Journal of Turkish Science Education, 2022, 19(1), 163-179.
DOI no: 10.36681/tused.2022.116

T

w

http://www.tused.org
© ISSN: 1304-6020

Tournal of Turkish Science Education

p =

Engineering Design-based Activities: Investigation of Middle School

Students’ Problem-Solving and Design Skills*

Liitfi Uzel!, Sedef Canbazoglu Bilici?

"Ministry of National Education, Turkey, ORCID ID: 0000-0001-9541-2208
2Aksaray University, Turkey, ORCID ID: 0000-0001-7395-6984

*This study is a part of the master’ thesis of Liitfi UZEL (supervised by Assoc. Prof. Dr. Sedef CANBAZOGLU
BILICI) entitled “Evaluation of the impact of engineering design-based activities performed in 6th grade “matter

and heat” unit on problem-solving and design skills”.

ABSTRACT

The purpose of this research is to examine the effects of engineering design-based
activities carried out in the sixth-grade Matter and Heat unit on the problem-solving
skills of students, and the changes in the designing skills of students during these
activities. This research, conducted by following the one-group pre-test — post-test quasi-
experimental design, was carried out with 23 students enrolled in a public school. Within
the scope of the research, activities structured in line with the Matter and Heat unit
learning outcomes were carried out for five weeks. The effect of the activities on the
problem-solving skills of students was evaluated with the “problem-solving skills test’.
During the activities, “worksheets” and ‘design products’ were used to evaluate the
designing skills of students. The data obtained from the problem-solving skills test were
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analyzed using the Wilcoxon signed-rank test. The engineering design process rubric was
used to evaluate the changes in students' design skills during the engineering design-
based activities.The results showed that there is a statistically significant difference
between students’ pre-test and post-test scores in the problem-solving skills test. It has
been determined that engineering design-based activities carried out within the
framework of the real-world problems contribute to the increase of engineering design
skills of middle school students.

Introduction

The rapid changes in the fields of science and technology in the 21st century multiply human
needs and make the problems people face in daily life more complex. In solving these complex
problems, the knowledge and skills of a single discipline do not suffice and there is a need for a
transdisciplinary perspective (Wang, 2012). Moreover, in solving problems, it is important that
individuals possess 21st-century skills (problem-solving, creativity, critical thinking, working in
cooperation, innovation, etc.). In this context, education reforms are implemented to raise individuals
who will play roles in solving global problems. Education reforms emphasize the acquisition of
problem-solving and creative thinking skills by individuals. Individuals are expected to integrate
these skills into their daily lives (Demir, 2015; Ernst & Haynie, 2010; Wells, 2008). STEM (Science,
Technology, Engineering, and Mathematics) education is considered to be an opportunity for
individuals to acquire skills such as problem-solving and creative thinking (Battelle for Kids, 2019;
Sar1 et al., 2020; Suratno et al., 2020). Students' research and inquiring, their solving of problems they
encounter in real-world and designing products to solve problems is possible through a



Journal of Turkish Science Education

atransdisciplinary integration of science, technology, engineering, and mathematics (Bozkurt Altan,
2018). In this context, students must experience educational practices where they can acquire these
skills (Felix, 2016; Miaoulis, 2009). Especially, the experience of middle-school students with the
discipline of engineering will make a great contribution to the raising of problem-solving, creative-
thinking, and technologically literate individuals.

