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The Effectiveness of a Hands-On Summer STEM Program in
Developing Middle School Students' Design Thinking and
Conceptual Understanding
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Abstract

Science, technology, engineering, and mathematics
(STEM) are the key to Egypt’s global economic
competitiveness. STEM education prepares skilled workforce,
creates critical thinkers, increases science literacy, and enables
the next generation of innovators. The purpose of the present
study is to examine the effectiveness of a hands-on summer
STEM program in developing middle school students' design
thinking and conceptual understanding. To accomplish this
purpose, a list of bases that should be taken into account while
designing the summer STEM program was prepared. An
instrument for design thinking and a test for conceptual
understanding were developed. These instruments were
administered to 28 students- who completed 8th grade- before
and after participating in the summer STEM program. The
findings showed that students' design thinking developed after
the STEM program. On the other hand, the program increased
the students' conceptual understanding. These findings indicate
that the focus should be on the implementation of informal
hands-on experiences to increase interest in STEM disciplines
and improve the students' design thinking and conceptual
understanding.

Keywords: Science, technology, engineering, and
mathematics (STEM), hands-on, summer program, design
thinking, conceptual understanding

Introduction

Large investments in science and technology during the
20th century led to the creation of new industries and smart
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companies. These changes require new skills for workers at all
levels. Egyptians must decide whether they will be in the
forefront of these changes or be left behind. Nations at all levels
of development are now focusing on the capabilities required for
building new jobs. At the core of almost every agenda is a focus
on STEM: science, technology, engineering and mathematics. It
Is the most universal preoccupation currently shaping education
and economic plans. A skilled workforce in STEM is considered
by many countries to be a high priority for guaranteeing future
economic prosperity in a competitive global economy.

The need to expand the STEM workforce has become
increasingly pressing in the last 20 years. International research
indicates that 75% of the fastest growing occupations now
require STEM skills and knowledge. Improving the STEM
workforce is a top priority for educators, policy makers, and
researchers with the need to: (a) recruit and retain more students
to work in STEM-related fields, (b) compete with the global
competition, and most importantly (c) improve STEM literacy
for all students (Heilbronner, 2011; Office of the Chief Scientist,
2014).

STEM education aims at preparing this kind of workforce
by integrating the disciplines of science, technology,
engineering, and mathematics in real, authentic, and relevant
ways. Therefore, teaching the integrated STEM has gained
importance in grades K-12 all over the world. It is perceived that
any student who participates in STEM education, particularly in
the K-12 setting, would have an advantage if they chose not to
pursue a post-secondary education or would have an even greater
advantage if they did attend college, particularly in a STEM field
(White, 2014). The study of STEM offers students a chance to
make sense of the integrated world they live in rather than
learning fragmented bits and pieces of knowledge. It removes the
traditional barriers erected among the four disciplines, by
integrating them into one cohesive teaching and learning
paradigm (Lantz Jr, 2009).
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STEM as an educational term was first “coined” by the
U.S. National Science Foundation (NSF) in the early 2000s. This
educational initiative was to provide all students with critical
thinking skills that would make them creative problem solvers
and ultimately more marketable in the workforce (Dugger,
2010).

Over the past several years, there has been a significant
current movement around promoting STEM education. At the
request of Congress, four inventories of federal STEM education
programs and activities have been published in recent years; two
by the Government Accountability Office (GAQO), one by the
Academic Competitiveness Council (ACC), and one by the
National Science and Technology Council (NSTC). The first
GAO study, in 2005, found 207 distinct federal STEM education
programs funded at about $2.8 billion. In 2007, the ACC found
105 STEM education programs funded at about $3.1billion. A
2011 report by the NSTC identified 252 “distinct investments” in
STEM education funded at about $3.4 billion. A second GAO
study, published in 2012, reported 209 programs funded at about
$3.1 billion (Gonzalez, & Kuenzi, 2012).

As a result of the previous efforts, the number of the
STEM schools has increased in the United States. In a survey of
STEM schools conducted by Means, Confrey, House, and
Bhanot (2008), there were approximately 315 public STEM
secondary schools in the US in 2007. Tofel-Grehl and Callahan
(2014) reported 358 STEM schools after an extensive search. In
2010, President Obama’s Council of Advisors on Science and
Technology called for 1,000 new STEM-focused schools in the
next decade (Eisenhart et al., 2015).

Although the number of schools and students earning
STEM degrees has grown substantially in the last decade, the
supply for the STEM workforce continues to trail the demand.
For example, the Bureau of Labor Statistics reported that the
U.S. economy is expected to add at least 1.2 million computer
science jobs from 2010 to 2020, but at the current pace, U.S.
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universities will only produce half the number of computer
science graduates needed to fill those positions (Bottia, Stearns,
Mickelson, Moller, & Valentino, 2015). By 2018, projections
estimate the need for 8.65 million workers in STEM-related jobs
(Hom, 2014). Adding urgency to this concern is the fact that
some STEM fields have suffered from declining student interest.
For example, bachelor’s degrees in the physical sciences have
proportionately declined in the past several decades (Xie &
Achen, 2009).

