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The present study focuses on the assessment of summer robotics camp designed for 7th grade students
who were supposed to work on a STEM-related problem through modeling and design activities. It was
exclusively investigated the effects of these activities on the STEM-related career interests and knowledge
structures of students. The students were expected to develop basic robotics and design skills in the camp,
and to use them in project design in the context of problem solving processes. The camp activities were
designed in the alignment of P3 Task Taxonomy. A mixed design method was adapted in this study as it
focused both on the effects of an experimental intervention and identification of the students’ conceptual
constructs. Accordingly, simultaneous and sequential data collection techniques were used to provide
satisfactory responses to the research questions. The results showed that the students the students’ career
interest in engineering increased more significantly than the other STEM fields. Furthermore, word
association tests that were applied before and after the camp, in order to assess the change in the students’
knowledge structures with the keywords Coding, Design, Problem, Modeling, Space, and Robot showed
that the number of terms associated with these keywords were increased. In a nutshell, the education
activity provided in the context of this study reinforced the students’ career interests in engineering in
particular, and facilitated the development of their knowledge structures, and ability to define associations
between terms.
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1. Introduction

The ever increasing pace of industrial and technological development around the globe, as well as
an increased emphasis on defense requirements led the countries to implement reforms of their
education policies. It is now widely accepted that engineering education, in particular, should
begin as early as primary and secondary schools. In consequence, STEM (Science, Technology,
Engineering and Mathematics) education, which provides a combination with engineering,
mathematics, science, and technology, has gradually become more popular. In parallel to the
American Next Generation Science Standards [NGSS] (2013), great significance attached to STEM
education with a particular focus on science and engineering practices in primary and secondary
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Science curricula in Turkey (Ministry of National Education [MoNE], 2018). These efforts aim at
improving the students” STEM skills with a view to coping better with the challenges imposed by
globalization as well as the knowledge-based economy (Luo et al., 2019). In this context, various
education programs related to STEM were designed with the aim of developing K-12 students’
knowledge, skills and motivation with respect to STEM (Stubbs et al., 2014).

The disciplinary nature of the curricula causes certain difficulties such as lack of teacher
collaboration in implementing interdisciplinary approaches at schools (Nadelson & Seifert, 2017).
To overcome these challenges, an integrated STEM curriculum is proposed as a potential solution
by enabling students to generate solutions to real life problems through an interdisciplinary lens
(Furner & Kumar, 2007). Based on a systematic review of STEM education programs, Thibaut et al.
(2018) proposed a theoretical framework for integrated STEM education practices. The framework
in concern refers to five distinct pillars of integrated STEM education that is grounded on the
social constructivism: integration of STEM content, problem-centered learning, inquiry-based
learning, design-based learning and cooperative learning. Accordingly, it is widely accepted that
the environments where knowledge is actively structured by the students, multiple disciplines are
integrated, real life problems are considered as starting points, inquiries are involved in the
process, and learning is realized based on cooperation rather than personal experience are effective
in STEM education.

The integration of Engineering Design Process and STEM enables students to relate science and
mathematics concepts in real-life contexts through technological tools (Sen et al., 2021). One of the
ways to integrate Engineering Design Process and STEM is through educational robotics
applications. Educational robotics offers students in K-12 physical manipulatives, where they can
test variables during the engineering design process in engineering education. In addition, it
provides the students with the opportunity to use programming language elements that allow
them to receive immediate feedback (Ortiz et al., 2015). Robotics encourages students to work in
cooperation by making them familiar with the interdisciplinary nature of STEM as well as
providing them insights into the STEM-related concepts (Yuen et al., 2014). Besides, robotics is an
effective field of practice in terms of developing the students’ engineering design skills, and
facilitating their engineering activities (Kopcha et al., 2017). Furthermore, Robotics education can
be viewed as a form of engineering education that help them develop both hands-on and cognitive
skills (Zhong et al., 2020). Despite the positive effects of STEM education on students, it was found
that students avoided STEM-related courses in the formal school program and displayed less
interest in these courses (Sha et al., 2015). At this point, it has been determined that STEM summer
camps, one of the out-of-school learning environments that encourage students' voluntary
participation, can increase their interest in STEM and their conceptual development about STEM
(Davis & Hardin, 2013; Nugent et al., 2016).

One of the greatest sources of motivation for the proliferation of the STEM education in schools
is to guide the students” interest in a career in STEM fields. Despite the growing need around the
world, it is reported that the demand for the STEM-intensive business opportunities is decreasing
(Kier et al., 2014). Children grow in an environment characterized by technology, and are often
considered capable consumers of tech. On the other hand, their relationship with technology is not
so simple to draw their interests to science, mathematics and engineering in the future. Therefore,
it is important to examine the potential effect of the robotics-aided STEM education on the
development of the students” STEM career interest.

When a robotics curriculum is designed to include problem-solving-based STEM activities, it
can be of broader interest to students (Benitti, 2012). In such applications, an important element of
problem solving is the storage and organization of information in the long-term memory (Kim &
Tawtfik, 2021). The organization of key concepts stored in the long-term memory is represented by
knowledge structures (Clariana, 2010). With educational robotics applications, learners construct
their knowledge structures through robot design and programming and represent their
understanding through products they construct in the real world (Ching et al., 2019). In this
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respect, problem-solving STEM activities using educational robotics are likely to create a change in
the knowledge structures of the learners.

