome difficulties, and move past stereotypes on
information technology developing a more positive outlook towards it. Also, the school will
evaluate the degree to which the Coding4Girls activities help attract more girls to the STEAM

and digital competences afternoon workshops.
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e RESULTS

Results of questionnaires for students

Two questionnaires for students were used:
e S1. Preliminary questionnaire about the use of digital devices and perceived level of
programming and
e S2. Follow-up questionnaire about satisfaction with programming and coding
activities, satisfaction with the organization of the implementation, and perception on
the acquired coding skills.
Students were asked to self-assess their current level of programming skill. Based on this
guestion, the difference between students’ self-assessed initial and final level of
programming skill was calculated (the answers from the questionnaires were paired based on

the code that students have entered).

Teachers’ observations and comments

After the implementation activities, teachers were asked to express their qualitative opinions
about the C4G methodology and the implementation process using the forms T1 and T2.

Using the form T1, teachers reported that the students were interested and actively
participated in the activities. Most of the students successfully completed all the tasks with
the help of prepared materials. Moreover, they stated that the students were actively
engaged in discussion, asking both practical questions related to the execution of the game
in diverse environments and devices as well as more high-level issues related to the
importance of programming in the digital age. They further were able to understand that the
evolution of technology, and more specifically of network speeds, is a driver for demand for
ever evolving digital applications which in turn drives the need for qualified programming
professionals. The students reflected on how girls and boys have equal opportunities in
engineering careers and more specifically the software industry and that it is important for

society to put all innovative minds to work for addressing emerging challenges.
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Using the form T2, teachers reported on accomplishment of learning objectives, relevance,
effectiveness and acceptance of the proposed methodology by the students, and the overall
organization of the implementation.

The opinion of the teachers is that game-based learning is fun for students. The students fully
accepted the C4G methodology and felt motivated to solve tasks (problems) which makes this
way of learning effective for learning programming. All teachers stated that the gamified
learning and the serious game approach are very suitable and motivating for the
students. C4G projects had a positive effect on their desire and motivation to eliminate all
mistakes.

Game-based learning always attracts the attention of students and is particularly effective in
areas where mental activities such as programming are intense. Serious game design and
approach with proof of concept can be problematic, especially for low-level students (in
groups where the concept of abstract concrete is not very clear). However, with the concept-
proven serious game approach, the usability of coding training is extremely high. The
approach of the codingdgirls project seems positive, as gamification and design emerge as
sub-skills in the acquisition of coding skills.

Regarding the overall organization of the implementation, teachers reported that it was fully
aligned to the teaching needs (achievement of the outcomes related to programming).
Created materials for implementation of C4G activities are comprehensive and clear. During
the implementation, logistical support from project team members was efficient and

available at any time.

Experts’ comments

External experts (N.=3) were also asked to give their qualitative opinions regarding the
accomplishment of learning objectives by the students, relevance, effectiveness and
acceptance of the proposed methodology by the students, and the overall organization of the
implementation.

All three experts agreed that for developing basic programming skills in among students from

10-15 years, the C4G methodology is very suitable. Game-based learning and design thinking
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is considered as very effective. Students feel more motivated to complete the assigned tasks,
since Snap! interface allows them to create interactive stories and games which is fun and
stimulating for them.

According to the experts, the C4G learning scenarios are well designed and enable
accomplishment of learning objectives. Topics included in the projects are interesting to the
girls and motivate them to solve the given problem using newly acquired programming
knowledge.

Overall, the students definitely enjoyed learning the programming concepts. They were very
often motivated to understand and learn the concepts so they could solve/program the
solutions of the activities. The learning materials are well designed and excellently presented

to the participating students.
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e DISCUSSION AND CONCLUSIONS

In addition to the above schools, Coding4Girls was demonstrated to 30 secondary education
teachers at the multiplier event that took place on October 15, 2020. The event was organized
in collaboration with the Regional Centre for Educational Planning of the area of Thessaly.
The Centre is the Ministry of Education’s coordinating regional authority on innovative
educational design. In addition, the event was organized in collaboration with the Hellenic
Mathematical Society. The co-organization of the event with authorities and professional
bodies ensures the broad dissemination and adoption of project results. Notably, the
University of Thessaly consciously organized a relatively small in audience event in order to
comply with COVID-19 rules that dictate that no more than 50 individuals be in the same
room at any given time. With the organizers, invited speakers, and service professionals (such
as caterers and photographers) the event was planned to have a total attendance of 40

individuals.

Figure 31. Educators explore the Coding4Girls learning game.

During the event the teachers had the opportunity to reflect on the needs of both society and
industry to develop programming skills for the 215t century. Educators reflected on the fact
that there is a significant shortage on skills programming professionals in Europe which

reaches 900K empty positions.
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Figure 32. Mr. Alexandros Kapaniaris, Coordinator of Educational Planning for Informatics for the Regional
Center for Educational Planning for the area of Thessaly addresses educators in a Coding4Girls event.

This is a result of the evolution of network speeds that lead to ever increasing demand for on-
line applications and services in today’s digital age. As a result, Europe has a very active
information technology landscape with SMEs and larger companies striving to meet the
demand for digital tools and services. To effectively pursue business opportunities, the
information technology sector relies on the development of a pool of skilled professionals. In
other words, growth in the coming years will be very positively affected by information
technology and will be heavily dependent on the development of human capital. The shortage
of qualified information technology professionals requires that society and industry do more
to attract all bright minds to innovation related sectors, such as the digital economy, including
both girls and boys.

The feedback from educators was very positive. Educators perceived the software to be of
great value for introducing programming to wider audiences and for attracting all children,
including both girls and boys, to information technology studies and careers. In addition, the
teachers found the application functionality on allows teachers to review and reproduce
courses and activities produced by others as value adding features that help individuals that
have less experience with the deployment of serious games to design activities for their
students by being inspired and guided by activities designed by others and made public for all
to use. Finally, the educators found the link between programming and STEAM particularly
useful as both fields help build critical and analytical thinking and combined offer

opportunities for positive multiplier effects on student transversal, soft skill development.
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S1. PRELIMINARY QUESTIONNAIRE FOR STUDENTS (in Greek)

S1. MPOKATAPKTIKO EPQTHMATOAOTIO lNA MAGHTEZ2

MPOKELTAL YL ULOL TIPOKATOPKTLKY) €PEUVA OXETIKA HE TN XpHon Yndlakwv CUCKEV WY Kal
TNV EUTELPLO OTOV TIPOYPOUMOTIONO TIOU TIPAYUOTOMOLETAL O0To TMAaiclo Tou €pyou
CODINGA4GIRLS mou otoxeUeL otn dSnuoupyia evog coBapoul matyvidlov yla tTnv avantuén
Se€lotTwy nMpoypapuatiopoU.

Ol anmavtnoelg oo Ba gival AVWVUHEG Kol Ba XpNoLUOTIoLoUVTOL LOVO YLOL EPEVUVNTIKOUG
oKoTtoUG. 2a¢ EUXAPLOTOUE YLO TO XPOVO KalL TN cuvepyacia oag!

Apxika, ypate Tov KwdIKO mou AdBate and Tov Kabnyntr oog MapaKATW.

KQAIKOZ KAI FENIKEZ PAHPO®OPIEZ

Kw&ikoc: IxoAeio:
HAwia: Taén:
@uho: A r

XPHZH WHOIAKQN ZYZKEYQN, AIAAIKTYOY KAI BINTEOMAIXNIAIQN

10. Na méoo Kapd XpNoLOoMoLEiTeE UTIOAOYLOTEG, tablet ) ,
AAAeC PndLOKES CUOKEVEG; Xpovia
11. Nbéoeg wpeg tnv eBSouada XpnOLUOTOLELTE UTIOAOYLOTH, ,
tablet 1 aAAn YndLakn cuokeun; WPES
12. Nooeg wpeg TNV eBdopdada xpnotpormnoleite to Aladiktuo; WPES
13. Nooec wpeg TNV eBdopada mailete Bvteomatyvidila; WPEC

EMMEIPIA 2TO IPAWIMO KQAIKA KAI ZTON NMPOrPAMMATIZMO

14. Molo elval to eninedo 0ag 0TOV MPOYPAUUATIOUO, TWPA; KUKAWOTE TNV Lo kataAAnAn
anavtnon.

f) Aev éxw ypaPel kwdika A Sev €xw MPoypAUUATIOEL Eava

g) Elpal apxdplog mpoypappatioti (€xw Baotkég LOEEC)

h) Mmopw va ypadw kwdika yla armAd poypappata

i) Elpot oAU KaAOg oTov TPOoYyPAUUATIONS (Uropw va Snpoupyow oAOKANPWUEVO
npoypapua)

j) Mmnopw va oxebldow pia Avon evog mpoPAnuatog o popdn MPoypaAUIOTOC

15. Av €xete EavaypdP el KWOLKA, TIOLEG ATO TIC TAPOKATW EVVOLEC 0AC ELvVaL OLKELEC;
TOEKAPETE ULA 1) TIEPLOOOTEPEC ATTAVTIOELC.

(] Bpoxot [l MetapAnteg [ ZupBavta
[l ZuvOnkeg [l Teleotég [l MNapaAAnAiopog
[] Statements (nxot, kivnon, epdavion, lwypadikn)
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16. TL o0G MAPOKLVEL va LABETE va TIPOYPAUOTIIETE; TOEKAPETE ULA 1) TIEPLOCOTEPEC
oTOVTHOELC.

[] Aev €xw KivnTpo

O&éAw va ETUTUXW OTO HABnua TNG TANPOdOPLKNG

O&A\w va beifw otoug AAAOUC HOBNTEG OTL UIMOPW VAL TIPOYPAUUATI{W
O&Aw va 0KOAOUOAOoW ML KAPLEPA OTO EMAYYEALO TOU TIPOYPOUUATIOUOU
Mou apéoel va emAUW AoyLkd tpoBAfpata Kal ypidoug

Ao

O O O O o
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S2. FOLLOW-UP QUESTIONNAIRE FOR STUDENTS (in Greek)

S2. 2YNEXEIA EPQTHMATOAOTIOY MNA MAOHTEZ

MPOKELTAL YLOL Lo CUVEXELA TNG EPEUVOC OXETIKA E TNV Lkavormoinon pe tn pebodoloyia
pabnong CAG kal tnv UuAomoinon O6paoctnploTTwV yla TNV amoktnon Oeflothtwyv
TLPOYPOAUHOTIOHOU Kal eyypadns KwdIKa.

OL anavtnoelg oag Ba sivol avwVUREG Kot Ba xpnoLpomoloUVTalL POVO yLa EPEVVNTLKOUG
oKOTtoUC. 20a¢ EUXOPLOTOULE YLO TO XPOVO KalL TN ouvepyacia oag!

lpayte Tov KWOIKO Tou AdBate amo tov Kabnyntr oag mapakatw (gival o i8Lo KwdLKOG
TIOU XPNOLLOTIOL)COTE OTO TPOKATAPKTIKO EPWTNLATOAOYLO).

KQAIKOZ KAI TENIKEZ NTAHPO®OPIEZ

Kwdikoc: YxoAeio:
HAwia: Taén:
@OuAo: A r
MEOOAOAOTIA MAGH:HZ C4G
17. TafvoproTe TIC akOAouBeC SNAWOELG: Agwiis - daguvy - QUOETEpo  Jupgwvs  2ugwvi
u) Bprka TOV MPOYPOUUATIOUO CaV La
, 1 2 3 4 5
POKANoN.
v) Bprka tov Ttp'oypauuauouo 1 5 3 A .
evBappUVTLKO.
w) Bp’)n KOl TOV TIPOYPAUUATIOUO L 5 . 4 .
geUKoOAoO.
X) Mou Gpece 0 MPoyPAUUATIOUOG. 1 2 3 4 5
y) KoatdAofa Tic mepLOCOTEPEG OO TIG L 5 3 4 s
£VVOLEC TIPOYPOLUATLOMOU.
z) H ekpabnon He aQUTOV TOV TPOTO
, ) 1 2 3 4 5
elvat Staokedaaotikn.
aa) Eviwoa adpoolwUEVOG LE AUTOV TOV 1 5 3 A .
TPOTO HAbnong.
bb) Ot §pacTtnpLOTNTEG NTAV OXETIKEG L 5 3 4 s
OTO VAl TIG MABELC.
cc) Ava maoa otypn, NTav cadeg T 1 5 3 A c
ETIPETE VA KAVW.
dd)Autoé nou €paba Ba eival oxeTka 1 5 3 4 s

LE TO HEANOV ov.

ANTIAHNTO ENIMNEAO NPOrPAMMATIZMOY

18. Moo eival to eminedo6 oG OTOV MPOYPAUUATIONO, TWPA; KUKAWOTE TNV 1o kataAAnAn
anavrnon.
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k) Aev éxw ypayel kwdika ) dev Exw mpoypoppatiost Eava

[) Eilpot apxdplog mpoypoppatiotnC (Exw Baokeg LOEEC)

m) Mrmopw va ypaPw KwdKa yla armAd Tpoypappata

n) Eipot moAU KaAdg oTov TPOYPAUUATIOUO (Umopw va SnULoupyHow OAOKANPWUEVO
npoypappa)

0) Mrnopw va oxedldow pia AUon evog poBANUATOoG o Lopdr TPOYPALUATOC

XPHZIMOTHTA TOY NEPIBAAAONTOZ TOY MAIXNIAIOY

Alpwvw  Alapwvw  OUubETEPO  SUUPWVW  SUUQWVW

19. Ta€wvounote TG akOAouBeg SNAWOELG:

amdAuta anmdAuta
k) ©a nBela va xpnolpomolw cuxva L 5 3 A .
OUTO TO TalLXVibL.
[) Bprika to mauxvidt moAUTAoKO. 1 2 3 4 5
m) To matyvidL Atav eUKoAo otn xprRon. 1 2 3 4 5
n) Xpeltalopoal tnv UTtooTnPLEN EVOC
TIPOCWTIOU TIOU YVWPLLEL amo L 5 3 A .
TEXVOAOYLO yLO VO UTTOPW Val
XPNOLLLOTIOLHOW QUTO TO TOLXVIOL.
o) Oudéladopec Aettoupyleg o AUTO TO 1 5 . 4 .
rayvidL ATav KaAd EVOWUATWIEVEG.
-y . . Ve
p) Ymnpxe napa moAU ACUVETELQ OF 1 5 3 A c

QUTO TO TaLXVibL.

g) Owneploootepol avBpwrol Ba
pabouv va XpNoLUOTOoLoUV QUTO TO 1 2 3 4 5
riayvidt oAU ypryopa.

r) To mauyvibt ntav moAL «Suokivnto»
otn xprion.

s) AwoBavOnka oAAR autonemnoibnon
XPNOLLLOTIOLWVTAC TO TtaLXVidL.

t) ‘Empemne va pabw moAAd npayupoto
TIPLV UIMOPECW VA EEKLVIIOW UE QUTO 1 2 3 4 5
TO TTaLXVISL.

GAME EXPERIENCE

Mapwvey  Alapwvw Oubétepo  JUUPWVW  SuppwVY
andAuta anmoAuta

20. Ta&vopnote TG akoAouBeg SnAwoeLc:
a) Eviwoa LKAVOTIOLNUEVOG. 1 2 3 4 5
b) Eviwoa emibe€loc. 1 2 3 4 5

c) Me evllédepe n LoTopia TOu
mayvidou.
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Mou dpavnke SLooKESAOTIKO.

Mou dpeoe TANPWE TO TtaLyVidL.

‘Eviwoa xapoupevog/n.

Mou £€dwoe kakr laBeon.
YkedTOUOUV AN TIpAyUATA.

To Bprka KOUPAOTLKO.

Eviwoa Lkavoc.

Nopwa otL tav SuokoAo.

‘Htav atebntika euxaploto.

Zéxaoa To avTa yupw Lou.

Eviwoa KaAd.

‘Huouv kaAog/n og auto.
‘EviwBa otL Baplépal.
Eviwoa entuxnuévog/n.
Eviwoa otL £xw davtaocia.

Eviwoa 6tL urmopoloa va

e€epevviow mpayuata.

To amdlavoa.

‘Huouv ypriyopog otnyv eniteuén twv

OTOXWV ToU TatyvidLou.

‘Eviwoa evoxAnuévoc/n.

Eviwoa migon.

EviwBa gvepéBiotog/n.

‘Exaca tnv aicbnon tou xpovou.

‘Eviwoa mpokAnon.

aa) To BpnKa EVTUTIWOLOKO.

bb)'Huouv Babid cuykevtpwpévog/n oto

rayvidL.

cc) Eviwoa amoyonteupévog/n.

dd)Eviwoa otL Atav pia mAovola

EUMELpLaL.

ee) Exaoa tn oUvoeon HE ToV £€w

ff)

KOOO.

‘Eviwoa Ttieon xpovou.

* X
* *
* *
* *

* ok

Co-funded by the
Erasmus+ Programme
of the European Union

4 5
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4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
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‘ gg) Enpemne va kavw ToAAR ipoomdbela

, 1 2 3 4 5
O€ auTo.

S3. STUDENTS’ COMMENTS (in Greek)

$3. 2XOAIA MAGHTQN

Meta tnv edapuoyn TnG mpoogyywong C4G pe Pdaon to mayvidt yla tnv avamtuén
Se€loTATWY TPOYPAUUATIONOU, Ol EKTTALOEUTIKOL GUAAEYOUV TIG TIOLOTIKEG QTOWPELG KOl
OXOALQ TWV HaBNTWV O€ Pl oAbk CUVEVTEUEN KAl TIG LeTaypAdouVv.

MNapoakaAw, opadomoliote 6AOUG TOUG HOBONTEG Kal CUAAEETE TIC TTOLOTIKEG amOPELG Kall
oXOAla. Pwtnote Toug LaBnTEC OXETIKA PE TIG MO ELG TTOU avadEPOVTOL TTAPAKATW KoL
HeTaypAPTE T OXOALA TOUG XPNOLLOTIOLWVTAC AUTHV TN GOpua.

J0C EUXOPLOTOULE YLO TO XPOVO KOl T cuvepyaoia oag!

FENIKEZ NAHPO®OPIEZ

ExmatdeuTikog: Taén:
YxoAelo: Huepounvia:
ZYNOAIKH OPTANQZH KAI ANTIAHWEIZ TQON OOITHTQN

Mropeite va pwTHOETE TOUG UaBNTEC yla TN OUVOALKN opyavwon Ttn¢ udomoinong, thv
avTiAnyn Touc yla TG YVWOELS TToU amokTnnkav, tTnv avtiAnyrn Touc yia T oUVAQELD KOl
TNV AMOTEAECUATIKOTHTA TNE Uddnonc ue Baon to mayvidi kot Tnv avtiAnyn touc yio thv
emtevydeioa Staokgdaon.

MAOGHZIAKEZ AYZKOAIEZ KAI MTPOBAHMATA

Mropeite va pwTrHOETE TOUG UaTNTEG YL TUxOV padnotakes SuokoAiec n mpoBAnuata
TTOU QVTIUETWITIONV KOTA T SLAPKELD TOU UaBNUATOC Kol TL EKavay otav Bpnkav autd to
npoBAnuarta.

AMOWEIZ MAOGHTQN TlA TH BEATIQZH THZ MEGOAOAOTIAZ, TQON EPTAAEIQN KAI TOY
NEPIEXOMENOY TOY C4G

OTIAHNOTE AAAO GEQPEITE ZXETIKO
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T1. TEACHERS’ OBSERVATIONS (in Greek)

T1. MNAPATHPHZEIZ EKMAIAEYTIKQN

Kata tn O&ldpkela Twv ouvedplwv edapuoyng, Ol eKMALSEUTIKOL Topatnpouv Kot
TEKUNPLWVOUV TNV aviidpaon twv pabntwv kalt tnv mpoodd Toug otnv olkodounon
Se€loTTWwV MPOoyPAUUATIOHOU Xpnolpomolwvtag TNy pooéyylon C4G nou Baoiletal oto
mayvidL.

MapoakaAw, XPNOLUOTIOLNOTE QUTAV TN GOpUa Kal UTIOSELETE TIC MOpATNPHOELG OOC OXETIKA
LE TIG amoeLg Tou avadEpovTal MaPaKATW.

J0C EUXOPLOTOULE YLO TO XPOVO KOl T ouvepyaoia oag!

FENIKEZ NAHPO®OPIEZ

ExmatdeuTikog: Taén:

ZxoAeio: Huepopnvieg(amno-£wg):
2YMMETOXH KAI AEZMEYZH MAOHTQN

JUUUETEXOUV eVEPYX oL padntec; Zuvepyalovral, Ataokedalouv; KA.

MAOHZIAKEZ AYZKOAIEZ KAI MPOBAHMATA

Ot pa9ntég avtiustwrti{louv SUCKOAIEC UE TO TIEPLEXOUEVO h/KaL TNV TeYvoAoyia; Zntouv
unootiptén; KAm.

OTIAHNOTE AAAO GEQPEITE ZXETIKO
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T2. TEACHERS’ COMMENTS (in Greek)

T2.2 2XOAIA EKNAIAEYTIKQN

JUAAEyOVTAL TIOLOTLKEG QO ELG KO OXOALO TWV EKTIALOEUTIKWY OXETIKA [LE TNV TIPOCEYYLON
C4G mov Baoiletal oto matyvidl yia tTnv avamntuén Se€lottwy MPoypaUUATIOUOU.

MapakaAw, XPNOLUOTIOLNOTE QUTAV TN GOpUa Kal UTIOSELETE TIC MOPATNPHOELC OOC OXETIKA
LE TIC amoEeLC TTou avadEPovTal TAPAKATW.

J0C EUXOPLOTOULE YLO TO XPOVO KOl T ouvepyaoia oag!

FENIKEZ NAHPO®OPIEZ

EXMadeuTIKOG: Huepounvia:
YxoAelo:
2YMBOAH THZ MPOZEITIZHZ TOY C4G :TH AYNAMIKH AMOAOXH TQN ZITOXQN

MAOHZHZ AMNO TOYZ MAOHTE2

2XETIKOTHTA KAI ANOTEAEZMATIKOTHTA THZ MAGHZHZ NOY BAZIZETAI 2TO NAIXNIAI
FNA THN ANAMNTY=H AEZIOTHTQN NMPOrPAMMATIZMOY KAI THZ EIAIKHZ MAOHZIAKHZ
MPOZEITIZHZ CODING4GIRLS

MIOANOTHTA AMOAOXHZ THZ NPOTEINOMENHZ MEOOAOAOrIIAZ ANO TOYZ MAGHTEZ2
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AIAZKEAAZH NOY OA EXOYN Ol MAOHTEZ XPHZIMOMNOIQNTAZ AYTH THN NPOZEITIZH

H INQMH 2Az A TH 2YNOAIKH OPTANQZ2H THZ EKMAIAEYZHZ TON KAOHTHTQN

XPHZzH KAl ANOAOXH THZ NMPOZEITIZHZ TOY ZOBAPOY MAIXNIAIOY (rtov oxetiletan pe to

EKTALSEUTIKO MAaliolo oxedLacTikig okéYng mov Bacileton oto mayvidt CODINGAGIRLS)

OTIAHNOTE AAAO GEQPEITE ZXETIKO
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E. EXPERTS’ COMMENTS (in Greek)

E. 2XOAIA EIAIKQN

Meta tnv edappoyn NG mpoogyylong Baclopévng oto malyvidt C4G ywa tnv avamrtuén
SE€LOTATWY TPOYPAUUATIOMOU, CUAAEYOVTAL OL TIOLOTIKEG ATIOWYELG KOl OXOALA TWV ELSLKWVY OF
pLo Sopnpévn ouvevteun.

MapakoAw, XPNOLUOTIONOTE AUTHV TN GOPUO KL UTTOSELETE TN YVWHN TWV ELSLKWV yLa TIG
anoY L Tou avadEpovTal MAPOKATW.