In Turkey, STEM education was not emphasized explicitly in the 2013 middle school science
curriculum (Ministry of National Education [MoNE], 2013), but the curriculum contained dimensions
that were directly related to STEM education such as project designing and equipping students with
science process and life skills. However, the 2017 draft middle school science curriculum for 3-8t
grades explicitly included science and engineering activities (MoNE, 2017). In addition to the objective
of raising individuals with scientific literacy, this draft curriculum aimed to educate individuals to be
able to transfer their skills and information, acquired by blending science with other disciplines, and
by designing products. In contrast with the 2017 curriculum, in the science curriculum updated in
2018, this field was approached as ‘science, engineering and entrepreneurship practices’” and was no
longer a unit, with unit outcomes from fourth- to eighth-grade structured in line with this. The aim of
these changes encompassed making students individuals who can produce solutions to problems or
needs of real-world, design products by using the information and skills they acquired in this process,
add value to and market their designed products as well as having the students develop themselves,
all by ensuring a dynamic interaction between the disciplines of science, technology, engineering and
mathematics (MoNE, 2018). The explicit inclusion of ‘science, engineering, and entrepreneurship
practices’ to the curriculum can be identified as a factor supporting STEM education in middle schools
in Turkey. Le Thi Thu et al. (2021) performed a bibliometric analysis of research into STEM education
in middle schools in the last 20 years. In this research field, following the United States, Turkey is the
country with the second-highest number of publications. There has been a notable increase in the
number of studies, especially in the last five years. Studies focused especially on the impact of STEM
education practices on students’ academic success, attitudes towards STEM career professions, and
STEM awareness (Baran et al., 2019; Elmal1 & Balkan Kiyici, 2017; Ozer & Canbazoglu Bilici, 2021; ).
These variables which were the focus of these studies are certainly important for STEM education. The
information of students on the discipline of engineering, which is included in the curriculum as well,
is more limited compared to other STEM disciplines. Students need to experience the engineering
design process with engineering design-based activities.

It is emphasized that inquiry-based activities in science education should be blended with the
engineering design process (National Research Council [NRC], 2012). In contrast to other pedagogical
approaches, in STEM education, engineering and design come to the fore (Akarsu et al., 2020; Jolly,
2014). Design is indicated as the most important dimension of the engineering enterprise, the aim of
which has been to identify and satisfy economic, social, and cultural needs throughout history
(National Academy of Engineering [NAE] & NRC, 2009; Petroski, 1996). Engineering is defined as
design realized within criteria and constraints (NAE, 2010). The 'Technology and Engineering Literacy
Framework' report prepared by the National Assessment Governing Board (2010) defines engineering
as a design process. In design, which is the approach of engineers to produce solutions for needs or
problems, a single method is not employed and the produced solutions incorporate a systematic
process (NAE, 2010; NAE & NRC, 2009; NRC, 2012). This process referred to as the engineering design
process, is defined as 'the approach used by engineers to identify the best way to solve engineering
problems, serve a given purpose and create a tool or process’ (NAE & NRC, 2009, p. 38). Engineering
design-based activities help students who actively partake in them to meaningfully learn the
disciplines of science and mathematics, raise their awareness of engineering and engineers' works as a
career and understand engineering design processes (NAE & NRC, 2009). In general terms, the
engineering design process includes the processes of defining and solving the problem (NRC, 2009).
Syukri et al. (2018) state that though identifying and solving the problem is important in the
engineering design process, studies investigating the impact of this process on students’ scientific
problem solving are limited. Engineering design-based activities are not restricted to only ensuring
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that students think about and work on real-world problems. They also ensure that students use their
mathematical and scientific knowledge in predicting, analyzing, and solving engineering problems
(Fan & Yu, 2017). In Turkey, engineering design-based science education activities generally have
been carried out as part of STEM education. Some research considered the extent to which STEM
education-based activities have an impact on prospective science teachers' and students' problem-
solving, scientific creativity, critical thinking, decision-making, higher-order thinking and science
process skills (Bozkurt, 2014; Fan & Yu, 2017; Hacioglu, 2017; Pekbay, 2017). Research also examined
individuals' perceptions of, attitudes towards and interest in engineering (Unlii & Dokme, 2016;
Pekbay, 2017; Yildirim & Tiirk, 2018). Ozer (2019) identified the impact of Algodoo-based activities
within the sixth-grade force and motion unit on students' engineering design skills and conceptual
understanding. The development of engineering design-based activities has a significant role in
understanding the application of the four STEM disciplines in the problem-solving process (Chiang et
al., 2020). Alfiana et al. (2021) follow three steps; initial study, product development, and product
testing to improve high school students’ problem solving skills on heat and temperature topics. Many
middle school students still have learning difficulties on heat and temperature topics (Sarikaya, 2019;
Yilmazel, 2020). In this research, engineering design-based activities were also carried out within heat
and temperature topics under “matter and heat” unit. This study aims to examine the impact of
engineering design-based activities within the sixth-grade Matter and Heat unit on students' problem-
solving and engineering design skills. In line with this aim, the research questions are the following;:

1. Is there a statistically significant difference between the problem-solving skills of students

before and after engineering design-based activities?
2. How do sixth-grade students' design skills change during the process of engineering design-
based activities?