The previous problem is not unique to the United States.
In the United Kingdom, the Royal Academy of Engineering
reports that the Brits will have to graduate 100,000 STEM
majors every year until 2020 just to meet demand. According to
the report, Germany has a shortage of 210,000 workers in the
natural science, mathematics, computer science, and technology
disciplines (Hom, 2014).

In Egypt, the government recognizes the value of a
knowledge economy based on quality education and innovation.
For several years now, the Ministry of Education (MOE) has
paid increasing attention to science and mathematics, albeit on a
small-scale, by supporting traditional and nontraditional
institutions and activities. As one of the MOE’s key partners in
education, the U.S. Government, through USAID, has provided
support in this arena when asked. As a result of all these efforts,
there are now several institutions and initiatives in Egypt
teaching students science and math in innovative ways (USAID/
Egypt, 2012).

Discussions between the MOE and USAID developed
into the plan to establish STEM schools, based on the American
model. These schools were initiated to meet the needs of the
gifted students and to meet the demands of the future workforce
and continue research that is central to the economic growth of
the country. The goal of the MOE is to establish twenty-seven
STEM schools over the course of five years. This would mean
one STEM school in each governorate (Rissmann-Joyce & El
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Nagdi, 2013).

The first STEM school was established in the 6th of
October city in September, 2011. It is a boarding school for
talented students that is equipped with computer devices, has 12
laboratories for science, mathematics and engineering. Another
school was established for female students in 2012 in Zahraa EI-
Maadi in collaboration with the Ministry of Education and Misr
El-Kheir Foundation. Both schools are accepting gifted students
from all over Egyptian governorates (Khadri, 2014).

Despite the success of STEM program in these two
schools, there is little to no thoughtfully planned and
implemented STEM curriculum. In Egypt, there are 20913
schools in the elementary stage, 13089 schools in the middle
stage, and 2874 schools in the secondary stage which continue to
teach subjects in isolation, with little to no attempts to draw
connections among the STEM disciplines (MOE, 2014). This
means that Egypt fails to develop a strategy to improve quality
science and math instruction at the elementary, middle, and high
school levels, then students may neither have the interest nor the
preparation to attend leading Egypt STEM universities.

Several researchers (e. g. Ahmed, 2012; Khadri, 2014;
Mohamed, 2014) claim that there is a crisis in Egyptian STEM
education today. The -current education system does not
substantially help students acquire the essential skills in any of
the science and mathematics disciplines. Teachers are ill
prepared to teach the STEM disciplines of science and
mathematics, as revealed by the low numbers of highly qualified
teachers. Until now, there are no national STEM standards or
STEM teacher certification.

International institutions paint a similarly grim picture of
the STEM education in Egypt. In the 2014-2015 edition of the
World Economic Forum’s Global Competitiveness report, Egypt
ranked 136 out of 144 countries worldwide for the overall
quality of its higher education in science and math, 135 for the
quality of scientific research institutions, and 141 for the quality
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of education system (Schwab, 2014).

The Trends in Science and Mathematics Study (TIMSS)
identified serious flaws in science and mathematics education in
Egypt. In 2003, the Egyptian 8th graders scored 421 in science
on average, below the international average of 473, which placed
Egypt in the 35th slot out of 45 nations (Gonzales et al., 2004).
Four years later, the average science score dropped to 408, below
the 2007 TIMSS scale average of 500. This placed Egypt in the
39th slot out of 47 nations (Gonzales et al., 2008).

A key piece of evidence used to support the impending
shortages around is that STEM in Egypt is patterns of declining
participation rates of students in science and mathematics
subjects. The proportion of students enrolling in the science
section of the secondary school is declining over time. The
percentage decreased from 69.2% in 1970 to 28.2% in 2012. The
shrinking number of science and math students and related
negative consequences for the country’s economic future is
disturbing (MOE, 2014; Rissmann-Joyce & El Nagdi, 2013).
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Figure 1. The proportion of students enrolling in the science
section of the secondary school from 1970 to 2012

Based on the previous reports, STEM education has come
to embody the necessity to improve education and to prepare
more students for careers in these burgeoning fields. One of the
suggested reform efforts is using the hands-on activities. When
students “do science” they gain knowledge and skills that are
transferable to future problems and that help prepare them to
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approach college and career with the tools to succeed. Hands-on
activities have an unrivalled potential to help students develop
their creativity and critical thinking. Moreover, this kind of
activities provides students with an opportunity to practice how
scientists really do science and to deeply understand key
concepts in science (Kazachkov & Kires, 2014; Supasorn, 2012).

Using hands-on activities in summer programs has more
advantages than using the traditional classrooms activities.
Several researches (e.g. Cimer, 2012; Vekli, 2013) pointed that
there are some limitations to practice in science classrooms.
First, the time limitation does not facilitate doing hands-on
activities.  Second, science curricula indirectly favor
memorization facts. Third, classrooms do not provide instruction
materials for doing these activities. On the other hand, the nature
of summer programs as non-formal learning is to provide
students with opportunities to explore, experience, and interact
with others as they learn science outside the classroom settings.

