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Abstract

Creativity, critical thinking, communication and collaboration are thought to be the core
skills that will enable students to be successful in the future. Economic and social develop-
ment of a nation is associated with the individuals’ such new skills, which are commonly
referred as the twenty-first-century skills. However, the educational methods used in trans-
mitting knowledge from teachers to students are not capable enough to bring up such com-
petent individuals. The “Science, Technology, Engineering, and Mathematics” (STEM)
education is a promising approach to help students gain those skills and robotics offers
opportunities to integrate STEM education. This study aims to investigate the effects of
robotics summer camps with STEM activities on students’ perception and attitudes towards
STEM. The researchers organized two robotics summer camps in 2017 and 2018 with 48
students. Data were collected by using the STEM Perception Test and STEM Attitude Test.
The pre-test post-test quasi-experimental design without a control group was used in the
study. Wilcoxon’s Matched-Pairs Signed-Ranks tests showed that students’ perceptions
towards STEM increased at the first robotics camp; however, students’ attitudes towards
STEM did not change significantly in both robotics camps. Furthermore, mathematics sub-
dimension of STEM perception at the first camp and science sub-dimension of STEM atti-
tude at the second camp significantly increased.
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Introduction

Individuals in the information age should have knowledge and skills other than read-
ing, writing, and mathematic. The organizations such as “Partnership for 21st Century
Skills (P21)” (2009) and “Assessment & Teaching of twenty-first-century Skills” have
identified the knowledge and skills that twenty-first-century students should have. The
most important four skills were identified as “creativity”, “critical thinking”, “communi-
cation” and “collaboration” and acknowledged as the “Four C’s” (Eguchi, 2014; National
Education Association (NEA), 2012). STEM (Science, Technology, Engineering, and
Mathematics) education offers an opportunity to instil these skills into the students (Bybee,
2010b; Tang & Williams, 2019). The existing lack of interest among the students on STEM
topics will continue to grow and the need for qualified individuals in the STEM professions
will increase in the future (The United States Department of Education (TUSDE) 2016).
Science, mathematics, engineering, and technology are critical subjects for the economic
power of a nation (Corlu et al., 2014; Kelley & Knowles, 2016; National Research Council
(NRC), 2011). Nations need to increase both quantity and quality of individuals trained
for STEM-related professions (Sahin et al., 2013). Attitudes and perceptions are the two
constructs that are significantly related to STEM performance and careers (Knezek et al.,
2013; Maltese & Tai, 2011; Wiebe et al., 2018), and robotics has been an effective tool for
hands-on learning of, not just robotics related subjects but also STEM subjects (Mataric
et al., 2007). Therefore, teachers show high interest on robotics to develop learners’ cogni-
tive and social skills (collaboration, cooperation, and communication skills) and for better
learning of STEM subjects in hands-on, fun, and attractive learning environments (Alimi-
sis, 2013; Eguchi, 2016; Kim et al., 2015). This paper aims to present the effects of robot-
ics summer camps with STEM activities on the secondary school students’ perception and
attitudes towards STEM. Therefore, in the following literature review section, firstly atti-
tude and perception concepts are defined. Afterwards, STEM education and its importance
were explained and studies on the use of robotics in STEM education were summarized.

Attitude and perception

Educators are interested in attitudes because of their potential effects on learning. Atti-
tudes toward STEM are associated with motivation to learn STEM subjects and pursuit
of a STEM career (Maltese & Tai, 2011). However, the word "attitude" has been a con-
troversial concept (Simonson & Maushak, 1996) and has been described in many ways
(Maio et al., 2018; Simonson & Maushak, 1996). Zimbardo and Leippe defined attitude as:
“An evaluative disposition toward some object-based upon cognitions, affective reactions,
behavioural intentions, and past behaviours” (1991, p. 31). The object in the definition
could be individuals, groups of people, social issues, behaviours, abstract ideas, and spe-
cific objects (Maio & Haddock, 2004). Ajzen made the definition of attitude as “a disposi-
tion to respond favourable or unfavourable to an object, person, institution or event” (2005,
p- 3). Both attitude definitions underline somebody’s evaluative assessment of an object
(Maio et al., 2018; Thibaut et al., 2018). Attitude is a hypothetical construct like personal-
ity trait since it is inaccessible to direct observation, which must be inferred from measur-
able responses (Ajzen, 2005). Meanwhile, perception is defined as “the process of organiz-
ing and interpreting sensory information, enabling us to recognize meaningful objects and
events” (Myers & DeWall, 2018, p. 214). When a person is confronted with a situation or
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stimuli, the person interprets the stimuli into something meaningful to him or her based on
previous experiences. Perception is the process of recognition and interpretation of sensory
information from the environment, while attitude is a general evaluation of situations and
define how we behave toward the situation or object (Pickens, 2005).

