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Abstract

Educational Robotics (ER) has emerged as one of the tools to improve STEM learn-
ing in primary education if students are properly instructed. However, there is a lack
of studies that guide teachers on which type of instruction should be used for ER

in STEM between direct (DI) and indirect instruction (Il). As a result, the present study
aims to compare the two types of instructions in terms of their effect on learning
outcomes, students’ perceptions, and students' gender differences. We adopted

a quasi-experiment comparative research design involving 100 ninth-grade students
(13-14 years old). We collected data through achievement tests and perception ques-
tionnaires and analyzed them using Cochran’s Q-test, Mann-Whitney U-test, and inde-
pendent samples t-test. Results show that the group in which Il was used performed
better than those from the group where DI was used. Also, the results show that girls
performed better with DI than boys. Furthermore, students perceived ER as useful

for developing collaboration and interest in STEM. Therefore, teachers should be sup-
ported in learning how to use Il and DI strategically in ER to enhance STEM learning.

Keywords: Educational robotics, Direct instruction, Indirect instruction, STEM
education

Introduction

In the last few years, the synonym for modernization of teaching and education is the
application of various educational technologies in teaching. Various digital educational
technologies are becoming a fundamental part of students’ lives (Celik & Yangin Ersanli,
2022). Educational robotics (ER) is one of the most widely represented educational
technologies that was introduced in many educational contexts as a modern, innova-
tive learning and teaching tool (Andi¢ et al., 2023; Caratachea et al., 2023; Grujicic et al.,
2016; Leoste et al.,, 2021; Madariaga et al., 2023; McCormick & Hall, 2022). Many stud-
ies indicate that the application of ER in education contributes to the development of
21st-century skills, such as creativity, collaboration, decision-making, problem-solving,
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critical thinking, and digital literacy (Coskun & Filiz, 2023; Negrini & Giang, 2019;
Romero et al., 2017). For instance, the meta-analysis conducted by Benitti (2012) and
Karim et al. (2015) shares similar observations that ER can contribute to the academic
achievement of primary students in STEM (science, technology, engineering, and math-
ematics). Despite the benefit of ER in primary education, a lack of operational frame-
work exists to support teachers in using it (Chevalier et al., 2020; Yang et al., 2020). Some
studies have shown how direct (DI) and indirect Instruction (II) could benefit learners in
primary schools in different ways (Atmatzidou et al., 2018; Chevalier et al., 2020; Clark
et al., 2012), which implies the complementarity of the two approaches. However, the
evidence comes in isolated classrooms in a way that can make it challenging for teach-
ers to accommodate the two approaches simultaneously in their practice. The purpose
of the current study is to examine the contribution of implementing different types of
instruction—DI and IT in ER to primary school students’ knowledge of robotics (achieve-
ments), as well as the difference in the contribution between the application of DI and II
in ER to the students’ perceptions of how these types of instructions contribute to their:
enjoyment, interest in learning, anxiety, STEM knowledge and collaboration between
the students. This empirical quasi-experimental research contributes to the literature
with several parts. First, this study provides information on the contribution of DI and
II to students’ knowledge of robotics at different cognitive levels. Secondly, this study
provides insights into students’ perceptions about applying DI and II in ER. Thirdly, this
study describes gender differences in the contribution of DI and II to students’ robotic
achievements and perceptions.

The next sections provide insight into the research; then, we describe the methods,
then the results, and finally, to conclude, we discuss the results and their implications.

Theoretical framework

Educational robotics in primary schools

Educational robotics (ER) can be defined as an activity that aims to create an environ-
ment where participants learn the basics of robotics through creativity and experimen-
tation (Seckel et al., 2023). The same authors point out that an educational robot is any
robot built and programmed by its creators in the learning process using any program-
ming language. Even though scientific research on ER has increased in recent years the
idea of using robots in education is over 50 years old (Chevalier et al., 2020; Papert,
1980). However, ER’s active classroom use started over twenty years ago (Leoste & Hei-
dmets, 2019; Ospennikova et al., 2015). Since then, ER has been considered one of the
educational technologies that contribute most to the achievement of STEM principles in
the classroom (Khanlari et al., 2015; Li et al., 2022). Consequently, ER has become one of
the interesting topics among researchers in STEAM education.

Research findings suggest that using ER in primary education can contribute cog-
nitively, affectively, and socially-communicatively. Within the cognitive domain,
researchers have shown that the application of ER improves student learning out-
comes in general (Atman Uslu et al., 2022), as well as student achievements in STEM
learning environments (Benitti, 2012; Darmawansah et al., 2023). The most recent
meta-analysis on this topic by Darmawansah et al. (2023), summarized the results
from 39 studies (from 2012 to 2021) that dealt with the contribution of ER application
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in education. The results of this meta-analysis showed that 23 studies were concerned
with determining the contribution of ER to student learning, mostly in a problem-
based learning environment (15 studies). Students had the opportunity to make—
design robots (Spoladr & Benitti, 2017), develop technological skills (McDonald &
Howell, 2012), as well as computational thinking strategies (Leonard et al.,, 2016),
which also influenced the improvement of their knowledge in these areas (Dar-
mawansah et al., 2023). In addition to the above, in the studies of Barak and Assal
(2018), Jaipal-Jamani and Angeli (2017), and Konijn and Hoorn (2020), the contribu-
tion of robotic STEM activities to conceptual knowledge within STEM disciplines,
which is necessary for the development of individual competences within STEM,
was examined. The results of these studies show that all students can acquire basic
knowledge (show better achievements in scientific concepts on the post-test (Jaipal-
Jamani & Angeli, 2017; Konijn & Hoorn, 2020) in this area, but that only a few of
them can solve complex problem-based projects (Barak & Assal, 2018). In addition
to what was mentioned in previous research, it was observed that the usage of ER can
improve student achievements in mathematical knowledge (Hussain et al., 2006) and
science knowledge (Karahoca et al., 2011). It has also been shown that the application
of ER contributes to the development of functional and transferable knowledge from
one teaching subject to another Eguchi (2016), which demonstrates the principles of
STEM education and significantly improves students’ creativity.

ER, in addition to the cognitive, can also strengthen the affective domain (Darmawan-
sah et al., 2023). In a meta-analysis by Belpaeme et al. (2018), who reviewed 75 studies
on this topic and Darmawansah et al. (2023) in which 23 studies dealt with this issue
within the application of ER, it was observed that students perceive social robots to the
greatest extent positively, because they had positive experiences learning with them. The
perceptions of teachers and parents on this topic are a little more cautious and reserved.
In a meta-analysis by Zhang et al. (2021), it was observed that the application of ER has
a positive effect on students’ attitudes toward STEM activities (the effect of this influ-
ence is small, SMD=0.01). In addition to the above, it has been observed in numerous
studies that ER affects the development of positive student attitudes toward the STEM
approach, as well as the development of student motivation and interest in learning on a
general level (Andic et al., 2015; Karahoca, 2011; Lathifah et al., 2019). Numerous studies
have also indicated that ER can strengthen students’ interest in academic and techno-
logical disciplines, which students were not interested in before using ER (Anwar et al.,
2019). ER can also strengthen and develop collaboration among students and improve
students’ communication skills (Lathifah et al., 2019; Scaradozzi et al., 2015; Yuen et al.,
2014).