Methods
Research Design and Context

A “one-group pretest-posttest quasi-experimental” design was used to examine the impact of
engineering design-based activities within the sixth-grade Matter and Heat unit on students' problem-
solving skills, and the changes in students' design skills during the activities. Pre-test and first scoring
of activities were accepted as the starting point on the effectiveness of engineering-based activities
without comparing any control group. In the first two weeks of the study (840 min), students were
informed about engineers, engineering, engineering design process, and STEM education. Then, with
the engineering design process game presented in Figure 1, it was aimed that students learn the
engineering design process. In the game, the engineering design process was drawn on a piece of
colored pasteboard. The steps of the design process were written on small pieces of cardboard and
attached to the pasteboard with the help of hook-and-loop fasteners. The small pieces of cardboard
with the steps written on them were placed irregularly on a desk. Then, students were asked to
correctly complete the steps that were left empty on the pasteboard. In this process, the steps of the
engineering design process were discussed. It was emphasized that this loop was dynamic and the
process could be followed by returning from one step to the other.
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Figure 1

Engineering Design Process Game

As indicated in Table 1, in the third week of the study, the pre-test of the problem-solving
skills test (80 min) was applied to students. Following this, five activities structured in line with real-
world problems were performed in the science course (five weeks, 20-course hours). In the last week
of the study, the post-test of problem-solving skills test (80 min) was applied to students again.

Table 1

Research Process

Week Content
12 » Providing information about the engineering design process and activities to
’ be performed in the research
3. » Problem-solving Skills Test (pre-test)
» Performing the engineering design-based activities
% Week 4: Activity 1 - Thermometer
48 % Week 5: Activity 2- Anti-Freezing Milk Tank
’ % Week 6: Activity 3- Let There Be No Unheated Home
% Week 7: Activity 4- Struggle Against Cold Weather Conditions
% Week 8: Activity 5- Lemon Carrying Containers
9. > Problem-solving Skills Test (post-test)

Researchers obtained the ethical committee report for this study the processes of which are
detailed in Table 1. Moreover, in the first week of the study, researchers informed parents and
students on the research process and obtained permission for students' participation in the study
through parental consent forms.

Sample of the Study

The sample of the study consisted of 23 sixth-grade students in a middle school located in a
lower socio-economic environment in the district of Guzelyurt, Aksaray. The study employed the
convenience sampling method in identifying participants. The study took place in the school where
one of the researchers serves as a science teacher, with students attending the researcher's science

course.
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Data Collection

The data collection tools of this study are Problem-solving Skills Test (PsST)', 'worksheets' and
‘design products'.

Problem-Solving Skills Test (PsST)

PsST (Pekbay, 2017) was used to determine the impact of design-based activities on students'
problem-solving skills as pre-test and post-test in this study. PsST consists of 18 questions, six about
students’ decision-making processes, six about their system analysis and design processes, and six
about their problem-solving process. The mean difficulty of the test was calculated to be 0.34 with the
test including 10 difficult, seven average, and one easy question. The Cronbach alpha reliability
coefficient was calculated as .86 by Pekbay (2017). In this study, the Cronbach alpha coefficient was
calculated as .95.

Worksheets and Design Products

The study employed worksheets and the student products that resulted from the activities to
determine the impact of engineering design-based activities on students' design skills. In developing
worksheets, the researchers followed the engineering design process steps recommended by Hynes et
al. (2011). Before determining the real-world problems used in the activities, we asked students to list
for a week the problems they faced in the real world. We then designed the activities by taking into
account the students' responses and the context of Guzelyurt where the students live. For instance,
houses shown in Figure 2 are unique architectural structures of the district of Guzelyurt. In most of
these houses consisting of a ground floor and a first floor, the ground floor is constructed with rubble
stone and the upper floors with smooth cut stone. Downstairs are used as cellars in these houses. As
the altitude of the district center is high, the winter season lasts quite long and is cold. In line with this,
for instance, in one of the activities of the study, we provided cases that emerge from the heating of
homes and storing products in cellars. A table of learning objectives (Appendix) related to the five
activities was prepared for the content validity of the activities. The table of learning objectives shows
how each activity covers the disciplines of science, technology, engineering, and mathematics in terms
of the curriculum. Initial versions of the activities were sent to two researchers studying STEM
education. Experts reviewed the activities and provided feedback on the comprehensiveness of the
activities. Furthermore, they examined in detail the steps of the engineering design process. The
activities were finalized in line with experts’ comments and suggestions.