FENIKEZ NAHPO®OPIEZ

Ovopa eldikou: O¢on:

OpyQvLIouOG: Huepounvia:

2YMBOAH THZ MPOZEITIZHZ TOY C4G 2TH AYNAMIKH ANOAOXH TQN 2TOXQN MAGHZzH2
AMNO TOYZ MAOGHTEZ

ZXETIKOTHTA KAI ANMOTEAEZMATIKOTHTA THZ MAOHZHZ MOY BAZIZETAI 2TO NAIXNIAI
lNA THN ANANTY=H AEZIOTHTQN NMPOTPAMMATIZMOY KAI THZ EIAIKHZ MAOGHZIAKHZ
MPOZEITIZHZ CODING4GIRLS

MIOANOTHTA AMOAOXHZ THZ NPOTEINOMENHZ MEOOAOAOrIIAZ ANO TOYZ MAGOHTEZ
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AIAZKEAAZH NMOY OA EXOYN Ol MAOHTEZ XPHZIMONMOIQNTAZ AYTH THN NPOZEITIZH

H INQMH ZAZ A TH ZYNOAIKH OPTANQZH THZ YAOMNOIHZHZ

XPHZH KAl ANOAOXH THZ NPOZEITIZHZ TOY ZOBAPOY MAIXNIAIOY (rou oxetiletat pe to

eKNaLdeUTIKO MAaliolo oxedlaotikng okéPng nou Baoiletal oto natyvidt CODINGAGIRLS)

OTIAHNOTE AAAO GEQPEITE ZXETIKO
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EXECUTIVE SUMMARY

The report describes the validation phase organized in Italy to test the Coding4Girls
approach and the tools developed. In particular, it explains the main steps of the
implementation with all the target groups involved: experts, primary and secondary school
teachers and 10-16 years-old students. Moreover, it reports on the results achieved and
collected through the qualitative and quantitative evaluation tools developed and submitted
before and after the implementation.

The activities for the implementation and validation of C4G approach and tools took
place in Italy from February to October 2020 by involving teachers and students from primary
and secondary schools.

The target groups involved were teachers and students from primary and secondary
schools. In addition, external experts were reached in order to validate the methodology
proposed.

During all these events the qualitative and quantitative data were collected by using the
evaluation tools and questionnaires designed during the project. They were constructed in
the framework of a wider validation strategy foreseen in the Coding4Girls project activities
with the aim to verify if the proposed pedagogical framework meets the target groups’ needs
in terms of relevance, acceptance, usability, and effectiveness.

According to the final results obtained, C4G platform and the game-based approach of
learning scenarios permit students to achieve their learning goals with greater ease, including
the students with learning difficulties. The tools developed facilitate the understanding of
the contents, one learns by doing, from an interdisciplinary perspective, mixing creativity with
imagination and logic with mathematics. The approach is seen as capable of overcoming the
limitations of traditional teaching and favoring active learning. Therefore the proposed
methodology is fully accepted because it is engaging and interesting for both girls and boys.
Teacher-led "challenges" can keep the relationship between teacher/pupil and pupil/pupil
alive. Students with this type of methodology have a lot of fun, as coding is an agile and
effective fun tool that makes the content easy to understand. In this way, they learn to
develop computational thinking to solve complex situations and problems in a playful way.

Nevertheless, as one of the main obstacles towards its use, the time necessary to establish a
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good use and knowledge of the environment is considered. Moreover, for some, it may be
too complicated and the instrument may be adaptable for some specific subjects only.
Despite some teachers consider game-based learning as very effective, coding-based
learning, according to them, is unsuitable for upper secondary students. For example, even
though pupils are usually drawn to play and challenges, some may get tired and demotivated
in the long run. Furthermore, the fun of the student is directly proportional to his ability to
master the tools available otherwise they could feel frustrated, especially those with learning
difficulties. A possible improvement could be to have more types of games available. The
game is fun but some teachers think that the proposed methodology is too simple for the
second cycle of secondary school pupils (14-16 years old). However, seen generally, the C4G
approach can be used for all ages because it can stimulate pupils' ability to develop
collaborative ideas and skills and to learn complex programming concepts by playing.
Usability was rated positively because it is effective due to being closely linked to the
technological tools available to students both in the classroom and at home, as well as to the
composition of the class. To conclude, the game-based C4G approach for developing
programming skills is considered interesting in teaching because it focuses on the needs and
peculiarities of the female world. Continuous training on these activities would also be
interesting. Thanks to the use of these new tools, students can learn to program, analyse a
problem, invent solutions, verify and communicate. Furthermore, paths focused on play seem
capable of favoring receptivity to the new, emotional regulation and the possession of

effective learning strategies.
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IMPLEMENTATION

Workshops with teachers

According to the validation strategy defined to test C4G approach and software, three
different events were organized to involved n. 102 teachers from primary and secondary
schools. The events were organized in both online modality and face-to-face due to Covid19
restrictions.

The first event was held during the 2020 STEM Discovery Campaign on the 16th April
2020 in order to present to n. 16 primary and secondary school teachers both the Teachers’
Platform and the Students’ Game Environment were shown with special attention to the

project approach, design thinking (Figure 33).

""' 1 LI}

Challenges

omputer science_0_0

Figure 33 — First workshop with teachers
The second event was a part of the courses organized for initial teachers’ education
from 22" April to 18" May for 10 hours. It involved 24 teachers from primary and secondary

schools (Figure 34).

Figure 34 - Training course with teachers
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Finally, the third workshop was organized in the framework of Erasmus+ KA1 Mobility
for School Education at EU-Track educational center in Terracina on August 19t 2020 for 4

hours for the training “Multimedia learning environment: how to use new technologies to

strengthen teaching and learning processes”.

Figure 35 — Workshop with teachers during KA1 —Erasmus+ Mobility

In addition, 26 external experts in digital teaching tools were included in the validation phase

organized in online modality on 10t of April 2020.

Alla ricerca degli animali del Principe e della Principessa!
(¥ » ! r rovawe

procpes { sua gatto e Il precipe &

Figure 36 — Online webinar with external experts

During all these events, the project team presented the main project aims and results, the
C4G approach including game-based learning and design-thinking and the Teachers’ Platform
and the Students’ Game Environment. After that, both teachers and external experts were
provided with all the documents needed to carry out the validation activities. Additional
guideline in Italian was provided in order to facilitate these tasks, mainly in the online

modality.
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Data collection tools

During all these events the qualitative and quantitative data were collected by using the
evaluation tools and questionnaires designed during the project. They were constructed in
the framework of a wider validation strategy foreseen in the Coding4Girls project activities

according to the following dimensions:

. the programming level evolution;
o the motivation for coding;
. the programming environment usability.

Specifically, the aim was to verify if the proposed pedagogical framework meets the
target groups’ needs in terms of relevance, acceptance, usability, and effectiveness.
In particular, the following tools were used:
e S1-Preliminary questionnaire (for students)
e S2 —Follow-up questionnaire (for students)
e S3-—Student’s comments
e T1-Teacher’s observations
e T2 -Teacher’'s comments
e E—Expert’scomments
Before the submission, all the tools were translated into Italian and moved in the Google
Forms (due to Covid19 restrictions). However, the data were collected through the
compilation of papers only for the teachers came for the Erasmus KA1 training and the first

group of the students.

Materials

The materials used during the implementation of the validation phase were the learning
scenarios and instructions for students developed by the project partners; these learning
scenarios were re-adapted to the design thinking approach and the structure of the C4G
software constituting of two parts: the Teacher’s Training Platform and the Student Game

Environment.
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In addition, the Italian team prepared additional materials in order to support both
teachers and external expert to carry out their experience: the project summary, the
instruction and a video tutorial on how to test both the Teachers’ platform and the Students’

Game Environment and a video tutorial.

Setup model and procedure

The target group of students involved was from primary and secondary schools. They
were dived into three groups.

The first one was constituted of students participating in an experimental experience
combining two approaches, namely computational design thinking and educational robotics
is described in a specific article.” During the first part of the experience, C4G software and
approach were used to develop design thinking and game-based learning. The activities in the

class lasted 10 hours.

Figure 37 — Validation activities with primary and secondary school students

Besides, other several activities were organized in October 2020 with students aged 10-
12 and 13-15 years-old. Despite Covid19, the sessions with the students were held in face-to-
face modality taking into attention the healthy restrictions rules.

For the first group, the workshops organized lasted 8 hours while for the second group
20 hours. In fact, the duration of the activities carried out is changed accordingly the

pandemic evolution and the equipment available in the schools.

7 The extended results of this experience are described in the following article: Dochshanov, A.; Tramonti, M.
Computational Design Thinking and Physical Computing: Preliminary Observations of a Pilot
Study. Robotics 2020, 9, 71.
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All the activities were supported by the project Italian members to help both teachers
and students mainly with C4G software.

Before starting the activities the preliminary questionnaire (S1) was submitted and after
the experience with the Students’ Game Environment and the learning scenarios in Snap!, the
follow-up questionnaire (S2) was distributed among students.

During the implementation activities, also the qualitative data on the students and
teachers feedback were collected through S3 and T2.

First of all the students sessions were introduced with the mini-games and the learning
scenarios where the students were expected to become familiar with the Snap! commands
and to program simply scenarios. When they got experiences, they could try also advanced
learning scenarios.

During the implementation, the brainstorming activities were very important to let
students share and create new ideas with their class.

The T1 was compiled by teachers through Google Form in April 2020 after a specific
training session addressed to them.

Moreover, the C4G approach and software were tested by an external expert. Their
comments and feedback were collected through the form (E) by using Google Form during
April-May 2020 due to the lock-down for Covid19.

The experts were supported by project Italian team who provided them with the access
to the project documentation and to the contents designed for the Italian teachers, such as
the instructional guide and the video tutorial on how to use the Teachers’ Platform and the

Students’ game Environment.

Participants

The target group involved in the validation activities were students, teachers and
experts.

Regarding the students, these activities involved 129 learners from primary and
secondary schools. They took place on three different occasions. The first group participated
in an experimental experience combining two approaches, namely computational design

thinking and educational robotics is described. During the first part of the experience, C4G
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software and approach were used to develop design thinking and game-based learning. The
experience was organized from February to July 2020 for n. 15 students.

The second group was constituted of 5 classes with 20 students for each (Total 100
students aged 13-15) tested both the project approach and the Students' Game Environment
in October 2020 for 20 hours. In the same month, another group of 20 students aged 10-12
years old was involved in the validation phase for 8 hours.

Table 1 and Figure 1 show the number of students — participants of the study by

age/grade.

Table 29 - Number of students by age/grade

Years of age | Grade | Classes Number of students
9-10 4 1 7
10-11 5 1 20
11-12 6 1 2
12-13 7 4 81
13-14 8 3 19
Total 10 129

Number of students
ath
7th
6th
5th

ath

T
0 10 20 30 40 50 60 70 80 Q0

Figure 38 — Number of students by grade

Concerning the teachers, n. 102 primary and secondary schools teachers were involved
in three events in both face-to-face and online modality to validate the C4G approach and the
software. The first was organized on April 16™ for one hour. The second was a part of the
courses organized for initial teachers’ education from 22" April to 18t May for 10 hours and
the third event was organized in the framework of Erasmus+ KA1l Mobility for School

Education on August 19t 2020 for 4 hours.

175



(& CODINGAGIRLS ISPl Co-funded by the
2018-1-5101-KA201-047013 L E{?ﬁg“;ﬁ:oigﬁri”;{gﬁ

Finally, 26 experts in digital teaching tools were included in the validation phase
organized in the online modality in April 2020. They are mainly, digital animators, who are
teachers experts in the ICT introduction into local, regional and national schools and they are

responsible for training and updating skills development in ICT of teachers at the national

level.

176



C CODINGA4GIRLS

AR Co-funded by the
2018-1-5101-KA201-047013 L E{?ﬁg“;ﬁ:oigﬁri”;{gﬁ

RESULTS

Results of questionnaires for students

In order to collect qualitative and quantitative data, two questionnaires were
submitted to students. The first, preliminary questionnaire, intended to gather information
about the digital device used and the level of programming. The second, the follow-up
guestionnaire aimed to verify the following dimension:

e the programming level evolution;
e the motivation for coding;

e the programming environment usability.

In addition, the project member or the teachers wrote down their comment in the grid
S3.
A total of 129 students were involved in the C4G activities filled in both the

guestionnaires according to previous planning agreed with the schools.

S1 - Preliminary questionnaire

A total of 129 students solved the preliminary questionnaire about the use of digital
devices and the perceived level of programming. The mean age of students was 12.67 years
(SD=1,07). Table 15 shows the distribution of the students by gender in the classes with the
corresponding response rate (100% in each case) of students who solved S1. As can be seen,
(Figure 2) except for 4" and 6% grades, where the only participants were boys, the female

participation is dominant.

Table 30 - Number of students who solved S1 - Preliminary questionnaire by gender and grade

4th grade | 5th grade | 6th grade | 7th grade | 8th grade | Total
Boys 7 5 2 23 7 44
Girls 0 15 0 58 12 85
Total 7 20 2 81 19 129
Response rate 100% 100% 100% 100% 100% 100%
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S1 participants

8th grade
7th grade
6th grade

5th grade

4th grade

0 20 40 60 80

Total mGirls m Boys

Figure 39 - Distribution of students who solved S1 - Preliminary questionnaire by gender and grade

Table 3 shows descriptive statistical analysis of participants’ responses to the
guestions related to the use of digital devices, the internet and video-games. It is worth noting
that standard deviation values reported demonstrating particular deviances for the three last
guestions of the inquiry in case of the boys. As to the pairwise comparison of average values
obtained for boys and girls, the results (Figure 3) demonstrate clearly that boys are major
consumers of the digital devices, the internet and video-games. In particular, the prevalence

is more obvious for the last dimension.

Table 31 - The use of digital devices, the internet and video-games by gender

Question N |Min|Max| Mean SD
. Boys | 44 2 |7 4.59 1.28
13. For how long have you been using computers, tablets or other »

digital devicgs (in ygars)? ° P Girls 185 |1 |6 |387 1.088
Total | 129 (1 | 7 4.12 1.203
Boys | 44 1 15 (5 2.615
14. g:hvzrn;?g?é|h§:\,r;:;r week do you use a computer, tablet or Girs 185 11 16 247 | 1322
Total | 129 (1 | 15 | 4.651 | 1.874
Boys |44 |1 | 215432 |4.117
15. How many hours per week do you use the Internet? Girls | 85 |0 | 20 | 4.047 | 2.849
Total | 129 (0 | 21 | 4.519 | 3.384
Boys |44 |1 |21 | 4.068 | 4915
16. How many hours per week do you play video games? Girls {8 |0 |4 | 1.776 | 0.762
Total | 129 [ 0 | 21 | 2.558 | 3.112
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The use of digital devices, the Internet and
video games

4.  How many hours per week do you play
video games?

3.  How many hours per week do you use the
Internet?

2. How many hours per week do you use a
computer, tablet or other digital device?

1. For how long have you been using
computers, tablets or other digital devices (in
years)?

T T

0 1 2 3 4 5 6

W Total ® Girls ® Boys

Figure 40 - The use of digital devices, the internet and video-games — comparison by gender

The average values demonstrate that girls’ answers regarding the use of digital devices
and the Internet are more consistent when compared to boys’, namely the hours spent on
the Internet per week is logically less than the value of the hours spent with a digital device.
Such a discrepancy, to our opinion, may be caused by the gender differences in the Internet
perception when the access instrument itself shifts backwards and simply doesn’t count.

By comparing the data by grade (Table 17) the most prominent values to note are the
hours per week spent for the Internet and video games on average by the boys of the 4th
grade. Analysed individually, only one respondent has declared to use the Internet for 21
hours per week and 2 respondents have specified 20 and 21 hours as the time spent weekly
for video games, which inevitably have significantly raised the elevated average point gained.
The second-ranked is the time spent on the Internet by the boys of the sixth grade. But when

seen generally (Figure 41) there is no continuous trend ranging from 4t to 8t grade.

Finally, as regards the girls, as one can see, the female students of the 7" and 8" grade
in average are more active consumers of digital technology, excluding the video games, which

is quite the same in all three grades.
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Question 4th grade | 5th grade | 6th grade 7th grade 8th grade

5. For how long have you | Boys 5.14 2.8 6.5 4.3 5.714
been using computers, | Girls 0 2.53 0 4.14 4.25
tablets or other digital | Total 5.14 2.6 6.5 4.1852 4.7895
devices (in years)?

. How many hours per | Boys 6 3.2 6 4913 5.286
week do you use a | Girls 0 2 0 4914 4.583
computer, tablet or | Total 6 2.8 6 4.9136 4.8421
other digital device?

. How many hours per | Boys 12.14 2 9 4.043 4,714
week do you use the | Girls 0 2.13 0 431 5.167
Internet? Total 12.14 2.1 9 4.2346 5

. How many hours per | Boys 13.57 3.4 4 1.826 2.429
week do you play video | Girls 0 1.6 0 1.78 2
games? Total 13.57 2.05 4 1.7901 0.7672
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The use of digital devices, the internet and

video-games, boys

m2.

4th grade 5th grade 6th grade 7th grade 8th grade

w1

For how long have you been
using computers, tablets or other
digital devices (in years)?

How many hours per week do
you use a computer, tablet or
other digital device?

4. How many hours per week do
you play video games?

The use of digital devices, the internet
and video-games, girls

w1

For how long have you been

using computers, tablets or

5th grade

7th grade

8th grade

other digital devices (in years)?

m 2. How many hours per week
do you use a computer, tablet
or other digital device?

m 3. How many hours per week
do you use the Internet?

4. How many hours per week
do you play video games?

Figure 41 - The use of digital devices, the internet and video-games — comparison by gender.

The results of the participants’ (N=129, 44 boys, 85 girls) programming skills self-

assessment are shown in Table 4. As can be seen, the results obtained present almost no

gender difference (Figure 42). Moreover, most of the students (around 70%) considered
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themselves as capable to code simple programs. While the resting part is composed of the

novice programmers (13.95%) and those, who have never coded before (15.5%).

Table 33 - Self-assessment of programming skills by gender

Level of programming skills Boys Girls Total
0 - I have never coded or programmed before 15,91% | 15,29% | 15,5%
1-1am a novice programmer (just have basic ideas) 13,64% | 14,12% | 13,95%
2 - | can code simple programs 70,45% | 70,59% | 70,54%
3 - 1 am fluent in programming (can create a full program) 0% 0% 0%
4 - | can design a solution of a problem in the form of a program 0% 0% 0%
Self-assessment of programming
skills
|
2 -1 can code simple programs
1-1am a novice programmer
(just have basic ideas)
0 - | have never coded or
programmed before
0% 20% 40% 60% 80%
Total m Girls m Boys

Figure 42 - Self-assessment of programming skills — comparison by gender

The analysis by grades (Table 19) shows that the largest number of students who have

never coded (level 0) is from the 4t and 5" grades, as expected. While mainly the 7t" and 8t"-

grade students are those who can code simple programs, with similar percentages obtained

for males and females.

Table 34 - Self-assessment of programming skills by grade and gender

Level of programming skills 4th grade 5th grade 6th grade | 7th grade | 8th grade

0 - | have never coded or Boys >7,14% 40% 20% 0% 0%

programmed before Girls 0% 86,67% 0% 0% 0%
Total 57,14% 75% 50% 0% 0%

1-1am anovice programmer Boys 0% 60% 20% 8,7% 0%

(just have basic ideas) Girls 0% 13,33% 0% 15,52% 8,33%
Total 0% 25% 50% 13,58% 5,26%
Boys 42,86% 0% 0% 91,3% 100%

2 - | can code simple programs Girls 0% 0% 0% 84,48% 91,67%
Total 42,86% 0% 0% 86,42% 94,74%
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The preliminary questionnaire has been intended to reveal the programming concepts

the participants are familiar with before the experimental phase of the project. As the results

revealed, the most familiar concepts are statements (65,12%) with no particular gender

difference (Table 5), the second and third-ranked are events (18,6%) and loops (15,5%)

correspondingly. As to the variables and conditionals, female awareness on these topics

noticeably prevails over that of males. Finally, operators and parallelism concepts have

gained no attention at all (Figure 43).

Table 35 - Familiarity with the programming concepts

Concept Boys Girls Total
Loops 15,9% | 15,29% | 15,5%
Conditionals 6,81% | 14,12% | 7,75%
Variables 4,55% | 16,47% | 8,53%%
Statements (sounds, movement, looks, drawing) | 65,9% | 63,53% | 65,12%
Operators 0% 0% 0%
Events 18,18% | 18,82% | 18,6%
Parallelism 0% 0% 0%

Familiarity with the programming concepts

Events

Statements (sounds, movement, looks, drawing)
Variables

Conditionals

Loops

0%

Total

Figure 43 - Familiarity with the programming concepts — comparison by gender

10% 20% 30% 40% 50%

Girls ® Boys

60% 70%

Comparison of the results by grade and gender (Table 21) shows that 5™ and 6™

graders are at least familiar with all the concepts, with the only chosen concepts as loops and

statements only.

Table 36 - Familiarity with the programming concepts by grade and gender

Concept 4th grade

5th grade

6th grade

7th grade

8th grade

Loops Boys 28,57%

40%

0%

13,04%

0%
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Girls 0% 13,33% 0% 34,78% 16,67%
Total 28,57% 80% 0% 14,81% 10,53%
Boys 0% 0% 0% 0% 0%
Conditionals Girls 0% 0% 0% 16,67% 16,67%
Total 0% 0% 0% 16,05% 10,53%
Boys 0% 0% 0% 4,35% 14,29%
Variables Girls 0% 0% 0% 12,07% 25%
Total 0% 0% 0% 9,88% 21,05%
Boys 28,57% 0% 50% 86,96% 100%
Statements (sounds, . Girls 0% 0% 0% 75 86% 75%
movement, looks, drawing) 4
Total 28,57% 0% 50% 80,25% 84,21%
Boys 0% 0% 0% 0% 0%
Operators Girls 0% 0% 0% 0% 0%
Total 0% 0% 0% 0% 0%
Boys 14,29% 0% 0% 17,39% 42,86%
Events Girls 0% 0% 0% 22,41% 25%
Total 14,29% 0% 0% 20,99% 31,58%
Boys 0% 0% 0% 0% 0%
Parallelism Girls 0% 0% 0% 0% 0%
Total 0% 0% 0% 0% 0%

Worth noticing, that the concepts’ mastery with the reference to the gender is similar

only regarding the statements. As to the resting concepts, the results gained by boys and girls

differ significantly. For example, conditionals have resulted to be familiar only to girls of the

7t and 8™ grades.

Table 6 reports students’ responses on what motivates them to learn to program

(students could choose one or more responses). Most of the students are motivated by the

desire to show others the capacity to code (56.59%). Comparison by gender (Figure 44) shows

that this factor motivates girls (38.76%) to a greater extent than boys (17.83%). While

following a career in programming cannot be considered an attractive option for both sexes,

succeeding in programming class as well as enjoying to solve logic problems and puzzles result

to be more diffused options for the students’ motivation.

Table 37 - Motivation for learning programming

Response Boys Girls Total

I’'m not motivated 0,78% | 0,78% | 0,78%
| want to succeed in the programming class 3,10% | 17,83% | 20,93%
| want to show other students | can program 17,83% | 38,76% | 56,59%
| want to follow a career in programming 3,10% | 0,78% | 3,88%
| enjoy solving logic problems and puzzles 10,08% | 8,53% | 18,6%
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Motivation for learning programming

| enjoy solving logic problems and puzzles \

| want to follow a career in programming

| want to show other students | can program
| want to succeed in the programming class

I’m not motivated

0% 10% 20% 30% 40% 50% 60%

Total ® Girls m Boys

Figure 44 - Motivation for learning programming — Comparison by gender

Comparison by grade (Table 23) shows that 5" graders are the most motivated,
especially by wanting to succeed in the programming class. According to the results gained
the enjoyment of solving logic problems and puzzles attracts enough attention of the boys
throughout all the grades, whereas the idea of following a career in programming remains

attractive till the 6% grade only.

Table 38 - Motivation for learning programming by grade and gender

Statement 4th grade | 5th grade | 6th grade | 7th grade | 8th grade
Boys 14,29% 0% 0% 0% 0%
I’'m not motivated Girls 0% 0% 0% 0% 0%
Total 0% 0% 0% 0% 0%
_ Boys 28,57% 20% 0% 13,04% 0%
I want to sycceed in the Girls 0% 53,33% 0% 22,41% 16,67%
programming class .
Total 28,57% 45% 0% 19,75% 10,53%
A A g Boys 14,29% 40% 0% 69,57% 14,29%
| want to show other students | Girls 0% 13.33% 0% 67.24% 75%
can program
Total 14,29% 20% 0% 67,90% 68,42%
ol . Boys 28,57% 20% 50% 0% 0%
| want to 9 oW a career in Girls 0% 6.67% 0% 0% 0%
programming
Total 28,57% 10% 50% 0% 0%
v solving losic orop| Boys 57,14% 20% 50% 17,39% 28,57%
Li?g‘[’] Zs'zcl’e‘;'”g OgIC problems Girls 0% 26,67% 0% 10,34% 8,33%
Total 57,14% 25% 50% 12,35% 21,05%

S2 — Follow-up questionnaire
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An equal number of students, justifying the 100% response rate, solved the follow-up
guestionnaire about satisfaction with programming and coding activities, satisfaction with
the organization of the implementation, and perception on the acquired coding skills. The
mean age of students is the same (12.67 years, SD=1,07).