However, in addition to these positive contributions of the use of ER in primary edu-
cation on variables from cognitive and affective domains, an extensive meta-analysis by
Seckel et al. (2023), Tikva and Tambouris (2021) and Uslu et al. (2022), show that there
is a limited number of research i.e. very little is known about the approaches, pathways,
and instruction that should be incorporated into teaching when ER is used in primary
schools. Based on the reviewed literature, it is clear that ER can enhance holistic learn-
ing among students in STEM in primary education. However, these studies are silent on
how teachers can implement ER successfully. Consequently, investigation of the suitable
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teaching instructions for ER in the present study makes this study more valuable in the
research world.

Direct and indirect instructions in education robotics

Minimal or low and strong or high level of guidance, as well as direct (DI) and indirect
instruction (II), are terms that are very often confused in ER. Therefore, at the begin-
ning of this part of the paper, let us define the similarities and differences between these
topics. Guidance is the act of guiding students in acquiring or constructing knowledge,
which refers to broader areas of the teacher’s role that involve organizing, managing,
providing feedback, and directing the student learning process (Cooper et al., 2010;
Vygotsky, 1978). There are different types of guidance in teaching: minimal guidance,
high guidance, and absence of guidance. Minimal guidance is characterized by a high
level of freedom in student work, finding solutions, constructing, and presenting knowl-
edge (Kirschner et al., 2006). On the other hand, high or strong guidance means a high
level of understanding and managing of student activities by the teacher (Jang et al,
2010; Marzano, 1992). The absence of guidance indicates a scenario in which students
navigate the educational material independently with little or no help from the teacher.
Guidance refers to the broader aspect of organizing learning, while instructional sup-
port refers to specific steps and instructions that teachers prepare to achieve learning
outcomes with students (Stronge, 2018). Based on the nature of the guidance provided
to learners, scholars have classified teaching instructions into two basic types of teach-
ing instructions: DI and II. DI implies a pedagogical approach based on clear, structured,
and systematic delivery of information to students. DI characterizes a high or strong
level of guidance, which is reflected in the teacher’s presentation—demonstration of the
learning content, step by step while providing all the necessary explanations and answers
(Marici¢ et al.,, 2023). According to Magliaro et al. (2005), DI involves the following
six steps: repeating the content of key concepts; presenting the content in small parts;
guided practice after each part; providing corrections and receiving feedback; inde-
pendent practice to check what has been learned, checking what has been learned. The
role of the teacher within DI is reflected in the organization, preparation, presentation
of information, demonstration of activities (through models, mock-ups, practical work,
and experiments, etc.), asking questions, encouraging discussion among students, pre-
paring tasks, and providing feedback and learning support (Bell et al., 2011; Huitt et al.,
2009; Marici¢ et al., 2022a). On the other hand, students can actively listen, follow, or
observe, analyze collected information, answer questions, perform tasks independently,
and provide feedback to each other and the teacher (Marici¢ et al., 2022a). II enables
students to explore, experiment, and solve problems independently (Pol et al., 2009). II
represents a minimal or low level of guidance, which is organized around key concepts
within the content, which are presented to students step by step in the form of tasks
or activities that they should solve or complete independently (Marici¢ et al., 2022b).
Within this process, students are not completely independent but are offered indirect
guidelines within each of these tasks (Lazonder & Egberink, 2013). The teacher’s role is a
facilitator; he/she/they organizes, prepares, and creates activities and tasks for students
with built-in guidelines and appropriate questions, which provide adequate support
to students and guide them in their independent work (Bell et al., 2011). Students, on
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the other hand, independently research, experiment, devise and construct the way they
gain knowledge, collect information, obtain results, ask questions, and make mistakes,
which they correct through discussion with their peers and the teacher (Bell et al., 2011;
Marici¢ et al., 2022a). According to Atkin (2016), the main features of indirect teaching
are: students are engaged through tasks that they solve independently by exploring dif-
ferent sources of information; in this part, students ask questions, try different activi-
ties, experiment, and correct their mistakes. In this paper, we focus on specific steps and
instructions that teachers prepare to achieve learning outcomes with students. There-
fore, we use the terms DI (high or strong level of instruction) and II (low or minimal
level of instruction).

In the ER learning environment, students most often receive II or DI, categorised
according to the level of support students receive from teachers in solving robotic
tasks (Atmatzidou et al., 2018). This level of student guidance is largely dependent on
the outcomes of ER. In a typical ER learning activity, students work on robotics activi-
ties with prepared worksheets from teachers who may have varying degrees of guidance
(Atmatzidou et al., 2018). As for ER, there is conflicting data on the contribution of II
and DI, or their complete absence, to student learning outcomes. When it comes to pro-
gramming robots in ER, programming with the use of experiments involving II is not
sufficient to ensure quality learning. Therefore, it is necessary to use DI in ER teach-
ing (Kirschner et al.,, 2006; Mayer, 2004). Biesta and Burbules (2003), Chevalier et al.
(2020), and Mayer (2004) point out that when II is used, students may use a blind search,
which leads to a blind trial and error strategy. This means that students collect random
solutions, try them out, and search for the most appropriate one, and in this process
may not develop systematic cognitive activity, resulting in a not-so-good learning out-
come. Clark et al. (2012), Kirschner et al. (2006), and Sweller et al. (2007) point out that
at ER, DI contributes more to the achievement of learning outcomes than II, especially
when students have no experience in robotics. However, the same authors point out
that II is suitable for practicing students’ acquired robotics knowledge. Chevalier and
Giang (2020) conducted a quasi-experimental study involving a control and an exper-
imental group of students. In the control group, students completed the task without
imposed constraints and DI, with the option of using different sources of information.
The experimental group was subjected to a didactic intervention that included DI and
time limits on student activities. These included operating, teacher presentation, pro-
gramming, and testing the robot in the playground. The results of their research indi-
cate that the students in the control group who had unrestricted access to the robotics
activities (i.e., unrestricted access to the programming interface) developed a working
and learning approach involving trial-and-error behavior. In contrast, the students in the
experimental group, who were given limited time and DI in the use of the programming
interface, developed better cognitive processes related to understanding problems, gen-
erating ideas, and formulating solutions, and may represent an effective avenue in the
ER of primary school students. In a recent literature review, Tikva and Tambouris (2021)
cited only 12 studies that investigated what kind of instruction and support primary
school students should receive in ER. Chevalier et al. (2020) and Tikva and Tambouris
(2021) point out that there is not enough research looking at the type of instruction that
should be used in ER of primary school students. That research is particularly limited
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in the affective domain. In one of the few studies on this topic by the author Edwards
(2016), students’ perceptions of the usage of telepresence robots (where the teacher was
an instructor—explicit guidance) and social robots (where the robot is in the role of a
teacher—implicit approach) were examined. The results revealed that students had sig-
nificantly more positive perceptions towards the application of telepresence robots with
explicit teacher guidance.