Figure 2

Examples of Houses in Guzelyurt
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In the activities, students, working in groups of three and four, identified the problem in the
case assigned to them and then developed possible solutions to the problem, taking into consideration
also the relevant criteria and constraints such as capacity, temperature, cost, endurance, aesthetics and
time. Stating their ideas about possible solutions individually, group members determined the best
solution as a group. They explained why they chose the best solution among possible solutions by
providing their reasons. Then, as shown in Figure 3, groups drew the prototypes of their designs.

Figure 3
Examples of Group Design Drawings

Groups designed in line with the prototypes they drew. In the end, groups presented the
designs and each design was evaluated using the engineering design process rubric (NASA, 2015, p.
33). Strong and weak aspects of their designs were indicated to the groups, ensuring that they stated
the changes they would make if they had a chance to redesign.

Figure 4

Example from Group Activities

During the activities, the researchers observed whether students would compromise on criteria
and constraints. For example, some groups preferred to increase the cost and create a more durable
design, whereas other groups preferred to keep the cost at a minimum, thereby compromising on the
endurance criterion. The researchers gave students sufficient space on worksheets so that they could
take notes of the work done in each step of the engineering design process. The researchers also
warned students that they should not proceed to another step before completing the current one.
Moreover, the researchers provided the materials to be used in the activities structured to be carried
out with simple materials and guided students in their process of developing products.

Data Analysis
Analysis of PsST

The scoring proposed by Pekbay (2017) was followed to evaluate the pre-test and post-test
scores. The responses of sixth-grade students to questions in PsST were graded as 3 (correct), 2
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(partially correct), 1 (wrong) and 0 (empty). Questions with only one correct answer (Questions 1, 4, §,
9, 11, and 15) were coded as correct (3) - false (1), while other questions were coded as correct (3) -
partially correct (2) - wrong (1). If the student left the question unanswered, the question was coded as
(0). In the grading of the tests completed by students, the highest possible score was 54 and the lowest
possible score was 0. To check the normal distribution of the data, the values of skewness-kurtosis and
the Shapiro-Wilk test recommended for a sample size below 30 (Althouse et al., 1998) are used in this
research. Descriptive statistics of students’ pre-test and post-test scores obtained from PsST are
presented in Table 2.

Table 2

Descriptive Statistics of Students” Pre-test and Post-test Scores

N Mean Skewness Kurtosis
Pre-test 23 33.17 -14 -47
Post-test 23 37.04 -96 -71

According to Table 2, the data is normally distributed because the value of skewness and
kurtosis are between -1 and +1 (Morgan, Leech, Gloeckner, & Barrett, 2004). The Shapiro-Wilk test is
also used to test normality. Results of the Shapiro-Wilk test for normality results are shown in Table 3.

Table 3

Normality Test Results based on PsST Pre- and Post-test Scores

Shapiro- Wilk

Statistic df p
Pre-test 94 23 .19
Post-test 94 23 23

The skewness and kurtosis coefficients (Table 2), and p values greater than .05 (ppre-test:.19>.05,
Prosttest:.23>.05), and the result of the Shapiro-Wilk test (Table 3) were examined. Pre- and post-test
scores indicated a normal distribution (Razali & Wah, 2011). However, the study employed the
Wilcoxon signed ranks test as its sample included less than 30 individuals, even though the pre-test
and post-test data indicated a normal distribution (Elliott & Woodward, 2007; Usta &Yilmaz, 2020).