Previous studies (Colvin, Lyden, & Ledn de la Barra,
2012; VanMeter-Adams, Frankenfeld, Bases, Espina, & Liotta,
2014; Yilmaz, Ren, Custer, & Coleman, 2010) have proved that
the implementation of well-designed hands-on projects and
activities in a summer STEM program not only increased the
students' satisfaction, but also improved their self-confidence
and their interest in STEM. This kind of activities shows hope in
enabling a better connection between STEM professions and
students.

The current study presents a summer STEM program
based on the implementation of hands-on activities to develop
design thinking and conceptual understanding. The summer
STEM program is an enrichment program for middle school
students who desire to strengthen and expand their scientific
knowledge and have fun. A variety of STEM concepts are
introduced through the hands-on experiments.

This type of STEM program may help in developing
design thinking process which is now seen as an exciting new
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paradigm for dealing with problems in sectors as far afield as
education, engineering, technology, IT, business, and medicine
(Dorst, 2011). Several studies (e.g. Brophy, Klein, Portsmore, &
Rogers, 2008; Sheppard, Pellegrino, & Olds, 2008) call for more
research on the instruction of design thinking for the K-12 grade
to accurately determine what elements of instruction are most
beneficial to student’s learning of science and math.

Despite the strong emphasis on the importance of design
thinking for students to be successful in a global workforce,
there are many factors which can halt design thinking in science
education. The accountability to succeed on high-stakes
standardized tests in K-12 environments prevents the
implementation of design thinking in the curriculum. Educators
feel that focusing on classic curriculum will better prepare their
students to perform well on these tests. Other issues that may
prevent the implementation of design thinking in scholastic
settings may be a lack of awareness of the field, educators'
uncertainty in implementing new approaches to teaching, and
lack of institutional support (Carroll et al., 2010).

The current program may also contribute to developing
conceptual understanding which is vital for lifelong learning.
Understanding scientific concepts has been one of the primary
goals for science studies, at all levels of education. Concepts and
conceptual understanding are described as “the most productive
means of accessing and framing knowledge in the curriculum”
(Chaimala, 2009).

Teaching for understanding is an enormous challenge for
science teachers. Among the challenges science teachers face in
teaching for understanding is that they have to address students’
misconceptions as well as motivate students’ interest in learning
science. One possible reason for the lack of conceptual
understanding among students is that science teachers are relying
on teaching methods or strategies that are ineffective in
promoting understanding of science (Mansor, Halim, & Osman,
2010). Bulunuz (2012b) found that academic activities just based
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on science textbooks are not enough for students to understand
the basic concepts, and there is a need to include a variety of
hands-on science activities.

As a pilot study, the researcher conducted an initial
questionnaire on 23 science teachers working in middle schools
in Egypt. The questionnaire consisted of three questions: 1) what
do you know about STEM?, 2) how can you develop your
students' design thinking?, & 3) how can you develop your
students' conceptual understanding? The initial questionnaire
revealed that 95.65% of the teachers have no information about
what STEM is; 100% of them do not know how to develop their
students' design thinking; and 78.26% of them have a little
information about conceptual understanding and how to develop
it. These results indicate that there is a real problem in STEM
education in Egypt and low attention towards developing
Important learning outcomes such as design thinking and
conceptual understanding.

A review of existing K-12 STEM education efforts in
Egypt points out the lack of empirical studies in authentic
environments. This situation explicitly recommends more
research on supporting STEM learning in Precollege settings.
Yet, there have been very few researches on STEM education in
Egypt. A review of literature revealed that no studies have used a
hands-on summer STEM program to develop design thinking
and conceptual understanding.

Statement of the Problem

The problem of this study is specified in "the weakness in
the implementation of the integrated-STEM disciplines in
precollege education. This situation causes a shortage in the
students design thinking and conceptual understanding".
Accordingly, the researcher attempted to answer the following
main question:

What is the effectiveness of a hands-on summer STEM
program in developing middle school students' design thinking
and conceptual understanding?
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In attempting to answer this question, the following sub-
questions were also answered:

What are the bases of a hands-on summer STEM program
for middle school students?

What is the suggested form of the hands-on summer
STEM program for middle school students?

What is the effectiveness of the hands-on summer STEM
program in developing design thinking?

What is the effectiveness of the hands-on summer STEM
program in developing conceptual understanding?

Objectives of the study
The objectives of the present study are:

Developing the students' design thinking by using the
hands-on summer STEM program

Developing the students’ conceptual understanding by
using the hands-on summer STEM program

Definition of Terms

Hands-on activities: all types of collaborative practical
work done by students which allow them to handle, observe or
operate a scientific process in order to develop design thinking
and conceptual understanding.

STEM Program: is an informal program based on the idea
of educating students in four specific disciplines- science,
technology, engineering and mathematics- in an interdisciplinary
and applied approach rather than teach the four disciplines as
separate and discrete subjects.