The present study focuses on the assessment of a summer camp named Robotic Modeling: The
Mars Mission STEM Learning Program (STEM-LEAP) designed for 7th grade students in Turkey,
whereby the students are encouraged/supposed to work on a problem related to STEM disciplines
through modeling and design activities. The study ultimately explored whether and how the
implemented program changed the students” career interest and knowledge structures in STEM
fields.

2. Theoretical Framework
2.1. Students’ STEM Career Interest

The existing literature reveals that the students decide on their careers in the middle school (Tai et
al., 2006) and that their interest in a career in STEM starts to grow in those years (Kier et al., 2014).
Many organizations are developing STEM-based programs to attract more students to STEM fields
and to prepare them for the increasing technological demands of the twenty-first century better.
Studies have shown that increasing students' interest, achievements and positive attitudes towards
STEM through STEM education programs will increase the number of students who choose to
pursue a STEM-related career (Lavonen et al., 2008; Prokop et al., 2007). In this context, beyond
routine school curricula, there are numerous out-of-school activities that have the potential to
improve their interest in STEM, ranging from science-related hobbies to after-school programs,
summer camps or STEM-related competitions. Participation in out-of-school science activities was
found to have a strong positive relationship with a career choice related to STEM (Dabney et al.,
2012). In that regard, the STEM-LEAP, which constitutes the focus of this study, was designed as a
summer camp.

There are some studies focusing on the impacts of the summer camps as an out-of-school
activity on students” STEM career interest, perceptions or choice. Dave et al. (2010) found that a
STEM summer camp focused on the use of technology and aimed at promoting different
engineering areas (electrical, mechanical and plastic) in applied laboratory-based modules
improved campers' awareness of STEM careers. The participants who were already interested in
engineering reported that they discovered different types of engineering thanks to camping. In
addition, Hammack et al. (2015) found that attending a week-long engineering summer camp
positively affected the attitudes of middle school students towards engineering and technology.
Similarly, Yan et al. (2020) examined the students of a summer camp that included fun activities
for transportation engineering, which was carried out to increase the interest and motivation of
African-American high school students in engineering fields. At the end of the camp, it was found
that the students who attended the camp were found significantly more likely to be interested in
engineering and to choose engineering as a career in the future (Yan et al., 2020). In one of the few
studies examining the impact of robotics practices on career interest in summer camp, Ayar et al.
(2013) explored the experiences and career interests of 27 high school students who attended a
two-week robotic summer camp. During the camp, the attendants experienced designing,
building, testing and developing their robots, respectively. The study's results showed that the
camp increased students' interest in engineering and helped them identify the engineering areas
they wanted to study in their academic careers. In another study with a similar focus, a university-
based summer robotics camp increased students' interest in engineering, computer science, and
selected areas of basic and applied science (e.g., physics, chemistry, and energy) from STEM career
fields, and significant differences were observed between male and female students (Conrad et al.,
2018).

Another common observation is the underrepresentation of women in STEM-related fields
(Wyss et al., 2012). Especially since engineering is seen as a male-specific occupation (Dave et al.,
2010), the rate of women working in STEM-related jobs is not sufficient. This makes it valuable to
investigate how this interest changes according to gender in studies focusing on students” STEM
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career interest.
2.2. Development of Students” Knowledge Structure

The constructivist theory argues that existing knowledge the learners may have regulates their
perception of the world surrounding them, with new information are actively structured in the
recipient’s mind. To be able to identify the existing knowledge the students have in a given field,
one should start with uncovering their existing knowledge structures. Existing knowledge plays a
major part in constructing new knowledge structures in problem solving process. The students
connect their existing knowledge with new circumstances they come across, and construct new
knowledge structures accordingly (Bodner, 2007). In other words, it is possible to help students
develop their knowledge structures by using appropriate pedagogical strategies (Bischoff et al.,
2010).

Although researchers used different ways to reveal knowledge structure of the learners, word
association test (WAT) is one of the most appropriate tools for revealing the development in their
knowledge structures (Gulacar et al., 2015). Investigating changes in undergraduate students’
knowledge structure through WATSs during the learning process in a general chemistry course,
Nakiboglu (2008) informed that significant changes occurred in their knowledge structure before
and after the instruction.

In a similar vein, Bahar et al. (1999) analyzed students” knowledge structure in elementary
genetics by using WATSs after the teaching session. Based on the results, they noted that it is a
powerful technique for revealing the type and number of concepts in students” minds as well as
the links between them. WATSs were also used in the current study to observe differences in the
students” knowledge structures before and after the implementation of Robotic Modeling: The
Mars Mission STEM-LEAP.