Based on their research, we identified the following types of gaps in ER primary stu-
dents’ knowledge when it comes to applying certain types of instruction: knowledge
gaps—Ilack of studies; empirical gaps—Ilack of data that could be used to refute or sup-
port a particular hypothesis; practical gaps—lack of research that gives teachers practi-
cal suggestions for applying it in practice. These gaps were the inspiration for the design
and implementation of this study, with the main aim to investigate the contribution of
DI and II to primary students’ ER outcomes—achievements and perceptions, according
to the research questions posed.

Research questions
This study aims to answer the following research questions:

RQ1 What contribution does the use of DI and II have on the ER learning outcomes
of the primary school students who took part in this study?

RQ2 To what extent do students’ learning outcomes correlate with their differenti-
ated perceptions of different instructional approaches to learning robotics content,
given the evolving landscape of II and DI and gender differences?

In line with the research questions, the methodology of this research was developed.

Methodology

Research design

This research was quasi-experimental and was conducted in a real-everyday-educational
environment. Following the recommendations for quasi-experimental research (Cohen
et al., 2002; Gopalan et al., 2020), this research was used to investigate the relationship
between the intervention and the impact on learning outcomes. The participants in the
group were not randomly assigned. The research design followed the recommendations
of Cohen et al. (2002) for a quasi-experimental design with group post-tests only. This
research did not include a pre-test to test the student’s prior knowledge. Since the stu-
dents who participated in our study had no prior training or attended any robotics work-
shops, it was impossible to test their prior knowledge in this area. The following parts
of the paper explain the students who participated in the study, the research design, the
method of data collection and processing, and the demographics of the students who
participated in the study.

Study participants and group dynamics

100 ninth-grade students (13—14 years old), who were divided into two groups, par-
ticipated in the study. The groups were formed according to the following criteria:
number of students (each group consisted of 50 students) and average grade of the
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student from the previous grade. The overall grade point average (GPA) at the end
of the previous grade was determined by analyzing school records, i.e., pedagogical
documentation. The average grade point average at the end of the first semester was
3.91 in GDI and 3.72 in GII. Since both groups had many students (50 each), the stu-
dents were divided into four classes during the lessons. Each class consisted of 25
students working in groups of 5 on one robot set. In this way, the recommendations
of previous studies stating that groups of students working on one robot set should
include 4 out of 6 students were considered (Barker & Ansorge, 2007; Chiazzese et al.,
2019). The division of 100 ninth-grade students into four classes was based on two
main factors: the number of students and their grade point average from the previous
school semester. Each class had 25 students between whom there was no statistically
significant difference in terms of GDI (p>0.05) from the previous semester. In this
way, consistency was achieved between all classes participating in the study.

Instructional design of ER program and implementation process

This study was designed as a quasi-experimental comparative study between students
who used DI (GDI: group direct instruction) to learn ER learning content and those
who used II (GIL: group indirect instruction) to learn the same content. To investi-
gate the effects of DI and II on student learning outcomes, this study was conducted
through the following phases:

Phase 1: Design of an ER program for primary school students—in Montenegro,
the country where the research was conducted, there is no compulsory subject
of robotics or anything similar. The content of robotics is taught through extra-
curricular activities. These extracurricular activities are designed by teachers in
collaboration with the school administration and offered to students who partici-
pate voluntarily. In this study, the teaching content for the extracurricular robotics
activities was developed by two computer science teachers who led the program
in collaboration with the researchers. In designing the teaching content to be
included in the program, the computer science curriculum for primary schools in
Montenegro was consulted, then published available research on this topic such as
Chalmers (2018), Chen et al. (2017), Gaudiello and Zibetti (2016) and Ileva (2010).
Based on the recommendations in the above literature sources, the extracurricular
program ER was selected, whose teaching topics and learning outcomes that stu-
dents should achieve during the learning are presented in Table 1.

The students who applied for the extracurricular ER activities did not par-

ticipate in similar classroom or extracurricular activities. The ER extracurricular
classes were conducted twice a week for two school hours of 90 min each.
Phase 2: Call to students—in this phase, primary school students in grade nine
(13-14 years old) were invited to participate in the programming ER, which was
organized as an extracurricular activity. The students were described the pro-
gramme ER and decided to participate voluntarily.
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Table 1 Teaching topics and learning outcomes were realized with students in this study

Name of the subject lesson:

Learning outcomes that students should achieve.
The student can

Robotic construction

Motors (rotation) Programming

Color sensor (color, light) programming

Ultrasonic sensor (distance) programming

Gyro sensor (rotation/orientation) programming

Infrared sensor (distance) programming

|dentifies the basic components of the robot such as
sensors, and microcontrollers; understands the basic
concepts of mechanics such as levers, wheels, gears,
and moving couplings; can apply the connection of
mechanical principles to robot design and mobility; can
assemble a simple robot structure

define the concept of rotation and identify the basic
components of the rotating parts in the Lego robot
set; demonstrate the connection and control of electric
motors using Lego components; understand how to
control the speed of rotation of electric motors using
programming blocks within the Lego Mindstorms envi-
ronment; they can create a programme to change the
speed of rotation of the motor in response to different
conditions; understand basic programming concepts
for rotational functions, such as setting target position
and speed

define the terms color and light sensors and better
understand their basic properties and functions; be able
to use the color and light sensor components in a Lego
robot; be able to correctly connect the color and light
sensors to the Lego robot; be able to demonstrate the
basic steps for sensor calibration in the Lego Mind-
storms software; be able to programme the robot to
respond to specific colors or light changes; be able to
develop programmes to control the robot using color
and light sensors

define the ultrasonic sensor and understand its basic
characteristics and functions; identify the components
of the ultrasonic sensor in the Lego robot; properly
connect the ultrasonic sensor to the Lego robot; dem-
onstrate the basic steps for calibrating the ultrasonic
sensor in the Lego Mindstorms software; understand
how the ultrasonic sensor measures distance to objects
and how these measurements are used to detect obsta-
cles; programming the robot to react to the proximity of
obstacles and avoid collisions

recognize the gyroscope sensor and understand how
the principle of the angle of rotation measurement
works; identify the components of the gyroscope sen-
sor in a Lego robot; correctly connect the gyroscope
sensor to the Lego robot; demonstrate the basic steps
to calibrate the sensor to obtain the accurate angle of
rotation measurements; understand how the ultrasonic
sensor and the gyroscope sensor measure changes in
the robot’s angle of rotation; programming the robot
to respond to changes in the angle of rotation, e.g.
maintain direction. E.g. maintain direction or rotate
around a point

define the term infrared sensor and understand how

it uses infrared rays to detect objects and changes;
understand how to properly connect an infrared sen-
sor to a Lego robot; demonstrate how to calibrate the
sensor to achieve accurate detection; understand how
the infrared sensor detects the presence of objects and
obstacles in the environment; create a programme that
allows the robot to respond to the detection of objects,
such as stopping or avoiding obstacles