Design thinking: a cognitive process that is used to create
exciting feasible wholes from messy infeasible parts. This
process enables the students to develop innovative solutions for
real world problems. It includes five stages which are:
empathize, define, ideate, prototype, and test.

Conceptual understanding: is the ability to integrate the
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new domain knowledge, relate between ideas, and use the ideas
to explain and predict natural phenomena. Progression in
understanding can be seen in the ‘‘Structure of the Observed
Learning Outcome’’ (SOLO) taxonomy.

Limitations of the Study
The present study is limited to:

A group of middle school students from the Cairo
governorate who completed 8th grade and volunteered to attend
the summer program.

The schematic d. school design thinking process which
consists of the five stages: 1) empathize, 2) define, 3) ideate, 4)
prototype, & 5) test.

Four levels of the SOLO taxonomy, which are: 1)
unistructural, 2) multistructural, 3) relational, & 4) extended
abstract. The first level "prestructural™ was neglected because it
reflects no understanding.

Research Hypotheses

To solve the study problem, the researcher tested the
following hypotheses:

There is a statistically significant difference between the
mean scores of the experimental group in the pre-application of
the design thinking test versus the post-application, in favor of
the post-application.

There is a statistically significant difference between the
mean scores of the experimental group in the pre-application of
the conceptual understanding test versus the post-application, in
favor of the post-application.

Significance of the Study
This study might be of importance to:

Science teachers: this research will be very beneficial to
teachers by guiding them to use the hands-on activities in
teaching science. It can grab their attention to the importance of
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the integrated-STEM disciplines and encourage them to develop
their students' design thinking. This research may also provide
teachers with the ability to enhance and evaluate their students'
conceptual understanding.

Curriculum and program designers: this research can grab
the attention of curriculum and program designers to place
emphasis on the hands-on STEM program.

Students: the direct recipients of the output of this
research are the students. Using the hands-on activities in
teaching STEM disciplines may help students to enhance their
design thinking and conceptual understanding.

Theoretical background
1- STEM education

The term “STEM education” refers to teaching and
learning in the fields of science, technology, engineering, and
mathematics. It typically includes educational activities across
all grade levels- from pre-school to post-doctorate- in both
formal (e.g., classrooms) and informal (e.g., afterschool
programs) settings (Gonzalez, & Kuenzi, 2012). Moon &
Rundell (2012) have referred to STEM as an assemblage of
practices and processes that transcend disciplinary lines and from
which knowledge and learning of a particular kind emerge.

In order to better understand STEM, several researches
(e.g. Dugger, 2010; White, 2014) differentiated among science,
technology, engineering, and mathematics. Table 1 summarizes
these differences:
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Table 1

Differences among science, technology, engineering and
mathematics

S-Science T-Technology E-Engmcering M-Mathcematics
The science of
The branch of The art that apphes paticras and
3 5 knowledge that scicntific and relationships: it s
Definition n?f:;x " ::;,‘ uses all engineered mathcmatical concerned with the
b L" b:fmkfuls wols’ devices knowledge 1o study of number,
ST, processes fo solve  bmild'desagn’ create quantity, shapc, and
practical problems somcthing spacc snd thewr
mierrelationships
- Inquiry, discovering, Managing Designing, mventing, Analyzing
S explonng, and understanding, and solving practical reasoning, and
ki scientific method and assessing problems communicating
Solving
Laws that descnbe Meeting human Tools, devices, and -
Its products ’ mathematical
phenomena needs processes probd

There are a number of ways in which STEM can be
taught in grades K-12 in schools today. One way is to teach each
of the four disciplines individually in schools. Some refer to this
as S-T-E-M. Another way is to teach each of the four disciplines
with more emphasis going to one or two of the four. A third way
IS to integrate one of the STEM disciplines into the other three
being taught. For example, engineering content can be integrated
into science, technology, and mathematics courses. This may be
referred to as: E S T M. A more comprehensive way is to infuse
all four disciplines into each other and teach them as an
integrated subject matter. For example, there is technological,
engineering, and mathematical content in science, so the science
teacher would integrate the T, E, and M into the S (Dugger,
2010).

STEM education is very important for all precollege
stages. Hom (2014) suggested that Grades K-12 students can
study STEM as follows:

Elementary school- STEM education focuses on the
introductory level STEM courses, as well as awareness of the
STEM fields and occupations. This initial step provides
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standards-based, structured inquiry-based and real world
problem-based learning, connecting the four STEM subjects.

Middle school- the courses become more rigorous and
challenging. Student awareness of STEM fields and occupations
is still pursued, as well as the academic requirements of such
fields. Student exploration of STEM related careers begins at this
level, particularly for underrepresented populations.

High school- the program of study focuses on the
application of the subjects in a challenging and rigorous manner.
Courses and pathways are now available in STEM fields and
occupations, as well as preparation for post-secondary education
and employment. More emphasis is placed on bridging in-school
and out-of-school STEM opportunities.