This study differs from the existing literature in multiple aspects and is hope to fill the related
research gap. Namely, STEM-LEAP applied in the study was designed as a summer camp to
encourage the motivation of voluntary participation in out-of-school learning environments. The
six-day training was designed based on the P3 task taxonomy in which robotic, modeling, and art-
design contents would be presented. In addition, the Mars Mission was chosen as the context
problem situation. STEM-LEAP is designed in a unique structure in terms of content. Few studies
in the literature revealed that Summer Robotics Camps develop students' engineering career
interest (Ayar et al. 2013; Yan et al., 2020). It is predicted that the content applied in this study
would develop students’ career interests in other fields (science, technology, mathematics) besides
engineering.

Although the relevant literature shows that the female students” awareness of engineering can
be increased by being exposed to successful female role models (Plant et al., 2009), perceptions that
STEM fields require high-level mathematics and science content knowledge lead to a loss of
confidence in these fields and weaken their career interests (Dave et al., 2010). STEM-LEAP is
designed to appeal to all students irrespective of their gender due to the content features described
above (robotics, modeling and art & design). In this respect, it is one of the valuable aspects of this
study to examine whether this development differs in areas where the students’” STEM career
interest develops regarding gender.

In the present study, STEM-LEAP was employed as a program wherein the students took an
active part as well as responsibility in the learning process, and contributed to the solution of
problems using their cognitive skills. Therefore, the program was expected to contribute to the
development of the students” knowledge structures. It was predicted that identification of these
knowledge constructs with reference to the conceptual transformation introduced through the
contents of STEM-LEAP could help the researchers assess the effectiveness of STEM-LEAP.

2.3. Research Questions

The present study focused on the implementation and assessing the effectiveness of Robotic
Modeling: The Mars Mission STEM-LEAP as an integrated STEM learning program. In line with
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the research objective, the following research questions were addressed:

RQ 1) Does Robotic Modeling: The Mars Mission STEM-LEAP intervention affect students'
STEM career interest?

RQ 2) Does gender moderate the effects of the Robotic Modeling: The Mars Mission STEM-
LEAP intervention on students' STEM career interest?

RQ 3) How do students” knowledge structures change during the Robotic Modeling: The Mars
Mission STEM-LEAP?

3. Method

The present study focused on the assessment of the Robotic Modeling: The Mars Mission STEM-
LEAP Learning Program designed for 7th grade students who were supposed to work on a STEM-
related problem case through modeling and design activities. Employing investigation strategies
that involve simultaneous or sequential data collection (Creswell & Plano Clark, 2007), the mixed
method was utilized in this study for providing better responses to the research questions.
Specifically, it was designed as a quantitative one as it focused on the effects of an experimental
intervention, and a qualitative one as it sought to identify the students” conceptual constructs. The
students were expected to develop basic robotics and design skills through the six-day event
Robotic Modeling: The Mars Mission STEM-LEAP, to develop these skills in problem solving
processes and to employ them in project design by using them to solve real life problems. For this
purpose, the content of Robotic Modeling: The Mars Mission STEM-LEAP was designed in the
alignment of P3 Task taxonomy which is frequently employed in engineering education.

3.1. Robotics in the STEM-LEAP

This study exclusively employed LEGO EV3 robotics sets, one of the most widely used tools in
robotics activities. LEGO EV3 robotics sets are extensively utilized in STEM education at the K-12
level, given their various benefits in developing the children’s problem solving skills, presenting
practical applications of the principles of science, providing means for engineering applications,
facilitating the development of reasoning and spatial skills as well as mathematical thinking on
part of the children (Carbonaro et al., 2004; Castledine & Chalmers, 2011).

LEGOs make it more enjoyable, effective and collaboration-based for students to develop
building, design and programming skills. Robots built using LEGOS help teaching the basic
concepts of engineering and technology. LEGO robots not only help the students develop
mathematical thinking skills, cooperative work skills, creativity and problem solving skills also
facilitate their understanding of the scientific methods, logic of programming, and engineering
design processes. In addition, LEGO EV3 sets were a rather obvious choice for this study as LEGO
parts are robust and easily programmable. In the STEM learning program implemented in this
study, “The Mars Mission” served as the context of the problem case presented to the students.
The students were asked to develop models of vehicles capable of moving in a rock-covered
canyon on the surface of the Mars. It is noteworthy that LEGO EV3 robotics sets have the
structural characteristics to enable the design of these models.

3.2. SketchUp Software and Spatial Thinking in the STEM-LEAP

Spatial thinking plays a central role in integrating robotics and astronomy. The spatial thinking
skill, which is the building block of spatial thinking refers to the ability to imagine an image in
one’s mind, to alter and put to use that image (Lord, 1985), to produce a visual image, and to
proceed with, to revise, and to transform an existing form. People need the spatial thinking for
basic necessities such as rearranging the furniture at home, or maneuvering or stopping the car as
part of a safe-driving experience, in our daily lives (Rafi et al., 2008). Ben-Chaim et al. (1988)
underline the importance of spatial visualization -a major component of spatial thinking skills-in
most technical-scientific professions in general, and STEM-related fields in particular. Astronomy,
in its turn, represents a domain of knowledge providing an interdisciplinary combination of all
fields of STEM. To be able to grasp various topics and concepts of astronomy, one needs spatial
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thinking skills such as imagining objects from different angles, tracking their movement through
multi-dimensional space, and reasoning about the representations of stellar objects (Cole et al.,
2018).