In the follow-up questionnaire, students expressed their attitudes regarding the C4G
learning methodology and the implementation of activities using the 5-point Likert scale (1 —
strongly disagree, 2 — disagree, 3 — neutral, 4 — agree, 5 — strongly agree). From the data
presented, one can see that both boys and girls have considered this way as fun. Generally,
the methodology used may be considered as well accepted by either of the genders, given
the averages have gained close values throughout most dimensions in both cases.
Interesting, that the respondents’ estimation of the programming being challenging is almost
the same as its being easy. Finally, the weak side revealed, which might be of particular
interest for the future adaptation of the methodology, is relatively low points for the

dimension “at any time, it was clear what to do”.

Table 39 — Satisfaction with C4G learning methodology

Statement 1 2 3 4 5 AVG SD
31. I found Boys 2,27% | 20,45% | 18,18% | 52,27% | 6,82% | 3,409 | 0,972
programming Girls 2,35% | 20,00% | 12,94% | 61,18% | 3,53% | 3,435 | 0,932
challenging. Total | 2,33% | 20,16% | 14,73% | 58,14% | 4,65% | 3,426 | 0,942
32. I found Boys 0,00% | 0,00% | 2,27% | 81,82% | 15,91% | 4,136 | 0,409
programming Girls 0,00% | 0,00% | 0,00% | 80,00% | 20,00% | 4,200 | 0,402
motivating. Total | 0,00% | 0,00% | 0,78% | 80,62% | 18,60% | 4,178 | 0,404
33. I found Boys 0,00% | 13,64% | 29,55% | 50,00% | 6,82% | 3,500 | 0,821
programming easy. | Girls 0,00% | 17,65% | 31,76% | 48,24% | 2,35% | 3,353 | 0,797
Total 0,00% | 16,28% | 31,01% | 48,84% | 3,88% | 3,403 | 0,805

34. lenjoyed Boys 0,00% | 0,00% | 0,00% | 75,00% | 25,00% | 4,250 | 0,438
programming. Girls 0,00% | 0,00% | 1,18% | 77,65% | 21,18% | 4,200 | 0,431

Total 0,00% | 0,00% | 0,78% | 76,74% | 22,48% | 4,217 | 0,432
35. lunderstood most | Boys 0,00% | 2,27% | 4,55% | 84,09% | 9,09% | 4,000 | 0,482
of programming Girls 0,00% | 0,00% | 2,35% | 83,53% | 14,12% | 4,118 | 0,391
concepts. Total | 0,00% | 0,78% | 3,10% | 83,72% | 12,40% | 4,078 | 0,426
36. Learning thiswayis | Boys 0,00% | 0,00% | 0,00% | 61,36% | 38,64% | 4,386 | 0,493
fun. Girls 0,00% | 0,00% | 0,00% | 60,00% | 40,00% | 4,400 | 0,493
Total 0,00% | 0,00% | 0,00% | 60,47% | 39,53% | 4,395 | 0,491
37. Ifelt engaged with | Boys 0,00% | 2,27% | 6,82% | 72,73% | 18,18% | 4,068 | 0,587
this way of learning. | Girls 0,00% | 0,00% | 0,00% | 68,24% | 31,76% | 4,318 | 0,468
Total 0,00% | 0,78% | 2,33% | 69,77% | 27,13% | 4,233 | 0,523
Boys 2,27% | 0,00% | 6,82% | 6591% | 25,00% | 4,114 | 0,722

186



(& CODINGAGIRLS STl Co-funded by the
2018-1-5101-KA201-047013 L ggi'ﬁg“gz;;’;gg;@";gg

38. The activities were | Girls 0,00% | 0,00% | 4,71% | 70,59% | 24,71% | 4,200 | 0,507
relevanttolearn. | Total | 0,78% | 0,00% | 5,43% | 68,99% | 24,81% | 4,171 | 0,588
39. Atanytime, itwas | Boys 0,00% | 4,55% | 18,18% | 75,00% | 2,27% | 3,750 | 0,576
clear what Thadto | Girls 0,00% | 2,35% | 16,47% | 72,94% | 824% | 3,871 | 0,573
do. Total | 0,00% | 3,10% | 17,05% | 73,64% | 6,20% | 3,829 | 0,575
40. What I learned will | Boys 0,00% | 0,00% | 4,55% | 65,91% | 29,55% | 4,250 | 0,534
be relevantformy | Girls 0,00% | 0,00% | 12,94% | 56,47% | 30,59% | 4,176 | 0,640
future. Total | 0,00% | 0,00% | 10,08% | 59,69% | 30,23% | 4,202 | 0,604

To reveal the trend of programming skills evolution the corresponding inquiry scaled
from 0 - | have never coded or programmed before to 4 - | can design a solution of a problem
in the form of a program has been undertaken. A total of 129 students (44 boys, 85 girls)
solved the preliminary and the follow-up questionnaire, thus enabling the self-assessment
comparison. Table 11 shows data on the difference between the self-assessed initial level and
the self-assessed final level of programming skill. As can be seen, despite the majority
remained at the same level (57,36%), essential percentage of the participants (29,47%, taking
into account the total percentage of the positive differences) have improved their
programming skills, with the difference of 1 point as the major one. Worth noting, the
significant percentage of the participants with deteriorated self-assessment (13,18%).
Analysed individually, all the contributors with negative evolution trend initially have self-
assessed themselves at the level 2 — corresponding to the capacity of simple programs coding.
Nevertheless, it might be concluded that the situation is caused by the over-estimation of
ones’ capabilities. Taking into account gender differences, it can be concluded that slightly
more girls discovered their preliminary self-assessment inconsistency with the actual
situation (14,12%), but at the same time, significantly more girls progressed by one level than

boys. And only a certain percentage of boys result to have progressed for more than 3 points.

Table 40 - The difference between the self-assessed levels of programming skill

Difference
-1 0 1 2 3
Boys 11,36% 59,09% 13,64% 9,09% 6,82%
Girls 14,12% 56,47% 23,53% 5,88% 0,00%
Total 13,18% 57,36% 20,16% 6,98% 2,33%

A Wilcoxon’s signed rank test for paired samples showed that students self-assessed

their programming skill significantly higher after the C4G activities compared to self-
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assessment before the C4G activities (Table 12). The results of rank-biserial correlation (rB),
which are considered as an effect size, show large effect size, overall and by gender. The
negative effect size speaks in a favour of the S2 prevalence. The result may be considered as

statistically significant, as p is well below 5% threshold.

Table 41 - Comparison of self-assessment of programming skill

Descriptive statistics Wilcoxon'’s signed rank test results
N | MIN | MAX | MEAN | sD w p Eff'?:tB)s 1ze
Boys S1| 44 0 2 1,523 | 0,846
| 1 0 3 1932 | 0,587 24 0.00424 -0.6555
Girls S1| 85 0 2 1,565 | 0,731
52 | 85 1 5 1776 | 0,419 198 0.02034 -0.3806
Total | S1 | 129 0 2 1,550 0,75
74 . -0.4474
S2 | 129 0 3 1,829 | 0,486 3 0.0009 0
Students’ comments

The analysis of the students’ comments reveals that for those who were approaching
the coding for the first time the project experience was captivating because through the
games they have learnt simple basic programming, although requiring more time to become
familiar with the tools of the Students’ Game Environment. Instead, for those, who already
had basic skills in coding, the experience was a way to learn more through more complex
learning scenarios. For all students, the experience of using the games in the Students Game
Environment was both fun and interesting because enabled them to see actually what kind
of product is attainable through the coding. No relevant differences between boys and girls
were noticed.

Among the suggested improvements the students have underlined: a) increasing the
number of the games available; b) improving some graphics elements related to the lobby
setting; c) the possibility to use some more complex and attractive learning scenarios through

Snap! (mainly for secondary school students).

Teachers’ observations and comments

Teachers’ observations
According to teachers’ observations, students were actively involved in solving the

challenges provided in the learning scenarios. The activities were individual and in small
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groups. While the first were carried out for coding simple games already prepared in the
developed learning scenarios. The others were carried out, mainly, in the Students’ Game
Environment, when they were challenged to play the different games available. Besides, the
attention of a whole class of students was captured by the brainstorming activities where
they were asked to share and to generate new ideas, to perform alternative programs and to
discuss the topics met on the coding operations. The use of the games supported the learning
and teaching process effectively because in this way students were more interested and
motivated to learn even more complex scenarios, including the use of variables and
operations.

The C4G approach is suitable for different kinds of learning styles thanks to the use of
challenges and the learning scenarios designed for several levels of difficulty. However, a time
required for some students to become familiar with the Students' Game Environment, being
related to their background ICT competences, is crucial for the motivation level maintaining.
But, once “ice is broken” the motivation and interest were greater than before. Some
technical issues arose due to the weak technological infrastructure in the schools or the
devices available at home. No particular differences in the learning process and involvement
levels between girls and boys were observed.

It would be desirable, in the case of the secondary school (Second cycle), that the

learning scenarios proposed are more complex and articulated.

Teachers’ comments

The analysis of teachers’ comments has shown that according to the majority C4G is
considered as a good tool for supporting teaching activities and learning objectives’
achievement through mediation with the teacher, even in cases of students with learning
difficulties. The interacting Teachers' platform and Student Game Environment, the vast
variety of learning scenarios and games, being engaging, increase the pupil's motivation and
commitment, facilitate the understanding of the contents, one learns by doing, following
interdisciplinary perspective, mixing creativity with imagination and logic with mathematics.

With this activity, the pupil is fully involved in active learning. This approach is believed

to potentially overcome the limitations of traditional teaching. Furthermore, if a teacher were
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able to plan and propose activities of this type frequently, it is strongly believed that the
whole class would be more involved. Once the students became familiar with the medium,
teacher-led "challenges" can keep the relationship between teacher/pupil and pupil/pupil
alive.

Additionally, this approach challenges students and helps them see the big picture
before designing a detailed solution. The game-based C4G approach is effective thanks to the
structure of the challenges and the different levels of difficulty and the ability to discuss them
in the brainstorming section ensuring its effectiveness.

However, even though pupils are usually drawn to play and challenges, some may get
tired and demotivated in the long run. A possible improvement could be to have more types
of games available.

Worth noting, that both the implementation and validation processes were perceived
as well organized and surely are to be proposed and shared with teachers and students. In
addition, platform’s usability was rated positively, because it is effective and closely linked to
the technological tools available to students both in the classroom and at home, as well as to
the composition of the class.,

Notwithstanding of some teachers’ opinion that the proposed methodology is too
simple for the second cycle of secondary school pupils (14-16 years old), the C4G approach
can be used for all ages because it can stimulate pupils' ability to develop collaborative ideas
and skills and to learn complex programming concepts by playing while bringing into the focus
the interests of the community and challenging them to think entrepreneurially about digital
technologies and their use to address real-world problems.

Furthermore, paths focused on play seem capable of favoring receptivity to the new,
emotional regulation and the possession of effective learning strategies. Some suggestions:
1. Maybe polishing the software a bit more, making it more stable and intuitive; 2. It would
be useful to create an App to be installed on mobile.

To conclude, the proposed learning methodology was found as captivating for both
girls and boys, stimulate a greater interest in the discipline, enhance computer skills, keep
curiosity high, fix information through play, educate for innovation, invite to continually
descend in to the field by exploiting the collaboration of others, while maintaining and

promoting one's individuality.
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Experts’ comments

The C4G proposed tools and methodology may favour the achievement of learning
objectives due to their suitability for all age groups. It is an interactive and alternative way to
acquire skills by stimulating curiosity and motivation. The activities within the platform are
well structured according to the reference objectives; and the achievement of the last, in turn,
will also depend on how the teacher has structured them inside the Teachers' Platform
through the coding scenarios.

Developing programming skills through game-based learning and design thinking is
considered as very effective especially when facilitated through multiple interaction
modalities: individual or group work, face to face sessions or online. In this way, students are
more motivated to complete the assigned tasks. The challenges structure guides and
stimulates the students to move on to the next advanced steps.

Besides, the integration of the teacher and student platforms acts as an interactive
guide and facilitates programming skills by creating customized learning scenarios. Therefore,
the CA4G approach will be effective to build coding skills in both girls and boys, especially if
mediated by the teacher.

Special attention of experts was paid to the graphics design in the Students' Game
Environment that was reported as captivating together with the challenge modalities at
different levels that are suitable for the age of the engaged students, including those who
have difficulty with traditional teaching as well. However, an improvement, which could be
made, is to have more types of games available and to improve the graphics at the initial part
in the Students' Game Environment (lobby room).

The overall organization of the implementation as well as usability and acceptance are
excellent. The method, which is innovative compared to traditional teaching methods, can
bring teachers and educators closer to students' world. Finally, according to the experts, the
methodology can be used, above all, in two-year classes where the skills to be acquired are

still the basic ones.
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DISCUSSION AND CONCLUSIONS

Thus, on the base of the data presented, the overall experience of C4G methodology
introduction can be estimated from two points: 1) the actual perception of the platform by
students and teachers, and 2) the benefits revealed during the comparison of programming
skills self-assessment before and after C4G activities.

Regarding the first point, as one can see from the students’ and teachers’ comments
provided previously, the quality of interaction with the platform was assessed positively by
both parties involved. In particular, the methodology adopted turned out to be flexible in
practice, permitting students to benefit equally well according to their initial background. The
use of the games in the Students Game Environment, as a part of the multiperspective
exposition of the underlying concepts (show the big idea before a detailed elaboration), has
attracted the attention of participants enabling them to see the products attainable through
coding. The approach is well accepted by either of the genders, given the averages have
gained close values throughout most dimensions in both cases. Finally, in terms of the room
for future improvements, it is recommended to adopt measures to raise the points got by
inquiry - “at any time, it was clear what to do”.

From their side, teachers have consensually declared that, while mediated, C4G
platform and methodology is a good tool for supporting teaching activities and learning
objectives, and is believed to overcome the limitations of traditional teaching. Moreover,
both teachers and experts agreed upon the usability of the approach in case of the students
with learning difficulties as well.

Furthermore, the general trend of the participants’ coding skills evolution is reflected
in the essential percentage of the participants who improved their programming skills.
Interesting to add, that following initial intentions of the project, a significant percentage of
girls (major as compared to the same difference level of boys) declared to have improved
their coding skills by 1 point. Certainly, the results achieved could be even higher provided
that the preliminary self-assessment procedures were more detailed and elaborated.

Important to note, that most teachers, involved in the testing phase, have shown their
interest in deepening of the use of C4G approach even after the validation activities organized

by the project team.
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To conclude, below the most recognized strong points of the methodology are listed:

- Personalized learning scenarios for programming skills developing;

- Development of the students’ specific skills focused on the problem
analysis and solving, creating new solutions and ideas, verifying new opportunities
and communicating with others in team working;

- The serious games designed can facilitate emotional involvement and
development and promote more effective learning strategies, mainly in girls.

And to promote the methodology refinement during the future implementations the
following points were stressed:

- The software should be more stable and intuitive to reduce the training
time that teachers need before implementing the C4G software in their practice;

- Improving the graphics of the games to make them more appealing for
secondary school students;

- Increasing the number and type of the serious mini-games available in

both Teachers’ Platform and Students’ Game Environment.
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S1. PRELIMINARY QUESTIONNAIRE FOR STUDENTS (in Italian)

S1. QUESTIONARIO PRELIMINARE PER GLI STUDENTI

Questo e un sondaggio preliminare relativo all’uso dei dispositivi digitali e all’esperienza nella
programmazione condotta all’'interno del progetto CODINGA4GIRLS che mira a favorire lo sviluppo
delle capacita di programmazione attraverso i serious game.

Le tue risposte saranno anonime e usate solo per gli scopi della ricerca.
Grazie in anticipo per il tempo e la cooperazione!

Prima di tutto, per favore leggi il codice ricevuto prima dal tuo insegnante.

INFORMAZIONI GENERALI

Codice: Scuola:
Eta: Classe:
Sesso: M F

L’'USO DEI DISPOSITIVI DIGITALI, INTERNET E VIDEO-GAMES

1. Da quanto tempo usi computer, tablet o altri dispositivi .
o anni
digitali?
2. Per quante ore alla settimana usi il computer, tablet o altri
. A, ore
dispositivi digitali?
3. Per quante ore alla settimana usi Internet? ore
4. Per quante ore alla settimana giochi ai video games? ore

ESPERIENZA NEL CODING E NELLA PROGRAMMAZIONE

5. Qual el tuo livello di programmazione, adesso? Indica la risposta piti appropriata.
p) Non ho mai usato il coding o mai programmato prima

g) Sono un programmatore principiante (ho solo idee di base)

r) Posso codificare programmi semplici

s) Sono in grado di programmare (posso creare un programma completo)

t) Sono in grado di progettare una soluzione di un problema sotto forma di un programma

6. Se hai gia fatto un po’ di coding, quale dei seguenti concetti ti € familiare? Scegli uno o pit

risposte.
0 Loop 0 Variabili [0 Eventi
[0 Condizionali [0 Operatori 0 Parallelismi

[J Comandi (suoni, movimento, aspetto, disegno)
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Non sono motivato

00 altro

Mi diverto a risolvere problemi di logica e puzzles

Voglio riuscire nella programmazione realizzata in classe
Voglio mostrare agli altri studenti che posso programmare

Voglio perseguire una carriera nella programmazione

7. Qual e la tua motivazione per programmare? Scegli uno o pit risposte.

S2. FOLLOW-UP QUESTIONNAIRE FOR STUDENTS (in Italian)

S2. QUESTIONARIO DI FOLLOW-UP PER GLI STUDENTI

Questo € un sondaggio di approfondimento sulla soddisfazione avuta con la metodologia di
apprendimeto C4G e l'implementazione delle attivita per l'acquisizione di competenze di

programmazione e del coding.

Le tue risposte saranno anonime e usate solo per gli scopi della ricerca.
Grazie in anticipo per il tempo e la cooperazione!

Per favore, scrivi sotto il codice ricevuto dal tuo insegnante (& lo stesso codice che ha usato nel

questionario preliminare).

INFORMAZIONI GENERALI
Codice: Scuola:
Eta: Classe:
Sesso: M F
METODOLOGIA DI APPRENDIMENTO C4G
F In Neutral
or . . ortem ente disaccord eutra D’accordo Molto
8. C(lassifica le seguenti affermazioni: in e ,
. o d’accordo
disaccordo
a) ho trovat<‘) la programmazione 1 ) 3 4 5
impegnativa.
b) ho t.rovato la programmazione 1 ) 3 4 5
motivante.
¢) ho trovato la programmazione facile. 1 2 3 4 5
d) mi e piaciuto programmare. 1 2 3 4 5
e) ho com.prt.eso la magglor. parte dei 1 ) 3 4 5
concetti di programmazione.
f) imparare in questo modo e divertente. 1 2 3 4 5
g) mi sono.sent|to impegnato in questo 1 ) 3 4 5
modo di apprendere.
h) I|e att|V|ta.erano rilevanti per 1 ) 3 4 5
I'apprendimento.
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i) in qualsiasi momento, era chiaro cosa 1 ) 3 4 5
dovevo fare.
i) queI.Io c.he ho imparato sara rilevante 1 ) 3 4 5
per il mio futuro.

LIVELLO PERCEPITO DI PROGRAMMAZIONE

9. Qual eil tuo livello di programmazione, ora? Indica la risposta pit appropriata.

a) Non ho mai usato il coding o non mai programmato prima

b) Sono un programmatore principiante (ho solo un’idea di base)

c) Posso codificare programmi semplici

d) Sono in grado di programmare (posso creare un programma completo)

e) Sono in grado di progettare una soluzione di un problema sotto forma di un programma

USABILITA’ DELL’AMBIENTE DI GIOCO

Fortemente In ,
10. Classifica le seguenti affermazioni: in disaccordo | MNeutrale | Daccordo d,MOItO
. accordo
disaccordo

a) vorrei usare questo gioco 1 5 3 4 5
frequentemente.

b) ho trovato il gioco complesso. 1 2 3 4 5

c) il gioco e stato facile da usare. 1 2 3 4 5

d) ho avuto bisogno del supporto di un 1 5 3 4 5
tecnico per poter usare questo gioco.

e) le va'r|e funzioni di questo gioco sono 1 ) 3 4 5
ben integrate.

f) c’é stata troppa incoerenza nel gioco. 1 2 3 4 5

g) molte persone imparerebbero ad 1 5 3 4 5
usare questo gioco rapidamente.

h) il gioco é stato molto complicato da 1 ) 3 4 5
usare.

i) misono suen.tl.to moIto.flduuoso 1 ) 3 4 5
durante l'utilizzo del gioco.

j) avevo bisogno di imparare molte cose
prima di poter iniziare con questo 1 2 3 4 5
gioco.
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$3. STUDENT’S COMMENTS (in Italian)

$3. 1 COMMENTI DEGLI STUDENTI

Dopo I'implementazione dell’approccio basato sul gioco C4G finalizzata allo sviluppo delle capacita
di programmazione, gli insegnanti raccolgono le opinioni e i commenti qualitativi degli studenti
emersi in un'intervista di gruppo e li trascrivono.

Per favore, raggruppa tutti gli studenti e raccogli le loro opinioni e commenti qualitativi. Chiedi agli
studenti gli aspetti elencati di seguito e trascrivi i loro commenti, esposti oralmente, utilizzando
guesto modulo.

Grazie per il tempo e la collaborazione!

INFORMAZIONI GENERALI

Insegnante: Classe:

Scuola: Data:

ORGANIZZAZIONE GENERALE E PERCEZIONI DEGLI STUDENTI

Puoi chiedere agli studenti la loro opinione in merito all'organizzazione complessiva
dell'implementazione, la loro percezione sulle conoscenze acquisite, la loro percezione sulla
pertinenza e l'efficacia dell'apprendimento basato sul gioco e la loro percezione sul divertimento
raggiunto.

PROBLEMI O DIFFICOLTA’ DI APPRENDIMENTO

Puoi chiedere agli studenti sulle difficolta di apprendimento o sui problemi che hanno dovuto
affrontare durante il corso e cosa hanno fatto quando hanno riscontrato questi problemi.

VISUALIZZAZIONI DEGLI STUDENTI SU COME MIGLIORARE LA METODOLOGIA C4G, GLI
STRUMENTI E | CONTENUTI

QUALSIASI ALTRA COSA RITENUTA RILEVANTE
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T1. TEACHER’S OBSERVATIONS (in Italian)

T1. OSSERVAZIONI DEGLI INSEGNANTI

Durante I'implementazione delle sessioni, gliinsegnanti osservano e documentano la reazione degli
studenti nonché i loro progressi nella costruzione delle capacita di programmazione usando
I"approccio C4G basato sul gioco.

Per favore, usa questa scheda e indica cio che hai osservato riguardo gli aspetti indicati
precedentemente.

Grazie per il tuo tempo e la cooperazione!

INFORMAZIONI GENERALI

Insegnante: Classe:

Scuola: Data (da-a):

PARTECIPAZIONE E IMPEGNO DEGLI STUDENTI

Gli studenti sono attivamente coinvolti? Stanno collaborando? Si stanno divertendo? ecc.

DIFFICOLTA’ O PROBLEMI DI APPRENDIMENTO

Gli studenti stanno avendo difficolta con il contenuto e / o la tecnologia? Stanno chiedendo
supporto? ecc.

OGNI ALTRA COSA CHE RITIENI RILEVANTE
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T2. TEACHER’S COMMENTS (in Italian)

T2. COMMENTI DEGLI INSEGNANTI

Durante I'implementazione dell’approccio C4G basato sul gioco sullo sviluppo delle competenze di
programmazion, vengono raccolte le opinioni e i commenti degli insegnanti.

Per favore, usa questa scheda e indica cido che hai osservato riguardo gli aspetti indicati
precedentemente.

Grazie per il tuo tempo e la cooperazione!

INFORMAZIONI GENERALI

Insegnante: Classe:

Scuola: Data:

RAGGIUNGIMENTO DEGLI OBIETTIVI DI APPRENDIMENTO DA PARTE DEGLI STUDENTI

RILEVANZA ED EFFICACIA DELL'APPRENDIMENTO BASATO SUL GIOCO PER LO SVILUPPO
DELLE COMPETENZE DI PROGRAMMAZIONE E DELLO SPECIFICO APPROCCIO DI
APPRENDIMENTO CODING4GIRLS

GRADIMENTO DELLA METODOLOGIA PROPOSTA DA PARTE DEGLI STUDENTI
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DIVERTIMENTO RAGGIUNTO DAGLI STUDENTI

LA TUA OPINIONE IN MERITO ALL'IMPLEMENTAZIONE

USABILITA’ E GRADIMENTO DELL’APPROCCIO CODINGA4GIRLS AL SERIOUS GAME

QUALSIASI COSA CHE TU RITIENI RILEVANTE
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E. EXPERT’S COMMENTS (in Italian)

E. COMMENTI DEGLI ESPERTI

Dopo l'implementazione dell’approccio C4G basato sul gioco per lo sviluppo delle competenze di
programmazione, le opinioni e i commenti verbali degli esperti sono raccolte tramite un’intervista
strutturata.