Page 8 of 27
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Table 1 (continued)

Name of the subject lesson: Learning outcomes that students should achieve.
The student can

Combining two different sensors and constructions—  know how to correctly connect and place two different

programming sensors with a Lego robot; demonstrate calibration of
the sensors to ensure accurate and coherent measure-
ments; understand how to combine the data obtained
from two different sensors to obtain more complete
information about the environment when designing a
robot; can create a single programme in a Mindstorm
environment for the robot to analyze and use the data
from both sensors to make decisions

Combining more different sensors and construc- The learning outcomes are the same as with two sen-
tions—programming sors, except that in this case a higher number of sensors
is used

Phase 3: Group formation—The registered students are divided into two groups,
where we tried to divide the groups evenly according to (a) the number of stu-
dents, (b) the success of students in the previous grade, and (c) gender.

Phase 4: The introductory lessons—in the ER extracurricular classes were the same
for both groups of students. During these lessons, the teacher explained the con-
tents of the Lego sets and the purpose of the different parts and demonstrated the
programming. The aim was to familiarize the students with the Lego Robotics set
and the basics of its use. The introductory lessons in the ER extracurricular classes
were the same for both groups of students.

Phase 5: Introduction of the experimental factor—both groups of students learned
the same lessons on robotics. The lessons in all groups consisted of three parts:
introduction, main part, and conclusion. In the introductory part of the lesson,
the teacher used a creative presentation, lecture, animation, video, or similar to
introduce the students to what they will learn in that lesson and did a short brain-
storming session with the students on the topic discussed. This activity usually
took about 10 min. Then the students implemented the activities, which were in
the form of instruction sheets on their tables. In the GDI group, the instruction
material was as per DI, while in the GII group, the instructions were as per II. The
students then solved the tasks in groups of 4-5 students. This part of the lesson
lasted about 65 min. In the last part of the lesson, students presented their work
and received feedback from the teacher and other students in a discussion. The
last part of the lesson lasted about 15 min.

Phase 6: Repetition of the newly acquired ER knowledge—1 week after the imple-
mentation of the intervention, the teacher renewed the newly acquired knowl-
edge about robotics with the students. This involved students in groups having the
opportunity to build a simple robot with parts, motors, and sensors of their choice.
Phase 7: Testing the students’ robotics knowledge and perceptions—3 days after the
review of the acquired knowledge, the students’ robotics knowledge was tested. To
test the knowledge in both groups, the same tasks were used—tests that the students
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solved individually. One week after the test, the students filled out a questionnaire

expressing their perceptions about the way they had learned the robotics content.

Development and description of ER instructional materials

The students in the GDI received the instructions directly from the teacher and then
repeated them independently in groups. Using a projector, the teacher demonstrated
robot constricting or programming the steps step by step, explained the aim of these
steps and the students then repeated the process in groups using the appropriate parts
of the robot. To apply DI, the teacher used the official teaching materials for the Lego
Robot website, which he translated and adapted to the student’s native language. The
instruction sheet that the teachers used in this process is shown in Fig. 1.

Unlike them, the GII students carried out these activities in student groups indepen-
dently from the teacher. They followed the II on the instruction sheets as they worked.
The instruction materials provided enough information for the students to complete the
tasks independently. An example of these instruction sheets can be found in Fig. 2. In
Appendix 1, an illustration of a lesson plan designed for a group with indirect instruc-
tions is provided.

The type of instruction was the only difference in the education of these two groups.
Both groups learned the same teaching content, had the same ER teaching materials,
and were taught by the same teacher.

Data collection tools

We collected data related to RQ1 through the achievement test and data related to RQ2
through the perception questionnaire. The following sub-sections include the develop-
ment and adaptation processes, and validity and reliability studies of these data collec-
tion tools.

Test assessment of students’ robotics achievements

To answer the first research question, tests were developed to assess the achievement
of the learning outcomes of the students who participated in this study. The test exam-
ined the same knowledge about robotics in both student groups. The test items were
based on the Bloom-Anderson-Krathwohl taxonomy (Anderson et al. 2001). In creating

Creating a straight line tracing program

=

Step 1: First drag and drop

a "LOOP” block to the
programing canvas

Fig. 1 DI for students on the teacher’s instructional slide
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Task: Using Color sensor (color mode) in robot orientation

Task description: Create and align a simple robot using the colour sensor.
Materials: EV3 unit, wheels, cables, colour sensor, Lego building materials, computer.

Additional information: .
Lego color sensor layout Icon layout for color sensor programming

Important: In colour mode, this sensor can detect seven
colours: Black, White, Blue, Green, Yellow, Red and Brown. . -

You can also use the option that none of these colours are 9 l/ i

detected (No colour). The quality of colour detection can be

affected by ambient light, so always expose the sensor to an \m

even amount of ambient light. When programming this sensor, . ——

you can use the following options: Measurement, Comparison

and Calibration, which are shown in the figures below. In each

of these options you will get information about the colours, the An example of one such code, which directs the robot to move until
intensity of reflected light - measures the reflected light it reaches the black line, is given below:

produced by the sensor - and the intensity of ambient light -
measures the amount of reflected light in the robot's
environment, with the sensor itself not emitting any light.

— ) - |
Thanks to these options, the robot can register a certain colour » __a f® ol U * __\Q ne
and light intensity and use it for orientation during movement. O il | (0t htbiol ] |

When programming the light sensor, you can use the inputs
and the type of values allowed, which are listed in the table

below.
Input: Type and allowed Values: ‘Additional
Set of different colors Numeric string with values from 0 | Selected color to test for in
o7 Compare, have value: 0 = No Color;
1 = Black; 2 = Blue; 3 = Green; 4 =
Yellow; S = Red; 6 = White; 7 =
Brown.
Compare Type Numeric string with values from 0 | Number arc having following value:
05 0: = (Equal t0); 1: # (Not Equal to);
2: > (Greater than); 3: > (Greater
than or Equal to); 4: < (Less than)
5: < (Less than or Equal to).
Threshold Value Numeric, any number can be value | To what value should sensor data be
compared
Value Numeric string with values from 0 | Calibrate mode light intensity
to 100

Fig. 2 |l for students on the student instructional sheets

the tests, the available scientific literature on the subject was consulted. For example,
research by Tsai et al. (2021) shows that Bloom’s taxonomy of educational goals is suita-
ble for the development of the self-efficacy scale for primary school students in robotics.
Gummineni (2020) and Lépez, et al. (2019) indicate that the Bloom-Anderson-Krath-
wohl taxonomy is an appropriate approach for developing activities and testing stu-
dents’ robotics knowledge, leading to more achievement of student learning outcomes
at higher cognitive levels. Very important and interesting is the research of Shyr et al.
(2019), who, based on experimental research involving experts through Delphi group
members, identified the following six levels of knowledge as very important for robotics
education: remember, understand, apply, analyze, evaluate, and create. In our study, each
cognitive level was examined with one task in each test. The tasks belonged to the fol-
lowing cognitive levels: knowledge, understanding, application, analysis, evaluation, and
synthesis-creation.