Analysis of Worksheets and Design Products

The engineering design process rubric (NASA, 2015, p. 33) was used to evaluate the changes in
students' design skills during the engineering design-based activities process. The rubric includes six
criteria (identifying the problem, constructing a prototype, developing possible solutions, selecting the
best possible solution, testing and evaluating the solution, communicating the solution) and three
levels (1 point: below target, 2 points: at target, 3 points: above target). To interpret the arithmetic
means of the groups obtained from each criterion after the activities, we used the class width as
proposed by Kan (2009). In calculating class width, the difference between the largest value, 3, and the
smallest value, 1, was divided by 3, the group number, thereby giving the evaluation range as 0.66. In
this context, the group ranges were set as 2.34-3.00 above target, 2.33-1.67 at target, 1.00-1.66 below target,
and used in interpreting arithmetic means.
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Findings

The Impact of Engineering Design-based Activities on Sixth-Grade Students' Problem-
solving Skills

To answer the research question 'Is there a statistically significant difference between problem-
solving skills of students before and after engineering design-based activities?', we performed PsST as
pre-test and post-test. Descriptive statistics values from PsST on students' pre- and post-activities
problem-solving skills are presented in Table 4. These values show that students' post-test scores
exceeded their pre-test scores. Moreover, the lowest score in the pre-test was 10.00 whereas this was
16.00 in the post-test.

Table 4

Results of Descriptive Statistics regarding Students’ Pre- and Post-test Scores of the PsST

Std.

N Mean Lo Minimum Maximum
Deviation
Pre-test 23 33.17 11.02 10.00 51.00
Post-test 23 37.04 9.59 16.00 51.00

We performed the Wilcoxon signed ranks test, a nonparametric test, to see if there was a
significant difference between students' pre- and post-design-based activity PsST scores. The results of
the Wilcoxon signed ranks test are presented in Table 5.

Table 5

Results of the Wilcoxon Signed Ranks Test regarding Students’ Pre- and Post-test Scores of the PsST

N Mean Rank Sum of Ranks z p
Negative Ranks 4a 4.75 19 -3.364 .00*
Positive Ranks 170 12.47 212
Ties 2¢ - -

Note. 2 Post-test < Pre-test, PPost-test > Pre-test, < Post-test = Pre-test, ¢Based on negative ranks. * p <.05

The results of the analysis in Table 5 show that there was a significant difference between
students' problem-solving pre- and post-test scores (z= -3.36; p<.05). When mean ranks and the sum of
ranks were taken into consideration, the negative ranks value was 4 in favor of the post-test, the
positive ranks value was 17 and the value of the ties was 2. These values show that for 17 students,
corresponding to 74% of the sample group, post-test scores exceeded pre-test scores whereas, for four
students, post-test scores were inferior to pre-test scores. The analysis result reveals that there is a
statistically significant difference between the PsST pre-test and post-test scores of the participating
students (z= -3,36, p=0.001< 0.05). Taking into consideration rank averages and totals of score
differences, it emerges that the observed difference is in favor of positive ranks, that is, the post-test
score. According to these findings, it can be said that engineering design-based activities have an
important impact on developing students' problem-solving skills. Moreover, the effect size value (r=
.70) calculated to determine the effect size after the difference between pre-test and post-test scores
was found to be significant shows that the difference between scores has a large effect size.
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Changes in Sixth-Grade Students' Design Skills during Engineering Design-Based
Activities

Worksheets and products that resulted from the activities in the context of the research question
‘How do sixth-grade students' design skills change during engineering design-based activities', which
were followed through the activities performed with students, were graded using the engineering

design process rubric. The distribution of groups' average scores per activity for steps of the design
process in the rubric is presented in Figure 5.

Figure 5
The Distribution of Groups” Average Scores Per Activity for Steps of the Engineering Design Process
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As seen in Figure 5, in the thermometer activity (Activity 1) students received 2.16 points in
identifying the need or problem step, 1.50 points in constructing a prototype step, and 2.00 points in
other steps. In this context, in the thermometer activity, which was the first activity, students were on
or above target in all steps except for constructing a prototype step. In the anti-freezing milk tank
activity (Activity 2), students received 2.16 points in identifying the need or problem, developing
possible solutions, and constructing a prototype steps, 2.00 points for selecting the best possible
solution, testing and evaluating the solution, and communicating the solution steps. Compared to
Activity 1, there was an increase in students' scores, especially in constructing a prototype step.

In the let there be no unheated homes activity (Activity 3), students received 2.50 points in
selecting the best possible solution and communicating the solution steps, 2.33 points in identifying
the problem and testing and evaluating the solution steps, 2.00 points in developing possible solutions
and constructing a prototype steps. Though students performed at target in Activity 3's developing
possible solutions and constructing a prototype steps, a decrease was observed in these steps’ scores
compared to the first two activities.