LEGO is often compared to SketchUp® software, in the context of enabling students to express
their spatial skills. SketchUp® is a three dimensional modeling software, and is used in graphic
design, engineering, as well as architecture (Murdock, 2009). Moreover, the geometry features of
the software entails elements focusing on certain skills such as developing focus, templates,
transformations, and spatial skills, all of which serve the purposes of software development
(Fleron, 2009; Kurtulus & Uygan, 2010). The interface of SketchUp® involves axes in three
dimensional space, and a human model for the modeling and tools used for building (see Figure
1).

Figure 1
Interface of SketchUp

The software is comprised of certain basic tools used frequently. These include the “rotate” tool
allowing the user to rotate an object at certain angles from specified axes, the “pan” tool letting the
user to slide the view on the vertical or horizontal axis, the “position camera” tool enabling the
positioning of the camera used to display the objects on the screen, the “look around” tool
allowing the user to look at the shapes from a certain point specified on the screen, and the “orbit”
tool allowing the spinning of the whole screen to see the objects from all angles possible. As all
these tools inherently support spatial skills, they can be used for modeling geometric shapes and
3D elements. SketchUp applications used in STEM-LEAP have been used to develop students
reasoning, spatial skills, building and design skills.

3.3. P3 Task Taxonomy

In the present study, the students were expected to implement a task taxonomy, in order to
facilitate access to the project activities provided to them. P3 Task Taxonomy provided the model
employed for this purpose. This taxonomy was developed by Kastelan et al. (2014) and initially
used to develop an education system with a focus on computer science at the university level, and
was subsequently revised by Barak and Assal (2018) who employed the taxonomy in three steps
(Practice, Problems, Projects). In the present study, P3 Task Taxonomy was chosen as the optimal
tool in terms of revealing how previous learning experiences can facilitate the performance of new
tasks, and how otherwise complex tasks can be handled with relative ease. The model is presented
in Figure 2.
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Figure 2
The P3 Task Taxonomy process employed

In the Practice step, the students engage in exercises with already known solutions, as well as in

closed-ended tasks, trying to come up with the correct answer, and gain experience while doing
so. In the Problem Solving (or Problems) step, they are given small-scale open-ended tasks which
can be handled through various distinct approaches to come up with different answers. Finally,
the Projects step expects them to handle rather complicated tasks. At this step, the students are
expected to define the problem, identify the objectives, and implement the solution.
The Practice step of STEM-LEAP took three days (Days 1 to 3). This time frame involved
SketchUp, Robotics, Art and Design trainings. The Problem Solving step, in turn, entailed two
days (Days 4 and 5) of SketchUp and Robotics trainings. Finally, the Projects step lasted a single
day (Day 6) and required observing the students work on the problem case of the Mars Mission, as
was presented to them. The steps in concern are presented in detail in the following sections.

3.3.1. Step 1. Practice

In the Practice step, the students are expected to receive basic knowledge and skills about Robotics
and SketchUp. Furthermore, the Art and Design activities carried out in this step are intended to
develop creative designs (see Appendix). Robotics and Coding: In the context of the Robotics
training, the students began with discovering the basic parts of Lego EV3. They were initially
introduced to ultrasonic, color, gyro and touch sensors and motors included in the set, and led to
produce simple mechanical structures as they had not used LEGO EV3 earlier. Furthermore, the
students were given a chance to experience LEGO EV3 block coding in order to improve their
algorithm development skills, and to learn to use the software language.

3.3.2. SketchUp

In this step, the students got acquainted with the interface of SketchUp 3D design and modeling
software. They also experienced the 3D model building skills. They learned how to use the
toolbars for design. In this step, the basic settings and drawing logic of SketchUp were introduced,
along with the use of commands such as select, move, rotate, and zoom, to provide them the
ability to control the screen, the camera position, and the view.

3.3.3. Art and Design

The Art and Design step involved various activities around the Mars and space themes, with a
view to supporting the students’ creative design skills. In the activity titled “My Dream Martian”,
the students produced a 3D the Mars design using a material named Plastimake. Thanks to this
activity, they developed certain skills such as reasoning the ratio and proportion of the human
figures, discerning geometric forms in moving human figures, and using their imagination to come
up with new life form visions. The activity titled “My First Day on the Mars”, on the other hand,
required them to imagine their first day on the Mars, and to create a comic book out of it, using
Pixton, a Web 2.0 service. Finally, the “UFO I Found in the Garbage” activity involved the building
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of a 3D space vehicle, using waste materials. The Art and Design activities were not part of the
subsequent steps.