A true STEM education should increase students’
understanding of how things work and improve their use of
technologies. STEM education should also introduce more
engineering during precollege education (Bybee, 2010). There
have been attempts to define the desired results (function) of
STEM education. Morrison (2006) outlined several functions of
a STEM education. She suggested that students should be:

Problem-solvers- able to define questions and problems,
design investigations to gather data, collect and organize data,
draw conclusions, and then apply understanding to new and
novel situations.

Innovators- creatively use science, mathematics, and
technology concepts and principles by applying them to the
engineering design process.

Inventors- recognize the needs of the world and creatively
design, test, redesign, and then implement solutions (engineering
process).

Self-reliant- able to use initiative and self-motivation to
set agendas, develop and gain self-confidence, and work within
specified time frames.

Logical thinkers- able to apply rational and logical
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thought processes of science, mathematics, and engineering
design to innovation and invention.

Technologically literate- understand and explain the
nature of technology, develop the skills needed, and apply
technology appropriately.

The effective STEM instruction provides students with
opportunities for hands-on experiences and real-world
applications of scientific problems. One way to achieve this goal
is by offering various extracurricular activities for interested
students. Such activities may include summer programs, after
school enrichment activities, science fairs or Olympiads, and
other competitions (Toulmin & Groome, 2007).

Summer is a great time to explore STEM activities.
Students will have the opportunity to broaden their horizons
without disrupting academic schedules. They will discover the
true meaning of "learning outside the classroom"- observe and
experience many of the things they study. The current study
presents a summer STEM program which provides hands-on
experiences that offer cooperative, investigative and challenging
learning-where students get all of the attention as well as the
opportunities and encouragement to achieve their best.

Several studies (Dillivan & Dillivan, 2014; Mohr-
Schroeder et al, 2014; Supalo, Hill, & Larrick, 2014; Vekli,
2013) have evaluated the effectiveness of various summer STEM
programs for different educational stages. The results indicated
that the programs increased the students' confidence and interest
in STEM fields and motivated them to choose careers in STEM
areas. Overall, the participants’ STEM knowledge was
developed. The data also revealed that the majority of the
participants found the STEM programs "fun" and engaging,
specifically citing the hands-on experiences they received.

The previous studies give more attention to evaluate
existing summer STEM programs. In the scope of the
researcher’s knowledge, there is no study that aimed at preparing
a hands-on summer STEM program and measuring its
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effectiveness in developing middle school students' design
thinking and conceptual understanding.

2- Hands-on activities

Most schools use textbooks to teach science, but hands-on
science curricula have become increasingly popular over the last
two decades. Hands-on activities enhance learning significantly
at all levels of science education. They have an unrivaled
potential to help students develop their creativity and critical
thinking, provided they are practiced in a minds-on, inquiry-
based fashion. Another advantage of the hands-on approach is
the extra motivation and professional progress of the teachers
(Kazachkov & Kires, 2014).

The inclusion of hands-on activities in science education
has been advocated highly in the last years. It is obvious that
there is a shift in emphasis from text book recitation to physical
interaction with materials, having the spirit of active learning
(Hussain & Akhtar, 2013). Many researches proved that hands-
on activities are more effective than academic activities. Bulunuz
(2012b) found that academic activities just based on science
textbooks were not enough for students to understand the basic
physics concepts, and there is a need to include a variety of
hands-on science activities. Foley and McPhee (2008) found that
students in the hands-on classes were generally more interested
in science and had a better understanding of the nature of science
than students in textbook classes.

The benefits of hands-on science activities can be
summarized in:

Improving students' achievement. Hands-on science
fosters the mind in more basic ways by extending the links
between the brain and the hand. Researches on the effectiveness
of hands-on activities in students’ learning indicated
improvement in students' achievement (Hussain & Akhtar, 2013;
Trnova & Krejci, 2014).

Improving scientific process skills. Hands-on activities
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emphasize the explicit use of the whole process of science
inquiry, in which students have a chance to define the
investigated problem from their observations, generate
hypotheses, devise a plan and conduct the investigation
(Supasorn, 2012). A number of papers have linked hands-on
activities to the improvement in students’ scientific process skills
(Cigrik & Ozkan, 2012; Hirca, 2012).

Developing thinking skills. By investigating the subject
matter through hands-on activities, students learn both content
and thinking strategies. Hands-on activities support problem-
based approaches to learning by focusing on the experience and
the process of investigating, proposing and creating solutions.
kazachkov and Kire§ (2014) found that students’ creativity and
critical thinking are improved after having been involved in
hands-on science activities

Making learning and teaching fun. Hands-on teaching is
fun not just for students, but for educators who are eager to go
beyond merely presenting information and administering tests.
Many studies report that hands-on science activities resulted in
greater interest in science and motivation to do science (Wen-jin,
Chia-ju, & Shi-an, 2012; Bulunuz, 2012a).

Restoring focus and sparking engagement. With the
appropriate planning and presentation, hands-on teaching can
restore focus and spark engagement. An independent observation
of teachers using hands-on learning noted that students were
enthusiastic and generally stayed on-task during guided hands-on
activities (Bass, Yumol, & Hazer, 2011).