In the struggle against cold weather conditions activity (Activity 4), students received 2.83
points in communicating the solution step, 2.66 points in testing and evaluating the solution step, 2.50
points in identifying the need or problem and selecting the best solution steps, 2.33 points in
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developing possible solutions step and 2.00 points in constructing a prototype step. In the lemon
carrying containers activity (Activity 5), which was the last activity, students received 2.83 points in
selecting the best solution, constructing a prototype, and communicating the solution steps, 2.66
points in testing and evaluating the solution step, 2.50 points in developing possible solutions step
and 2.33 points in identifying the need or problem step. Considering the performances of students in
the engineering design process steps in the five activities, constructing a prototype step saw the
highest score increase.

When the average scores obtained in the activities are compared, it is found that in the
thermometer activity, which was the first activity, the scores obtained through the engineering design
process rubric were lower than those in the lemon carrying containers activity, which was the last
activity. The distribution of study groups' average scores for steps of the design process per activity is
presented in Figure 6.

Figure 6

The Distribution of Groups’ Average Scores for Steps of the Design Process Per Activity

18
16 —15,98
14 14,82 !
o 13,66
512 11,66 11,82
3 10
< 8
S 6
4
2
0
1 2 3 4 5
Activity

As seen in Figure 6, it was found that the total score of groups for engineering design process
steps was 11.66 points, while this was 11.82 points for the anti-freezing milk tank activity, 13.66 points
for the let there be no unheated homes activity, 14.82 points for the struggle against cold weather
conditions activity and 15.98 points for the lemon carrying containers activity. In line with this, it can
be said that during engineering design-based activities, students' design skills improved.

Discussion, Conclusion, and Recommendations

This study aimed to examine the impact of engineering design-based activities on students'
problem-solving skills and the changes in students' design skills during the activities. Five
engineering design-based activities were performed within the sixth-grade Matter and Heat unit. The
study found that there was a statistically significant score difference between PsST pre-test and post-
test scores (i pre-test=33.17, X post-test=37.04), obtained to examine the impact of the activities on
students’ problem-solving skills. In line with the findings of the study, it was concluded that
engineering design-based activities performed in the context of students' real-world contribute to the
improvement of students' problem-solving skills. Similar to the results of this study, Pekbay (2017)
found that STEM activities are effective in improving seventh-grade students’ real-world-based
problem-solving skills. Similarly, in the literature, many applied studies found that STEM activities
performed with students from different grades contributed to their problem-solving skills (Ceylan,
2014; Dewaters & Powers, 2006; Lin et al., 2015; Mauch, 2001; Sahin et al., 2015).

In this study, the engineering design process developed by Hynes et al. (2011) was followed
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and it was determined that the problem-solving skills of the students enhanced. Syukri et al. (2018)
noted that activities integrated with the five steps of the engineering design process (ask, imagine,
plan, create, improve) help improve the problem-solving skills of students in scientific problems.
Well-planned, systematically developed engineering design tasks provide context for the
development of students’ problem-solving skills (Roehrig et al., 2012; Syukri et al., 2018). Unlike this
research, Ozgelik & Akgiindiiz (2018) carried out STEM activities as extra-curricular, and they found
that extra-curricular STEM practices performed out of school developed the problem-solving skills of
gifted middle school students.

Considering the results on the impact of group activities performed as part of the study, it was
found that students' average scores for identifying the problem step of the engineering design process
were at target in the first four activities ( X =2.16, §=2.16, X =2.33, X =2.33, respectively), and above
target in the fifth activity (X =2.50). Thus, the scores students received for identifying the problem step
of the engineering design process increased as the study progressed. In the literature, many applied
studies also found that design-based activities performed with students from different grades and
prospective teachers improved individuals' skills of identifying the need or problem (Bergin et al.,
2007; Bozkurt, 2014; Cardella et al., 2002; Dym et al., 2002; Ercan, 2014). The fact that the problems in
the activities were those that were or could be experienced in a real-world setting and were placed in
the context of Guzelyurt in Aksaray, where students live, may have contributed to the increase of
scores during the activities. Using problems situated in a real-world context is important in the
process of developing engineering design-based activities (NAE & NRC, 2009) and students'
encountering problems situated in a real-world context has helped them internalize the problems and
become more eager to solve them (English et al., 2017).