To test the student’s knowledge, the same parts of the robot used in class to elab-
orate the teaching content were used. In the tasks on the cognitive level knowledge,
the students were asked to name the parts of the robot that were on their desks. The
tasks at the cognitive level of understanding put the students in a position to describe
in their own words the role of a particular part of the robot sitting on their desk. At the
understanding level, there was a task of this type: describe the part of the robot on your

Page 11 of 27
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desk and its role. The cognitive application-level task required students to demonstrate
a certain level of skill. The cognitive application-level task included the following task:
Demonstrate (show an example, do the programming) how the light sensor works. The
cognitive analysis level question asked students to compare different robot parts. At
this level, students were asked to compare, for example, which sensor is better for ori-
enting the robot on a monochrome surface: a light sensor or an ultrasonic sensor. The
tasks at the cognitive evaluation level required students to compare the two actions of
the robots shown in the video displayed on the projection screen and to judge why one
of the robots performed the task correctly, and the other did not. The synthesis-crea-
tion cognitive level task required students to creatively use their acquired knowledge
to create a new whole or develop a new idea. An example of the achievement test used
in this study (translated from the student’s native language into English) is shown in
Appendix 2.

Exploring student perceptions

To answer the second research question, a questionnaire was developed to gather the
perceptions of the students who took part in this study. The same questionnaire with
the same questions and items was administered to both groups. The questionnaire
contained sixteen items. The questions were of the closed-ended type. For the given
items, students filled in a five-point Likert scale with the following responses: strongly
agree, agree, partly agree, disagree, and have no opinion. The questionnaire covered
four concepts: Collaboration among students, Contribution to STEM knowledge, Self-
confidence, and Interest in learning. The items included in this questionnaire are listed
in Appendix 3 and were created based on previous similar research that addressed
students’ perceptions of robotics and other educational technologies. To ensure the
reliability and relevance of the questionnaire, we used the results and conclusions of
several research studies. For the development of the items on the concept of “collabora-
tion between students; we used the research findings of Andji¢ et al. (2019) and So and
Brush (2008). For the items on the concept of “contribution to STEM knowledge”, we
drew on the studies of authors Oner et al. (2016), Sinatra et al. (2015), and Tseng et al.
(2013). The items for the concept of “Self-confidence” were based on previous studies
by Alemi et al. (2015), Istikomah and Wahyuni (2018), and Naneva et al. (2020). Finally,
the items in the “enjoyment and interest in learning” domain were based on research
by Chang et al. (2020) and Pantziara and Philippou (2015). Considering this previous
research, our questionnaire (Appendix 3) was carefully designed to gain deeper insights
into students’ perceptions of robotics and how different forms of instruction affect stu-

dents’ perceptions of robotics.

Validity and reliability of the study

The content validity of the developed teaching material—achievement test, and percep-
tion questionnaire was first ensured by the opinions of educational researchers, expe-
rienced teachers, and students. All developed materials were first evaluated by five
educational researchers with more than ten years of professional experience. According
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to their evaluations, the materials were improved until the researchers reached a com-
plete consensus and agreement on the quality, content, and concept of the developed
materials. Afterward, the materials were reviewed by five STEM teachers with more
than ten years of experience in teaching and instructing robotics. Following their evalu-
ations, the materials were further improved. Then, these materials were presented to ten
students who were not involved in the research, and they were asked to rate the clarity
and understanding of the materials. When complete clarity, understanding, and agree-
ment were achieved by these students, teachers, and researchers, the materials were
considered valid for implementation. A similar approach to the validation of the devel-
oped materials was recommended in previous similar studies (Andi¢ et al., 2018; Maricié
et al., 2019). The Cronbach’s alpha coefficient of the questionnaire was calculated as 0.71
and for the test 0.74, which indicates good reliability (Cohen et al., 2002).

Data analysis

We used Cochran’s Q-test to analyze the differences between the tasks in each group
(RQ1). The Cochran’s Q test is a statistical procedure that can be used to examine
whether there are differences between three or more similar groups for a dichotomous
dependent variable (McGrum-Gardner, 2008). The first assumption for Cochran’s Q
test is that each dependent sample has the same number of observations. The second
assumption is that having a dichotomous dependent variable. The data gained from the
achievement test was represented only by 0 s and 1 s. In this study, for each task, we
coded a 1 for students who successfully completed the task and a 0 for students who
did not complete the task, or they did it unsuccessfully. We also used the Mann—Whit-
ney U-test, also known as the Wilcoxon rank-sum test, to determine whether there was
a difference between groups on task achievements and a difference between girls and
boys on task achievements (RQ1). The Mann—Whitney U-test compares two independ-
ent groups, which are not normally distributed as in this study. Since the data regarding
students’ perceptions about using DI and II in ER is distributed normally, we used inde-
pendent samples t-tests to determine whether there was a significant difference between
the themes and the groups (RQ2). For the statistical processing and analysis of the col-
lected data, the Statistical Package for Social Sciences (SPSS) version 23 was used.

Table 2 The frequencies of tasks per cognitive level accomplishments for groups

Cognitive GDI Gll
level

0:Fail 1:Success Meanrank Sum of 0: Fail 1:Success Meanrank Sum of ranks

ranks

Knowledge 31 19 4250 2125.00 15 35 58.50 2925.00
Understand- 39 11 46.50 2325.00 31 19 54.50 2725.00
ing
Application 36 14 4150 2075.00 18 32 59.50 2975.00
Analysis 27 23 43.00 2150.00 12 38 58.00 2900.00
Evaluation 31 19 38.50 1925.00 7 43 62.50 3125.00
Synthesis- 23 27 44.50 2225.00 11 39 56.50 2825.00

creation
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Table 3 Mann-Whitney U test analysis results

Cognitive level Task N Mann-Whitney U Std. error Sig
Knowledge Task 1 100 1650.00 125.770 0.001*
Understanding Task 2 100 1450.00 115.142 0.082
Application Task 3 100 1700.00 125227 0.000*
Analysis Task 4 100 1625.00 122.552 0.002*
Evaluation Task 5 100 1850.00 121.958 0.000*
Synthesis-creation Task 6 100 1550.00 119.024 0.012%

*The significance level is 0.05

Results
Differences between task accomplishments per cognitive level in groups GDI and GlI
The frequencies of tasks’ accomplishments per cognitive level for each group are given
in Table 2, and the mean ranks of the groups regarding the tasks per cognitive level are
given in Table 3.