Integrated STEM education

The acronym STEM stands for the disciplines of science, technology, engineering, and
mathematics but the definition of STEM education referenced in studies continues to vary.
The definition emphasizes only one discipline in some cases; while, the disciplines are
assumed separate but equal, or STEM education is considered as an integration of these
four disciplines (Bybee, 2013) on some others. STEM education can simply be defined
as integrating science, technology, engineering, and mathematics subjects in the curricu-
lum (Corlu et al., 2014; Scott, 2009). Integration of these four disciplines create a final
product greater than the sum of science, technology, engineering, and mathematics (Paez
et al., 2019). A more detailed definition of STEM education could be “an interdisciplinary
approach to learning where rigorous academic concepts are coupled with real-world les-
sons as students apply science, technology, engineering, and mathematics in contexts that
make connections between school, community, work, and the global enterprise enabling
the development of STEM literacy and with it the ability to compete in the new economy”
(Tsupros et al., 2009). Thibaut et al. (2018) conducted a narrative review to define key prin-
ciples for integrated STEM education. They defined the five STEM principles as integra-
tion, problem-centered learning, inquiry-based learning, design-based learning, and coop-
erative learning. Integration, the first principle, refers to integrating contents from different
STEM disciplines. The second principle, problem-centered learning, emphasizes using
a real-world problem to create an engaging and motivating context. The third principle,
inquiry-based learning, is not limited only to science inquiry, but also refers to questioning,
discussing, interpreting, using, and attempting to understand mathematical or technologi-
cal ideas. The fourth one, design-based learning, means use of engineering or technologi-
cal design, and the last one, cooperative learning, emphasizes teamwork and collaboration
with others in small group works.

STEM education aims to provide individuals with an interdisciplinary perspective on
problems, knowledge, and skills (Sahin et al., 2013). Therefore, students dealing with
STEM activities realize that STEM is everywhere and they learn to take a team-based
approach to tackle with real-world problems through applying their science, technology,
engineering, and mathematics knowledge (Beers, 2011; Bybee, 2010b; Tanenbaum, 2016).
By dealing with STEM activities, students develop twenty-first-century skills such as sys-
tems thinking, social skills, adaptability, complex communication, non-routine problem
solving, self-management/self-development, which allows them to make better decisions
on their personal health, quality of the environment, use of resources, energy efficiency,
and national security (Bybee, 2010a, 2010b). Besides, a country’s scientific leadership and
economic growth are associated with the promotion of STEM education and raising aware-
ness of the profession in STEM fields (Sahin et al., 2013). Moore (2008) states that the
aim of the integrated STEM education is (a) to deepen students’ understanding of each
discipline through the contextualization of concepts, (b) to expand students’ understanding
of STEM disciplines via exposing them to socially and culturally relevant STEM contexts,
and (c) to increase interest in STEM disciplines to expand the pipeline of students entering
the STEM fields.
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Educational robotics in STEM education

The interest of educational communities in robotics has grown at an amazing rate in the
last decade (Benitti, 2012; Ioannou & Makridou, 2018). Robotics can be used in educa-
tion in a variety of ways and purposes. It could be categorized either as “robotics in
education” or as “robotics for education” (Malec, 2001). Alimisis and Kynigos (2009)
also made similar categorization of robotics for educational usage as “robotics as learn-
ing object” and “robotics as a learning tool” (p. 17). The first category, either called
as “robotics in education” or “robotics as learning object”, includes learning activities
in which robot and robot-related subjects are the target of teaching. Robot construc-
tion, artificial intelligence, robot programming are the focus of instructions and are usu-
ally prepared for university-level learners. In the second category, robotics is used as a
teaching and learning tool for school subjects, usually in interdisciplinary, project-based
learning activities of science, math, informatics, and technology (Alimisis & Kyni-
gos, 2009; Malec, 2001). Using robotics as a learning tool in the classroom can also be
called “educational robotics” (Eguchi, 2017, p. 9).

Educational robotics is a particular implementation of K-12 engineering education,
and offers convenience to work with physical manipulative for participating in the engi-
neering design process (Ortiz et al., 2015). Educational robotics helps create a fun and
engaging hands-on learning environment for learners (Ding et al., 2019; Eguchi, 2014;
Gura, 2012; Mataric et al., 2007). Working with robotics requires students to deal with
manipulating, assembling, and reassembling materials during designing and program-
ming their robots unlike a traditional classroom setting where students mostly listen
lectures. Therefore, problem-based, project-based, design-based, student-centered, and
constructionist learning are learning approaches that can be used when dealing with
robotics (Eguchi, 2017).

The idea of using robotics in education has its root in the studies of Seymour Papert
known as the founding father of Logo programming language (Papert, 1993). The theo-
retical background of Logo programming language and educational robotics is known as
Constructionism (Kafai & Resnick, 1996) and developed by Papert. Papert got inspired
by Piaget’s way of looking at children as the active builders of their own intellectual
structures, and built his theory on Piaget’s constructivist theory (Papert, 1993). Like in
constructivism, the Constructionist approach considers children as the active builder of
their knowledge rather than passive receivers of the knowledge from teachers. However,
constructionism adds extra emphasis to “external artifacts” and “sharing with others”
(Kafai & Resnick, 1996; Maxwell, 2006).