Considering students' scores for developing possible solutions step of the engineering design
process, it was found that students' scores were at target in the first and third activities (X =2.00), the
second (X =2.16), and the third activity (X =2.33) and above target in the fifth activity (X =2.50). In line
with this, it can be said that students' skills relating to developing possible solutions step improved,
which is one of the steps where creativity is used to the highest degree to tackle the complex
structures of problems that are or can be encountered in a real-world settings (Brunsell, 2012; Hynes et
al., 2011; Wendell, 2008). In the literature, many studies concluded that activities performed with
students from different grades, prospective teachers, and teachers have capabilities of improving
individuals' skills for developing possible solutions, and the participants' skills improved (Bozkurt,
2014; Capobianco, 2011; Ercan, 2014; Hacioglu, 2017). In selecting the best possible solution step, it was
found that the average scores were at target in the first and second activities (X =2.00) and above
target in the third (i =2.50), the fourth (i =2.50), and the fifth activities (i =2.83). At this step, study
groups partially analyzed the strong and weak aspects of the possible solutions they developed and
selected the best solution by partially considering the criteria and constraints relating to the problem.
It was found that as the engineering design-based activities were performed, students better analyzed
the strong and weak aspects of the possible solutions they developed. The fact that students
compromised less in the first activities than in the last activities on criteria and constraints gives rise to
the thought that they may have experienced problems when it came to selecting the best solution.
Regarding selecting the best solution step of the engineering design process, in a study to determine
the impact of design-based science education activities on seventh-grade students' engineering
capabilities, Ercan (2014) found that students' capabilities of selecting the best solution improved
during the activities. Similarly, Bozkurt (2014) found that engineering design-based science education
performed with prospective teachers improved individuals' capabilities of selecting the best solution.

Considering students' scores for constructing a prototype step, it was found that students'
scores were below target in the first activity (i =1.50), at target in the second (§ =2.16), third (§ =2.00),
and fourth activities (X =2.00), and above target in the fifth activity (X =2.83). It was found that the
average scores, which were below target in the first activity, became at target and above target as the
engineering design-based activities were performed. It was concluded that study groups used the
necessary materials and constructed their prototypes to meet the criteria of the task in line with the
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best solution they selected for solving the problem and their drawings. However, it was observed that
prototypes constructed in the first activity met the task's criteria on a limited scale. It is thought that
this was due to the study groups' ignoring some criteria. Regarding constructing a prototype step of
the engineering design process, in a study to determine the impact of design-based science education
activities on seventh-grade students' engineering capabilities, Ercan (2014) found that students'
capabilities of constructing a prototype improved during the activities. Similarly, in a study to
examine the impact of STEM education-based activities on prospective science teachers' creative
thinking skills, Hacioglu (2017) found that prospective teachers' skills of constructing a prototype
improved after the activities.

In testing and evaluating the solution(s) step, students' average scores were at target in the
first (i =2.00), second (i =2.00) and third activities (i =2.33), and above target in the fourth and fifth

activities (i =2.66). It was found that the average scores, which were at target in the first activities,
became above target as the engineering design-based activities were performed. It was concluded that
study groups' tested the prototypes they constructed and correctly recorded the data they obtained.
These data reflect the performance of the prototype, such as whether it serves its purpose and what its
strong and weak aspects are. Testing and evaluating the solution(s) is crucial for student groups to
revise their designs for solving problems. Moreover, it is believed that students' testing and evaluating
prototypes also helps improve the development of their critical thinking skills. Similarly, in the
literature, many applied studies also found that design-based activities performed with students and
prospective teachers improved individuals' capabilities of testing and evaluating the solution(s)
(Bozkurt, 2014; Ercan, 2014; Hacioglu, 2017).

In communicating the solution step, it was found that students were at target in the first and
second activities (X =2.00) and above target in the third (i =2.50), fourth and fifth activities (i =2.83).
In line with the obtained data, it was concluded that study groups reported test results and
communicated how the solution would be developed. At this step, students defended the
performance of the design they built against other study groups and presented their products. As the
process progressed, study groups communicated their designs' performances better. It is thought that
these data are related to the development of students' self-expression. Similarly, Ercan (2014) indicated
that activities performed with students improved students' capabilities in communicating the solution
step of the engineering design process.