Accordingly, group GII, in which students receive II, is more successful than group
GDI at each cognitive level. GII performed better at all cognitive levels. The results of
the analysis carried out to examine whether this success is statistically significant are

given in Table 3.
Related-Samples Cochran's Q Test
50,01 1
E Fail
40,0
30,0
20,04
10,07
0,0~
Task 1 Task 2 Task 3 Taks 4 Task 5 Task 6
Fig. 3 GDlI tasks’accomplishments
Related-Samples Cochran's Q Test
[OF]
EFail

Task 1 Task 2 Task 3 Taks 4 Task § Task 6
Fig. 4 Gll tasks’accomplishments
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We observed a significant difference between groups related to each cognitive level.
The category of understanding has a large effect. Group GDI and Group GII tasks per
cognitive level accomplishments are given in Figs. 3 and 4.

Differences between tasks per cognitive level for each group were analyzed
through Cochran’s Q test. Accordingly, we found a significant difference between
cognitive levels of understanding and synthesis-creation for Group GDI (Cochran’s
Q=16.827, p<0.05, df=5). It is in favor of cognitive level synthesis-creation. We
found a significant difference between cognitive levels of understanding and knowl-
edge, understanding and analysis, and understanding and evaluation, understand-
ing and synthesis-creation for group GII (Cochran’s Q=32.531, p<0.05, df=5).
It is in favor of cognitive levels of knowledge, application, analysis, evaluation, and
synthesis-creation.

The failure rate in tasks on the cognitive level of understanding is higher for both
groups and differs significantly compared to other tasks. This difference is significant
only between cognitive level understanding and synthesis-creation for group GDI. How-
ever, it is significant between understanding and cognitive levels of knowledge, analy-
sis, evaluation, and synthesis-creation for Group GII. So, task on the cognitive level of
understanding is difficult for both groups. However, the task on the cognitive level of
understanding was the most difficult task for group GII, which received II, because this
group did better in all tasks except task three on cognitive level application. At the cog-
nitive level of understanding, students were asked to define concepts in their own words.
However, this was the most challenging task for those who received both DI and II. For
this cognitive level, task design, content or implementation is an important detail for
both instruction groups.

Differences between girls and boys according to task accomplishments per cognitive level

Girls outperformed boys in all tasks except application level. A Mann—Whitney U test
was conducted to see if this was statistically significant. The mean ranks of success in
task solving per cognitive level of girls and boys and Mann—Whitney U test results are

Table 4 The mean ranks of girls and boys and Mann-Whitney U test results

Cognitive level Group N Meanrank Sumofranks Mann-WhitneyU Std.error  Sig0*

Knowledge Girl 46 5393 2481.00 1084.00 124,826 0.206
Boy 54 4757 2569.00

Understanding Girl 46 51.80 2383.00 1182.00 114,773 0.601
Boy 54 4939 2667.00

Application Girl 46 4707 2165.00 1084.00 124,826 0.206
Boy 54 5343 2885.00

Analysis Girl 46 5261 2420.00 1145.00 122,159 0427
Boy 54 4870 2630.00

Evaluation Girl 46 54.28 2497.00 1068.00 121,567 0.152
Boy 54 4728 2553.00

Synthesis-creation  Girl 46 4902 2255.00 1174.00 118,642 0.567
Boy 54 5176 2795.00

*Indicates a statistically significant difference
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Table 5 Descriptive statistics of the domains of students' perceptions

Concept N Min Max Mean Std. dev Skewness Kurtosis
Collaboration 100 5 11 7.75 143 0.718 —0.134
STEM Knowledge 100 4 13 578 1.74 1.371 2327
Self-confidence 100 4 15 744 240 0.745 0.181
Enjoyment 100 4 15 5.69 2.30 1.579 2379
16
L J
14
L L
12
10
8
X

[ Collaboration M STEM knowledge [ Self-confidence [l Enjoyment

Fig.5 Students'opinions about ER activities

given in Table 4. The results of the Mann—Whitney U test show there is no significant
difference between girls and boys related to each cognitive level.

For GDI and GII, it was also examined whether there was a difference between the
groups according to gender. Accordingly, there is a significant difference between girls
and boys in cognitive level of knowledge and analysis for GDI. For the cognitive level of
knowledge, the mean rank of boys was 20.81 while that of girls was 30.58, and this differ-
ence was in favor of girls. At the cognitive level of analysis, while the mean rank of boys
is 19.77, the mean score of girls is 31.71, and this difference is in favor of girls. For GD],
female students were more successful in solving the tasks at cognitive levels of knowl-
edge and analysis. However, for GII, there was a significant difference between girls and
boys for tasks at the cognitive levels of application, analysis, and evaluation. For success-
ful task solving at the cognitive level of application, the mean rank of boys was 30.04
while that of girls was 19.73, and this difference was in favor of boys. Results indicate
that for successful task solving at the cognitive level of analysis, the mean rank for boys
was 28.82, while the mean score for girls was 21.27, and this difference was in favor of
boys. In terms of successful task solving at the cognitive level of synthesis-creation, the
mean rank of boys was 29.21 while the mean score of girls was 20.77, and this difference
was in favor of boys. For GII, male students were more successful in task-solving at the
cognitive levels of application, analysis, and evaluation.



Andi¢ et al. Smart Learning Environments (2024) 11:12 Page 17 of 27

Table 6 Independent samples t-test results regarding gender

Concept Gender N Mean Std.dev t df p* Mean difference Std. error
difference
Collaboration Girl 46 7.85 146 0.651 97 0516 0.187 0.288
Boy 54 766 1.40
STEM Knowledge  Girl 46 578 1.69 0014 98 0.989 0.005 0.351
Boy 54 578 1.80
Self-confidence Girl 46 7.70 277 0960 81.004 0340 0473 0.493
Boy 54 722 2.03
Enjoyment Girl 46 6.02 2.65 1337 98 0184 0614 0.460
Boy 54 541 1.94

*Indicates a statistically significant difference

Table 7 Independent samples t-test results regarding groups

Concept Group N Mean Std.dev t df p Mean difference StdO0. error
difference
Collaboration GDI 50 7.63 142 —0.793 97 0430 —0227 0.287
Gll 50 7.86 143
STEM knowledge  GDI 50 492 1.14 —5673 82439 0000* —1.720 0.303
Gll 50 6.64 1.82
Self-confidence  GDI 50 6.08 141 —6.873 78974 0000* —2.720 0.396
Gll 50 8.80 242
Enjoyment GDI 50 488 1.22 —3.748 67.023 0000* —1.620 0432
Gll 50 6.50 2.80

*The significance level is 0.05

Analysis of students’ perceptions about using DI and Il in educational robotics

Students’ perceptions about training were examined under four themes: collaboration,
STEM knowledge, self-confidence, and enjoyment. The descriptive statistics of the themes
are given in Table 5.

Students think the robotics activity contributed most to their cooperation with other
students. This is followed by self-confidence (Fig. 5). An independent samples ¢-test was
performed to determine if there was a significant difference between the mean scores on
the themes by gender and group.