Robotics has been used in education for different purposes, such as computational
thinking skills (Chalmers, 2018; Chen et al., 2017; Leonard et al., 2016a; Taylor &
Baek, 2019), programming skills, attitude towards programming, and programming
motivation (Ortiz et al., 2015; Taylor & Baek, 2019), behavioral patterns (Kim et al.,
2015; Kucuk & Sisman, 2017), creative behaviour (Nemiro et al., 2017), problem-
solving skills (Li et al., 2016; Ortiz et al., 2015), robotics performance (Chen et al.,
2017; Taylor & Baek, 2019), and attitude towards robots (Castro et al., 2018; Reich-
Stiebert et al., 2019). Additionally, robotics has become a new perspective for teach-
ing STEM subjects with hands-on experience and an effective tool for facilitating stu-
dents’ STEM learning (Eguchi, 2017; Jim, 2010). Robotics-based pedagogy provides
at least five key advantages over traditional pedagogy in teaching the theory and prac-
tice of STEM; (a) robotics could integrate STEM topics in a multidisciplinary fashion,
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(b) efficiently transforms abstract concepts into concrete learning modules for students,
(c) combines the STEM theory with its practice, (d) provides hands-on learning that is
active and engaging, and (e) offers a highly enjoyable and motivating learning environ-
ment (Chung et al., 2014). Benitti and Spoladr (2017) carried out a systematic litera-
ture review to answer the question: how robots have supported STEM teaching. They
have selected and reviewed 60 papers related to robotics and STEM education published
between 2013 and 2016. The synthesis of the literature has resulted in that: (a) Not only
technology and engineering-related subjects but also many STEM subjects were taught
by the help of robotics, which shows the flexibility of robots as a learning tool. (b)
Teamwork and problem-solving skills were the mostly observed skills. (c) Robots were
mainly used in extracurricular activities. (d) Lego robots were the most commonly used
robotics kits. (e) Robotic studies were conducted at all educational levels. (f) Twenty
five percentage of the studies were used in both qualitative and quantitative approaches.

There are some other studies aimed to evaluate the effects of robotics activities on
STEM attitudes and perceptions as well. For example, Kim et al. (2015) investigated pre-
service teachers’ STEM learning, teaching, and engagement while they were using robot-
ics. Both qualitative and quantitative data analyzes revealed that pre-service teachers’ emo-
tional engagement (e.g., interest, enjoyment) in STEM improved significantly and affected
pre-service teachers’ cognitive and behavioural engagement in STEM. Similarly, Khan-
lari (2013) conducted a qualitative study with experienced robotics teachers. This study
pointed out that robotics helps learners understand STEM subjects and enhances learners’
interest in STEM fields.

One of the largest educational robotics study was conducted by Nugent et al. (2016).
They collected data from 2409 campers, competition, and club participants during six
years. The results of the research revealed that robotics activities increased participants’
awareness of STEM content (especially computer programming and engineering), per-
ceived problem-solving skills, and increased the interest in engineering careers. Similarly,
Conrad et al. (2018) have conducted a study to evaluate elementary, middle, and secondary
school students’ perceptions toward STEM content and careers. The data were collected
from 211 students, who attended university-based summer robotics camps. The robotics
camp was one week (30 h) long, and prepared at different levels from 4 to 12th graders.
The participation in the robotics camp was resulted in improvements in the perceptions
and feelings of the students about STEM, based on the increase between post- and pre-test
results; however, these differences were not statistically significant.

In a summer STEM camp, providing school content in a new environment was a cata-
lyst for a positive change in how the students’ perceived future STEM content (Roberts
et al., 2018). In addition, previous studies on STEM education showed that attitudes of
students towards STEM are critically related to their future interest in STEM fields (Ching
et al., 2019). Attitudes and perceptions are significantly related to students’ performance
in STEM fields (Knezek et al., 2013; Maltese & Tai, 2011; Wiebe et al., 2018). A con-
siderable number of studies have been conducted regarding attitudes towards mathematics
and science, but there are fewer studies on attitudes towards technology and engineering
(Guzey et al., 2014). Attitudes toward STEM content and career interests are identified
as key variables in predicting the student participation in STEM-related careers (Unfried
et al., 2015). Studies that are focused on the effectiveness of STEM-focused schools, and
out-of-school activities on students’ attitudes toward STEM and their STEM performance
outcomes are poor in the related literature (Binns et al., 2016).

In this study two robotics camps that enriched with STEM activities were designed
and conducted to extend this body of knowledge by measuring and assessing the
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secondary school students’ perceptions and attitudes towards STEM before and after
participating in robotics camps. Therefore, the research questions of the study were
defined as:

What is the effect of STEM-related robotics camps on students’ STEM perceptions?
Is there a difference in students’ STEM perception between the two robotics camps?
What is the effect of STEM-related robotics camps on students’ STEM attitudes?
Is there a difference in students’ STEM attitudes between the two robotics camps?

Methodology
Robotics camps

Two robotics camps, designed to last in total 48 to 60 h within 8—10 days and with an
average of 6 h per day, were conducted to measure the effects of robotics camps on par-
ticipants’ perceptions and attitudes towards STEM. Lego Mindstorms Education EV3
robotics sets were used and the same robotics curriculum was followed in both camps.
The students worked in groups of four to five, and each group had its own robotics sets
and computers. Besides the instructors in the camps, there were experienced guides in
robotics and coding in each group. The guides provided guidance and support for the
challenges or problems faced by group members and monitored participants. Details of
the two camps in 2017 and 2018 are as follows.