3.3.4. Step 2. Problems

In this step, the students engaged in small-scale open-ended tasks, which provided them the
opportunities to employ various solutions in Robotics and Coding and SketchUp activities (see the
Appendix). Robotics and Coding: The Robotics activities allowed the students to develop coding
skills for various problem cases by using the sensors, motors and EV3 Mindstorms interface which
were introduced in the first step. The students chose the introduction-level training robot using the
Robot Educator-Building Instructions tab, and proceeding with the steps provided. Using that
robot, the students practiced with simple tasks such as “if there is an object within 20 cm in front of

o

you, turn on the red light and turn right, if not, proceed straight”, “proceed on the white line on the black
surface”, “move when you hit the Touch 1 sensor; stop when there is an object 40 cm ahead of you”, “turn
90 degrees to the right if there is an object 30 cm ahead of you, then proceed straight”, or “start the medium
motor when the color sensor notices red”. Thus, the students were equipped with the background and
skills required to design the autonomous robot to serve on the platform where the problem

scenario of the study would be applied in Step 3.
3.3.5. SketchUp

In this step, the students worked with basic geometric shapes, using the commands they practiced
in the first step. In this context, various 3D shapes such as prisms, pyramids, cones, spheres of
various sizes were constructed. The students then took horizontal, vertical, and sloped cuts of
these objects, and analyzed the cross-sections. Having gained necessary experience with geometric
shapes, the students were then asked to design a Mars Home of a size of their own choosing,
provided that it was big enough for two people. Through this task, the students developed the
essential knowledge for the mission identified in Step 3.

3.3.6. Step 3. Projects: The Mars Mission

In this section, the students were presented with the following problem case, and asked to design
projects to handle it.
Problem statement: A rover was sent to the Mars, to perform some studies of its surface. However,
due to some glitch, the vehicle landed to a location far from the base it was supposed to land in. To
reach the base where the studies are to be performed, the vehicle should go through a canyon with
various obstacles en route. You are now expected to design this autonomous vehicle and modeling
the canyon, to ensure that the vehicle successfully moves through the canyon and reaches the base.
The students were issued a presentation file describing the problem case of the scenario, and
perform a detailed analysis of the model of the landscape where the mission is expected to be
carried out, taking relevant notes in detail. LEGO Mindstorms Education EV3 and LEGO
Mindstorms Education EV3 add-on sets were provided to the students, who were asked to design
an autonomous space vehicle capable of meeting all mission requirements at once. The groups
then proceeded with modeling the platform for the Mars Mission scenario, making use of their
previous robot design practices and 3D drawings produced in Steps 1 and 2. Then, they used the
platform to test the robots they developed. The students tested the dimensions of the robot to go
through the canyon, using 3D drawings. Then they debated the advantages and disadvantages of
various robots which were able to complete the mission. They also made significant efforts to
overcome the new problems they encountered in developing an autonomous robot which met the
requirements of the problem case (see Appendix).

3.4. Participants

The participants of the STEM-LEAP activity, which was organized in a 6-day summer camp
format, were students who just completed 7th grade, to proceed to the 8th. The announcements
promoting the STEM-LEAP program were delivered to schools throughout the province. The
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students who wished to take part in the program notified the program organizers with the help of
school administrators. The applicants for the program were then reviewed in terms of their
motivation, expressed interest in science, physical ability to cope with the intensive program to be
applied at the training, and lack of any outstanding health problems to preclude attendance,
culminating in the selection of 32 participants from nine schools. 15 of the selected participants
were females, and 17 were males. All participants were either 12 or 13 years old. The students
handled Steps 1 and 2 as individuals, and then in Step 3, worked on the project in groups of four.

3.5. Data Collection
3.5.1. STEM career interest scale

To assess influence of the STEM-LEAP on the students” interest in a career in STEM, the STEM
Career Interest Survey/STEM-CIS developed by Kier et al. (2014) was used. The scale covers four
sub-dimensions (Science, Technology, Engineering and Mathematics). As part of their efforts to
translate the scale into Turkish, Koyunlu-Unlu et al. (2016) applied it to 1033 secondary school
students, verifying its structure based on four sub-dimensions and 40 items. The Cronbach’s alpha
internal consistency factor of the scale was found to be .93 for the overall scale, .86 for science sub-
dimension, .88 for technology sub-dimension, .94 for engineering sub-dimension, and .90 for
mathematics sub-dimension. It is noteworthy that no further validity and reliability analyses were
conducted as the sample of the present study and that of the study which adopted the original
scale to the Turkish language were similar in age. STEM Career Interest Survey was applied as a
pretest before the program, and as a posttest after the program.

3.5.2. Word association test

In order to assess STEM-LEAP’s potential influence on students’ knowledge structures, word
association test (WAT) was applied both as a pretest and a posttest. The WAT can be used before
instruction to probe the prior concepts in students” knowledge structure as well as after instruction
(Bahar et al., 1999; Johnstone & Moynihan, 1985; Shavelson, 1972). The WAT used the keywords
the students were expected to come across within the framework of Robotic Modeling: The Mars
Mission STEM-LEAP. The keywords were separately chosen from the concepts that the program
was built on and that were considered most important to the subject, and finalized by the
consensus of the three researchers. In conclusion, coding, modeling, problem, robot, design and space
concepts were used as the foundation of the WAT design.