As a result of the importance of hands-on science
activities, 11 international conferences on hands-on science were
held between 2004 and 2014. The 1st International Conference
on Hands-on Science; “Teaching and Learning Science in the
XXI Century” held in 2004, was an excellent forum where 120
participants from 13 EU countries presented 52 works and
discussed the main aspects of modern science education
establishing the basis for generalization of hands-on
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experimental work in science education (Costa, 2008). The 11th
International Conference on Hands-on Science; “Science
Communication with and for Society” was held in 2014. The aim
of the conference was to promote science education and its
development through an enlarged use of hands-on experiments in
the classroom (Pombo, Fébrica, & Dorrio, 2014).

Many programs and projects have been performed to
improve the quality of hands-on activities in science education.
For example, The Science Education Partnership (SEP) was
formed for the purpose of expanding and supporting a quality
“hands-on” science program for students from kindergarten to
grade 8 (Hutchison, 2014). Moreover, complete curricula of
hands-on activities have been developed to effectively replace
the use of science textbooks in elementary classroom: Full
Option Science System (FOSS; Delta Education), developed at
the Lawrence Hall for Science at the University of California;
Science and Technology for Children (STC; Carolina Biological
Supply Company), developed by the National Science Resources
Center; and The Insights curriculum which was created to
immerse teachers and students in the true process of inquiry
(Foley & McPhee, 2008).

Different instructional methods were adopted in these
programs and curricula in order to implement hands-on science
techniques. Several authors (e.g. Miller, 2014; Ruby, 2001)
described the most frequently utilized teaching approaches for
hands-on science which include:

The verification approach. It is effective in making an
abstract model more concrete. However, verification learning
technique is criticized on two fronts: its overuse can result in
wasting time on repetitive activities, and its procedure only
allows learners to merely follow directions and observe the
outcomes without using their own capacities to comprehend
what should transpire, how it is done, and what it means.

The discovery approach. It involves providing students
with needed materials to work, but offers little guidance on what
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to do or what investigation is expected. The role of the teacher is
to create the conditions for invention rather than provide ready-
made knowledge.

The exploratory approach. It may seem similar to the
discovery approach, but is actually more closely connected to the
verification approach. With the explanatory method, students are
given the required materials, and then issued instructions on the
expectations, with little direct guidance. The purpose is to make
students confident and comfortable with the topic under study,
arouse their interest, and inspire them to raise questions.

The process skills approach. It attempts to instill specific
processes used in science without consideration for any
particular science discipline or topic. However, the process skills
approach has been criticized based on reasoning that science
content is inseparable from the process since content is vital to
problem solving. Teachers use process skills including the skills
of prediction, observation, inference, and measurement. These
skills could build a bridge connecting what is familiar and
accessible to what is unfamiliar and abstract within the science
curriculum,

In sum, the hands-on activities provide students with
opportunities to engage in exploration and sense making with the
science content. Engaging students in hands-on activities in the
summer STEM program may provide a powerful learning
experience where students not only learn about STEM content
but also gain reasoning and research skills. Students may
understand the nature of problem solving as the pursuit of
meaningful questions through the use of procedures that are
thoughtfully generated and evaluated.

3- Design thinking

Design thinking is one of the most recent terms that have
been suggested for use in schools in a variety of curricular ways.
Design thinking is currently being taught in "workshops,

supplemental training, courses, or degree programs™ in over 60
universities and colleges (Goldman, Kabayadondo, Royalty,
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Carroll, & Roth, 2014). Many design schools in North America
and elsewhere now include course offerings in design thinking.
Design thinking is increasingly used to refer to the human-
centered ‘open’ problem solving process. Claims have been
made that design thinking in this sense can radically improve not
only product innovation but also decision making in many fields
(Melles, Howard, & Thompson-Whiteside, 2012).

Design thinking is "a complex cognitive process” of
creating exciting feasible wholes from messy infeasible parts. It
Is about selecting a desired future and inventing the ways to
bring it about. Design thinking develops innate abilities in
dealing with real-world, ill-defined, ill-structured, or “wicked”
problems (Gharajedaghi, 2011). Razzouk and Shute (2012)
defined design thinking as an analytic and creative process that
engages a person in opportunities to experiment, create and
prototype models, gather feedback, and redesign.

Holloway (2009) describes and exemplifies the design
thinking practices "...design thinking looks beyond the
Immediate boundaries of the problem to ensure the right question
IS being addressed. Using interdisciplinary teams, design
thinking incorporates diversity and leverages different paradigms
and tool sets from each profession to analyze, synthesize, and
generate insights and new ideas. The interdisciplinary nature of
design thinking also ensures that innovations are naturally
balanced between the technical, business, and human
dimensions".