Robotics Camp in 2017 (RC-17). The first robotics camp was carried out in Septem-
ber 2017 in collaboration with the Provincial Directorate of National Education. Robot-
ics camp took place on a university campus. Provincial Directorate of National Educa-
tion received the required permissions and determined the students to attend the camp.
Most of the students were selected from students, who attended the Science and Art
Center of the Ministry of Education. The Science and Art Centers aim to ensure that tal-
ented students are aware of their individual abilities and use them at the highest level by
developing their capacities (MEB, 2016). These students were selected to the Science
and Art Center by an entrance exam, and they work on projects there after school. The
participants of RC-17 were high-achiever students. Totally, 24 students have attended
RC-17, however, 20 students (M =10, F=10), filled out both pre- and post-tests. One
(5%) student was 5th and 1 (5%) student was 6th grade and the rest of them (90%) was
7th grade. Only 2 (10%) students have already had robotic experience and 15 (75%) stu-
dents had programming experiences (e.g. Scratch or Kodu).

Robotics Camp in 2018 (RC-18). Similar to the first robotics camp, the second camp
was carried out in collaboration with the Provincial Directorate of the National Edu-
cation in September 2018. The second camp took place in a boarding school and the
participants of the camp were selected by the boarding school administration. Similar to
the first camp, 24 students have attended the second camp. Number of the students who
filled out both pre- and post-tests was 21 (M =8, F=13). Five (24%) students were 6th
grade, 11 (52%) students were 7th grade, 4 (19%) students were 8th grade and 1 (5%)
student didn’t specify grade. None of them had a robotic experience and all participants
carried out programming activities with scratch or code.org in the computer lessons
they took when they were 5th and 6th grade.
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Lego mindstorms robotics kits

Lego Mindstorms Education EV3 Core Set and EV3 Expansion Set were used in both
camps. The third generation of the set was released in 2013 and called EV3 (Takacs
et al., 2016). EV3 Intelligent Brick, which is a Linux-based compact and powerful pro-
grammable computer, is the most important element of the robot kit. The brick can also
be programmed without a computer, controls the motors, and collects the data from sen-
sors (https://education.lego.com). EV3 system also includes three servo motors, five
sensors (ultrasonic, color, gyro, and two touches) gears, wheels, axles, cables, and other
technical parts. The expansion set, shown in Fig. 1 below, contains 853 supplementary
structural and mechanical elements for the core set.

Each group of students used a core set during the camps and an expansion set was
also distributed to each group, when they worked on their project. By this way, learn-
ers had more freedom while designing their robots. Students can get a simple robot up
and running in about a half-hour with an EV3 robotic kit (Sansing, 2014). The offi-
cial LEGO Mindstorms programming environment called EV3 Software was used to
program robotic kits. LEGO and National Instrument have developed this GUI-based
programming environment for the robotic set (Garber, 2013). EV3 Software is an easy-
to-use environment for programming EV3 robotic kits and downloading programs to the
robot through a drag-and-drop programming approach (Fig. 2).

This graphic-based programming environment makes programming accessible to
young people (Eguchi, 2015). Even novice users can easily program their robots by
dragging and placing pre-defined programming blocks on the screen. Each block has
a unique function like turning the motors, playing sound, measuring light or distance.
Each command is represented with icons and these blocks can be plugged into another
to determine the flow of the program. The software supports basic programming con-
struct such as loops and conditions, and more advanced features like parallel execution.
The education version of the program also supports data logging. Therefore, real-time
or collected data from sensors can be plotted as graphs and analyzed as shown in Fig. 2.

Fig. 1 Lego mindstorms education EV3 core and expansion sets
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Fig.2 EV3 programming software interface and data logging screen

Mindstorms robotic kits that can work via USB or Bluetooth connectivity can be pro-
grammed with many tools such as ROBOTC, NBC, and NXC (Takacs et al., 2016).

Robotics curriculum

One of the key challenges in STEM education is designing authentic learning scenarios
(Hallstrém & Schonborn, 2019). Kelley and Knowles (2016) stated that researchers need
to document in more detail their interventions, curriculum, and programs for further inves-
tigation of integrated STEM education. Therefore, the curriculum of robotics camps is
presented here. After evaluating all components of kits and software facilities, an appro-
priate robotics curriculum was designed for STEM training. The activities in the curric-
ulum encouraged students to use their science, technology, engineering, and mathemat-
ics knowledge while dealing with them. The robotics curriculum consisted of three main
sections; programming, moon station missions and projects. Students were taught to build
robots and program them in the programming section. Sherrod et al. (2009) emphasize the
importance of allowing students to pretend like scientists and mathematicians to investi-
gate, calculate, and analyze data to solve the problems. Therefore, after the first section of
the camp, the students were called ASTRONEERS (both ASTROnauts and enginEERS),
and they began the moon station missions. The missions were given via the website with
multimedia support. Moon station missions were like computer games, but they achieved
their mission on the activity table in the real world. Then, they entered the code or results
of the mission into the website to pass to the next mission. The participants worked on their
project in the last days of the camps. At the project session, problem, project, and design-
based learning approaches that are highly used techniques in STEM education (Bazzett
et al., 2018; Gazibeyoglu & Aydin, 2019; Kelley & Knowles, 2016; Lin et al., 2020; Ven-
nix et al., 2018) were implemented. The students prepared robotics projects to make a solu-
tion for a daily life problem. On the last day of the camp, the parents were invited to camps,
and the students presented their robots’ performance.