When the mean scores of girls and boys are analyzed, it is seen that girls have higher
mean scores than boys for collaboration, self-confidence, and enjoyment, except for the
STEM knowledge theme. As a result of the analysis conducted to examine whether this
difference is statistically significant (Table 6), it was found that there is no significant dif-
ference between girls and boys in terms of STEM knowledge, self-confidence, and enjoy-
ment themes.

Students in the GII group had higher scores for each sub-theme than students in the
GDI group. This difference is statistically significant between GDI and GII in terms of
STEM knowledge, self-confidence, and enjoyment themes (Table 7). Accordingly, GII
has higher self-confidence than GDI during the activity. In addition, in terms of STEM
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knowledge, GII students think that robotic activity contributes more to their knowl-
edge than GDI. Finally, GII students had more fun in the robotics activity than GDI
students.

Discussion

This research used a quasi-experimental research design to investigate the contribu-
tion of DI and II to students’ achievements and perceptions of robotics. The results
of our research show that there is a significant difference in success in solving robot-
ics tasks at different cognitive levels within the two instructional groups—GDI and
GII. This suggests a different contribution of DI and II to students’ robotics knowl-
edge. The results of our study indicate that the students in group GII who received II
performed better in solving the tasks at all cognitive levels. This difference between
the groups (GDI and GII) is also statistically significant except for the level of under-
standing. This suggests that the students who acquired their robotics knowledge by
using II acquired better knowledge than the students who acquired it by using DI
to solve the following robotics tasks: Identify parts of the robot; demonstrate how a
particular part of the robot, such as a sensor, works; compare two robot sensors and
make a good choice which to use; evaluate the robotic construction and robotic per-
formance of tasks and make suggestions for their improvement; and independently
construct and program a simple robot. The results of our study contrast with the find-
ings of Biesta and Burbules (2003), Chevalier et al. (2020), and Mayer (2004), who
suggest that students may spend a lot of time searching for information if they are
not given direct instructions on ER, which leads to student distraction and poor per-
formance. One of the reasons for the better performance of students who used II in
learning robotics content could also be the design of the instructions. In our study, II
was designed for the students not to solve the task for them, but to provide enough
information for them to solve it independently. Thus, students were prevented from
wasting time searching for information that would distract them. Yet they actively
participated in developing solutions to the tasks and in solving them. This assump-
tion is consistent with research by Prince and Felder (2006) and Rueuetmann and
Kipper (2011), which suggests that well-designed II contributes more to the achieve-
ment of primary school students’ learning outcomes in technology and information
literacy than DI. However, students in the GII group who obtained knowledge using
II acquired better knowledge at all cognitive levels. This suggests that it is neces-
sary to combine the features of II and DI when covering robotics content in primary
school. This recommendation of ours is supported by previous research by Chevalier
et al. (2020), which indicates that combining DI and II in robotics education of pri-
mary school students would achieve the best learning outcomes. Based on the results
of this study as well as the results of the previous studies mentioned above, a recom-
mendation for practice can be made that when designing II in ER for primary school,
a brief description of the robot parts should be included so that students acquire this
knowledge. The results of our research show differences in the contribution of DI and
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II regarding the gender of the students. Girls in the GDI demonstrate a significant
advantage in cognitive knowledge and analysis, while boys in the GII approach dem-
onstrate improved cognitive abilities in application, analysis, and synthesis-creation.
These results illuminate the complex interaction between instructional methods,
gender, and cognitive outcomes in robotics education. Our results indicate that girls
achieve better robotics knowledge to the extent that they acquire it with the applica-
tion of DI, while boys achieve better knowledge to the extent that they acquire the
same knowledge with the application of II. Our data are supported by similar pre-
vious research such as Lufkin et al. (2014), Sullivan et al. (2016), who indicate that
girls achieve better learning outcomes in terms of how much robotics and technical
knowledge they acquire with the application of DI and strong guidance. Our results,
supported by the cited literature excerpts, provide significant information to teachers
when creating instruction for ER.

Investigating students’ perceptions of learning approaches and their impact on col-
laboration, STEM knowledge, confidence, and enjoyment of learning provides valuable
insights into the experiential aspects of learning. In addition, the increased confidence
reported by students after participating in robotics activities is consistent with research
suggesting that hands-on experiences and problem-solving opportunities can signifi-
cantly increase students’ self-efficacy. When students overcome challenges and complete
tasks, they gain more confidence in their abilities, which contributes to greater engage-
ment and persistence in learning. The findings highlight the importance of collabora-
tion as a key element for engagement in robotics activities. This is in line with previous
research by Caratachea et al. (2023), Madariaga et al. (2023), and McCormick and Hall
(2022) who suggest that ER contributes to students’ confidence, problem-solving, effi-
ciency, and creativity. This study also reveals gender differences in perceptions of the
contribution of ER. Girls reported higher levels of confidence and enjoyment com-
pared to boys, but not to their STEM knowledge. However, boys have a higher percep-
tion of STEM knowledge. These findings are like previous research in science—physics
(Radulovi¢ et al., 2022; Reid & Skryabina, 2002), and robotics (Su et al., 2023), which
emphasizes that boys have more positive attitudes towards these sciences and enjoy
learning from girls more. For example, Kucuk and Sisman (2020) studied students’ atti-
tudes towards robotics and STEM in Turkey and found that girls were much less enthu-
siastic and confident about learning robotics than boys. Milto et al. (2002) found that
boys were more confident than girls in robotics-related activities. This finding warrants
careful consideration and further research. Daniela and Lytras (2019), Konijn et al,
(2020), and McDonald and Howell (2012) suggest that family influence, which attracts
boys more than girls to technical science, as well as social structure, may influence girls’
more positive attitudes towards technical science. In these studies, organizing events
such as Girls in Robotics Days and the like, as well as promoting female role models in
technology, can contribute to a more positive attitude of girls towards robotics. Future
research should examine these assumptions.
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Lastly, students who received II had a higher perception of self-confidence, enjoyment,
and STEM knowledge than GDI. Our findings are in line with previous studies such as
that of Andi¢ et al. (2022), Chang and Chen (2020), and de Vink et al. (2022), which
emphasize the significant impact of greater student autonomy in exploring robotics
and similar technological learning materials. These authors suggest that students who
have more opportunities to explore robotic educational content independently, in col-
laboration with peers, and without explicit instructions from the teacher tend to develop
greater self-confidence and enjoyment of learning and develop a more positive attitude
towards learning. We hypothesize that the provision of II will allow students a greater
degree of freedom to explore robotics curriculum content, contributing to the develop-
ment of positive attitudes compared to students using DI. Future research efforts should
aim to empirically test this hypothesis.