Usa questo modulo e indica I'opinione dell'esperto sugli aspetti riportati di seguito

INFORMAZIONI GENERALI

Nome dell’esperto: Posizione:

Istituzione: Data:

RAGGIUNGIMENTO DEGLI OBIETTIVI DI APPRENDIMENTO DA PARTE DEGLI STUDENTI

RILEVANZA ED EFFICACIA DELL'APPRENDIMENTO BASATO SUL GIOCO PER LO SVILUPPO DELLE
COMPETENZE DI PROGRAMMAZIONE E DELLO SPECIFICO APPROCCIO DI APPRENDIMENTO
CODINGAGIRLS

GRADIMENTO DELLA METODOLOGIA PROPOSTA DA PARTE DEGLI STUDENTI

DIVERTIMENTO RAGGIUNTO DAGLI STUDENTI
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LA TUA OPINIONE IN MERITO ALL'IMPLEMENTAZIONE DELL'ORGANIZZAZIONE GLOBALE

USABILITA’ E GRADIMENTO DELL’APPROCCIO CODING4GIRLS BASATO SUL SERIOUS GAME

QUALSIASI COSA CHE TU RITIENI RILEVANTE
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PROJECT SUMMARY (in Italian)

Progetto Coding4Girls
Rif. 2018-1-S101-KA201 -047013

Il progetto CODINGAGIRLS affronta il divario esistente tra la partecipazione maschile e femminile
all'insegnamento delle scienze informatiche e alle professioni correlate introducendo interventi
didattici precoci per rendere l'informatica attraente per tutti.

In questo sforzo i partner di progetto introducono interventi che puntano ai diversi fattori che
tengono, in particolare, le ragazze lontano dall'informatica. Il principale obiettivo & di attirare piu
ragazze verso questo settore rendendole piu consapevoli delle ricche opportunita di crescita
professionale e personale che vengono offerte per prepararle ad un futuro coinvolgimento nelle
professioni correlate.

Il progetto introduce un nuovo approccio pedagogico: il Design Thinking. Questo approccio sfida gli
studenti e li aiuta a vedere il quadro generale prima di progettare una soluzione dettagliata, li
incoraggia a considerare gli interessi della comunita e li sfida a riflettere in modo imprenditoriale
sulle tecnologie digitali e su come utilizzarle per affrontare problemi reali.

Sulla base di questo approccio, il team di progetto ha sviluppato un software che consiste
in due parti interconnesse. La prima & una piattaforma per gli insegnanti mentre la seconda & un
ambiente di gioco per gli studenti (entrambi sono disponibili al link
https://www.coding4girls.eu/results_02.php).

Seguendo la metodologia del Design Thinking, il team del progetto ha preparato alcuni corsi e
scenari di apprendimento progettati per affrontare uno specifico problema di codifica in modo
collaborativo e individuale.

| corsi vengono creati da un insegnante sulla piattaforma dedicata e funzionano come uno spazio di
raggruppamento per attivita correlate. Queste attivita sono chiamate sfide che vengono affrontate
da ogni studente. Ogni sfida potrebbe avere un mini-gioco a cui lo studente dovra giocare nel suo
ambiente di apprendimento opportunatamente sviluppato, seguendo una pagina con delle
istruzioni preparate precedentemente dall'insegnante.

Gli insegnanti interessati, che hanno gia esperienza sull’argomento, possono supportare il team di
progetto nel processo di convalida del framework di apprendimento proposto utilizzando il
software sviluppato per promuovere la progettazione e lo sviluppo di serious game.

Magggiori informazioni:

Sito web di progetto https://www.coding4girls.eu/
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INSTRUCTIONS TO TEST THE TEACHERS’ PLATFORM AND THE STUDENTS’ GAME
ENVIRONMENT (in Italian)

ISTRUZIONI PER TESTARE LA PIATTAFORMA PER | DOCENTI E IL SOFTWARE DI GIOCO

Il presente documento ha I'obiettivo di supportarvi in questa fase indicandovi le principali attivita da
svolgere sia per la piattaforma dedicata ai docenti (Fase 1) e sia per I'ambiente di gioco dedicato agli

studenti (Fase 2).
Vi consigliamo di:

> leggere l'intera guida. E breve ma potresti avere una visione completa del processo;

» visualizzare il video preparato;

> seguire le istruzioni passo dopo passo e portare a termine le attivita descritte.

> Inizia dalla piattaforma dedicata ai docenti (Fase 1) e successivamente passa alla Fase 2,
poiche le due piattaforme sono interconnesse.

» dopo aver testato ogni strumento, compila il questionario indicato alla fine della presente
guida.

» nella guida sono specificate le attivita basi per comprendere al meglio le funzionalita di
entrambe le piattaforme, ma siete liberi di navigarle e di testarle

» come meglio credete.

FASE 1 - Istruzioni per procedere alla fase di testing della piattaforma dedicata ai docenti:

1. Digitare il seguente link https://coding4girls.e-ce.uth.gr/#/login.
2. Scegliere la lingua che preferite dal menu in alto a destra.
3. Iniziate la procedura di registrazione.

Poiché questa & una piattaforma progettata solo per gli insegnanti, gli studenti non possono
accedere. Per questo motivo nel momento della registrazione viene chiesto di inserire il codice che
fornisce i diritti ,,insegnante”.

Il codice che va inserito € il seguente: C4G TEACHER
4. Fateil login.

5. Visualizzate tutti i corsi disponibili nella sezione “Public Courses”/”Corsi Pubblici”.

6. Scegliete un corso e cliccate due volte per aprirlo.
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7. Curiosate all'interno del corso scelto, in particolare nelle “impostazioni del

corso” e nelle sfide.
8. Ritornate nella sezione “Public Courses”/”Corsi Pubblici”.

9. Cliccate sulla seguente icona per clonare/copiare il corso (per capire

meglio le funzionalita del sistema all’interno di un corso gia preparato):

Dare da mangiare ai gatti = D

Gli studenti impareranno il concetto di assegnazione di piu valori casual, vanabili all'interno
e al di fuori di un ciclo. Impareranno anche come ottenere, testare e contare gli input

coretti immess dal giocatore

0 B Operatori, Loop Varfablle

10. Visualizzerete la seguente scheda:

°Tltnlu|ielmr5m potete cambiarlo > e

Descrizione: inserite gualoosa,
p@i puo essere mudﬂ"lata

. Inzerite dei tag da modificare in
y

un codice al vostro corso, vi
servira per visualizzarle nella
piattaforma per gli studenti.

(=)

11. Cliccate sulla sezione “Corsi” in alto a sinistra per visualizzare il corso clonato.

12. Entrate nel corso clonato, provate a modificare le impostazioni del corso, le sfide
esistenti e a crearne una nuova, brainstorming, ecc.

13. Nella sezione “Corsi”, potete provare a creare un corso sul modello dei corsi gia
creati oppure iscrivervi ad un corso inserendo il codice identificativo di un altro

corso gia preparato da un altro docente in questa sezione:

Iscriviti con il codice m Crea un nuovo corso
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Per maggiori informazioni sulle funzionalita e sulla metodologia, visualizzare il
seguente video:

https://www.youtube.com/watcH?v=TR2cCElhoX8&feature=emb logo

Il video & in inglese ma sono disponibili i sottotitoli in italiano. Per attivare i sottotitoli in

un video pubblicato su Youtube, cliccare sul pulsante indicato dalla freccia rossa.

@@' - Erasmus+
P
\

r Video Guideline

4]

CodingdGirls Teach

Adaen Mevzhanoweh Dochshanas, 1U-Track [itaky) G

Ligy Tromant), {U-Trock firaly)

Linee guida per gh insegnanti

oppure scaricare Teachers’ Platform — User Manual dal portale:

https://www.coding4girls.eu/results 02.PHP

Provate ora a sperimentare liberamente!
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FASE 2 - Istruzioni per procedere alla fase di testing dell’ambiente di gioco dedicato

agli studenti:

1. Scaricare il software da uno di questi link disponibili:

e Windows: https://ctll.e-

ce.uth.gr/downloads/c4g/launcher/w64/c4g win.zip

e Mac: https://ctll.e-ce.uth.gr/downloads/c4g/launcher/m64/c4g mé64.zip
e Linux: https://ctll.e-

ce.uth.gr/downloads/c4g/launcher/linux/c4g linux.tar.gz

2. Seguire le istruzioni date nel seguente video per installare e avviare il software:

https://www.youtube.com/watch?v=to6UolizWVg&feature=emb logo

Il video € in inglese ma sono disponibili i sottotitoli in italiano. Per attivare i sottotitoli in

un video pubblicato su Youtube, cliccare sul pulsante indicato dalla freccia rossa.

- Erasmus+

*6@ :

CodingdGirls Students’ Game Environment

Aider Mprrohanowch Dochsbanow. EL-Trock (Raly)

Liskgy' Tromaweds, SU-Track (raly)

e
Gomoritng {o)

C4AG Students’ Game Environment

oppure scaricare il documento “Students’ Game Environment” — User Manual dal
portale:

https://www.coding4girls.eu/results_02.php
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3. Awviato lo Students' Game Environment, potete creare nuove credenziali, come se

foste uno studente.

4. Dopo il login, cliccate su “Continua” ed entrate nell’altra stanza attraversando la

porta di fronte a voi.

Login

Success!

Continue

5. Eviritrovate in questa stanza:
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0 Dal terminale sulla sinistra, € possibile aggiungere il codice del corso che I'insegnate ha
\\/“ attribuito al corso creato nella piattaforma dedicata agli insegnanti.

Il codice & quel valore immesso dal docente, vedi paG. 2 della presente guida.

A Colrsa

Inserire il codice T —

Dal terminale sulla destra, & possibile scegliere un corso se si & iscritti a diversi corsi.

-/

Iscriversi ad un corso, vuol dire che & stato gia registrato il relativo codice nel terminale.

6. Successivamente potete dirigervi verso lo spazio per iniziare le attivita:
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7. Per maggiori informazioni sulle funzionalita e sui giochi

disponibili, visualizzare il seguente video:

https://www.youtube.com/watch?v=to6UolizWVg&feature=emb_logo

Il video & in inglese ma sono disponibili i sottotitoli in italiano. Per attivare i sottotitoli in

un video pubblicato su Youtube, cliccare sul pulsante indicato dalla freccia rossa.

L

*

C
o -

C4G Students’ Game Environment

CodingdGirls Stugents’ Game Environment

Alder tMersbanowoh Dochebanow. EU-Trock (Maly)

Liskgy' Trownowtd, SU-Track (taly)

e

Bomatitnk i)

T R

oppure scaricare il documento “Students’ Game Environment” — User Manual dal

portale:

https://www.coding4girls.eu/results 02.php
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8. Per avere un’idea pil completa, si possono utilizzare i corsi e gli scenaridi

apprendimento gia preparati.

| corsi si riferiscono ad un livello base di coding.

Di seguito, viene riportata una tabella con i titoli dei corsi e i codici

corrispondenti sia nella versione inglese che in italiano:

N. Corsi in inglese Codice Corsi in italiano Codice
. : - - -

1 !ntroductlon to Snap! starting Snap!: introduzione Primipassi

interface
. ‘. . -

2 Discover Snap! : move a spite dispubeng Scoprire Snap! Snap!
Moving around the monke . " "

3 & y Muoversi sullo "stage stage
stage

4 Charligmg costumes and Dancer Cambiare il t‘:osfume e ballerina
turning creare rotazioni

5 | Sounds of the farm farm I suoni di una fattoria fattoria
Chameleon’s summer chameleonen g Vacanze estive di un

6 . camaleonte
vacation Camaleonte
Helping Prince and Alla ricerca degli animali

7 | Princess to find their finding del Principe e della labirinto
animals Principessal

8 | Drawing with a chalk chalk Disegnare con un gesso gesso
Pickin rash an leanin R liere | r

9 icki .g up trash and cleaning ac.cog. iere la spazzatura e spazzatura
cleaning the park pulire il parco

10 | Feeding the cats feeding Dare da mangiare ai gatti gatto

11 _Guessmg the number of cats shelter !ndow?are: il numero di gatti rifugio
in a shelter in un rifugio

9. Compilare

disponibile

il questionario

seguente

link:

https://forms.gle/AAzEM1Qjig92UG

6f8
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Grazie per lacollaborazione!

Magggiori informazioni:

Sito web di progetto
https://www.coding4girls.eu/

Email di contatto —

m.tramonti@eu-track.eu

TEACHERS’ PLATFORM AND STUDENTS’ GAME ENVIRONMENT TUTORIAL (in Italian)

8 codegiyeseu * o+ mvee O

through Seri

Instructional Support Content

Students’ Game Environment °
A Unty 10 video game Ut the shucenty Can uite 10 Erove snd complots the Coures Dregaed by thar teechon m a n. engagng and garmbed

NS 1 ‘03413717
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NATIONAL REPORT: PORTUGAL

Disclaimer

This project has been funded by the Erasmus+ Programme of the European Union.

The information and views set out in this publication are those of the author(s) and do not necessarily reflect
the official opinion of the European Union. Neither the European Union institutions and bodies nor any person
acting on their behalf may be held responsible for the use which may be made of the information contained
therein.

All rights are reserved. Reproduction is authorized, except for commercial purposes, provided the source is

acknowledged.

License

This work is licensed under a Creative Commons Attribution-NoDerivatives 4.0 International License.

[©ouolel
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EXECUTIVE SUMMARY

The validation of the C4G approach in Portugal was concentrated in December 2020
due to the limitations introduced by COVID 19 pandemic. From March 2020 schools were
closed and adopted online learning. Teachers and students remained at home and
communicated through online channels — this had a tremendous impact as they had to learn
new tools, to adapt to new forms of communication and learning and to manage their entire
life in a completely different mode. On one side, this created logistic problems to organize
the validation events even if C4G’s methodology is very flexible and very suitable for online
implementation, and, on the other side, teachers and students were not interested in parallel
activities (like the validation of the C4G methodology) as they had to focus on the formal
online education and they were quite stressed with it.

Therefore, it was only finally possible to conduct the validation, in an online model,
during the Christmas holidays, when teachers and students were more relaxed from their
formal online classroom duties. Even so, it was possible to gather experts, schoolteachers and
students (from the Agrupamento de Escolas Carlos Amarante, a group of schools from the
North of Portugal) for the C4G validation in Portugal. Different activities were then promoted
according to the participants (teachers, experts, students) involved. The complementary
multiplayer event organised in late December 2020 contributed to further disseminate the
information about the project.

The results of the validation events showed that students were very motivated with
the game-design based learning C4G methodology and participated actively in the online
activities without visible gender differences. Teachers and experts were very positive on the
proposed methodology but particularly on the instructor-support tools that were considered
to facilitate the work of the teachers.

Considering the positive results obtained, the C4G methodology, syllabus and
contents were submitted for approval by the Conselho Cientifico-Pedagdgico da Formacao

Continua, the national organ that superintends teacher training.
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IMPLEMENTATION

As mentioned before, different validation activities took place in Portugal to ensure the best
possible implementation and results:

. Firstly, an online workshop (3 hours) with 14 teachers was organized on the 9t
of December. In this workshop, the concept, methodology and tools developed in the scope
of the C4G project were presented. Then teachers were provided with all the tools so they
could use them autonomously. One week later they were contacted and given feedback for
doubts and questions. 5 of the teachers were interested in working with their students during
the Christmas holidays (later, 2 of them were unable to do so). Some of teachers had previous
experience in programming and coding (mostly using Scratch) but most of them had no
previous experience. In the workshop, teachers followed the C4G game-based approach like
the students would later follow. This gave them experience and confidence in the use of those
tools.

° Secondly, an online meeting with 2 experts took place on the 14" of
December. Once again, the main objective was to present the concept, methodology and
tools developed in the scope of the C4G project. External experts expressed a first point of
view regarding the proposed C4G approach. Then experts were provided with all the tools so
they could use them autonomously. One week later they were contacted and gave a more
extended feedback of their analysis of C4G methodology and tools.

° Finally, an online learning course took place with 14 students and 3 teachers
(supported by VC staff) on the 215t and 22" of December. Four 3-hour sessions were
organized for a total of 12 hours. As mentioned before, the 3 teachers involved had been
previously trained and had some previous experience in programming. One of them had a
PhD in technology education and a large teaching experience in teaching informatics (to
students and peers) and that facilitated the process. During the implementation, teachers and
students used the Portuguese version of the learning scenarios that were developed by the
project partners. In the implementation the following learning scenarios were used:

e Introduction to Snap!
e Discover Snap! : move a sprite

e Moving around the stage
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Figure 47. Portuguese code for the Chameleon scenario
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Data collection tools
During the validation of C4G approach, all the data collection tools provided in the
C4G validation strategy were used:
e S1-—Preliminary questionnaire (for students)
e S2 —Follow-up questionnaire (for students)
e T1-Teacher’s observations (one teacher)
e T2 -Teacher’'s comments
e T2A —Teacher’s comments for online course
e E—Expert’'s comments
The student’s data collection tools were translated into Portuguese. The others were
used in the English versions as the teachers and experts were fluent in that language.
Teachers reported the reaction of students and their progress in building coding skills
using the game-based C4G approach (T1) and their own views related to the relevance and
effectiveness of the C4G methodology (T2). In the beginning of the validation with students
they had to complete questionnaire S1 and after the implementation they completed
questionnaire S2.
Questionnaires S1 and S2 were online, while data collection tools S3, T1, T2, and E for
teachers and experts were prepared as Word documents in which they could write

observations and comments. Later these filed were collected and compiled by VC staff.
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RESULTS

The achieved results were the following, divided by the participants nature.
Students

According to the accepted validation strategy two online questionnaires for students
were used: preliminary questionnaire about the use of digital devices and perceived level of
programming and the follow-up questionnaire about satisfaction with programming and
coding activities, satisfaction with the organization of the implementation, and perception on
the acquired coding skills.

In both questionnaires students were asked to self-assess their current level of
programming skill. Based on this question, the difference between students’ self-assessed
initial and final level of programming skill was calculated (the answers from the
guestionnaires were paired based on the code that students have entered).

A total of 14 students replied to both questionnaires.

Participants’ characterization

17 students in total participated in the implementation and provided feedback
through questionnaires S1 and S2.
Age

The average age of the students was 12.18 years (SD=0.38).

Age

m12
m13

14, 82%

Figure 4 — Participant’s age distribution

219



C) CODINGA4GIRLS RSN Co-funded by the
L Erasmus+ Programme

G 2018-1-5101-KA201-047013 BB e Coropom Unior

Gender

There were 6 (35%) boys and 11 (65%) girls.

Gender

M Boys

H Girls

Figure 5 — Participant’s gender distribution

Use of digital devices, Internet and videogames

Table 31 shows descriptive statistical analysis of participants’ responses to the
questions related to the use of digital devices, the internet and videogames. The comparison
of the overall results by gender shows that there is no major difference between boys and
girls on their use of these devices and use of the internet. Boys do spend some more time
playing games.

Table 1 - The use of digital devices, the internet and video-games by gender

Question N |Min|Max|Mean| SD
17. For how long have you been using computers, tablets or other B?ys 6 1217 135 171
digital devices (in years)? Girls |11]2 |7 |4 1,48
Total |17 |2 |7 3,8 1,58
Boys |6 |6 | 16 | 8,67 | 3,45
18. :iz\i/:[/arr::\yicf:;urs per week do you use a computer, tablet or other Girls | 11 |4 | 18 | 8,18 | 4,19
Total | 17 | 4 | 18 | 8,35 | 3,95

Boys |6 (4 |16 | 7,17 | 4,1
19. How many hours per week do you use the Internet? Girls |11 |4 |16 | 7,36 | 3,91
Total | 17 |4 | 16 | 7,29 | 3,98

Boys | 6 3 |8 4,67 | 1,8
20. How many hours per week do you play video games? Girls |11 (2 (7 |3,91| 1,38
Total |17 |2 | 8 4,17 | 1,58
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Figure 6 — Use of digital devices, internet and videogames
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4. How many hours per
week do you play video

games? [hours]

All the students were very motivated to learn how to code. The motivation was similar

for boys and girls although boys expressed a higher desire to follow a career in informatics.

Boys were also slightly more interested in solving logic problems.

Table 2 - Motivation for learning programming by grade and gender

Statement Boys Girls Total
I’'m not motivated 0% 0% 0%
| want to succeed in the programming class 66,7% 72,7% 23,1%
| want to show other students | can program 0% 27,3% 15,4%
| want to follow a career in programming 33,3% 9,1% 11,5%
| enjoy solving logic problems and puzzles 50% 36,4% | 15,4%
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Motivation for learning
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the programming students | can career in problems and puzzles
class program programming

80.0%
70.0%
60.0%
50.0%
40.0%
30.0%
20.0%
10.0%

0.0%

W Boys M Girls mTotal

Figure 7 - Motivation for learning programming — Comparison by gender

Programming and coding analysis

Starting level of programming

The participants self-assessed the level of their programming skills on the scale from 0 - I have
never coded or programmed before to 4 - | can design a solution of a problem in the form of
a program. Results are shown in the Table 3. The majority of the students were either at level
0 — novice in programming (35,3%) or level 1 - novice programmers (35,3%). However, girls
seemed to be slightly more advanced in their knowledge than boys. None of the students

were at the highest level of programming skills.

Table 3 - Self-assessment of programming skills by gender

Level of programming skills Boys Girls Total

0 - | have never coded or programmed before 3 50% 3 27,3% 6 35,3%

1-1am a novice programmer (just have basic ideas) 1 16,7% 5 45,5% 6 35,3%

2 - | can code simple programs 1 16,7% 2 18,2% 3 17,6%
§ - - .

3 - | am fluent in programming (can create a full 1 16,7% 1 9,1% ) 11,8%

program)

4 - | can design a solution of a problem in the form of 0 0% 0 0% 0 0%

a program
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Figure 8 — Initial self-assessment of programming skills — comparison by gender

Starting experience in coding and programming
The participants that already had above level 0 also stated which programming concepts they
were familiar with. The results (Table 54) show that students are mostly familiar with the
variables and statements (all the students), conditionals (72,7%) and operators (54,5%) while
they were least familiar with parallelism (none) and events (9,1%). The familiarity of

programming concepts is very similar in both genders.

Table 4 - Familiarity with the programming concepts

Concept Boys Girls Total
Loops 2 3 5
Conditionals 3 5 8
Variables 3 8 11
Statements (sounds, movement, looks, drawing) 3 8 11
Operators 2 4 6
Events 1 0 1
Parallelism 0 0 0
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Figure 9 - Familiarity with the programming concepts — comparison by gender

Final level of programming

In the end, the participants self-assessed again the level of their programming skills on the
scale from 0 - | have never coded or programmed before to 4 - | can design a solution of a
problem in the form of a program. Results are shown in the Table 5. The majority of the
students increased at least to level 1 - novice programmers (35,3%). Results may transmit an

excessive optimism from the students in relation to their recent acquired skills.

Table 5 - Self-assessment of programming skills by gender

Level of programming skills Boys Girls Total

0 - | have never coded or programmed before 0 0% 3 0% 0 0%
1-1am a novice programmer (just have basic ideas) 3 50% 5 9,1% 4 23,5%
2 - | can code simple programs 1 16,7% 2 54,5% 7 41,2%
3 - | am fluent in programming (can create a full 1 16,7% 1 27,3% 4 23,5%
program)

4 - | can design a solution of a problem in the form of 1 16,7% 0 9,1% 5 11,8%
a program
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Figure 10 - Final level of programming

Programming skill comparison
Comparing the perceived level of competence before and after we have the following results,

presented in Table 6.

Table 6 — Improvement in programming skill

Level of programming skills Boys Girls Total
Before | After | Before | After | Before | After

0 - I have never coded or programmed before 3 0 3 0 6 0

1-1am a novice programmer (just have basic ideas) 1 3 5 1 6 4

2 - | can code simple programs 1 1 2 6 3 7

3 - | am fluent in programming (can create a full 1 1 1 3 5 4

program)

4 - | can design a solution of a problem in the form 0 1 0 1 0 5

of a program

All the students improved their programming skill level. 3 students “jumped” 2 levels
and 14 students considered to have improved one skill level. Teachers later confirmed the

evolution of the students but considered that this perception was overly optimistic.
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A total of 17 students (same as in the beginning) answered the set of questions in the

follow-up questionnaire related with

implementation.

satisfaction with the organization of the

Students expressed their perception using a 5-point Likert scale (1 — strongly disagree,

2 — disagree, 3 — neutral, 4 — agree, 5 — strongly agree). According to the results (Table 5),

both boys and girls felt engaged with this way of learning and think that conducted activities

were relevant for learning programming. They find that learning programming in this way is

fun and easy. Both groups boys and girls confirm that learned material will be helpful for their

future.