In the programming section of the camps, the students received training about assem-
bling the robotic kit and programming. On the first days of the camps, they constructed

@ Springer



You are an astroneer: the effects of robotics camps on secondary... 1687

their robots by following the instructions in the manual. During the programming section,
one instructor explained how they could program their robots by using EV3 Software on
the board, and each group applied what they had learned with the help of their mentors.
Robotics, algorithms, sensors (ultrasonic, colour, touch, and gyro), programming blocks
such as move, display, sound, wait, loop, and switch were the key topics of the program-
ming section. Collecting or saving any sensors’ data and analyzing these data with the
experiment interface of the software were covered in this section. Some competitions were
organized to increase the motivation of students in the programming section. For example,
when the students had learned to move programming blocks, the radius of the robot’s tire
was given to students and asked to program their robots to move exactly 3 m. Without
any trial and error, they were asked to calculate how much rotation is required for exactly
3 m move and program their robots accordingly. The robot, which would stop closest to
the finish line was the winner. Similarly, the line follower robot competition, which aimed
to follow a nonlinear black line and reach the finish as soon as possible, and the fastest
robot design competition, which required using gears were the other competitions. After
the students were trained in robot sets and programming, they carried out the moon station
missions.

Moon station missions were based on a scenario, and a website was designed for the
missions. Each group had unique login credentials and when they login to the website,
they encountered a video explaining the problems caused by meteor showers on the moon
station especially on the reactor. The missions of the astroneers were to resolve the issues
on the station. Because of the radiation leak, no one could leave the base. Therefore, they
should program their robot to resolve the issues.

Figure 3 shows the working area for the moon station missions. The area was printed
out on cardboard with the size of 1.5 m X 1 m for each group. Students took their mission
from the website and worked on the area to accomplish their missions. When they accom-
plished the mission, they were required to enter the result to the website to pass the next
missions as listed below:

e Mission 1, the first mission of astroneers was to gather information about the moon
station. They were asked to measure the distances between the base, the power control
unit, and the reactor. To accomplish the mission, they could enter the measured values
(+2 cm) in the three text boxes specified on the website. The students could not per-

Fig. 3 Moon station working
area

REACTOR

POWER
CONTROL

me UNT

@ Springer



1688 M. Uggil, S. Altiok

form any physical measurements using meters etc. on the working area. False trials
were punished with 3 min of waiting to prevent entering random values.

e Mission 2, the second mission was entering the power control unit (Fig. 4). To prevent
radiation leakage in the reactor, the reactor energy must be cut off. Therefore, it is nec-
essary to enter the power unit. However, the door of the power control unit has a com-
bination lock with five sliders. Each slider should be arranged according to the reflec-
tion rate of the light on its background colour. The students were expected to measure
reflected light intensity on a coloured base using a colour sensor (it also measures the
ambient and reflected light intensity) and they were asked to evaluate the reflection rate
of each colour on the experiment interface of EV3 software. When they arranged the
all-colour-sliders on the web page (Fig. 4 top left corner) according to the graph they
had investigated, the door would open and they could accomplish the mission.

® Mission 3, after entering the power control unit, the astroneers would realize that a part
of the power control unit was broken. The broken part was needed to be replaced with a
new one. The spare part had been sent from the Earth in a capsule. The capsule fell to a
random point on the lunar surface. Astroneers could find the capsule and design a robot
to bring it to the base. A small box was used as a capsule and placed at a random point
in the working area. Astroneers were firstly asked to design a robot that could detect
the location of the capsule and then to carry the capsule to the base. The task would be
completed when the code inside the capsule was entered on the website.

e Mission 4, the spare part sent from Earth was placed, but it did not work as intended. At
the moon station, the doors were started to open and close automatically. The door of
the power control unit was opened 10 s after the base’s door was closed and stayed open
for 10 s. The reactor’s door was open for 20 s after the door of the power control unit
was closed and stayed open for 10 s. 30 s after the reactor’s door was closed, the base
door was open. Astroneers needed to program their robots in such a way that it could
reach the specified section when the doors were open. In this mission, it’s expected that

Fig.4 Power control unit’s colour lock and sliders on the website
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the participants could use the lengths of each side of the area they measured in the first
mission.

e Mission 5, the last mission was to measure the angles of the triangle. Astroneers, who
performed all the tasks given, were asked to measure the specified corner angles using
robots to check the distances between the base, the power control unit, and the reactor
they measured earlier. First, using the colour sensor, they were asked to make a robot
following the line on the moon station table and then to integrate a gyroscope sensor
into the robot to examine the data from the gyroscope sensor to analyze the robot’s
turns and find the corner angles.

In the projects section, the students worked on their projects on the last days of the
camps. They created projects to solve their daily life problems using their robotics sets. A
Lego Mindstorms EV3 expansion set was distributed to each group to support their free
design. Each group designed and programmed their robot according to their projects. For
example, one group prepared an automatic bird feeder; the other group created a wearable
robot for blind people, while another group designed a t-shirt folding robot. They experi-
enced the problem, project, and design-based learning during the projects section. Each
group presented their projects and robot performance to their parents, teachers, and friends
on the last day of the camps.

Research design

This study used a pre-test post-test quasi-experimental design without a control group
(Fraenkel et al., 2011). The significance of the difference between pre-test and post-test
measurements of groups was tested in this research design (Biilyiikoztiirk et al., 2017; Frae-
nkel et al., 2011). In this context, pre-test and post-test results were obtained for “STEM
Attitude” and “STEM Perception”, which are the dependent variables of the study.