Conclusion

The present study shows that II for ER enhances STEM learning outcomes among pri-
mary school students. Besides, DI proved to support some students to perform better
in some ER tasks in STEM learning. This shows the need for teachers to use both II
and DI at some points in their teaching. A review of the design of the task and the need
for a design-oriented study for tasks can shed light on future work. Also, our results
indicated there is a difference between girls and boys in terms of being successful in
tasks with DI or II. For girls, it is better to receive DI to solve problems and tasks in
the ER. This can be explained by the fact that girls are more successful in DI due to
their lower self-confidence in computer science activities (Yadav et al., 2014). However,
future studies examining this situation are needed. This could be a good solution to
educationally regulate gender balance, especially in the field of computer science. Fur-
thermore, students perceived ER as a catalyst for developing collaboration skills and
interest in STEM learning. Based on the results, we call for support from teachers to
enable the application II and DI strategically in the ER. Also, research should be con-
ducted on how to develop equitable instruction in ER to support both girls and boys
successfully.

Limitations

Our research has several limitations. First, our study is quasi-experimental and provides
useful insights. However, as suggested by Cohen et al. (2002) and Gopalan et al. (2020),
the results of quasi-experimental research should be interpreted with caution due to
the lack of randomization, selection bias, and limited control over extraneous variables.
Future research should contribute to this knowledge by applying different research
approaches. Our second study was conducted with students without prior knowledge of
robotics. The effects of DI and II on the outcomes of students with prior knowledge of
robotics would contribute differently to learning outcomes. Future research should test
this hypothesis.
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Appendix 1: Simple lesson plan for ER classes with indirect instructions

Strategies/Activities: [feedback.

[Lesson Title: IColor and Light S in Lego Mindstorms Robots

[Resources: [Lego Mindstorms EV3 kits, color and light sensors, computers with Lego Mindstorms
lsoftware, tablets, instructional materials, projectors, PowerPoint presentations, paper pencils,
jand intemet access.
[The student should be able to:

[Lesson Define the terms color and light sensors;

(Objectives:

Understand the basic properties and functions of color and light sensors;

Use color and light sensor components in a Lego robot;

Comrectly connect color and light sensors to the Lego robot;

Demonstrate basic steps for sensor calibration in the Lego Mindstorms software;
Program the robot to respond to specific colors or light changes;

Develop programs to control the robot using color and light sensors.
IQuiz, Cooperative Group work, discussion, presentation, research, Observation,

Keywords:

Color and Light Sensors, Lego Mindstorms, Integration, Wiring
Calibration, Programming, Loops.

Lesson Outline

Introd y part:

Students' activities:
Observe the video of 2 Lego robot following a red line;
Note the robot’s orientation and respond to questions;

Activities' of teacher:
The teacher shows the students a video in which a Lego robot

Engage in discussion with peers about the robot's movt
Analyze the robot's response to color and light;
Brainstorm ideas for using sensors to guide a Lego robot;
Discuss real-world applications of color and light sensors in
robotics;

Reflect on insights gained from the discussion and video.

moves along a red line,
Ask stud questions about the orientation of the robot,
Encourages student discussion.

The pl d duration is 10 min,

r

[The main part of the lesson:

Students' activities:
In groups, students solve the following tasks:

Group 1: Use instructional materials, robot parts, and
computers to create a simple robot that follows a zig-zag red
line.

Group 2: Utilize instructional materials, robot components, and
computers to construct a robot capable of navigating and exiting
the box using a light sensor.

Group 3: Employ instructional materials, robot elements, and
computers to design a robot that responds to varying light
intensities, showcasing the versatility of light sensors.

Group 4: Implement instructional materials, robot components,
and computers to build a robot programmed to follow a path
with altemating light and dark sections.

Group 5: Leverage instructional materials, robot parts, and
computers to develop a robot equipped with a light sensor that
can stop when he registrates black color.

Activities' of teacher:

Distribute tasks to students;

Visits groups of students;

Encourages the equal participation of all students in solving the)
task;

Monitors student work;

Provides additional support as much as the students need it.

The pl d duration is 63 min,

P

The final part of the lesson:
Students' activities: Activities' of teacher:
Present solutions to tasks, Directs the students’ discussion,
Present robots and their programmed codes, Participates in student discussions,
Discuss task solutions, Provides feedback,
Provide each other with feedback. Celebrate student successes.
Conclude.

The planned duration is 15 min|

Page 21 of 27
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Appendix 2: Simple example of the achievement test used in this study

Name: Date:

Introduction:

Welcome to the Robotics Achievement Test! This test has been designed to test your knowledge, understand-
ing and practical skills in the fascinating world of robotics. Each section of this test has been carefully crafted to
assess different facets of your expertise, from basic knowledge to advanced analytical thinking.

Instructions:

Read each question carefully to ensure you fully understand the task. Ensure that your answers are concise and
accurate, and demonstrate a thorough grasp of the robotics concepts discussed in class. Feel free to express
your thoughts and ideas confidently. This test is not only about correctness but also about showing your
unique perspective.

Task 1:
The parts of the robot standing on your table are marked with the numbers 1, 2, 3, and 4. Carefully observe and
analyze the parts of the robot and then write their names in the appropriate space below:

(a) The part of the robot marked with number one is
(b) The part of the robot marked with number two is
(c) The part of the robot marked with the number three is
(d) The part of the robot marked with the number four is

Task 2:
Define and explain the basic functionalities of the robot parts from your table marked with a number 1. In the
description elaborate on its significance in the overall functionality of the robot. (Minimum 70 words)

Task 3:

Open the LEGO MINDSTORMS platform on the computer at your workstation. Use this platform to create a
simple code for a robot light sensor. Then save the code under your name on the desktop of your computer.
Taks 4:

Compare and contrast the suitability of a light sensor versus an ultrasonic sensor for orienting a robot on a
monochrome surface. Justify your choice based on their respective characteristics. (Minimum 80 words)

Task 5:

Watch the provided video displaying two robots performing a task. Compare the actions of the robots and
explain why one robot succeeded while the other did not. Support your judgment with relevant observations.
(Minimum 100 words)

Task 6:
Design and create a simple robot that can orientate itself in space using two or more sensors.

Appendix 3: Perception questionnaire

Concept Item Question

Collaboration between the students Q1  Collaborative learning in my group was effective
Q2 Ifelt part of a learning community in my group
Q3 lactively exchanged my ideas with group members

Q4 |was able to develop new skills and knowledge from
other members in my group
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Concept Item Question

Contribution to STEM knowledge Q5  Iwasable to learn about science from the robotic project
Q6  lwas able to learn about Mathematics from the robotic project
Q7  Iwas able to learn about computer science from the robotic project

Q8  lwas able to learn about technology and engineering from the
robotic project

Self-confidence Q9  When participating in robotics projects, | felt safe
Q10 |wasn't afraid to make a mistake when constructing the robot
Q11 Iwasn't afraid to make a mistake when programming the robot
Q12 leasily corrected the mistakes | made

Enjoyment and interest in learning Q13 | actively seek as much information about STEM in robotics projects
Q14 | enjoy the uncertainties in my robotics activities related to STEM
Q15 lam more interested in STEM assignments that include robotics
Q16 | enjoy doing things related to STEM that are related to robotics
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