On the first day of the program, the students were provided a description of WAT, and given
one minute for each concept to be covered. Usually, the responses regarding each concept in the
WAT are extended within thirty seconds (Bahar et al., 1999). However, as the participants of the
present study were secondary school students, they were given one minute for each keyword.
Within the given period, they wrote down the words they associated with the keyword in
question. Subsequently, they were given the following keywords: “coding, modeling, problem,
robot, design and space” one after other. Once the time given for a keyword ran out, they were
asked to proceed right away to the next keyword, so as to ensure that each keyword was given an
equal amount of time to consider.

The same procedure was repeated after the program in the form of a posttest. The elicited
responses were individually analyzed because they, when associated with the key concepts, may
be a product of evocation that is not significantly correlated with the key concept. Besides, since a
sentence is much more complex and advanced than a single word, the evaluation process is
influenced by situations whether the sentence is scientific or not, or whether it involves
misconceptions or not.

3.6. Data Analysis

The normality of the distributions and the homogeneity of the variances regarding the pre-test and
post-test scores obtained from the scale were tested. Since the Shapiro-Wilk test results of the pre-
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test and post-test scores were not significant in all domains (p > .05), the assumption of normality
was provided. An F value was calculated for each subscale. Levene homogeneity test indicated
that the variances were homogeneous (p > .05). In small-group experimental studies, it is stated
that parametric tests can be used because they are more reliable than non-parametric tests if the
distribution of data is appropriate and assumptions are met (Pett, 2007). In this study the paired
sample t-test was performed to compare the results of the pretest and posttest on the students’
interest in a career in any STEM field (Science, Technology, Engineering and Mathematics). The
two-way ANOVA test was applied to observe the effect of gender in the STEM field, where
significant differentiation was observed according to this test result. Finally, the SPSS package
program was used in all quantitative analyzes.

Coding, modeling, problem, robot, design and space concepts were used as the foundation of the
word association test design. In the study, semantically similar responses were combined/grouped
and their frequencies were calculated. Thus, the words with semantic similarity were grouped and
categories were created and the categories were named according to what the answer words in the
categories meant. The irrelevant words were excluded from the categories. During these processes,
the words were categorized based on the criterion of semantic similarity, and the frequencies of
the words in each category were calculated and tabulated. The associated word numbers were
schematized according to the pre-test and post-test results. The number of words associated by
students was shown above the arrows. In this way, it was shown in which words a more intense
relationship was established.

To obtain reliability of the analysis, responses elicited from all WATs were analyzed and a
concept map was drawn from the WAT results by the two authors, independently. In the analysis
of the WAT data, the Miles and Huberman’s (1994) reliability formula [Reliability = Consensus /
(Agreement + Disagreement)] was used, and the inter-rater agreement was found 95%, confirming
the reliability of the analysis.

4. Results
4.1. Results of the STEM Career Interest Survey

The paired sample t test was carried out to see if the STEM-LEAP program affected the students’
interest in a career in STEM fields. The sub-fields where the test results showed a certain amount
of variation were subjected to further investigation using the two-factor variance analysis for
complex measurements in order to reveal if the students differ in their STEM career interest
regarding gender. Table 1 presents the paired sample t test results in concern.

Table 1
Results of the Paired Sample t-test on the Students” Career Interest in STEM Fields

Pre-test Post-test df ;
Sub-Scales N M sD M SD P
Science 32 4180 494 4319 415 31.00  —1.883 .069
Technology 32 41.30 6.21 4253 517 31.00 —1.345 188
Engineering 32 33.85 723 3997 7.73 31.00 —5.528 .000
Mathematics 32 4255 620 4288 691 31.00 —.409 685

Table 1 reveals that the students’ interest in a career in any STEM field has significantly
increased. Yet, the change in their interests in a career in Science, Technology or Mathematics is
not statistically significant, whereas their interest in a career in Engineering increased significantly
[£(31)=-5.528. p<.05]. As of the end of the program, the students” interest in a career in Engineering
grew substantially. Two-way ANOVA was applied to see if this change had to do with the variable
of gender. The descriptive analysis results are presented in Table 2.



A. Tekbyik et al. / Journal of Pedagogical Research, 6(2), 91-109 101

Table 2
The Change in the Students’ Interest in a Career in Engineering, Based on Their Gender

Pre-test Post-test
Gender N M SD M SD
Female 15 3240 8.33 35.80 9.15
Male 17 35.12 6.04 43.64 3.42

The analysis revealed significant differences between the pretest and posttest results of the
students [F(1 —30) = 33.74,p <.05]. Moreover, a significant variation was observed across
gender, with the male students experiencing an increased interest in a career in engineering
[F(1 -30) =5.53,p <.05]. Similarly, gender by measurement-time interaction was statistically
significant [F(1 — 30) = 6.22,p <.05]. In the light of the data presented, it is evident that the
activities included in the program led to an increase in all participating students” interest in a
career in engineering. However, the increase was more marked with the male students when
compared to the female students. The rates of the change observed are presented in Figure 3.

Figure 3
Career interest change as a function of gender by measurement time interaction

4.2. Results of the Word Association Test

The Word Association Test (WAT) was applied in the form of a pretest and posttest. To prevent
any confusion in the presentation of the findings, the concepts presented to the students were
labeled “keywords”, whereas the words the students associated with these words were labeled

“responses”. The number of responses provided by the students in the process is presented in
Table 3.