Table 742 — Satisfaction with C4G learning methodology

Statement 1(2(3| 4 5 Mean SD
a1 If 4 ) Boys 0|01 4 1 4 0,63
- | found programming Girls REERE 42| 087
challenging.
Total 0|(0|4| 7 6 4,12 0,78
4. 1f q ) Boys 0|01 4 1 4 0,63
- ! found programming Girls olol2|6]3 41| o7
motivating.
Total 0 (03|10 4 2,81 0,66
a3 If q ) Boys 0 |0|0| 5 1 4,2 0,41
: ea‘;;” programming Girls 0lo|3 3 4| 077
' Total 0|0[3|10]| 4 41| 0,66
Boys 0 |0|1] 3 2 4,2 0,75
44. | enjoyed programming. | Girls o017 | 3 4,2 | 0,60
Total 0 (02|10 5 4,2 0,64
45 1und q ‘ Boys 0|0]|1] 3 2 4,2 0,75
- | understood most o Girls olols]|2]a4 39| 094
programming concepts.
Total 0 |0|6|5 |6 40| 0,87
Boys 0|0|O0O]| 3 3 45| 0,55
46. Learning this way is fun. | Girls 0O|0|1]|6 |4 43| 0,65
Total 0|0|1] 9 7 4,4 | 0,61
47 1el d with thi Boys 0O |0|O| 4| 2 43| 0,52
- ITeltengaged with this 722 ololols |6 45| 0,52
way of learning.
Total 0 |/O0lO0|9 | 8 45 | 0,51
e activt Boys 0|00 4]2 43| 0,52
48. The activities were Girls 0o lol2l5s 2 42 0,75
relevant to learn.
Total 0 (0|29 |6 4,2 | 0,66
o | Boys 0|1]/0|4]1 3,8 | 0,98
49. At any time, it was clear Girls 0o l11s5] 2 3 36 103
what | had to do.
Total 0 2|56 |4 3,7 | 0,99
Boys 00|41 1 3,5 0,84
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Figure 11 — Evaluation of the C4G methodology, contents and tools

Students’ comments

In general, students were satisfied with the C4G approach. There were no significant

differences between genres as all the participants were highly motivated and involved.

Student's perception on the overall implementation

Students did like the course and testing organization. Students mentioned that they
liked doing it at home, through the computer because they were able to see and talk with the
colleagues, anyway. They enjoyed coding and using Snap!.
Learning difficulties or problems

Some students who had no previous programming experience reported some

difficulty understanding the organization of the code. But they mentioned that one there was
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a doubt there was always someone to help, teacher or colleague so they were never stopped
for long. They would have liked to have a longer course and they would have not minded
having the course for an entire week.
Student's views on how to improve the C4G methodology, tools and contents

As students were very positive about the course, there were not many improvement
suggestions. They mentioned that they would have liked to try it in the classroom to see if it
was better or worse than doing it at home. They would like to have even more exercises so

they could have more options.

Teachers’ observations on the student’s involvement

In general, teachers reported having observed the same level of engagement and motivation

that students had previously mentioned.

Students’ participation and engagement, learning difficulties or problems

Students were highly motivated during the two days of the testing. Furthermore, after
the testing, students continue doing challenges and asking teachers and VC staff for support
and comments. During the online moments, students interacted a lot, collaborated in the
development and shared the results. They really enjoyed seeing the other participants playing
the games they had created. Boys were a bit competitive and always tried to be the first to
finish an activity while typically girls were more reflective and more perfectionist in terms of
the final result (they always tried to customize the background and objects in the scenes).
Girls liked very much the stories in most of the challenges and tried to contribute also to that
aspect. As students had 3 teachers available plus VC staff and some parents were also
involved, they felt very supported when they had problems and could move quickly on. But
they also collaborated between themselves in the process of finding bugs and problems in
the challenges. There were no visible differences between girls and boys in the motivation
and perceived fun.
Anything else you consider relevant

Girls and boys were equally involved in the testing. However the motivation seemed

to be a little different: boys were very much interested in the coding itself and finding out
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about what they could do with the instructions. Girls were more reflective, liked to
understand very well every aspect of a certain challenge so that they could be more creative

in the solution.
Teachers

After the implementation activities, teachers were asked to express their qualitative

opinions about the C4G methodology and the implementation process using the form T2.

Teachers’ comments

Accomplishment of learning objectives by the students

Teachers particularly liked the clear definition of learning objectives for each
challenge. They were able to observe, by asking students after each challenge, that the tasks
in the challenge did in fact allow students to accomplish the learning objectives. Teachers
were a bit disappointed that the length of the course limited the number of challenges/games
to be developed but they mentioned that students had asked for their support to code more
of the challenges that were available.
Relevance and effectiveness of GBL and C4G for building programming skills

The 3 teachers that worked with the students had previous experience on the use of
learning technologies but very little practice with GBL. They participated in the training
session and worked autonomously before the testing to complete the challenges themselves.
Their perception was that GBL and Learning by Game Design clearly allowed students to
develop programming and coding skills while being extremely motivated.
Acceptance of the proposed methodology by the students

Teachers observed that students were highly motivated by this methodological
approach. They were very involved, collaborating, exchanging suggestions, asking questions
throughout the entire testing process. Teacher saw no difference between boys and girls in
the process.
Achieved fun by the students

As mentioned before, teachers observed the deep involvement of the students and
that there was a clear fun process ongoing. Teachers mentioned that could also be due to the

1

fact that students were on holidays, relaxed and at home so feeling less the "school
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environment". But teachers found also very interesting that the two parents that were
involved also had (reported) a very nice and "fun" time.
Overall organization of the implementation

Teachers liked the way the testing was organized although they missed a more close
contact with the students. But as reported before, that could have had positive and negative
contributions. The teachers also enjoyed the way the challenges were organized, the fact that
there was already a structure for the code in each challenge, that there were several support
tools to help them.
Usability and acceptance of the proof-of-concept C4G approach

Teachers were enthusiastic about the whole process and were planning to use further
the tools and contents in their teaching. One even commented the possibility of reorganizing
the discipline he was teaching according to the proposed C4G methodology.
Experts

2 experts were asked to give their qualitative opinions regarding the accomplishment
of learning objectives by the students, relevance, effectiveness, and acceptance of the
proposed methodology by the students, and the overall organization of the implementation.
The two experts came from the field of technology-enhanced learning and were familiar with

GBL concepts, including the idea of learning by game-design.

Experts’ comments

Accomplishment of learning objectives by the students

The meeting with experts took place before the actual testing with students. They
were shown the C4G methodology and tools and were given some time to try them. So some
answers are based on the perception and previous experience of the experts and their use of
the tools and contents, rather than on the observation of the testing process with students.
Experts mentioned that the learning objectives for each challenge were very clear and very
well detailed and that allowed to assess that the planned tasks would allow to reach those

learning objectives.
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Relevance and effectiveness of GBL and C4G for building programming skills

The two experts came from the field of technology-enhanced learning and were
familiar with GBL concepts, including the idea of learning by game-design. They thought that
the C4G approachis a clear example on how Learning by Game Design can be used. They were
also very positive on the type of challenges that was proposed to the students once they were
fit to girls (no violence, the color scheme used, the narrative in the challenges). The objectives
of the project (learn how to code) will be perfectly reached through the proposed
methodology and tools.
Acceptance of the proposed methodology by the students

Experts could not judge this point by observation but only by their previous experience
in the field which indicates that students do accept and are motivated by this methodology.
The increasing level of difficulty in the activities will ensure a continuous challenge to the
students while they are progressing and increasing their proficiency.
Achieved fun by the students

Like in the previous point, experts considered that students would have fun in
developing the challenges, creating the games and learning to code through the C4G
methodology. GBL has been widely tested and has shown that the fun component was
paramount to increase the intrinsic motivation of the students.
Overall organization of the implementation

The experts’ opinion was that the flexibility that the C4G methodology allowed was
fundamental to ensure a high-quality level independently of the implementation conditions.
Experts were referring to the fact that the planned implementation in Portugal would take
place online which might create difficulties if the C4G approach was not so modular. Also the
number of support tools available for the teachers was considered as a very positive aspect
as it gave them confidence to guide the students in the process of learning to code.
Usability and acceptance of the proof-of-concept C4G approach

Like mentioned before, experts were very positive on the methodology, contents and
tools. They recommended the consortium to try to formalize the C4G approach with the

Education Ministries in the participating countries.
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DISCUSSION AND CONCLUSIONS

The results from students’ opinion and teacher observation show that students
accepted well the C4G approach for building coding skills. Teachers confirmed the motivation
and fun of the students and the relevance of the proposed approach. They mentioned that
learning outcomes were correctly defined for each scenario and that the corresponding
activities would, in fact, allow reaching those learning outcomes. Everything was therefore
well planned to develop programming and coding skills. Most of the teachers were interested
in using C4G contents and tools in their future teaching assignments.

Experts were also enthusiastic with the C4G methodology, contents and tools and
congratulated the team on the details of the produced materials, mentioning that teachers
could adapt existing games to their own interests.

As a conclusion, there was unanimity in accepting the suitability of the C4G
methodology to help these students learn coding and programming concepts. Also this
suitability applies similarly for both genders with might ensure that a larger number of female

students might choose an Informatics/Computer Science career.

Acknowledgments: we would like to thank all the participants (experts, teachers and
students) in the validation study of the C4G methodology. We particularly like to thank Prof.
Adelina Moura for her support in finding teachers and students for the validation process and

for contributing as a lead teacher to the process.
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A. S1.PRELIMINARY QUESTIONNAIRE FOR STUDENTS (in Portuguese)

S1. QUESTIONARIO PRELIMINAR PARA ESTUDANTES

Trata-se de um levantamento preliminar sobre a utilizacdo de dispositivos digitais e
experiéncia na programacdo realizada no ambito do projeto CODING4GIRLS que visa
desenvolver uma abordagem de jogo séria para a construcdo de competéncias de
programacao.

As suas respostas serdo andnimas e serao usadas apenas para fins depesquisa. Obrigado
pelo seu tempo e cooperagao!

Primeiro, por favor, escreva o cédigo recebido do seu professor.
CODIGO E INFORMAGAO GERAL

Cédigo: Escola:
Idade: Classe:
Sexo: M F

O USO DE DISPOSITIVOSDIGITAIS, INTERNET E VIDEOJOGOS

11. H4 quanto tempo que usa computadores, tablets ou
outros dispositivos digitais? —
12. Quantas horas por semana usas um computador, tablet
ou outro dispositivo digital? =

13. Quantas horas por semana usas a Internet?

14. Quantas horas por semana jogas videojogos?

EXPERIENCIA EM CODIFICACAO E PROGRAMACAO

15. Qual é o teu nivel de programacao, agora? Circule a resposta mais apropriada.
u) Nunca codifiquei ou programei antes.
v) Sou um programador novato (sé tenho ideias bdsicas)
w) Posso codificar programas simples
x) Sou fluente na programacao (pode criar um programa completo)

y) Posso desenhar uma solucdo de um problema na forma de um programa

16. Se ja codificaste, qual dos seguintes conceitos te é familiar? Marca uma ou mais

respostas.
[1 Loops [l Variaveis [1 Eventos
[0 Condicionais [J Operadores [0 Paralelismo

(] Declaragbes (sons, movimento, aparéncia, desenho)
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17. O que te motiva a aprender a programar? Marca uma ou mais respostas.
'] N&o estou motivado.

Quero ter sucesso na aula de programagao.

Quero mostrar a outros alunos que posso programar

Quero seguir uma carreira na programagao.

Gosto de resolver problemas de |dgica e puzzles

Other

O O 0O O o
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B. S2. FOLLOW-UP QUESTIONNAIRE FOR STUDENTS (in Portuguese)

S2. QUESTIONARIO DE ACOMPANHAMENTO PARA ESTUDANTES

Trata-se de um inquérito de acompanhamento sobre o atisfaction com a metodologia de
aprendizagem C4G e a implementacao de atividades de aquisicdo de competéncias de
programacao e codificacao.

As suas respostas serdo anénimas e serdo usadas apenas para fins de pesquisa. Obrigado
pelo seu tempo e cooperagao!

PLease write under the code received from your teacher (itis the same code you used in
the preliminary questionario).

CODIGO E INFORMAGAO GERAL

Cédigo: Escola:
Idade: Classe:
Sexo: M F

METODOLOGIA DE APRENDIZAGEM C4G

. Concord
Discordo . Conc
- . o Discordar  Neutro
18. Classificar as seguintes declaragdes: fortemen ordar
te forteme
nte
k) Achei a programacdo desafiadora. 1 2 3 4 5
[) Acheia programac¢do motivadora. 1 2 3 4 5
m) Achei a programacao facil. 1 2 3 4 5
n) Gostei de programacao. 1 2 3 4 5
o) Entendi a maioria dos conceitos de 1 5 3 4 .
programacao.
p) Aprender assim é divertido. 1 2 3 4 5
g) Senti-me envolvido com esta forma 1 5 . 4 .
de aprender.
r) As atividades eram relevantes para 1 5 3 4 c
aprender.
s) A qualquer momento, era claro o 1 5 3 4 .
que tinha que fazer.
t) O que aprendi sera relevante para o
) 9 P P 1 2 3 4 5

meu futuro.

NiVEL DE PROGRAMAGAO PERCIEVED

19. Qual é o seu nivel de programacao, agora? Circule a resposta mais apropriada.

z) Nunca codifiquei ou programei antes.

aa) Sou um programador novato (sé tenho ideias basicas)
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bb) Posso codificar programas simples
cc) Sou fluente na programacao (pode criar um programa completo)
dd) Posso desenhar uma solucdo de um problema na forma de um programa
USABILIDADE DO AMBIENTE DO JOGO
Discordo . Conc Concord
- . o Discordar  Neutro
20. Classificar as seguintes declaragdes: fortemen ordar
te forteme
nte
k) Gostaria de usar este jogo com
o 1 2 3 4 5
frequéncia.
[) Encontrei o complexo de jogos. 1 2 3 4 5
m) O jogo foi facil de usar. 1 2 3 4 5
n) Preciso do apoio de uma pessoa 1 5 3 A .
técnica para poder usar este jogo.
0) As varias funcdes neste jogo foram
. 1 2 3 4 5
bem integradas.
p) Houve muita inconsisténcia neste
. 1 2 3 4 5
jogo.
g) A maioria das pessoas aprenderia a 1 , . 4 s
usar este jogo muito rapidamente.
r) O jogo foi muito complicado de usar. 1 2 3 4 5
s) §ent|-me muito confiante ao usar o 1 5 3 4 .
jogo.
t) Precisava de aprender muitas coisas 1 5 3 4 c
antes de comegar com este jogo.
EXPERIENCIA DE JOGO
Discordo . Conc Concord
o . o Discordar  Neutro
21. Classificar as seguintes declaragdes: fortemen ordar
te forteme
nte
hh) Senti-me contente. 1 2 3 4 5
ii) Senti-me habil. 1 2 3 4 5
il Fstava interessado na histdria do . 2 5 . =
jogo.
kk) Pensei que fosse divertido. 1 2 3 4 5
Il) Estava completamente ocupado com
. 1 2 3 4 5
o0 jogo.
mm) Senti-me feliz. 1 2 3 4 5
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nn) Deu-me mau humor.

00) Pensei noutras coisas.

pp) Achei cansativo.

gqg) Senti-me competente.

rr) Pensei que fosse dificil.

ss) Foi esteticamente agradavel.
tt) Esqueci-me de tudo a minha volta.
uu) Senti-me bem.

vv) Fui bom nisso.

ww) Senti-me aborrecida.
xx) Senti-me bem sucedido.

yy) Senti-me imaginativo.

zz) Senti que podia explorar as coisas.

aaa) Gostei muito.

bbb) Fui rdpido a atingir os alvos
do jogo.

cce) Senti-me irritado.

ddd) Senti-me pressionado.

eee) Senti-me irritado.

fff) Perdi a no¢dao do tempo.
ggg) Senti-me desafiado.
hhh) Achei impressionante.

iii) Estava profundamente concentrado
no jogo.

jij) Senti-me frustrado.

kkk) Parecia uma experiéncia rica.

[Ill) Perdia ligagdo com o mundo
exterior.

mmm) Senti pressao do tempo.

nnn) Tive de me esforgcar muito.

* X
* *
* *
* *

* ok

Co-funded by the
Erasmus+ Programme
of the European Union

4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5
4 5

237



(& CODINGAGIRLS STl Co-funded by the
2018-1-5101-KA201-047013 L ggi';g“gzjog,;gg;@";gg

C. SYLLABUS FOR TEACHERS’ QUALIFICATION COURSE

CONSELHO CIENTIFICO-PEDAGOGICO DA FORMACAO CONTINUA An2'B

APRESENTACAO DE ACCAO DE FORMACAO
NAS MODALIDADES DE ESTAGIO, PROJECTO, OFICINA DE FORMAGCAO N.2
E CIRCULO DE ESTUDOS

Formulério de preenchimento obrigatério, a anexar a ficha modelo ACC2

1. DESIGNACAO DA ACCAO DE FORMACAO

Competéncias Bdsicas de Programacgdo para Efeitos Pedagdgicos

2. RAZOES JUSTIFICATIVAS DA ACCAO: PROBLEMA/NECESSIDADE DE
FORMACAO IDENTIFICADO

O dominio das linguagens algoritmica e de programacao ja € reconhecido
como uma das competéncias fundamentais para as préximas décadas. Este
reconhecimento tem a ver com a maior capacidade de lidar com dispositivos
digitais inerente a esse dominio mas, sobretudo, pela demonstracédo de um
aumento substancial nas capacidades de resolucéo de problemas, de
pensamento abstrato e l6gico, de criatividade e de planeamento e organizacéo.
Estando o ensino da algoritmia e programacao a ser aplicado cada vez mais
cedo, torna-se absolutamente necessario que os professores também
detenham esse dominio para poder ensinar e acompanhar os alunos na
aplicacéo desses conceitos quer no ambito de estruturas curriculares, quer fora

delas.

3. DESTINATARIOS DA ACCAO

Modalidade: Oficina de Formacéao

3.1. Equipa que propde (caso dos Projectos e Circulos de Estudos) (Art. 12°-3 RIFCP) (Art.33° c) RJFCP)
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3.1.1 Numero de proponentes: 3
3.1.2 Escola(s) a que pertence(m):
3.1.3 Ciclos/Grupos de docéncia a que pertencem os proponentes:

3.2. Destinatarios da modalidade: (caso de Estagio ou Oficina de Formag&o)
Professores bibliotecarios

4. EFEITOS A PRODUZIR: MUDANCA DE PRATICAS, PROCEDIMENTOS OU
MATERIAIS
DIDACTICOS

1. Estimular o uso de estratégias pedagogicas e metodologias inovadoras,
capazes de contribuirem para o0 sucesso escolar, integrando as
potencialidades da biblioteca escolar.

2. Sensibilizar os educadores e professores para a importancia da algoritmia e
programacao

3. Formar os educadores e professores nos conceitos fundamentais de
algoritmia e programacéao e na utilizacdo de ferramntas pedagdgicas nessa
area

4. Valorizar a biblioteca escolar como espaco de partilha de recursos e
equipamentos no ambito da algoritmia e programacéao

5. Produzir recursos educativos relacionados com a algoritmia e programacao,

potenciadores de novas situagdes de aprendizagem.
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5. CONTEUDOS DA ACCAO (Préticas Pedagdgicas e Didacticas em exclusivo, quando a acgao

de formacédo decorre na modalidade de Estagio ou Oficina de Formacao)

12 Sessao: Conceitos fundamentais de algoritmia e programacao (3 horas)
e Apresentacdo dos formandos. Conteudos, metodologia e avaliacdo dos
formandos. Familiarizacdo com a plataforma digital.
e O que é a algoritmia? O que € a programacao

e A plataforma Snap!

22 Sessdo: Primeiros passos em algoritmia e programacao (3 horas)
e Instrucdes e blocos de cédigo
e Sequenciacado de instrucdes e blocos de cddigo
e Tipos de dados
e Variaveis e constantes, operadores

¢ Elementos de media: sprites, desenhos e sons

32 Sessdo: Controle de execugéao de algoritmos (3 horas)
e Instrucgdes condicionais
e Eventos e estados de jogo

e Instrucdes de ciclo

42 Sessdao: Codificacédo de instru¢cdes mais complexas (3 horas)
e Operadores logicos em instrucdes
e Manipulagao de strings
e Valores aleatorios

e Input de dados

52 Sessdo: Construcdo avancada de programas (3 horas)
e Modularizagéo do codigo
e Concecao de programas complexos

e Avaliacdo da acéo
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6. METODOLOGIAS DE REALIZACAO DA ACCAO

6.1. Passos Metodol6gicos

A oficina de formag&o Formar leitores com o apoio da biblioteca escolar tera a
duracédo de 15 horas, em regime presencial, e 15 horas de trabalho individual,
realizadas de forma intercalada.

O trabalho autonomo desenvolve-se do seguinte modo:

12 Sessao: Conceitos fundamentais de algoritmia e programacao (3 horas)
e Utilizacdo da plataforma Snap! para a realizacdo de dois exercicios

tutoriais

22 Sessédo: Primeiros passos em algoritmia e programacao (3 horas)
e Utilizacdo da plataforma Snap! para a realizacdo de trés exercicios

tutoriais

32 Sessdo: Controle de execucéo de algoritmos (3 horas)
e Utilizacdo da plataforma Snap! para a realizagdo de trés exercicios

tutoriais

42 Sessdao: Codificagédo de instrugcdes mais complexas (3 horas)
o Utilizacdo da plataforma Snap! para a realizacdo de trés exercicios

tutoriais

52 Sessédo: Construgdo avancada de programas (3 horas)

e Utilizac&o da plataforma Snap! para a realizagédo de um projeto tutorial
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6.2. Calendarizacéo

6.2.1. Periodo de realizacdo da acc¢ao durante 0 mesmo ano escolar:

Entre os meses de: e

6.2.2. Numero de sessbdes previstas por més:

6.2.3. Numero de horas previstas por cada tipo de sessodes:

Sessdes presenciais conjuntas:
Sessoes de trabalho autbnomo:

7. APROVACAO DO ORGAO DE GESTAO E ADMINISTRACAO DA ESCOLA:

(Caso da Modalidade do Projecto) (Art. 7°, RIFCP)

Data: I Cargo:

Assinatura:

8. CONSULTOR CIENTIFICO-PEDAGOOGICO OU ESPECIALISTA NA MATERIA

(Art.25°-A,2 ) RIFCO)
Nome:
(Modalidade de Projecto e Circulo de Estudos) delegacdo de competéncias do Conselho Cientifico-

Pedagdgico da
Formacao Continua (Art. 37° f) RIFCP

) N.° de acreditacdo do
Sim N&o /
consultor
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9. REGIME DE AVALIAGAO DOS FORMANDOS
A avaliacdo serd expressa nos termos dos numeros 5 e 6 do artigo 4.°, do
Despacho n.° 4595/2015, tendo em consideracéo todos os dispositivos legais da
avaliacao continua.
1. Participacao/contributo nas sessoes: 40%
e Dinamica da participacéo e qualidade das intervencdes — 20%
e Competéncias e capacidades (rigor cientifico, coeréncia, pertinéncia, ...) —
20%
2. Trabalho de aplicacéo dos conteudos: 60%
¢ Qualidade do trabalho - 20%
e Relevancia pedagdgica para a pratica - 20%
e Reflexao critica - 20%
10. FORMA DE AVALIACAO DA ACCAO

e Relatério dos formadores
e Questionarios de avaliagao preenchidos online pelos formandos

e Questionario de avaliagao preenchido online pelos formadores

11. BIBLIOGRAFIA FUNDAMENTAL

e Guides e videos de apoio fornecidos pelos formadores

e Bem-vindo ao Snap! (https://snap.berkeley.edu/)

e Manual de Referéncia Snap!
(https://snap.berkeley.edu/snap/help/SnapManual.pdf)

e HobbyPress (2017). Introduction to Block Based Programming with
Snap: 2017 Edition, Paperback — Large Print

e Abhay B Joshi (2018). Learn CS Concepts with Snap!: Create exciting
games and interactive animation in Snap! and learn computer science
principles, Independently published, ISBN-13 : 978-1728921716
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EXECUTIVE SUMMARY

The report describes the validation phase of testing the C4G approach in Slovenia,
presents the evaluation tools used and the results obtained by students, teachers and
external experts. The method of test implementation and data collection is described. The
results were obtained in the one-week winter school, one course and two workshops. The
analysis is quantitative and qualitative and shows the suitability of the developed C4G
approach for learning programming through designing games.