While there may never be agreement on a single
definition of design thinking, the need for design thinkers is
widely recognized (Charnley, Lemon, & Evans 2011). Increasing
exposure to design thinking in precollege classroom settings can
facilitate learning of STEM disciplines and increase interest in
STEM careers. In the K-12 arena, design thinking is employed to
promote creative thinking, teamwork, and student responsibility
for learning (Chiu, 2013). In addition to enriching the curriculum
and expanding student perspectives, design thinking can also
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benefit educators. Researchers have proposed that design
thinking can enable educators to integrate technology into the
classroom (Tsai & Chai, 2012).

A lot of work has been published in recent years on
design thinking and how designers think (Cross, 2011; Lawson
& Dorst, 2009). A frequently held consensus across those
publications is the notion that design thinking has a number of
common features, typified and manifest in a strong commitment
and personal motivation of the individual. Moreover, it is widely
suggested that designers possess courage to take risks, they are
prepared to fail, and they work hard. Furthermore, during their
design thinking activities, designers regularly (re) define and/or
frame the problem; adopt holistic thinking; and sketch, draw, and
model possible ideas throughout the design process
(Goldschmidt, & Rodgers, 2013).

Blizzard et al. (2015) developed questions intended to
identify design thinking traits. They tested these questions in a
national survey distributed to U.S. college students. By applying
exploratory factor analyses and regression models to the survey
data, nine of the questions were mapped to five related
characteristics of design thinking: collaboration,
experimentalism, optimism, feedback-seeking, and integrative
thinking. Survey questions alone cannot fully identify the
qualitative traits of design thinkers, but these nine questions do
enable basic exploration of compelling relationships between
design thinking traits and other variables.

Several different models of the design thinking process
have been proposed, including a three-step simplified triangular
process (Inspiration, ldeation, & Implementation) by Brown
(2008), and the six sequential stages from the d.school (design
school) which consisted of the six stages, Understand,
Observe, Point Of View, ldeate, Prototype, and Test, but an
actual process can be much more elaborate due to the many
feedback loops that are involved (Carroll et al.,, 2010). The
d.school also published a model consisting of five stages in their
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d.school Bootcamp Bootleg paper. These stages are (Plattner,
2010):

Empathize: work to fully understand the experience of the
user for whom the students are designing. The students do this
through observation, interaction, and immersing themselves in
their experiences.

Define: process and synthesize the findings from their
empathy work in order to form a user point of view that they will
address with their design.

Ideate: the students explore a wide variety of possible
solutions through generating a large quantity of diverse possible
solutions, allowing them to step beyond the obvious and explore
a range of ideas.

Prototype: the students transform their ideas into a
physical form so that they can experience and interact with these
ideas and, in the process, learn and develop more empathy.

Test: the students try out high-resolution products and use
observations and feedback to refine prototypes, learn more about
the user, and refine their original point of view.

WHATvV

their needs are

&
sl

Figure 2. The d.school design thinking process (Ryshke, 2015)

There are currently many researchers exploring the
intersection of design thinking and education. A number of
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researchers (e.g. Kangas, Seitamaa- Hakkarainen, &
Hakkarainen, 2013; Mentzer, 2013) explored the multimodal
ways of design thinking among teams of students, particularly K-
12 students, while they engaged in a collaborative engineering
design challenge. Other researchers tried to improve
understanding of the role of design thinking in K-12 classrooms.
Donar (2011) surveyed different approaches adopted in five
post-secondary design thinking programs in the hope of drawing
a matrix in order to analyze their strengths and weaknesses and
examine what they have in common. Carroll et al. (2010)
focused on the implementation of an interdisciplinary design
curriculum by a team of university instructors in a public charter
school.

Developing the students' design thinking caught the
attention of other studies. Lloyd (2013) used distance education
to teach design thinking. Anderson (2012) outlined a project to
develop and track design thinking skills within groups of
students in late primary and early secondary years of schooling
in order to strengthen their creative skills and innovative
mindsets.

In sum, the formal and informal education in Egypt are in
dire need of introducing design thinking to K-12 students in
order to promote learning science and increase interest in STEM
careers. However, a review of existing K-12 science education
efforts in Egypt points out the lack of empirical studies on design
thinking in authentic classrooms, therefore, more research on
supporting design thinking in precollege settings should be
conducted.

4- Conceptual understanding

Conceptual understanding is described as knowledge that
Is rich in relationships so that all pieces of information link to
some network. Konicek-Moran and Keeley (2015) stated that
conceptual understanding is very much like making a cake from
scratch without a recipe versus making a cake from a packaged
mix. With the packaged mix, one bakes the cake by following
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the directions on the box without really understanding what goes
into making a cake. However, in making the cake from scratch,
one must understand the types of ingredients that go into a cake
and cause-and-effect relationships among them. In other words,
making the cake from scratch involves conceptual understanding
rather than simply following a recipe.

Conceptual understanding is what learners know and
understand about a concept, that is; the generalizations learners
can develop about the nature or properties of that concept
(Ministry of Education, 2009). It permits one to transfer an
explanation of a phenomenon to different variants of a situation
that have been previously analyzed (Viennot, 2009). Claesgens,
Scalise, Wilson, & Stacy (2009) described conceptual
understanding as understanding beyond rote memorization of
facts. The shift is from student answers limited to scientific
terms to student explanations of their understanding in terms of
their ability to integrate the new domain knowledge, relate
between ideas, and use the ideas to explain and predict natural
phenomena.