Instruments

One of the data collection instruments of the study was the “STEM Perception Scale”,
which is a semantic survey that measures the students’ interest in science, technology, engi-
neering, mathematics, and STEM careers. The instrument includes five opposite adjective
pairs for each sub-dimension. There are seven options between these two opposite poles.
Each factor on the STEM perception scale has the same five items and is measured on a
7-point scale. The maximum score for each factor is 35, and the maximum total scale score
is 175. The scale was developed by Knezek and Christensen (1998) and adopted to Turkish
by Giilhan and Sahin (2016). They measured Cronbach’s alpha reliability coefficient of the
test as 0.89. Cronbach’s alpha values of sub-dimensions of the test were between 0.70 and
0.89. Example questions from the scale are presented below.
To me, SCIENCE is:

1 Fascinating 1 2 3 4 5 6 7 Mundane
2 Appealing 1 2 3 4 5 6 7 Unappealing
3 Exciting 1 2 3 4 5 6 7 Unexciting
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The STEM Attitude Scale, which is the other quantitative measurement tool, consists of
four sub-dimensions which are mathematics (8 items), science (9 items), engineering-tech-
nology (9 items), and twenty-first-century skills (11 items). A 5-point Likert-type scale
with 37 items was developed by Friday Institute for Educational Innovation (FIEI), (2012).
Similar to the STEM perception test, Giilhan and Sahin (2016) have adapted the scale,
and they reported that Cronbach’s alpha reliability coefficients of sub-dimensions of the
scale were between 0.78 and 0.90. The total Cronbach’s alpha value of the scale was 0.92.
The test ranged from 1 (strongly disagree) to 5 (strongly agree). Three items (1st, 3rd, 5th
items) in the mathematics section and 16th item in the science section were reversed items.
Some example questions from the mathematics section are presented below.

Strongly Disagree Neither agree nor Agree  Strongly
disagree disagree agree
Math has been my worst subject 1 2 3 4 5
I would consider choosing a career 1 2 3 4 5
that uses math
Math is hard for me 1 2 3 4 5

Data collection and analysis

STEM perception scales and STEM attitude scales were applied on the first days (before
the robotics activities) and the last days (after the presentations) in both of the camps. Col-
lected data were analyzed by using SPSS software. The normality assumption was violated
in most of the sub-dimensions and total attitude and total perception scores of the pre-
and post-tests of both camps. Therefore, The Wilcoxon’s matched-pairs signed-ranks test,
which is a nonparametric test for comparing the central tendency of two matched (related)
samples, were used for statistical analysis (Howell, 2014). The Mann—Whitney U test was
used to compare the first and second robotics camps’ data. The Mann—Whitney U test is a
nonparametric alternative to the t-test (Fraenkel et al., 2011).

Results

This section presents an overview of the students’ responses to STEM perception and atti-
tude scales. The findings were presented under Perception towards STEM and Attitude
towards STEM in line with the research questions.

Perception towards STEM

Means and standard deviations of STEM perception test for both camps are presented in
Table 1.

As seen in Table 1, when the pre-test and post-test scores of the two camps
are analyzed in terms of STEM areas, the highest mean score is for Mathemat-

ics (Mpe17=30.50; Moo 17=3250; M, 5=31.98; M, 5=32.15) and the
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Table 1 Descriptives for STEM perception test

RC-17 RC-18

Pre-test Post-test Pre-test Post-test

M SD M SD M SD M SD
Science 30.40 4.90 31.35 4.31 29.51 4.00 29.20 4.23
Mathematics 30.50 5.17 32.50 4.25 31.98 4.57 32.15 3.88
Engineering 26.22 7.15 27.50 7.00 24.75 6.51 25.09 6.80
Technology 28.40 5.87 29.35 6.27 30.67 3.67 30.19 5.43
Career 30.04 5.40 31.25 5.21 29.05 4.30 28.43 5.61
Total 145.56 13.21 151.95 16.45 145.96 12.95 145.07 19.10

Table 2 Mann—Whitney U test of

differences in STEM perception v P '

pre-tests between the camps Science 170.50 0.299 0.162
Mathematics 181.50 0.440 0.120
Engineering 187.50 0.546 0.098
Technology 171.00 0.305 0.160
Career 172.00 0.318 0.156
Total 205.50 0.906 0.018

Tal.JIe?f Wilcoxon’s matched- 7 P

pairs signed-ranks test of STEM

gf;ii)ption test for the merged Post-science—Pre-science —0.521 0.603
Post-mathematics—Pre-mathematics - 1.690 0.091
Post-engineering—Pre-engineering - 0.690 0.490
Post-technology—Pre-technology —0.402 0.687
Post-career—Pre-career -0.319 0.749
Post-total-Pre-total - 1.354 0.176

lowest mean score is for Engineering (M,..17=26.22; M, 17=27.50; M. ;s =24.75;

M ,.15=25.09). The results of the Mann Whitney U (MWU) test that were used to
compare the pre-test scores of both camps are shown in Table 2.

As shown in Table 2, when the pre-test scores of both camps were compared through
the MWU test, no statistically significant difference between the perception test scores
of the first and second camp participants was found. After the MWU test results, both
camps’ perception data were merged and Wilcoxon’s matched-pairs signed-ranks test
was conducted to answer the first research question.