Groups' scores for the steps of the engineering design process showed decreases and increases
from one activity to the other, but the total scores increased from the first to the last activity (11.66,
11.82, 13.66, 14.82, 15.98, respectively). In line with this, it can be said that during engineering design-
based activities, students' design skills improve. Similarly, in the literature, many applied studies also
found that design-based activities performed with students from different grades and prospective
teachers improved individuals' capabilities in engineering design process steps (Bergin et al., 2007;
Bozkurt, 2014; Cardella et al., 2002; Dym et al., 2002; Ercan, 2014). Chiang et al (2020) found that in
interdisciplinary STEM courses in second- and fourth-grade students’ engineering design skills
significantly developed. However, there was no significant difference in the skills of sixth-grade
students. The reason for this might be that the students may have failed to arrive at a comprehensive
understanding of the learning themes of these activities. It has been emphasized that virtual or
physical modeling of the prototype in engineering design-based activities is effective in developing
students’ problem identification and analysis skills (Fan & Yu, 2017). Therefore, the results of this
study concur with the literature.

The following suggestions can be made based on the findings of this study:

¢ Engineering design-based activities can be realized using simple materials to allow students
to find solutions to problems they encounter in their contexts.

e Itis recommended that students create a prototype with the real materials before constructing
the product and proceed with the next step after receiving feedback from their teachers about
their prototype.
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e Schools in rural areas can prepare booklets containing engineering design-based activities,
similar to the ones developed in this study, that fit the context of the school and organize
activities cooperatively with nearby schools.

e This study focused on students' design and problem-solving skills. Future research may
investigate the impact of engineering design-based activities on other 21st-century skills of
students.

¢ The engineering design-based activities performed in the study are limited to the context of
the district of Guzelyurt, Aksaray. By widening the context, these activities might be made
more common across the country.

e Designs and processes resulting from engineering design-based activities can be exhibited in a
regional science festival to be organized.

e The impact of engineering design-based activities on problem-solving and designing skills can
be investigated with long-term follow-up studies.
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Appendix

Learning Objectives related to Activities

Disciplinary The learning objectives Activity*
o  (lassifies materials in terms of thermal conductivity. All activities
e Discusses the importance of thermal insulation in | Activity 3, Activity 4
© buildings in terms of the domestic and national economy,
% and effective use of resources.
8 e Determines the selection criteria of thermal insulation | Activity 3, Activity 4
materials used in buildings.
e  Develops alternative thermal insulation materials. Activity 2, Activity 3,
Activity 4, E Activity 5
e Recognizes the interface and features of the spreadsheet | All activities
program and creates a table.
fgﬁ e  Able to format the table for a specific purpose. All activities
Té e Performs calculations with created table. All activities
fg e  Visualizes data using appropriate chart types. All activities
= e Develops an algorithm for solving the problem. All activities
e  Tests the solution of an algorithm. All activities
50 e  Defines a real-world problem. All activities
’% e Generates possible solutions for the problem and selects | All activities
.QS) the appropriate one within the criteria.
o e Designs and presents the product. All activities
H o Develops strategies to market and promote the product. All activities
e Solves problems that require four operations with natural | All activities
numbers.
e Divides a natural number by a fraction and a fraction by a | Activity 3, Activity 4
natural number. Explains the meaning of the operation.
e  Uses ratios to compare quantities and displays the ratio in | Activity 3, Activity 4
*» different formats.
’% e In cases where a whole is divided into 2 parts, it | Activity 3, Activity 4
QE) determines the ratio of two parts to each other or each part
f-.:; to the whole. In problems, given one of the ratios, finds the
= other.

e  Recognizes area measurement units.

Activity 3, Activity 4

e Solves area problems.

Activity 3, Activity 4

e Calculates and interprets the arithmetic mean of a data
group.

All activities

e  Uses arithmetic mean to compare and interpret data.

All activities

Note. *Activity 1- Thermometer, Activity 2- Anti-freezing milk tank, Activity 3- Let there be no unheated home, Activity 4-

Struggle against cold weather conditions, Activity 5- Lemon Carrying Containers.
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