Table 3
Number of Responses Associated with Keywords

Number of Responses
Keywords Pre-test Post-test
Coding 131 175
Design 127 162
Problem 139 180
Modeling 123 161
Space 165 234
Robot 129 194
Total 814 1106

It is evident from Table 3 that 814 and 1106 responses were provided by the students in the
pretest and posttest, respectively. STEM-LEAP implementation led to an apparent increase in the
number of responses associated with all keywords. Such an observation indicates an improvement
in grasping the keywords.

The tabulated responses obtained from the pre-test are presented in the concept grid (see Figure
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4). The shape and thickness of the arrows denoting associations are based on the break points in
order to provide a clearer picture of the relationship between the keywords and the responses as
presented in the concept grid. For instance, the associations between the keywords/responses with
a break point in the 5-9 range were shown with dashed lines (-» ) whereas the associations between
the keywords/responses with a break point equal to or higher than 20 were shown with thick
arrows (—).

Figure 4
Responses associated with keywords in the pretest

The strongest association shown in Figure 4 is the one between “problem and question” (with a
break point higher than 20). In other words, more than 20 participants associated the keyword
“problem” with the response “question”. This break point was reached with only a single
response. A response with a break point in 15-19 range was “planet”. One should also note that the
response word “planet” was associated only with the keyword “space”. On the other hand, the
number of the responses associated with the keywords in the break point range 10-14 was
remarkably higher. Moreover, associations in this range began to appear between individual
keywords (i.e. the keyword “coding” was associated with not only the response word “computer”,
but also with other keywords, namely “robot” and “modeling”). The 5-9 break point range is
notable with the prominence of the associations between all keywords as well as the relevant
responses. The concept grid based on the keywords elicited from the posttest is presented in
Figure 5. Similar to the pretest, the shapes of the arrows used in the grid differ across the cut-off
points.
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Figure 5
Responses associated with keywords in the posttest

A glance at Figure 5 indicates a more intensive relationship between the keywords. A similar
increase in the intensity was observed in the associations between the keywords and the responses.
In the break point range of 20 or more, the keyword “coding” was associated with the keyword
“robot”, and the response word “computer”. In the same range, the keyword “problem” was
found to be associated with the response words “solution” and “question”, whereas the keyword
“space” was associated with the response words “planet” and “the Mars”. In the break point range
15-19, the keyword “modeling” was found to be associated with the keywords “robot” and
“design”. Again, in this range, the keyword “space” was found to be associated with the response
word “star”, and the keyword “problem” was associated with the response word “mathematics”.
In the break point range 10-14, associations were observed between the keywords “coding” and
“modeling” as well as “robot” and “modeling”. The highest number of associations in this range
was noted with the keyword “space”. Here, the students associated the keyword with the response
words “spacing”, “the earth”, and “the sun”. The associations among the keywords were mostly
frequented in the cutting intervals of 5 and 9. In this range, each keyword was found to be
associated with at least one response word.

5. Discussion and Conclusion

The present study focused on the implementation and assessing the effectiveness of Robotic
Modeling: The Mars Mission STEM-LEAP as an integrated STEM learning program. The study
exclusively investigated the effect of the STEM-LEAP on the students’ interest in a career in STEM
as well as their knowledge structures. The fundamental purpose of the STEM education is to train
professionals needed in the fields of science, technology, engineering, and mathematics. The
National Research Council (2011) reported that the number of professionals trained for a career in
STEM fields is insufficient to meet the United States” increasing need for individuals with technical
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training and scientific literacy. In Turkey, a developing country with the youngest population of
all Europe, the need for a qualified work force well-versed in STEM fields is apparent.

Recent studies revealed the need for improving the students’ attitudes towards and
achievement levels and interest in STEM fields as a must for increasing their level of interest in a
career in STEM (Dabney et al., 2012; Hayden et al., 2011; Lavonen et al., 2008). The present study
reported that the STEM-LEAP significantly influenced the students’ career interest in engineering
while it was not effective enough (was not sufficient) to reinforce their interest in a career in
science, technology and mathematics. The STEM-LEAP was implemented as a summer camp as an
extracurricular activity. The existing literature notes that extracurricular science activities (Dabney
et al., 2012), STEM competitions (Miller et al., 2017) and STEM robotics club organizations (Nugent
et al., 2016) increase the students’ interest in a career in STEM. These studies, however, did not try
to identify the specific sub-field of STEM marked by the most significant increase in interest in a
career. On the other hand, Nugent et al. (2016) stated that Lego Robotics activities implemented
independent of the curricular activities at school helped increase interest in a career in engineering.
Arguably, the explicit inclusion of the robotics activities in all three steps of P3 task taxonomy
(Practice, Problems, Projects) led to such activities drawing more interest compared to the activities
focusing on art and design and mathematical modeling (SketchUp), and thus, an increased
emphasis on the interest in a career in engineering compared to a career in other domains of
STEM. The Mars Mission project drew the students” interest and attention to this issue, but it did
not go far in terms of increasing their level of interest in a career in science. In the same vein, the
students’” interest in a career in mathematics was not increased either despite spending some time
on mathematical modeling (SketchUp). The contribution of robotics and art and design activities to
the technology domain of STEM was also limited.