The implementation of the C4G approach in Slovenia took place from February to
August 2020 as a one-week winter school, one course and two workshops. Due to the
pandemic COVID -19 the course was moved to the virtual classroom. All other activities took
place in the classroom.

Teachers (Nt=5) from the UL project team participated in the validation study and
organized game-based learning activities with primary school students (Ns=50). Activities
from CAG learning scenarios were used in the testing. The initial lessons were guided, and
later students worked individually or in pairs using prepared instructions for students, with
teacher assistance and further explanation of individual programming concepts if necessary.
The prepared instructions were also given to the students in the virtual classroom, they could
write questions in the forum or ask the teacher "live" via video conference.

Data were collected using prepared tools developed within the C4G project. Students
and teachers gave their opinions and observations, and an external expert was also involved
in the testing (Ne=1).

The results were very positive and indicate that the game-based C4G methodology
with learning by designing games was well accepted by the students. They were very
motivated to solve the tasks and had a lot of fun doing them. They enjoyed learning
programming concepts, collaborating with their classmates, and exploring the Snap!
environment. They tried to solve the activities individually and also improved their games.
Teachers and external expert also see the approach as an appropriate way to learn
programming for students ages 10 to 16. During implementation, we found that some
activities were too easy for some students, so we added additional tasks to each activity and

left the possibility to upgrade them at their own will.

246



(& CODINGAGIRLS ISPl Co-funded by the
2018-1-S101-KA201-047013 LIy E{?ﬁygﬁ;i;‘;ﬂﬂ{gﬁ

IMPLEMENTATION

Data collection tools

The validation of the C4G approach used all data collection tools provided in the C4G
validation strategy:
e S1-—Preliminary questionnaire (for students)
e S2 —Follow-up questionnaire (for students)
e S3-—Student’s comments
e T1-Teacher’s observations
e T2 -Teacher’'s comments
e E—Expert’scomments
First, all questionnaires were made and distributed to participants as Word
documents, and later we used Google Forms for questionnaires S1 and S2 for students.
Initially, all questionnaires were prepared as Word documents and distributed to

participants, later Google Forms for S1 and S2 questionnaires for students was used.

Materials

Learning scenarios and instructions for students were used during the
implementation. A 3D platform with elements of gamification was not used because too few
hours were available for testing.

The following scenarios were used in the testing:

Introduction to Snap! interface
Time to bring your sprite to life
Moving around the stage

Changing costumes and turning

1

2

3

4

5. Sounds of the farm
6 Chameleon’s summer vacation

7 Helping Prince and Princess to find their animals
8 Drawing with a chalk

9 Picking up trash and cleaning the park

10. Feeding the cats
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11. Guessing the number of cats in a shelter
12. Catching healthy food

13. Storytelling

14. Catch the mouse

15. Buying food for a picnic

16. Recycling

17. Play a piano 2

With selected activities, students learn all the basic programming concepts (loops,
conditionals, variables, statements, operators, events, parallelism). With initial, simpler
activities, students learned one programming concept, and in more challenging activities,
multiple programming concepts were linked together. All scenarios and instructions for the
students were translated into Slovenian before implementation.

Additional instructions (instructions for students) were prepared additionally,
because after the first lesson in the course (the course was held once a week) we found that

the students need some guidance to work individually.

Setup model and procedure

For the purpose of testing the CAG approach, a one-week winter school was organized,
which took place during the school holidays in Ljubljana in February 2020. The winter school
was attended only by girls aged between 10 and 14 years. The initial lessons were guided,
after which the students solved the tasks individually or in pairs with the help of the
instructions for the students. In case of problems they turned to the teachers. At the
beginning of the winter school, students answered the preliminary questionnaire (S1), and at
the end, students answered the follow-up questionnaire (S2). In order to compare the pretest
and posttest results, students wrote a code on the questionnaires. We also collected their
responses orally (S3), where they responded to our additional questions. The teachers
reported on the students' participation and engagement and their learning difficulties during
the implementation (T1) and on the accomplishment of the learning objectives, the relevance
and effectiveness of the game-based learning, the acceptance of the proposed methodology,

the fun achieved and the overall organization of the implementation (T2). The external expert
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also gave her qualitative opinion regarding the accomplishment of the learning objectives,
the relevance and effectiveness of the game-based learning, the acceptance of the proposed
methodology, the fun achieved and the overall organization of the implementation (E).

The course started at the beginning of February 2020 in the primary school in Ljubljana
and was moved to the virtual classroom in mid-March due to the pandemic COVID -19. The
course was held once a week for two school hours. It was attended by students aged 10 to 14
years, who gave their answers through the S1 and S2 questionnaires.

In June and August, two one-day workshops were organized in Nova Gorica, attended
by students aged 11 to 14 years who also gave their answers through the S1 and S2

questionnaires.

Figure 48 Testing in winter school
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Participants

The project team at UL consists of researchers and teachers (Npr=5) in the field of
game-based learning, programming, and didactics of informatics. The whole team was
actively involved in the preparation and evaluation of the activities.

The C4G approach for building programming skills was used in a one-week winter
school, a course and two workshops. All testing was conducted by the UL project team. A total
of 50 students aged 10 to 14 (4™ to 9t grade of primary school) participated in the tests.
Computer science is an elective subject in all classes. Table 43 shows the number of students-
participants in the study by age/grade. Most of the students were from the 6™ grade (Figure
49).

Table 43 Number of students by age/grade

Years of age | Grade Number of students
10 4 1
10-11 5 2
11-12 6 20
12-13 7 8
13-14 8 15
14 9 4
Total 50

Number of students

9th grade
8th grade

7th grade

/"
|
6h grade | ——
Sthgrade NN

[

4th grade

Figure 49 Number of students by grade
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One external expert (Ng=1) was selected for the validation activities because of her

expertise. She works as an executive director and conducts various programming workshops

for primary school students.
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Results of questionnaires for students

Students solved two questionnaires:

At Co-funded by the
P Crasmus+ Programme
* X of the European Union
RESULTS

1. Preliminary questionnaire about digital device use and programming experience,

and experience in programming, and

2. Follow-up questionnaire about satisfaction with the C4G learning methodology

and the implementation of activities to acquire programming and coding skills.

In both questionnaires, students self-assessed their current level of programming

skills. The results were later compared based on the students' codes.

The preliminary questionnaire was solved by 50 students (100%), while the follow-up

questionnaire was solved by 43 students (86%). Self-assessment results were compared for

students who solved both questionnaires - 43 students (86%).

S1 - Preliminary questionnaire

A total of 50 students solved the preliminary questionnaire about the use of digital

devices and perceived level of programming. The average age of the students was 12.38 years

(SD =1.260). Table 44 shows the number of students who solved S1 by gender and grade level.

Slightly more girls (54%) responded to the questionnaire than boys (46%) (Figure 50).

Table 44 Number of students who solved S1 - Preliminary questionnaire by gender and grade

4th grade | 5th grade | 6th grade | 7th grade | 8th grade | 9th grade Total
Boys 1 0 5 2 12 3 23
Girls 0 2 15 6 3 1 27
Total 1 2 20 8 15 4 50
Response rate 100% 100% 100% 100% 100% 100% 100%
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Oth grade |pm
8th grade | ————
7th grade |——
6th grade  |————————
5th grade m—————
4th grade
0 2 4 6 8 10 12 14

Total M Girls ®Boys

16

18

20

Figure 50 Distribution of students who solved S1 - Preliminary questionnaire by gender and grade

Table 45 shows the descriptive statistical analysis of the participants' responses to the

guestions related to the use of digital devices, internet and video games.

The standard deviation shows large deviations from the mean for some questions.

Comparison of the overall mean scores by gender (Figure 51) shows that girls and boys have

been using digital devices for about the same length of time, similarly is with the average

hours spent using digital devices and the Internet per week. There is a slightly bigger

difference when it comes to playing video games, as boys spend an average of 13 hours per

week playing video games, while girls spend only 3 hours.

Table 45 The use of digital devices, the internet and video-games by gender

Question N | Min | Max | Mean | SD
1 For how | h b . ; tablet Boys | 23 1 9 591 | 2.31
. o.r . ow or'lg a.ve you been using computers, tablets or ="~ 10 533 | 285
other digital devices (in years)?
Total |50 | 1 10 5.60 | 2.61
5 H h Kd ter. tablet Boys [ 23| 0.5 | 84 | 19.89 | 23.6
. ow _m.any oyrs per week do you use a computer, tablet ="~ 105 | 1817 | 21.67
or other digital device?
Total | 50 | 0.5 | 105 | 18.96 | 22.36
Boys [ 23| O 84 | 18.08 | 24.38
3.  How many hours per week do you use the Internet? Girls [ 27| O 105 | 13.65 | 22.48
Total | 50 | O 105 | 15.69 | 23.24
4. How many hours per week do you play video games? Boys | 23 0 84 | 13.09 | 19.58
Girls [ 27| O 21 3.07 | 4.94
Total | 50 | O 84 7.68 | 14.51
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Figure 51 The use of digital devices, the internet and video-games — comparison by gender
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Comparing the results by gender (Table 46), we can see that students in the upper

grades (7™ to 9™ grade) have been using digital devices for more years, which is to be

expected. When asked about the number of hours per week spent using digital devices and

the Internet, we see a large variation in the standard deviation, which is due to the fact that

some students answered with high values (84 hours per week by boys and 105 by girls, as can

be seen in Table 45). It is also interesting to note that 8" graders spend fewer hours behind

digital devices than 7t graders and most 9™ graders, as expected. The standard deviation is

also high for playing video games, which is also due to the high value entered by boys - 84

hours per week (Table 45).

Table 46 The use of digital devices, the internet and video-games by grade and gender

Question 4th 5th 6th 7th 8th 9th
grade | grade | grade | grade | grade | grade
1. For how long have you been using [ Boys | 5.00 | 0.00 5.2 6.0 6.17 6.33
computers. tablets or other digital devices (in | Girls | 0.00 2.75 5.00 6.25 6.67 6.00
years)? Total | 5.00 2.75 5.05 6.19 6.27 6.25
Boys 9.00 0.00 8.20 11.0 23.5 34.50
2. How many hours per week do you use a "\ 770 00 | 505 | 21.80 | 8.47 | 23.33 | 40.00
computer. tablet or other digital device?
Total | 9.00 2.25 18.40 8.88 23.47 | 35.88
3. How many hours per week do you use the | Boys | 4.00 | 0.00 2.68 2.5 24.28 | 34.00
Internet? Girls 0.00 0.75 14.17 7.42 23.33 | 40.00
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Total | 4.00 | 0.75 | 11.30 | 6.19 | 24.09 | 35.50
Boys | 5.00 | 0.00 8.0 3.50 | 15.67 | 20.33
Girls | 0.00 | 1.25 2.43 2.27 | 10.33 0.00
Total | 5.00 | 1.25 3.83 2.50 | 14.60 | 15.25

4. How many hours per week do you play
video games?

The participants (N=50, 27 girls and 23 boys) answered a question about their
programming skills, choosing the appropriate statement on a 5-point scale. The results are
presented in Table 47. For both girls (37.04%) and boys (43.48%), the most common response
was 2 - | can code simple programs, and none of the respondents rated their knowledge with

the highest score.

Table 47 Self-assessment of programming skills by gender

Level of programming skills Boys Girls Total
0 - I have never coded or programmed before 13.04% | 29.63% | 22.00%
1-1am a novice programmer (just have basic ideas) 30.43% | 25.93% | 28.00%
2 - | can code simple programs 43.48% | 37.04% | 40.00%
3 -1 am fluent in programming (can create a full program) 13.04% | 7.41% | 10.00%
4 - | can design a solution of a problem in the form of a program | 0.00% | 0.00% | 0.00%

Self-assessment of programming skills

4 - | can design a solution of a problem in the form of a
program

3 -l am fluent in programming (can create a full
program)

2 - | can code simple programs

1-1am a novice programmer (just have basic ideas)

0 - | have never coded or programmed before

0% 5% 10% 15% 20% 25% 30% 35% 40% 45%

Total M Girls M Boys

Figure 52 Self-assessment of programming skills — comparison by gender

The analysis by grades (Table 48) shows that the largest number of students who have

never coded ( level 0) is from 5th grade and not 4th, but it is worth highlighting that there
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were only 3 students in both grades combined. It is also interesting to note that 7th graders

rated themselves the highest on the scale (level 3, as there were no responses at level 4).

Table 48 Self-assessment of programming skills by grade and gender

4th 5th 6th 7th 8th 9th

Level of programming skills grade grade grade grade grade grade

Boys 0.00% 0.00% 0.00% 0.00% 25.00% 0.00%

0 - | have never coded or

Girls 0.00% 50.00% | 26.67% | 33.33% | 33.33% 0.00%
programmed before

Total 0.00% 50.00% | 20.00% | 25.00% | 26.67% 0.00%

Boys 0.00% 0.00% 40.00% | 50.00% | 33.33% 0.00%

1-1ama novice programmer Girls 0.00% | 50.00% | 20.00% | 16.67% | 33.33% | 100.00%

(just have basic ideas)
Total 0.00% 50.00% | 25.00% | 25.00% | 33.33% | 25.00%

100.00

Boys % 0.00% 0.00% 50.00% | 41.67% | 100.00%
()
2 - | can code simple programs Girls 0.00% 0.00% 53.33% | 16.67% | 33.33% 0.00%
Total 100.00 0.00% 40.00% | 25.00% | 40.00% | 75.00%

%

Boys 0.00% 0.00% 60.00% 0.00% 0.00% 0.00%

3-1am fluent i i )
am Tiuent In programming Girls 0.00% | 0.00% | 0.00% | 33.33% | 0.00% | 0,00%

(can create a full program)
Total 0.00% 0.00% 15.00% | 25.00% 0,00% 0.00%

. . Boys 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
4 - | can design a solution of a

problem in the form of a Girls 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

program Total | 0.00% | 0.00% | 0.00% | 0.00% | 0.00% | 0.00%

The participants also stated which programming concepts they were familiar with. The
results (Table 49) show that students are most familiar with variables (42.00%) and loops
(38.00%) and least familiar with parallelism (4.00%). According to the results (Figure 53), there
is not much difference in familiarity with programming concepts between genders except for
the concept conditionals where 39.13% of boys stated that they are familiar with this concept

while only 11.11% of girls stated the same.

Table 49 Familiarity with the programming concepts

Concept Boys Girls Total

Loops 43.48% 33.33% 38.00%
Conditionals 39.13% 11.11% 24.00%
Variables 39.13% 44.44% 42.00%
Statements (sounds, movement, looks, drawing) | 34.78% 29.63% 32.00%
Operators 17.39% 18.52% 18.00%
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Comparison of the results (Table 21)% shows that 7t (50.00%), 8™ (46.67%) and 9t

(75%) graders are most familiar with loops, while 6" graders are most familiar with variables

(50%).

Table 50 Familiarity with the programming concepts by grade and gender

Concept 4th grade | 5th grade | 6th grade | 7th grade | 8th grade | 9th grade
Boys | 100.00% 0.00% 0.00% 50.00% 41.7% 100.00%
Loops Girls 0.00% 50.00% 20.00% 50.00% 66.67% 0.00%
Total | 100.00% 50.00% 15.00% 50.00% 46.67% 75.00%
Boys | 100.00% 0.00% 20.00% 0.00% 33.33% 100.00%
Conditionals Girls 0.00% 0.00% 0.00% 33.33% 33.33% 0.00%
Total | 100.00% 0.00% 5.00% 25.00% 33.33% 75.00%
Boys | 100,00% 0.00% 60.00% 0.00% 33.33% 33.33%
Variables Girls 0.00% 0.00% 46.67% 33.33% 66.67% 100.00%
Total | 100.00% 0.00% 50.00% 25.00% 40.00% 50.00%

8 For the same reason as in Table 48 we took into account only results from 6% to 9t grade.

257



C CODINGA4GIRLS

2018-1-S101-KA201-047013

o Co-funded by the

*t
* *
Erasmus+ Programme
*

of the European Union

Statements (sounds, Boys | 100.00% 0.00% 40.00% 0.00% 33.33% 33.33%
movement, looks, Girls 0.00% 0.00% 26.67% 50.00% 33.33% 0.00%
drawing) Total | 100.00% 0.00% 30.00% 37.50% 33.33% 25.00%
Boys 0.00% 0.00% 60.00% 0.00% 8.33% 0.00%
Operators Girls 0.00% 0.00% 20.00% 16.67% 33.33% 0.00%
Total 0.00% 0.00% 30.00% 12.50% 13.33% 0.00%
Boys | 100.00% 0.00% 80.00% 0.00% 33.33% 0.00%
Events Girls 0.00% 0.00% 26.67% 50.00% 66.67% 0.00%
Total | 100.00% 0.00% 40.00% 37.50% 40.00% 0.00%
Boys 0.00% 0.00% 0.00% 0.00% 8.33% 0.00%
Parallelism Girls 0.00% 0.00% 6.67% 0.00% 0.00% 0.00%
Total 0.00% 0.00% 5.00% 0.00% 6.67% 0.00%

The results show that 9™ graders are most familiar with loops, conditionals and

variables, 8™ and 6™ graders with events, 7™ graders with statements and 6" graders with

operators.

Table 51 shows participants' responses regarding their motivation for learning

programming, where they had to select one or more answers. Most students enjoy solving

logic problems and puzzles (44.00%). This was also the main motivating factor for girls

(48.15%), while 39.13% of boys agreed. The main motivating factor for boys was that they

want to follow a career in programming (43.48%), while only 14.81% of girls agreed with

them.

Table 51 Motivation for learning programming

Response Boys Girls Total
I’'m not motivated 0.00% 3.70% 2.00%
| want to succeed in the programming 34.78% 33.33% 34.00%
class

| want to show other students | can 13.04% 3.70% 8.00%
program

| want to follow a career in programming 43.48% 14.81% 28.00%
| enjoy solving logic problems and puzzles 39.13% 48.15% 44.00%
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Motivation for learning programming

| enjoy solving logic problems and puzzles

| want to follow a career in programming

| want to show other students | can program

I’'m not motivated

0% 5% 10% 15% 20% 25% 30% 35% 40% 45% 50%

Total M Girls M Boys

Figure 54 Motivation for learning programming — Comparison by gender

Comparison by grade (Table 52) show that 9t" graders enjoy solving logic problems
and puzzles the most, 8™ graders want to follow a career in programming, while 6™ and 7t

graders want to succeed in programming class and also enjoy solving logic problems and

puzzles.

Table 52 Motivation for learning programming by grade and gender

Statement 4th grade | 5th grade | 6th grade | 7th grade | 8th grade | 9th grade
Boys | 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
I’m not motivated Girls 0.00% 0.00% 0.00% 16.67% 0.00% 0.00%
Total | 0.00% 0.00% 0.00% | 12.50% | 0.00% 0.00%
wantt Ginhe |[BOYS | 0.00% 0.00% | 40.00% | 100,00% | 33.33% | 0.00%
‘r";a':ar:;?rfcecfas;” © |Girls | 0.00% | 50.00% | 40.00% | 33.33% | 0.00% 0.00%
prog & Total | 0.00% | 50.00% | 40.00% | 50.00% | 26.67% | 0.00%
want to show ofh Boys | 0.00% 0.00% | 60.00% | 0.00% 0.00% 0.00%
wantto show other Girls | 0.00% 0.00% 0.00% | 16.67% | 0.00% 0.00%
students | can program
Total | 0.00% 0.00% | 15.00% | 12.50% | 0.00% 0.00%
wantto foll Boys | 0.00% 0.00% | 40.00% | 000% | 5833% | 33.33%
inwarr:) rc;r:m?:’ acareer I"Girls | 0.00% 0.00% 6.67% | 16.67% | 66.67% | 0.00%
prog & Total | 0.00% | 0.00% | 15.00% | 12.50% | 60.00% | 25.00%
| eniow solvin logi Boys | 100.00% | 0.00% | 60.00% | 000% | 16.67% | 100.00%
‘:gijzni‘: Z':j ‘:gz'zcles Girls | 0.00% | 50.00% | 46.67% | 66.67% | 33.33% | 0.00%
P P Total | 100.00% | 50.00% | 50.00% | 50.00% | 20.00% | 75.00%
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Participants also had the opportunity to write what else motivates them to learn

programming. They stated: “/ like programming because it is fun”, “Programming relaxes me”,

“ want to design my own game”, “I want to see if this profession is right for me”.

52 — Follow-up questionnaire

A total of 43 students solved the follow-up questionnaire about satisfaction with
programming and coding activities, satisfaction with the organization of the implementation,
and perception on the acquired coding skills. The mean age of students was 12.49 years
(SD=1.222). Table 53 shows the number of students who solved the S2 questionnaire by
gender and grades. The number of girls and boys who solved the questionnaire is about the
same in overall, but there are big differences by each grade, as can be seen in Table 53 and

Figure 55.

Table 53 Number of students who solved S2 - Follow-up questionnaire by gender and grades

5th grade | 6th grade | 7th grade | 8th grade | 9th grade Total
Boys 0 4 2 12 3 21
Girls 1 14 5 2 0 22
Total 1 18 7 14 3 43
Response rate 50% 90% 86% 93% 75% 86%

S2 - Participants

9th grade
8th grade _
7th grade F
6th grade —
5th grade N
0 2 4 6 10 12 14 16 18

Total M Girls ®Boys

Figure 55 Distribution of students who solved S2 - Follow-up questionnaire by gender and grades
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In the follow-up questionnaire, participants expressed their attitudes towards the C4G

learning methodology and the implementation of the activities using the 5-point Likert scale

(1 - strongly disagree, 2 - disagree, 3 - neutral, 4 - agree, 5 - strongly agree). According to the

results (Table 8), both girls and boys enjoyed programming (mean response 4.58), felt

engaged with this type of learning (4.35), and indicated that this type of learning was fun

(4.30).

Table 54 Satisfaction with C4G learning methodology

Statement 1 2 3 4 5 AVG | SD
1. |found Boys | 9.52% | 9.52% | 19.05% | 47.62% | 14.29% | 3.48 | 1.17
programming Girls | 4.55% | 22.73% | 13.64% | 31.82% | 27.27% | 3.55 | 1.26
challenging.

Total | 6.98% | 16.28% | 16.28% | 39.53% | 20.93% | 3.51 | 1.20
2. |found Boys | 0.00% | 0.00% | 4.76% | 61.90% | 33.33% | 4.29 | 0.56
programming Girls | 0.00% | 0.00% 9.09% | 72.73% | 18.18% | 4.09 | 0.53
motivating.

Total | 0.00% | 0.00% | 6.98% | 67.44% | 25.58% | 4.19 | 0.55
3. Ifound Boys | 0.00% | 9.52% | 33.33% | 47.62% | 9.52% | 3.57 | 0.81
programming Girls | 0.00% | 9.52% | 42.86% | 38.10% | 9.52% | 3.48 | 0.80
easy.

Total | 0.00% | 9.52% | 38.10% | 42.86% | 9.52% | 3.52 | 0.80
4, | Boys | 0.00% | 0.00% | 4.76% | 28.57% | 66.67% | 4.62 | 0.59
enjoyed Girls | 0.00% | 0.00% | 4.55% | 36.36% | 59.09% | 4.55 | 0.60
programming.

Total | 0.00% | 0.00% | 4.65% | 32.56% | 62.79% | 4.58 | 0.59
5. 1 Boys | 0.00% | 4.76% | 14.29% | 33.33% | 47.62% | 4.24 | 0.89
understood Girls | 0.00% | 0.00% | 27.27% | 40.91% | 31.82% | 4.05 | 0.79
most of
programming
concepts. Total | 0.00% | 2.33% | 20.93% | 37.21% | 47.62% | 4.14 | 0.60
6. Learning | Boys | 0.00% | 4.76% | 14.29% | 33.33% | 47.62% | 4.24 | 0.60
this way is fun. | Girls | 0.00% | 0.00% | 9.09% | 45.45% | 45.45% | 4.36 | 0.66

Total | 0.00% | 2.33% | 11.63% | 39.53% | 46.51% | 4.30 | 0.62
7. Ifelt Boys | 0.00% | 0.00% | 4.76% | 52.38% | 42.86% | 4.38 | 0.59
engaged with Girls | 0.00% | 0.00% 9.09% | 50.00% | 40.91% | 4.32 | 0.65
this way of
learning.