Wilcoxon’s matched-pairs signed-ranks test for the merged group resulted in no sig-
nificant mean difference in students’ perception toward STEM. Robotics camps have no
effects on students’ perceptions neither total perception nor any sub-dimensions of the
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Table 4 Wilcoxon’s matched-pairs signed-ranks test of STEM perception test for both camps

RC-17 RC-18
z P 4 P
Post-science—Pre-science —-0.934 0.350 —0.280 0.779
Post-mathematics—Pre-mathematics —1.960 0.050" —0.441 0.659
Post-engineering—Pre-engineering —0.883 0.377 —0.261 0.794
Post-technology—Pre-technology - 0.569 0.569 -0.228 0.820
Post-career—Pre-career - 1.086 0.278 —0.664 0.507
Post-total-Pre-total —2.234 0.025" —0.187 0.852
“p<.05
Table 5 Descriptives for STEM attitude test
RC-17 RC-18
Pre-test Post-test Pre-test Post-test
M SD M SD M SD M SD
Mathematics 32.21 8.57 35.60 451 31.91 5.36 31.17  6.35
Science 33.63 6.70 32.65 6.82 32.40 6.28 34.09 6.25

Engineering-Technology 32.30 6.35 32.40 6.30 34.25 6.51 3525  6.29
twenty-first-century skills 4312 10.23 45.25 6.25 44.50 9.23 43.66  9.10
Total 14125 2523 14890 1652 143.06 23.04 144.1 2327

STEM Perception Test which are science, technology, engineering, mathematics, and
career (See Table 3).

When both camps were analyzed individually on STEM perception change, accord-
ing to Wilcoxon’s matched-pairs signed-ranks test result, only the difference at math-
ematics sub-dimension was statistically significant (Zy,q,=— 1.960, p=0.05). The other
sub-dimensions’ mean differences were not statistically significant. As shown in Table 4,
the Wilcoxon’s matched-pairs signed-ranks test comparing first robotics campers’ overall
perception scores before and after the robotics camp showed that there was a significant
increase in perceptions towards STEM (Zp,, =— 2.234, p=0.025). However, Wilcoxon’s
matched-pairs signed-ranks for pre and post perception scores of the students attending the
second camp showed that the second robotics camp did not elicit a statistically significant
change in participants’ perception towards STEM.

Attitude towards STEM

Table 5 presents means and standard deviations of scores measured by STEM attitude test
from both camps.

As shown in Table 5, twenty-first-century skills have the highest score (M, =43.12)
and mathematics has the lowest score (Myp,=32.21) at pre-test of the students
who attended the first camp. Similarly, twenty-first-century skills were the highest
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Table 6 Mann-Whitney U test

of differences in STEM attitude v P '

pre-tests between both camps Mathematics 155.00 0.324 0.158
Science 165.50 0.490 0.111
Engineering-Technology 163.00 0.447 0.122
twenty-first-century skills 174.50 0.663 0.070
Total 189.00 0.978 0.004

(M,,.s=44.50) and mathematics was the lowest (M4, =31.91) scores for the second camp
pre-test scores. The MWU test was used to compare the pre-test scores of both camps.

As shown in Table 6, similar to STEM perception test analysis, Mann—Whitney U
test of STEM attitude pre-test scores showed no significant differences between the
first and the second camp participants’ attitudes towards STEM at the beginning of the
camps. Therefore, these two camps’ data were merged for further analysis.

Wilcoxon matched-pairs signed-rank tests were conducted on merged data set
to determine whether there was a difference in the STEM attitude scores of the stu-
dents. There wasn’t any significant change in the total students’ attitudes scores. The
only meaningful change was observed at the science sub-dimension (Zg;.p.e =— 2.359,
p=0.018).

Similarly, Wilcoxon matched-pairs signed-rank tests were conducted individually
for each camp to evaluate whether there was a difference in the STEM attitude scores.
Similar to the merged data set, the results showed no statistically significant increase in
the science sub-dimension of the attitude scales for the students attending the second

Table 7 Wilcoxon’s matched-

pairs signed-ranks test of STEM z P
attitude test for the merged group Post-mathematics—Pre-mathematics - 1.089 0.276
Post-science—Pre-science —2.359 0.018"
Post-eng.-technology—Pre-eng.-technology —-0.523 0.601
Post-twenty-first-century skills—Pre-twenty- —0.451 0.652
first-century skills
Post-total-Pre-total —1.207 0.227
"p<.05

Table 8 Wilcoxon’s matched-pairs signed-ranks test of STEM attitude test for both camps

RC-17 RC-18

z p 4 p
Post-mathematics—Pre-mathematics — 1.685 0.092 —0.282 0.778
Post-science—Pre-science —1.458 0.145 —1.966 0.049"
Post-eng.-technology—Pre-eng.-technology —0.181 0.856 —1.337 0.181
Post-twenty-first-century skills—Pre-twenty-first- — 1.233 0.217 —-0.720 0.472

century skills

Post-total—Pre-total —1.087 0.277 —-0.632 0.527
"p<.05
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camp (Zggience =— 1.966, p=0.049). There was no significant difference in the other
sub-dimensions (mathematics, engineering-technology, and twenty-first-century skills)
of the attitude scale either. The analysis resulted that there was no significant difference
in students’ overall attitudes towards STEM. Neither robotics camp affected students’
attitudes towards STEM (see Tables 7, 8).