The study also investigated the influence of the STEM-LEAP on the students’ interest in a career
in engineering, with reference to their gender. In this context, the male students were observed to
enjoy a higher level of increase in their interest in a career in engineering than the female students.
Underrepresentation of women in science, technology, engineering and mathematics (STEM)
stands out as a point of concern for most societies (Meyer et al., 2015). It is noted that, within the
wider framework of STEM fields, women are more interested in human biology, health and
fitness, while men are more interested in science, technology and the destructive aspects of science
and technology (Christidou, 2006). Again, it is noted that extracurricular robotics competitions
increase men’s interest in a career in STEM, compared to the level of increase registered in
women’s interest in a career in STEM, arguably due to the more competitive nature of men when
compared with women (Miller et al., 2017). The present study also reached to the argument that
working in competition with other groups in the project step of P3 task taxonomy led to a rather
striking increase in the male students’ interest in a career in engineering. On the other hand, few
studies evidenced that STEM activities entailed no significant difference in the increase in career
interest regarding gender (Dabney et al., 2012).

WATs were applied before and after the STEM-LEAP, in order to assess the change in the
students” knowledge structures. The students were presented with the keywords Coding, Design,
Problem, Modeling, Space, and Robot, in the respective order, and asked to associate them with
specific terms. 814 and 1106 responses were provided by the students in the pretest and the
posttest, respectively. The number of the terms with which these keywords were associated was
increased by approximately 36% in the posttest. The WAT can be used before instruction to probe
the prior concepts in students” knowledge structure as well as after instruction (Bahar et al, 1999;
Johnstone & Moynihan, 1985; Shavelson, 1972). The results of the WATs indicated positive changes
in the students” knowledge structures. These important changes before and after the STEM-LEAP
activity may be attributed to effect of the activity on the students’” knowledge structures by
constructing a network and establishing new associations response words. Similar findings were
also reported in previous studies (Cachapuz & Maskill, 1987; Nakiboglu, 2008).

The terms associated with the STEM-LEAP keywords are also significant in terms of their
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diversity. For instance, the number of response words associated with the keyword “space” in the
pretest rose from eight to thirteen in the posttest. Such a change observed in the posttest was also
accompanied by an increase in strong associations. In the pretest, the association between problem
and question, and space and planet were the exceptions with a break point of 15 or higher
(denoting a strong association). In contrast, in the posttest the associations between robot and
coding, coding and computer, modeling and design, problem and question, problem and solution,
problem and mathematics, space and star, space and planet, and space and the Mars also stood out
as strong associations. These changes suggest that the STEM-LEAP helped enhance the students’
knowledge structures, and shape the associations between various concepts. As noted in the
previous studies, robotics summer camps encouraged students towards greater proficiency in
STEM fields in terms of their knowledge of engineering, engineering design, and programming
(Nugent et al.,, 2016). Moreover, it is also understood that STEM camps as informal learning
environments helped the students develop content knowledge regarding the topics they work on
(Mohr-Schroeder et al., 2014). The present study led to the conclusion that activities planned with
reference to the Mars mission scenario with the aim of integrating STEM fields with P3 task
taxonomy facilitate the development of the students” knowledge structures.

6. Suggestions and Implications

Even though there are different approaches to the STEM education around the globe, the present
study still stands out with the tried and tested model based on a successful integration of the
Robotics, Art and Design, and Mathematical Modeling (SketchUp) on the basis of P3 Task
Taxonomy (Practice, Problems, Projects). Hands-on activities implemented within the framework
of the STEM education are known to be interesting to the students (Nugent et al., 2016). For a
holistic contribution for the students, these activities should be pedagogically designed and
integrated with STEM fields including robotic applications with a focus on real-life problems.

The education activity provided in the context of this study reinforced the students” interests in
a career in engineering in particular. Subsequent studies may follow up with alternative activities
to foster their interest in other STEM fields through the STEM education involving robotics
applications. The intervention increased the male students’ interest in engineering career more
than the female students. Although the STEM-LEAP is designed to appeal to all students
irrespective of their gender, it did not have the same effect on the career interests of male and
female students. The results of this study suggest that researchers use different opportunities to
experience practices that will transform career interests in favor of female students.

In the study, strong connections were observed between four key concepts (coding, design,
modeling and robot) as a reflection of the development in the students' knowledge structures.
However, it has been observed that the concepts of “problem” and “space” are barely associated
with these four concepts. Since the observation of certain conceptual relationships was not defined
as a learning goal in this study, the STEM-integrated robotics curriculum developers can define the
change in knowledge structures as a learning goal and adjust the content accordingly.
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Appendix. Images for the steps of the P3 task taxonomy

Steps Activities
Practice
Robotics & Coding Art & Design SketchUp
Problems
Robotics & Coding SketchUp
Projects

Mars Mission Projects