Total | 0.00% | 0.00% | 6.98% | 51.16% | 41.86% | 4.35 | 0.61
8. The Boys | 0.00% | 0.00% | 14.29% | 28.57% | 57.14% | 4.43 | 0.75
activities were Girls | 0.00% | 0.00% | 18.18% | 45.45% | 36.36% | 4.18 | 0.73

261



C

CODINGA4GIRLS
2018-1-S101-KA201-047013

o Co-funded by the

x %
* *
*

* *

* ok

relevant to
learn. Total | 0.00% | 0.00% | 16.28% | 37.21% | 46.51% | 4.30 | 0.74
9. Atany Boys | 0.00% | 4.76% | 33.33% | 47.62% | 14.29% | 3.71 | 0.78
time, it was Girls | 0.00% | 9.09% | 40.91% | 45.45% | 4.55% | 3.45 | 0.74
clear what | had
to do.
Total | 0.00% | 6.98% | 37.21% | 46.51% | 9.30% | 3.58 | 0.76
10. What | Boys | 0.00% | 0.00% 9.52% | 42.86% | 47.62% | 4.38 | 0.67
learned will be Girls | 0.00% | 9.09% | 22.73% | 45.45% | 22.73% | 3.82 | 0.91
relevant for my
future.
Total | 0.00% | 4.65% | 16.28% | 44.19% | 34.88% | 4.09 | 0.84

* Erasmus+ Programme
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Participants again self-assessed their programming skills on a scale from 0 - | have

never coded or programmed before to 4 - | can design a solution of a problem in the form of

a program. A total of 43 students (22 girls and 21 boys) completed the preliminary and the

follow-up questionnaire so their self-assessment results were compared. Table 55 shows the

difference on their initial and final level of programming skills. 75% of students reported that

they had made progress, most of them (49%) for 1 level and 27% of them for 2 levels, while

26% of students remained at the same level. A comparison by gender shows that girls made

more than boys (8% more girls have progressed for 1 level and 3% for 2 levels), while 15%

more boys remained at the same level. None of the students indicated that they had

regressed in their programming skills.

Table 55 - The difference between the self-assessed levels of programming skill

Difference
0 1 2
Boys 33% 43% 24%
Girls 18% 55% 27%
Total 26% 49% 26%
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A Wilcoxon’s signed rank test for paired samples with Exact test showed that students
self-assessed their programming skill significantly higher after the C4G activities compared to

self-assessment before the CA4G activities (Table 56).

The effect size is calculated with formula r=in , Where Z is z- statistics obtained from

Wilcoxon signed rank test (SPSS), n is number of observations. The results show large effect

size overall and by gender.

Table 56 Comparison of self-assessment of programming skill

Descriptive statistics Wilcoxon’s signed rank test results
N MIN | MAX | MEAN SD Z p Effect size
Boys 2; ;i (1) i ;:g: g;i 3,416 | .000 (exact sig. 0,000) | -0,74543
Girls 2; ;; (1’ j ;g; :;zé -3,874 | .000 (exact sig. 0,000) | -0,82594
Total :; :: (1) Z ;:: :32; -5.138 | .000 (exact sig. 0,000) 078354
Students’ comments

Students in their comments stated that they liked this way of learning a lot and that it
was really fun and interesting. They enjoyed in designing games and found gathered
knowledge very useful. Learning by designing games was fun, interesting and “much more fun
than traditional learning”.

The students liked the methodology and most would not change anything. Some said

it would be fun if they could choose a theme for the game by themselves.

Teachers’ observations and comments

After the implementation, the teachers presented their observations and comments

in a qualitative way through open-ended questions.

Teachers’ observations
Using the T1 form teachers (NT=5) reported on students’ participation and

engagement and their learning difficulties during the implementation.
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All teacher stated that students were actively involved in the activities. They were
motivated for work, discuss, collaborate and help each other while participating in the
activities. They had a lot of fun developing games. Some students which had some previous
experience in programming were more independent and often did even more than excepted.
They were all motivated to learn new functionalities to implement them in the game. They
also enjoyed playing the finished games and participating in them.

Novice programmers with no previous experience needed more support in the
beginning, but with some assistance and hints from teachers, they were able to quickly start
programming and experimenting in the Snap environment. Other problems at the beginning
were mostly due to not listening to the teacher and not reading the instructions on the
worksheets. In both cases, they felt comfortable asking for support when they could not solve
the situation with their colleagues or on their own.

Students were very interested and motivated to learn programming. They enjoyed
programming their games. The first lessons (1-4) were not so interesting for the students who
already knew Scratch, but later, when they started creating real games, they said it was

awesome and really interesting.

Teachers’ comments

Using the T2 form, teachers (N7=5) reported on accomplishment of learning
objectives, relevance and effectiveness of game-based learning, acceptance of the proposed
methodology, achieved fun, and the overall organization of the implementation.

In a 5-day winter school students achieved all the objectives that were planned for
course: Adding a new sprite, adding a costume to a sprite and edit it, Adding a new
background and edit it, Moving a sprite, Making sprite say something, Using loop repeat,
Changing sprite’s costume, Adding sound, Using events, Using if sentence, Drawing, Changing
background, Using variables, Random numbers, String concatenation Operators, Input, and
Broadcast.

All teachers indicated that the working methods and materials were well prepared. It
was found that the learning approach had a great influence on the motivation of the students

and therefore on the competences achieved. As they were designing a game, they were able
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to consider the concepts in the appropriate context. They were motivated to improve the
original game by adding functionalities that went beyond the expected skill level simply
because they wanted to make their game better and have more fun playing it. Suddenly,
relatively complex concepts were no longer difficult to understand, and that is the biggest
benefit of this approach. Specific adaptations of teaching materials and working methods for
girls also proved successful.

The students accepted and enjoyed working with the proposed methodology. They
were very engaged, focused and motivated. They love playing games and this approach gave
them the opportunity to design their own simple game. The relatively complex learning
content of programming, which is often perceived as difficult and boring, was presented in a
fun and meaningful way that the students enjoyed.

Students enjoyed active learning and collaborating with their peers and had fun. Most
importantly, even though they had fun, they achieved great results and learned many new
concepts.

The organization of the implementation was carefully prepared. The complexity of the
learning content and programming tasks in the course gradually increases so that students
can effectively progress in the learning process. The games they program become more and
more interesting and present a real challenge for students who spend most of their time in

the zone of proximal development.

Teachers’ and students’ comments on the appropriateness of prepared learning materials
for girls

At our multiplier event we asked teachers (Ntme=9) and students (Nsme=4) about the
appropriateness of the prepared scenarios for girls. All agreed that the topics of the prepared

activities in Snap! were appropriate and motivating for girls.

Experts’ comments

External validator - expert (Ne=1) was also asked to give her qualitative opinion

regarding the accomplishment of learning objectives, relevance and effectiveness of game-
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based learning, acceptance of the proposed methodology, achieved fun, and the overall
organization of the implementation.

External expert stated that the implementation offered involving exercises and was
well accepted by the students. Students have learned the basic programming concepts in a
fun way with teachers who were positive and made a great connection with the group.
Majority of the teachers were women (as well as students were all girls in this course) which
is very important for girls, so they could identify with them as their role-models.

External expert noted that the implementation involved exercises and was well
accepted by the students. Students learned basic programming concepts in a fun way with
teachers who were positive and connected well with the group. The majority of the teachers
were women (as the students in this course were all girls), which is very important for girls to
identify with as role models.

Her estimation is that the students very well accepted the proposed methodology,
perhaps even more so the youngest among them. Some of the games they designed could
have been less appealing for the oldest students. She would recommend diversifying the
learning materials for students older than 13 and creating other stories/scenarios for them
where there is less talk about designing games and more focus on solving a problem.

The students definitely enjoyed learning the programming concepts. They were very
often motivated to understand and learn the concepts so they could solve/program the
solutions of the activities. The learning materials are well designed and excellently presented
to the participating students.

The design thinking educational framework is probably the best approach in different
learning situations, especially when you have the opportunity to teach in a learning-by-doing
situation. Using the design thinking approach, important social/cultural/environmental issues
and problems can be observed, discussed and reflected upon in terms of the impact of the
solutions created on their users and society.

This C4G program is a well needed for two reasons: it targets girls who are not typically
encouraged in their socialization to use and explore technology creatively; learning scenarios
that call for solutions to a problem or people or animals in need of help. In this way, they
could be further developed and linked to different subjects and topics from the technical or

social sciences.
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DISCUSSION AND CONCLUSIONS

The results of the preliminary questionnaire (S1) show that girls and boys use digital
devices and the Internet a few hours a day and have experience in them between 5 and 6
years. A greater difference between the genders is shown when it comes to playing video
games, where boys play 2 hours per day while girls only one hour. High values in the use of
digital devices and internet can also be attributed to the pandemic, as responses after the
pandemic are 60% higher in digital device use, 45% higher in internet use, and 43% higher in
playing video games than before. Due to the lower interest of girls in video games, it is even
more important that we motivate them well to play and also to design games, which we
definitely achieved with the C4G approach.

The results show that almost all students are motivated to learn programming, which
is expected of our participants since they all participated in testing in their free time. The girls
are most motivated by solving logic problems and puzzles, while the biggest motivating factor
for the boys is the desire to make a career in programming. This answer showed the largest
gender gap, which isin line with the picture in the world, as only a small percentage of women
are employed in the field of computer science. Therefore, such an approach is recommended
to get girls interested in programming and show them that they too can be successful in the
field of computer science.

In the preliminary questionnaire, most students rated their programming skills as level
1 (they are novice programmers) and level 2 (they can code simple programs). None of the
participants rated their knowledge at the maximum level 4 (they can design a solution of a
problem in the form of a program). The answers are also consistent with the results related
to knowledge of programming concepts, where all concepts were rated quite low (most
students know variables - 42%, followed by loops - 38%, statements - 33%, etc.).

The teachers and an external expert also gave their opinion on the implementation.
All of them agreed that the students learned a lot, were very motivated in their learning and
had a lot of fun. At the online (multiplier) event we also showed the prepared activities to a
wide audience of teachers and students all over Slovenia, who were enthusiastic about the

activities and will be happy to use them in their lessons.
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Comparisons between students' responses regarding their knowledge of
programming skills before and after implementation also show that almost half of the
students (49%) progressed by one level, while just over a quarter (26%) progressed by two
levels or stayed at the same level, and no one regressed.

Similar to the teachers and external expert, the approach was also very well received
by the students. During the implementation there was a sense of collaboration, interest and
motivation among the students to design games, many students also added their own ideas
and were happy to help their classmates.

The C4G methodology has proved very useful and is well received by students aged
10 to 16. Of course, the methodology still leaves room for improvement, such as more
challenging tasks for more able students, adding activities and bringing the tasks even closer

to real-life problems.
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S1. PRELIMINARY QUESTIONNAIRE FOR STUDENTS (in Slovenian)

S1. VPRASALNIK ZA UCENCE pred izvajanjem tecaja

To je zacetni vprasalnik o uporabi digitalnih naprav in izkuSnjami iz programiranja. Raziskava je
izvedena v okviru projekta CODING4GIRLS, katerega namen je uporabiti pristop ucenja z igrami za
spodbujanje razvoja vescin programiranja pri ucencih.

Tvoji odgovori bodo anonimni in bodo uporabljeni le v raziskovalne namene. Hvala za tvoj ¢as in
sodelovanje!

Najprej napisi kodo, ki si jo prejel od ucitelja!

KODA IN SPLOSNE INFORMACUE

Koda: Sola:
Starost: Razred:
Spol: M V4

UPORABA DIGITALNIH NAPRAV, INTERNETA IN VIDEO IGER

22. Koliko let ze uporabljas racunalnik, tablico ali druge digitalne naprave? et
23. Koliko ur na teden uporabljas racunalnik, tablico ali druge digitalne

naprave? ur
24. Koliko ur na teden uporabljas internet? ur
25. Koliko ur na teden igras video igre? ur

IZKUSNJE V PISANJU KODE IN PROGRAMIRANJU

26. Kaksen je tvoj nivo znanja iz programiranja? ObkroZi najbolj primeren odgovor.
ee) Nikoli $e nisem pisal/a kode oz. programiral/a
ff) Sem novinec/ka pri programiranju (imam le osnovne ideje)
gg) Napisati znam preproste programe
hh) Napisati znam zahtevnejsSe programe (znam napisati celoten program)

ii) Znam oblikovati resitev in jo zapisati v obliki programa

27. Ce si se 7e srecal/a s programiranjem, kateri od spodnjih konceptov so ti poznani? ObkroZis
lahko vec odgovorov.

[] Zanke (Loops) [l Spremenljivke (Variables) [l Dogodki (Events)

[] Pogojni stavki (Conditionals) [0 Operatorji (Operators) [] Vzporednost (Parallelism)

[] Ukazi za zvok, premikanje, izgled, risanje (Statements - sounds, movement, looks, drawing)
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28. Kaj te motivira za uenje programiranja? ObkroZis lahko ve odgovorov.
[0 Nisem motiviran/a

Zelim uspeti pri pouku programiranja

Drugim uc¢encem Zelim pokazati, da znam programirati

Zelim si nadaljevati poklicno pot na podro¢ju programiranja

UZivam v reSevanju logicnih problemov in ugank

I O B O B

Drugo
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S2. FOLLOW-UP QUESTIONNAIRE FOR STUDENTS (in Slovenian)

S2. VPRASALNIK ZA UCENCE po konéanem tecaju

To je vprasalnik o zadovoljstvu s C4G ucno metodologijo in izvajanjem aktivnosti za
pridobivanje vesc¢in programiranja in kodiranja.

Tvoji odgovori so anonimni in bodo uporabljeni le v raziskovalne namene. Hvala za tvoj ¢as
in sodelovanje!

Spodaj napisi kodo, ki si jo prejel/a od uditelja (to je ista koda, kot si jo dobil/a na zacetku).

KODA IN SPLOSNE INFORMACIJE

Koda: Sola:
Starost: Razred:
Spol: M Z
C4G UCNA METODOLOGIJA
Niti se
1. Oznadi stopnjo strinjanja za vsako Splohsene ¢ strinjom, - Strinja . Popolno
k o K ) trinjam strinjam se  niti se ne m se ma se
izmed spodnjih trditev: s strinjam strinjam
u) Programiranje mi predstavlja izziv. 1 2 3 4 5
v) Programiranje me motivira. 1 2 3 4 5
w) Programiranje se mi zdi enostavno. 1 2 3 4 5
x) UZival/a sem v programiranju. 1 2 3 4 5
y) Razumel/a sem vecino konceptov 1 5 3 4 .
programiranja.
z) Ucenje na takSen nacin je zabavno. 1 2 3 4 5
aa) Taksen nacin u¢enja me je pritegnil. 1 2 3 4 5
bb) Naloge so bile uporabne. 1 2 3 4 5
cc) Vedno sem vedel/a, kaj moram
) . / ) 1 2 3 4 5
narediti.
dd) Pridobljeno znanje je pomembno za 5 3 A .

mojo prihodnost.

NIVO ZNANJA IZ PROGRAMIRANIJA

2. Kaksen je sedaj tvoj nivo znanja iz programiranja? ObkroZi najustreznejsi odgovor.
ji) Nikoli Se nisem pisal/a kode oz. programiral/a
kk) Sem novinec pri programiranju (imam le osnovne ideje)
Il) Napisati znam preproste programe

mm) Napisati znam zahtevnejSe programe (znam napisati celoten program)

nn)Znam oblikovati resitev in jo zapisati v obliki programa
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S3. STUDENT’S COMMENTS (in Slovenian)

$3. KOMENTARIJI UCENCEV

Prosimo ucitelje, da po izvedbi u¢nih aktivnosti za usvajanje programerskih vescin, ki temelji
na metodi u€enja z izdelavo iger in smo ga razvili v okviru projekta Coding for Girls (C4G),
od ucencev s skupinskim intervjujem pridobite njihova mnenja in komentarje.

Ucence povprasajte o vidikih, ki so navedeni spodaj, in jih vnesite v obrazec.

Hvala za vas cas in sodelovanje!

SPLOSNE INFORMACIJE

Ucitelj: Razred:

Sola: Datum:

SPLOSNA ORGANIZACUA IN DOJEMANJE UCENCEV

Ucence lahko vprasate o celotni izvedbi dela predmeta, njihovem dojemanju pridobljenega
znanja, ucinkovitosti ucenja z igrami, zabavnosti ipd.

Primer:

Kaj si se naucil/a?

Kaksno se ti je zdelo ucenje z izdelavo iger?
Ali je bilo izdelovanje iger zabavno?

UCNE TEZAVE

Ucence vprasajte o i ucnih ali drugih teZavah, s katerimi so se sre¢evali med izvedbo, in o
tem, kaj so storili, ko so naleteli na teZave.

Primer:
Ali si imel/a teZave pri izdelovanju iger?
Kaj si naredil/a,ce si imel/a teZave?

PREDLOGI UCENCEV KAKO 1ZBOLJSATI C4G METODOLOGIJO, ORODIJE IN VSEBINO

Primer:
Imas kaksen predlog, kako bi izboljSal/a taksen nacin ucenja (z igrami)?

Kaj bi dodal/a, kaj bi spremenil/a?

KARKOLI DRUGEGA, KAR SE JIM ZDI POMEMBNO

Primer:
Bi dodal/a kaksno drugo tematiko za igre?

Imas kaksne druge predloge glede izvedbe take oblike ucenja?
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T1. TEACHER’S OBSERVATIONS (in Slovenian)

T1. UCITELJEVA OPAZANJA IN UGOTOVITVE

Med izvedbo uénih ur ste ucitelji opazovali in dokumentirali odzive ter napredek uéencev
pri pridobivanju programerskih ves¢in z uporabo “C4G pristopa uéenja z izdelavo iger”.

Prosimo vas, da navedete svoja opaZzanja glede spodaj navedenih vidikov.
Hvala za vas cas in sodelovanje!

SPLOSNE INFORMACIJE

Ucitelj/ica: Razred:

Sola:

Datum (od-do):

SODELOVANIJE IN VKLJUCENOST UCENCEV

So bili u¢enci med ucno uro aktivni? So sodelovali z uciteljem in med sabo? So se zabavali?
Ipd.

UCNE TEZAVE

Imajo ucenci teZave pri ucenju in / ali z uporabljeno tehnologijo? Ali so vas prosili za pomo¢?
Ipd.

DRUGA OPAZANIJA, KI SE VAM ZDIJO POMEMBNA
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T2. TEACHER’S COMMENTS (in Slovenian)

T2. UCITELJEVI KOMENTARJI

Po izvedbi u€nih ur na osnovi »C4G pristopa za usvajenje programerskih veséin« zbiramo
mnenja in komentarje uciteljev.

Prosimo, da izpolnete vprasalnik in podate svoje mnenje o spodaj navedenih vidikih.
Hvala za vas cas in sodelovanje!

SPLOSNE INFORMACIJE

Ucitelj/ica: Razred:
Sola: Datum:

DOSEGANJE UCNIH CILJEV S STRANI UCENCEV

USTREZNOST IN UCINKOVITOST UCENJA Z UPORABO IGER ZA GRADNJO VESCIN
PROGRAMIRANJA IN SPRECIFIENEGA CODINGA4GIRLS UCNEGA PRISTOPA

SPREJEMANJE PREDLAGANE METODE UCENJA S STRANI UCENCEV

DOSEZENA STOPNJA ZABAVNOSTI PRI UCENCIH
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VASE MINENJE O 1ZVEDBI UCNIH UR

UPORANOST IN SPREJEMANJE PRISTOPA UCENJA S SNOVANJEM IZOBRAZEVALNIH IGER

(povezano s CODINGA4GIRLS pristopom ucenja z izobraZevalnimi igrami, snovalskim
misljenjem)

DRUGO
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E. EXPERT’S COMMENTS (in Slovenian)

E. KOMENTARJI STROKOVNJAKA

Po izvedbi u€nih ur na osnovi »C4G pristopa za usvajenje programerskih veséin« zbiramo
mnenja in komentarje izkusenih uciteljev in strokovnjakov oz. raziskovalcev s podrocja
didaktike.

Prosimo, da izpolnete vprasalnik in podate svoje mnenje o spodaj navedenih vidikih.
Hvala za vas cas in sodelovanje!

SPLOSNE INFORMACIJE

Ime in priimek: PoloZaj:
Datum:

Ustanova:

DOSEGANJE UCNIH CILJEV S STRANI UCENCEV

USTREZNOST IN UCINKOVITOST UCENJA Z UPORABO IGER ZA GRADNJO VESCIN
PROGRAMIRANJA IN SPRECIFIENEGA CODINGA4GIRLS UCNEGA PRISTOPA

SPREJEMANJE PREDLAGANE METODE UCENJA S STRANI UCENCEV

DOSEZENA STOPNJA ZABAVNOSTI PRI UCENCIH
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VASE MINENJE O 1ZVEDBI UCNIH UR

UPORANOST IN SPREJEMANJE PRISTOPA UCENJA S SNOVANJEM IZOBRAZEVALNIH IGER

(povezano s CODINGA4GIRLS pristopom ucenja z izobraZevalnimi igrami, snovalskim
misljenjem)

DRUGO
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NATIONAL REPORT: TURKEY

Disclaimer

The European Commission support for the production of this publication does not constitute
an endorsement of the contents which reflects the views only of the authors, and the
Commission cannot be held responsible for any use which may be made of the information

contained therein.

License

This work is licensed under a Creative Commons Attribution-NoDerivatives 4.0 International License.
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EXECUTIVE SUMMARY

In this publication, the results of the validation test in Turkey presented. Governorship
of Istanbul has implemented the validation test for the proposed learning framework through
the design and development of awareness raising serious games in Turkey with the
participation of students and teachers.

The validation procedures of the Coding4Girls approach were implemented in Turkey
between June and November 2020. Since the schools were closed due to the pandemic, the
implementation of the testing was done online for both students and teachers.

The teachers from 14 schools (Primary, secondary and vocational) were invited to the
testing activity and 72 girls from the 9t" grade (aged 13-15) of Hasbahce Religious High School
had participated to the online testing activities in Turkey. All implementation activities were
based on the selected C4G learning scenarios and instructions for students and assumed
independent work of students under the guidance of their teachers in virtual classrooms.

Using developed data collection tools annexed in this publication, teachers’ and
students’ attitudes, observations and comments regarding the game-based C4G methodology
for building programming skills were collected.

Results showed that students liked the game-based C4G methodology. Conducted
activities enabled them to develop their programming skills in a fun and creative way.
Although the participating students did not possess the skills related to coding and
programming, their motivation towards coding skills are enhanced after the activity. Teachers
who participated to the validation activities consider the C4G approach as suitable and
efficient way of acquiring programming skills that is applicable and appropriate for the

students.
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IMPLEMENTATION

Data collection tools

During the validation of Coding4Girls (C4G) approach, all the data collection tools
provided in the C4G validation strategy were used:
e S1 - Preliminary questionnaire (for students)
e S2 —Follow-up questionnaire (for students)
e S3-—Student’s comments
e T1-—Teacher’s observations
® T2 -Teacher’'s comments
The data collection tools were before validation activities translated into the Turkish
language.
Questionnaires S1 and S2 were created using Google Forms while data collection tools
S3, T1 and T2 for teachers were prepared as Google Forms in which they could write

observations and comments.

Materials

The experts form the Governorship of Istanbul used the 3D game environment
developed within the framework of the CAG project and the learning scenarios for students.
For the validation event with teachers, the experts used the learning scenarios with
instructions. Since the event was done in online environment, the participants were informed
to install the 3D game before the event.

The second learning activity which is “Discover Snap! Move a sprite -Time to bring
your sprite to life” was chosen for the teachers. The activity contains basic programming
concepts that are in the focus of the C4AG approach such as dialogs and movement. These
learning scenarios enable users to learn one or multiple programming concepts by creating a
game that addresses real-world problem. To further motivate girls to learn programming, the
topics of real-world problems are chosen to be attractive to girls. All resourced were

translated into the Turkish language prior to implementation.
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Figure 1 — “Discover Snap!: Moving a Spirite” learning activity.”
As for the activity with the students, the following two games were introduced to the
students;
1. Game
Mini Game Category
-Looks
Mini Game
-Snake Game
2. Game
Mini Game Category
-Trigonometry
Mini Game
-Pattern Matching Game
Operation family

-Basic Operations
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Figure 2 — “Basic Calculation in Trigonometry” activity.

Setup model and procedure

The validation events were implemented under the shadow of COVID-19 pandemic.
Therefore, all activities were online. The first step for the event with teacher was to inform
them about the project and its results. The participants were provided with the 3D games and
learning scenarios before the actual event starts. In total, 14 IT and Computer teachers from
secondary and high school levels were invited. The experts from Governorship of Istanbul
presented the project, learning scenarios and the 3D games briefly to the participants and the
second learning scenario was implemented online with the teachers. After the activity, the
formal feedbacks from the teachers were gathered online.