Discussion and conclusion

In this study, the effects of STEM-focused robotics activities on perception and attitudes
towards STEM were analyzed. The effects of STEM-focused robotics camps on secondary
school students’ perceptions and attitudes towards STEM were examined through a pre-
test post-test quasi-experimental design without a control group. The findings from the two
camps showed that the highest perception among STEM sub-dimensions is towards Math-
ematics and the lowest perception is towards Engineering. The perceptions of secondary
school students towards STEM sub-dimensions also differ in the literature. In some studies,
contrary to this study, the lowest perception was determined as Mathematics (Christensen
et al., 2015; Knezek et al., 2013; Larkins et al., 2013). Giilhan and Sahin (2016) stated that
among all the sub-dimensions of the perception scale, the lowest measured score was engi-
neering similar to the findings of this study. According to the findings obtained by Conrad
et al. (2018), the lowest perception was science and the highest perception was engineer-
ing. All these findings emphasize that perceptions of STEM sub-dimensions might be quite
different.

The overall result of this study showed that STEM-related robotics camp has a non-sig-
nificant effect on students’ perceptions toward STEM. Few studies investigated the effect of
STEM-focused robotics camps. In one of these studies, Larkins et al. (2013), determined
that the STEM-focused robot camp positively affected the STEM perceptions of middle
school students. Conrad et al. (2018) conducted a week long robotics summer camp, and
they measured an increase in STEM perception between pre-and post-camps results. Simi-
lar to this study, gains from the robotics camp were not statistically significant. A non-
significant increase in perception could be attributed to the short 8-10 days duration of
the robotics camps and the small sample size of the study. The instrument could not have
enough sensitivity to reflect the change in highly enthusiastic participants’ perceptions
(Conrad et al., 2018).

Despite that, the non-significant result of RC-18, students’ perception toward STEM
was statistically significant at total perception scores and mathematics sub-dimension in
RC-17. Results of the RC-18 aligned with related literature of Chen and Chang (2018)
and Roberts et al. (2018). The students’ engagement on the authentic problems about the
moon station and their project in the last section of the camp could be the reason for the
positive change in STEM perception. However, the second camp (RC18) was also realized
with the same structure, process, and content and had no significant impact on perception
towards STEM, which does not coincide with the positive findings of the studies in the lit-
erature and the first camp (RC17) in our study. The only difference between the two camps
was the participants. Participants of RC-17 were mostly from the students who attended
the Science and Art Center of the Ministry of Education. Only high-achiever students are
accepted to Science and Art Center by exam. RC-18 was conducted at a boarding school.
Although both camp students have similar perceptions and attitude levels toward STEM at
the beginning, their academic performance or any other character traits could be the reason
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for the difference between the two camps. Further studies could present and identify the
causing variable.

Regarding the findings of the attitude towards STEM, another dependent variable dis-
cussed in the study, no significant change in students’ attitudes towards STEM was found
after STEM-focused robotics activities. This situation can be interpreted as that the ten-day
STEM-focused robotics activities carried out within the study do not change attitudes or
there is no significant increase because of the high attitude level determined in the pre-test.
In their research with secondary school students, Kaloti-Hallak et al., (2015) stated that
contrary to the decrease in the control group, the students in the experimental group main-
tained their pre-test attitude levels in the post-test and this was a positive indicator. In fact,
this finding is similar to most of the studies examining the effects of STEM-focused robotic
applications on attitude towards STEM in the literature. In these experimental studies that
were conducted during different application periods, it no significant change was observed
in the attitudes of the participants towards STEM (Ching et al., 2019; Conrad et al., 2018;
Holmquist, 2014; Leonard et al., 2016b; Nugent et al., 2016).

The result of the non-significant attitude change can be explained by the fact that it
requires much more time, effort, and determination since this change does not occur
quickly (Pickens, 2005). Nevertheless, attitudes towards STEM showed an increase in both
camps although it was not significant. This is due to increases or decreases in different sub-
dimensions in the two camps. Among these dimensions, science was seen as the only sub-
dimension that was statistically significant although it was very close to the P-value (0.05).
Leonard et al. (2016b) also determined that there was only an increase in science among
STEM sub-dimensions in the research conducted with secondary school students. Even
though the robotic tasks carried out in the research are based on mathematics and engineer-
ing design, the increase in the science dimension draws an attention to the interdisciplinary
structure and interaction of STEM sub-dimensions in line with the aim of STEM educa-
tion, which is to give individuals an interdisciplinary perspective on problems, knowledge,
and skills. The students attending STEM activities realize that STEM is directly related
to life and different sub-dimensions of STEM can be used together when applying their
knowledge to the real-world problems and challenges.

Further researches are recommended to evaluate the relationship between robotics activ-
ities and STEM perceptions and attitudes. Since the STEM perceptions and attitudes of the
participants in this research were above the average before the implementation, the effect
of STEM-focused robotics activities was limited. Therefore, it may be more appropriate to
work with students with low STEM perception and attitude levels in the researches. More-
over, the study resulted that short-term robotic camps have non-significant or little effects
on middle school students’ attitudes and perceptions. The duration of the robotic camps is
thought to have an effect especially on attitude change. Therefore, further studies should
consider a longer duration of robotic camps to examine the impact on STEM attitudes and
perception. Also, it is seen that the participants of the current related studies were mostly
selected from secondary school students. For this reason, working with participants from
different school levels in the research will enable both the expansion and comparison of the
findings in the literature.
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