Sessions for building programming skills using the C4G approach were organized
online with the participation of 72 high school students from the 9t" grade (aged between 13-
15) due to COVID-19 pandemic. Although the subject is compulsory at the high schools, it is
not thought during the online education. The students were provided with the link of the 3D
games and the S1 test before the event. They were divide into 3 classes and the activity took
2 hours on Zoom. The experts form GOl first organized sessions in order to introduce coding
concepts. Students could practice those concepts using exercises and then they were
expected to create a serious game using the learnt coding concepts. During the sessions,

experts provided guidance and help to the students with the given tasks. After the
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implementation, in the last session, students answered the follow-up questionnaire (S2)
about their perception and views on the C4G learning approach. They were required to write
the anonymised code received from the teacher to ensure comparison of results regarding
the self-assessment of their programming skill. The experts and teachers from the school
collected students’ qualitative opinions and comments through a group discussion in virtual

classrooms (S3).

Participants

The validation event for students took place online with the female students from
Hasbahce Religious School. All 72 students were from the 9™ grade whose ages varies
between 13 and 15. Their previous experiences with coding and programing is very low
however they have the basic skills on the use of computer and basic software such as Ms
Windows and Office. The 14 teachers selected for the validation are Computer teachers with
at least 10 years of experience in teaching informatics. Although they have all necessary skills
in teaching coding and programming, they do not teach coding at the schools since it is not in

their curriculum at schools.

Years of age Grade Number of
students
13 9 10
14 9 55
15 9 7
Total 72

Table 1 - Number of students by age/grade

285



(& CODINGAGIRLS ISPl Co-funded by the
2018-1-5101-KA201-047013 L E{?ﬁg’gﬁ;ﬁ;ﬁrﬁg{‘;ﬁ

RESULTS

Results of questionnaires for students

Two questionnaires for students were used: preliminary questionnaire about the use
of digital devices and perceived level of programming and the follow-up questionnaire about
satisfaction with programming and coding activities, satisfaction with the organization of the
implementation, and perception on the acquired coding skills.

In both questionnaires students were asked to self-assess their current level of
programming skills. Based on this question, the difference between students’ self-assessed
initial and final level of programming skill was calculated (the answers from the
guestionnaires were paired based on the code that students have entered).

All students who participated in C4G activities solved preliminary questionnaire and

the follow-up questionnaire.
S1 - Preliminary questionnaire

A total of 72 students solved the preliminary questionnaire about the use of digital devices
and perceived level of programming. The mean age of students was 13.94 years. Table 3
shows descriptive statistical analysis of participants’ responses to the questions related to the
use of digital devices, the internet and video-games. Since the formal face-to-face education
is transformed to online education due to Covid-19 pandemic, the use of computer, tablet
and other digital devices is probably higher than its value before the pandemic. The use of
internet is more than 4 hours among the participants. This can also be based to the online
education. The results also show that the average age for girls to start using digital devices is

9 and their average playtime with digital games is around an hour per day.

Question Averages

1. For how long have you been using computers, tablets or other digital

4,89
devices (in years)? ,89 years

2. How many hours per week do you use a computer, tablet or other

digital device? 30,13 hours

286



(& CODINGAGIRLS STl Co-funded by the
2018-1-5101-KA201-047013 L E{?ﬁ:&ﬁ:oﬁgg%ri”;?;ﬁ

3. How many hours per week do you use the Internet? 29,73 hours

4. How many hours per week do you play video games? 6,47 hours

Table 2 - The use of digital devices, the internet and video-games by gender

The participants self-assessed the level of their programming skills on the scale from
0 - | have never coded or programmed before to 4 - | can design a solution of a problem in the
form of a program. Results are shown in the Table 3. Most of the students stated for
themselves that they are at level 0 - Never coded or programmed before (76.39%) or on level

1 - Novice Programmer (9.72%). The percentage of 3- Simple Programmer is 13,89%.

Level of programming skills Frequency Percentage
0 - I have never coded or programmed before 55 76.39%
1-1am a novice programmer (just have basic ideas) 7 9.72%
2 - | can code simple programs 10 13.89%
3 -l am fluent in programming (can create a full program) 0 0%
4 - | can design a solution of a problem in the form of a program 0 0%

Table 3 - Self-assessment of programming skills

In the preliminary questionnaire the participants also stated which programming
concepts are they familiar with. The results (Table 4) show that students are not familiar with
the concept related to programming which makes the findings in the previous section
consistent. The students with the knowledge on programing are mostly familiar with the
statements (13 students) and operators (12 students) while only 11% of them are familiar

with conditionals and variables.
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Concept Frequency
Loops 6
Conditionals 8
Variables 8
Statements (sounds, movement, looks, drawing) 13
Operators 12
Events 7
Parallelism 5

Table 4 - Familiarity with the programming concepts

Table - 5 shows students’ responses about what motivates them to learn to program
(students could choose one or more responses). The most of the students are motivated by
the jot they have during solving problems (23,61%). The second highest option is the success
in the programming class (22.22%). On the other hand, 23.61 % of the students do not feel

themselves motivated for learning coding or programming.

Response Frequency Percentage
I’'m not motivated 17 23.61%
| want to succeed in the programming class 16 22.22%
| want to show other students | can program 0 0%
| want to follow a career in programming 12.50%
I enjoy solving logic problems and puzzles 18 25.00%
Other 11 15.27%

Table 5 - Motivation for learning programming

S2 - Follow-up questionnaire

A total of 72 students answered the follow-up questionnaire about satisfaction with
programming and coding activities, satisfaction with the organization of the implementation,
and perception on the acquired coding skills. Since all students who responded to the
preliminary questions also participated in the follow-up part the demographics of the
students are the same.

In the follow-up questionnaire, students expressed their attitudes regarding the C4G
learning methodology and the implementation of activities using the 5-point Likert scale (1 —
strongly disagree, 2 — disagree, 3 — neutral, 4 — agree, 5 — strongly agree). According to the

results (Table - 6), students find programming motivating and not challenging but not easy.
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They have fun with the programming activities and find that activities are relevant for learning

programming. They understand presented concepts and had fun during conducted activities.

5-

Statement 16?:;:::? 2- Disagree | 3- Neutral | 4- Agree S;rongly g\:‘:r:fg :
gree
1. |found programming challenging. 9,86% 19,72% | 52,11% | 14,08% | 4,23% 2.83
2. | found programming motivating. 1,41% 14,08% | 45,07% | 38,03% | 1,41% 3.24
3. Ifound programming easy. 5,63% 26,76% | 46,48% | 15,49% | 5,63% 2.88
4. 1enjoyed programming. 0,00% 8,45% 29,58% | 52,11% | 9,86% 3.63

5. lunderstood most of programming

8,45% 28,17% | 39,44% | 22,54% 1,41% 2.80
concepts.

6. Learning this way is fun. 4,23% 7,04% 23,94% | 49,30% | 15,49% 3.64

7. |Ifelt engaged with this way of

) 5,63% 7,04% | 30,99% | 46,48% | 9,86% 3.47
learning.

8. The activities were relevant to learn. 0,00% 4,23% 15,49% | 64,79% | 15,49% 3.91

9. Atany time, it was clear what | had to

do 1,41% 5,63% | 66,20% | 25,35% | 1,41% 3.19

10. What I learned will be relevant for my

4,23% 11,27% | 36,62% | 33,80% | 14,08% 3.42
future.

Table 6 — Satisfaction with C4G learning methodology

The participants again self-assessed the level of their programming skills on the scale
from 0 - | have never coded or programmed before to 4 - | can design a solution of a problem
in the form of a program. A total of 72 students solved the preliminary and the follow-up
guestionnaire so their self-assessment results were compared. Table-7 shows data on the

difference between the self-assessed initial level and the self-assessed final level of
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programming skill. The number of statements for never coded before is decreased by 26.38%
and number of novice programmer increased by 15.27%. According to the results, most of
students self-assessed their programming skill level higher before participating in C4G
activities. The analysis showed that the effect of C4G approach on coding and programming

skills is supportive for students.

Level of programming skills Preliminary Follow-Up Change in
prog & Frequency Frequency Percentage
0 - I have never coded or programmed before 55 36 -26.38%
1-1am a novice programmer (just have basic ideas) 7 18 +15.27%
2 - | can code simple programs 10 11 +1.39%
3 - I am fluent in programming (can create a full program) 0 4 +5.55%
4 - | can design a solution of a problem in the form of a 0 ) +2.78%
program

Table 7 - The difference between the self-assessed levels of programming skill

According to the results of the follow-up questionnaires;

- 43.05% students find the activities complex and 47.22% indicates that they need
external assistance to play the game. However, 36.11% of the students thinks most
people learn the C4G games in short time.

- Only 18.05% of them would like to play the game often and 48.61% of students think
that they need to learn many concepts regarding coding before using C4G.

- 56.94% of the participants feel happy and 54.17% of them think the game is fun.

Students’ comments
Students’ comment was gathered after the activities in each class. They state their enjoyment
with the C4G games and learning coding with this way. They are very satisfied with the

received materials and provided guidance but indicate that they still need assistance to learn
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more. Some of the students criticise the volume of the game and the high technical
requirements for playing the 3D game and asked the possibility of playing the game via phone

or tablets at home.

Teachers’ observations and comments

After the implementation activities, teachers were asked to express their qualitative
opinions about the C4G methodology and the implementation process using the forms T1 and
T2. In total, we gathered 14 responses from the participating teachers.

All of them stated that the students were interested and actively participated in the
activities. Most of the students successfully completed all the tasks with the help of prepared
materials. Video tutorials were especially useful to them. Teachers indicated that some
students had technical difficulties in using the 3D game since it requires much of the processor

and the graphic card. This situation made some students working slower.

Teachers’ comments

Using the form T2, teachers reported on accomplishment of learning objectives,
relevance, effectiveness and acceptance of the proposed methodology by the students, and
the overall organization of the implementation.

The opinion of the teachers is that game-based learning is fun for students. They are
motivated to solve tasks (problems) which makes this way of learning effective for learning
programming. All teachers stated that the gamified learning and the serious game approach
are very suitable and motivating for the students.

Game-based learning always attracts the attention of students and is particularly
effective in areas where mental activities such as programming are intense. However, a little
more attention should be paid to the fine line between the current game and missions.
Especially middle school 5th and 6th grade students may get into the game and programming
confusion and think that they are just playing games and cannot concentrate on tasks. Serious
game design and approach with proof of concept can be problematic, especially for low-level
students (in groups where the concept of abstract concrete is not very clear). However, with

the concept-proven serious game approach, the usability of coding training is extremely high.
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The approach of the codingd4girls project seems positive, as gamification and design emerge
as sub-skills in the acquisition of coding skills.

The validation activity of C4G activity was implemented online, so the insight
regarding achieved fun by the students could not be complete. However, the teachers stated
that it is easy to understand that students had fun and did not get bored from the activities.

Besides, the students demanded more activities from the teachers.
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DISCUSSION AND CONCLUSIONS

The validation process includes more than 10 hours of working with the participation
of around one hundred students, teachers and experts. The first results from the students
(51) shows us that the online education has highly increased the time they spend online and
the students meet digital devices at around their 9. Therefore, the students have about 4
years of experiences with computer or phone/tablets. Although their basic skills for the
implementation of the C4G approach are adequate, only a few of them has previous coding
or programming experiences. This situation is also confirmed by the results regarding the
familiarity with programming concepts which showed that most students are not familiar
with basic concepts such as statements and loops.

The Follow-up questionnaire (S2) applied to the students revealed that they found
programming motivating and not challenging but not easy. They have fun with the
programming activities and find that activities are relevant for learning programming. They
understand presented concepts and had fun during conducted activities. When compared to
the first self-assessment test, students’ programing skills increased. For example, the number
of students who selected their levels as novice programmer increased by 15.27%. The
analysis showed that the effect of C4G approach on coding and programming skills is useful
on students.

After the implementation activities with students, teachers reported that conducted
activities enable students to achieve learning outcomes and at the same time had fun.
Teachers think that creating games is a very effective way for students to learn programing
concepts and they plan to apply the C4G methodology in the future as well. They observed
that C4G approach encouraged creativity and problem solving and students were motivated
to complete the project (their own game) to the end. The external experts who participated
in the validation activities agreed with these observations and support the application of
game-based learning approach using visual programming tools for learning programming.
They emphasized the good choice of topics of the projects included in the learning scenarios
which are interesting to girls and encouraged them to apply their programming knowledge.

In conclusion, the C4G methodology is appropriate for students and enables the

achievement of learning outcomes in an effective and fun way via serious game approach and
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problem were technical difficulties such as the volume of the game, need for a high capacity

computers encountered by students who used the 3D game.
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S1. PRELIMINARY QUESTIONNAIRE FOR STUDENTS (in Turkish)

S1. OGRENCILER iCiN ON ANKET

Bu anket, dijital cihaz kullaniminizi ve programlama deneyiminizi 6lcmek amaciyla “KIZLAR
ICIN KODLAMA” Projesi cercevesinde hazirlanmistir. Proje, programlama becerilerini
gelistirmek icin ciddi oyun yaklasimi gelistirmeyi hedeflemektedir.

Yanitlarinizda ad ve soyadi bilgileriniz yer almayacak olup cevaplariniz yalnizca arastirma
amaciyla kullanilacaktir. Zaman ayirdiginiz ve isbirliginiz icin tesekkir ederiz.

Lutfen asagiya okul numaranizi yaziniz. Okul numaraniz yalnizca bir sonraki anket ile
eslestirme amaciyla kullanilacaktir.

GENEL BILGI
Okul No:
Okul:
Yas:
- Sinif:
Cinsiyet: E K
DiJITAL CIHAZLARIN, INTERNETIN VE VIDEO OYUNLARIN KULLANIMI
1. Bilgisayarlari, tabletleri veya diger dijital cihazlari ne kadar
yil
suredir kullaniyorsunuz?
2. Haftada kag saat bilgisayar, tablet veya baska bir dijital cihaz
saat
kullaniyorsunuz?
3. Haftada kag saat internet kullaniyorsunuz? saat
4. Haftada kag saat bilgisayar/telefon oyunu oynuyorsunuz? saat

KODLAMA VE PROGRAMLAMA DENEYiMi
Lutfen yanitlarinizi daire igine aliniz.

1. Programlama seviyeniz nedir?
a) Daha 6nce hi¢ kod yazmadim veya programlamadim.

b) Acemi bir programciyim (sadece temel fikirlerim var).
c) Basit programlari kodlayabilirim.
d) Programlamada akiciyim (tam bir program olusturabilirim).

e) Bir problemin ¢6ziiminu program seklinde tasarlayabilirim.

2. Daha o6nce bir kodlama yaptiysaniz asagidaki kavramlardan hangisi size tanidik geliyor?
Birden fazla yaniti isaretleyebilirsiniz.
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Cift yonlultkler

Programlamayi 6grenmeniz icin sizi motive eden nedir? Birden fazla yaniti isaretleyebilirsiniz.

€

€
€
€
€
€

Motive degilim.

Bilgisayar dersinde basarili olmak istiyorum.
Programlayabilecegimi diger 6grencilere gostermek istiyorum.
Programlamada kariyer yapmak istiyorum.

Mantik problemlerini ve bulmacalari gozmekten zevk alirim.

Diger:
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S2. FOLLOW-UP QUESTIONNAIRE FOR STUDENTS (in Turkish)

S2. OGRENCILER iCiN TAKiP ANKETI

Bu anket, C4G o06grenme metodolojisinden memnuniyetinizi anlamak ve
programlama/kodlama becerilerini edinmeye vyonelik faaliyetlerin uygunlugunu 6lgmek
amaciyla hazirlanan bir takip arastirmasidir.

Yanitlarinizda ad ve soyadi bilgileriniz yer almayacak olup cevaplariniz yalnizca arastirma
amaciyla kullanilacaktir. Zaman ayirdiginiz ve isbirliginiz icin tesekkir ederiz.

Lutfen asagiya okul numaranizi yaziniz. Okul numaraniz yalnizca “On anket” ile
eslestirmede kullanilacaktir).

KOD ve GENEL BILGI
Okul No :
Okul:
Yas:
o Sinif:
Cinsiyet: E K
C4G Ogrenme Yontemi
3- A§a§|daki ifadeleri yandaki 6|§ek ile Tamamen Katilmiyorum Kararsiz Kug:;yor Tamamen
d e é e rl en d i ri n i z. katilmiyorum Katiliyorum

a) Programlamayi zor buldum. 1 2 3 a4 5
b) Programlamayi motive edici buldum. 1 2 3 4 5
c) Programlamayi kolay buldum. 1 2 3 4 5
d) Programlamayi sevdim. 1 2 3 4 5
e) Programlama kavramlarinin  ¢ogunu

1 2 3 4 5
anladim.
f) Bu sekilde 6grenmek eglenceli oluyor. 1 2 3 a 5
g) Bu 6grenme yontemini ilgi cekici buldum. 1 2 3 4 5
h) Faaliyetler 6greticiydi. 1 2 3 4 5
i) Ders esnasinda ne yapmam gerektigi

1 2 3 4 5
belliydi.
j) Ogrendiklerim gelecegimle ilgiliydi. 1 2 3 a 5

ALGILANAN PROGRAMLAMA DUZEYi

Liitfen yanitlarinizi daire icine aliniz.
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2. Su anki programlama seviyeniz nedir?
a) Daha 6nce hi¢ kodlama veya programlama yapmadim.
b) Acemi bir programciyim (sadece temel fikirlerim var).
c) Basit programlari kodlayabilirim.
d) Programlamada akiciyim (tam bir program olusturabilirim).

e) Bir problemin ¢6zimini program seklinde tasarlayabilirim.

OYUN ORTAMININ KULLANILABILIRLiGi

3. Asagidaki ifadeleri yandaki dlgek ile Tamamen Katimiyorum  Kararsiz  <tYOr  rormamen
degerlendiriniz. katslmiyorum " Katlyorum
a) Bu oyunu sik sik kullanmak istiyorum. 1 2 3 4 5
b) Oyunu karisik buldum. 1 2 3 4 5
c) Oyunun kullanimi kolaydi. 1 2 3 4 5

d) Bu oyunu kullanabilmek icin bilgi sahibi bir

1 2 3 4 5
kisinin destegine ihtiyacim var.
e) Bu oyundaki gesitli islevler birbirine iyi bir
1 2 3 4 5
sekilde entegre edilmisti.
f) Bu oyunda ¢ok fazla tutarsizlik vardi. 1 2 3 a 5
g) Cogu insan bu oyunu kullanmayi ¢ok cabuk
e - 1 2 3 4 5
o0grenebilir.
h) Oyunun kullanimi cok zahmetliydi. 1 2 3 4 5
i)  Oyunu kullanirken  kendime  ¢ok
.. . 1 2 3 4 5
glveniyordum.
j) Bu oyuna baslamadan oOnce bircok seyi
- . 1 2 3 4 5
0grenmem gerekiyordu.
OYUN DENEYiMi
4- Asaéldaki ifadeleri yandaki 6|§ek ile Tamamen Katilmiyorum Kararsiz Ka‘tll::lor Tamamen
d e é e rI en d I ri n I z. katilmiyorum Katiliyorum
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a) Memnun hissettim.

b) Kendimi maharetli hissettim.

c) Oyunun hikayesiyle ilgilendim.

d) Eglenceli oldugunu disindim.

e) Oyunla tamamen konsantre oldum.
f) Mutlu hissettim.

g) Bana koti bir ruh hali verdi.

h) Baska seyler distndim.

i) Yorucu buldum.

j) Yeterli hissettim.

k) Zor oldugunu dustindim.

[) Estetik acidan hostu.

m) Etrafimdaki her seyi unuttum.

n) Kendimi iyi hissettim.

o) Bunda iyiydim.

p) Sikilmis hissettim.

q) Basarih hissettim.

r) Kendimi yaratici hissettim.

s) Bir seyleri kesfedebilecegimi hissettim.
t) Eglendim.

u) Oyunun hedeflerine ulagmada hizliydim.
v) Sinirli hissettim.

w) Baski altinda hissettim.

X) Zamanin nasll gectigini anlamadim.

* X
* *
* *
* *

* ok

Co-funded by the
Erasmus+ Programme
of the European Union

3 4 5
3 4 5
3 4 5
3 4 5
3 4 5
3 4 5
3 4 5
3 4 5
3 4 5
3 4 5
3 4 5
3 4 5
3 4 5
3 4 5
3 4 5
3 4 5
3 4 5
3 4 5
3 4 5
3 4 5
3 4 5
3 4 5
3 4 5
3 4 5
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y) Zorlandigimi hissettim. 1 2 3 4 5
aa) Etkileyici buldum. 1 2 3 4 5
bb) Oyuna derinlemesine yogunlasabilidim. 1 2 3 a 5
dd) Zengin bir deneyim gibi geldi. 1 2 3 4 5
ee) Dis diinya ile baglantimi kaybettim. 1 2 3 4 5
ff) Zaman baskisi hissettim. 1 2 3 4 5
gg) Bunun icin ¢ok ¢aba sarf etmem gerekti. 1 2 3 4 5
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S3. STUDENT’S COMMENTS (in Turkish)

S3. OGRENCi YORUMLARI

Programlama becerilerini gelistirmek igin C4G oyun temelli yaklagimin uygulanmasindan
sonra, 6gretmenler 6grencilerin szl nitel gorislerini ve toplar ve bunlari yaziya dokerler.

GENEL BILGI
Ogretmen: Sinif:
Okul: Tarih:

GENEL ORGANIZASYON VE OGRENCILERIN ALGILARI

Ogrencilere, uygulamanin genel organizasyonu, edinilen bilgilere iliskin algilari, oyun temelli
6grenmenin uygunlugu ve etkinligi konusundaki algilari ve elde edilen eglenceye iliskin
goriisleri hakkinda sorular sorabilirsiniz.

OGRENME ZORLUKLARI VEYA SORUNLARI

Ogrencilere kurs sirasinda karsilastiklari herhangi bir §renme gii¢liigii veya sorunu ile bu

sorun ile karsilastiklarinda ne yaptiklarini sorabilirsiniz.

OGRENCILERIN C4G METODOLOJISININ, ARACLARIN VE ICINDEKILERIN  NASIL
IYILESTIRILECEGI HAKKINDA GORUSLERI.

iLGiLi OLDUGUNU DUSUNDUGUNUZ GORUS VE ONERILERINiZz
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T1. TEACHER’S OBSERVATIONS (in Turkish)

T1. OGRETMEN GORUSLERI

Uygulama oturumlari sirasinda o6gretmenler, 6grencilerin tepkilerini ve oyun tabanh C4G
yaklasimini kullanarak kodlama becerilerini gelistirmedeki ilerlemelerini gozlemler ve
belgeler.

GENEL BILGI
Ogretmen: Sinif:
Okul: Tarih araligi:

OGRENCILERIN KATILIMI

Odgrenciler aktif olarak katiliyor mu? isbirligi yapiyorlar mi? Egleniyorlar mi? vb.

OGRENME ZORLUKLARI VE SORUNLARI

Ogrenciler icerik veya donanimla ilgili sorunlar yasiyor mu? Destek istiyorlar mi? vb.

ILGILI OLDUGUNU DUSUNDUGUNUZ GORUS VE ONERILERINIZ
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T2. TEACHER’S COMMENTS (in Turkish)

T2 OGRETMEN DEGERLENDIRMELERI

GENEL BiLGi

Adiniz:
Soyadiniz:
Okulunuzun TarQ:

CODINGA4GIRLS YAKLASIMININ OGRENCILERIN OGRENME HEDEFLERINE ULASMALARINA
KATKILARI NEDIR?

PROGRAMLAMA  BECERILERININ  GELiSTIRILMESINDE CODINGA4GIRLS OGRENME
YAKLASIMININ OYUN TABANLI OGRENMEYE ETKIiLERi NELERDIR?

ONERILEN METODOLOJININ OGRENCILER TARAFINDAN BENIMSENME POTANSIYELI
HAKKINDAKiI GORUSLERINiZ NELERDIR?
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CODINGA4GIRLS URUNLERINi KULLANIRKEN OGRENCILERIN KEYiF ALMA DUZEYLERI
HAKKINDAKI GORUSLERINiZ NELERDIR?

UYGULAMA ETKiNLiGi HAKKINDAKIi DUSUNCELERINiZ NELERDIR?

CiDDi OYUN YAKLASIMININ KULLANILABILIRLIGi HAKKINDAKi DUSUNCELERiNiZ NELERDIR?
(Coding4Girls Oyun Tabanh, Tasarim Odakh Egitim Cercevesi ile baglantili olarak)

BELIRTMEK iSTEDIGiNiZ DIGER HUSUSLAR NELERDIR?

304