The development of conceptual understanding is
cumulative. As learners return to familiar concepts in different
contexts throughout their learning, they gradually increase the
breadth, depth, and subtlety of their understanding. Progression
in conceptual understanding can be seen in the SOLO taxonomy.
SOLO 1is short for “Structure of the Observed Learning
Outcome” and the taxonomy names and distinguishes five
different levels according to the cognitive processes required to
obtain them: “SOLO describes a hierarchy where each level
becomes a foundation on which further learning is built”. The
five levels are shown in table 2, in order of increased structural
complexity (Biggs and Tang, 2011; Hook, 2015):

As you move up the SOLO hierarchy, you first see
quantitative improvements as the student becomes able to deal
with first a single aspect (from 1 to 2) and then more aspects
(from 2 to 3). Later you see qualitative improvements (from 3 to
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4) as the details integrate to form a structure; and (from 4 to 5) as
the structure is generalized and the student can deal with
information that was not given (Brabrand & Dahl, 2009).

Table 2
The description of the five levels of the SOLO taxonomy

Level Descripion

. Ihe student has no understanding of the concept. He shows

nccle tion, W ) Organz
Prestructural unconnccted mformation, with no organization

The student focuses on one smgle aspect. He s able to
paraphrase. define. dentify. count. name. recite. etc

E g What arc the symptoms of Parkinson's discase (PD)?
L 'mistructural

Ihe student focuses on several relevant aspects, but these
anpecty are treated mdependently. He ix able to combine
enumerate, deseribe, olassity, List. apply methods, structure,
execute procedures, ete

Multtructural
N E g What is happening i the brain of a PD patient?

Ihe student undemntands the relations among several aspects

and how they mught fit together to form o whole. Fle i able

o compare, integrate, relate, analyze, apply theory, explan
5

cames, el
F g How do the vanous treatment options attempt to cotrect

FDY symptoms"
[Relational

The student 12 able to create new 1deas based on has mastery
of the subject and transfer 1deas to new arcas. He 1s able to
l" generahize, hvpothesize, enticize, theorize, predict, judge
’ transter theory, ete

E.g. Why was the frozen addicts’ case so important for
Extended abstract understanding PD?

Promoting students' conceptual understanding has long
been one of the most important goals for science education.
Conceptual understanding is described as “the most productive
means of accessing and framing knowledge in the curriculum.
Without an understanding of science concepts it would be nearly
impossible for students to follow much of the public discussion
of scientific results or public policy issues pertaining to science
and technology (Enger & Yager, 2009).

Because of the importance of conceptual understanding, it
has received considerable attention of the research literature in
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science education. Several researches tried to identify the
students’ conceptual understanding (e.g. Bayrak, 2013; Kim,
VanTassel-Baska, Bracken, Feng & Stambaugh, 2014). Other
studies developed students' conceptual understanding by using
different strategies and methods such as: problem-based learning
(Yurick, 2011), peer instruction (Gok, 2012), reflective peer
assessment (Lin, Hong, Wang, & Lee, 2011), Argumentation
Based Science Teaching (Cinar & Bayraktar, 2014), the 5E
constructivist model (Artun & Costu, 2013), and argument-
driven inquiry (Walker, Sampson, Grooms, Anderson, &
Zimmerman, 2012).

In these studies, it is observed that the notion of
conceptual understanding is used in different and sometimes
incompatible ways, guided or determined by theoretical beliefs
about knowledge and learning. This is mainly due to the fact that
‘understanding’ is closely linked to ‘learning’, and that any
account to learning considers inevitably the nature of the
knowledge to be taught. Therefore, a theoretical examination of
the notion of conceptual understanding should be seen in relation
to theories about knowledge and learning (Chaimala, 2009).

According to behaviorism, scientific knowledge is viewed
as a specific entity, existing outside the human mind; the aim of
science is to discover the true nature of reality, while learning
science is about knowing the truth. Learning in a behaviorist
perspective is context-independent and it takes place as a result
of an external set of stimuli and reinforcements. Under such a
learning paradigm, students should exhibit behavioral skills (like
knowing to handle equipment) and low-level cognitive skills
(such as the ability to repeat definitions). Therefore, in the
behaviorist perspective, understanding of scientific concepts
could be seen as synonymous to acquiring information about
scientific concepts and being able to repeat it. A common
criticism of behaviorism is that it often results in rote learning
and recall of information with limited understanding (Chaimala,
2009).
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In terms of constructivism foundations, knowledge in the
framework is conceived as a creation of the mind, an active
process of sense making. Sense making can include interacting
with the world around us as well as engaging in constructive and
instructional activities. Prior knowledge and beliefs are building
blocks for sense making. Students can construct and build
conceptual understanding as they encounter and grasp increasing
levels of complexity in concepts over time (Claesgens et al.,
2009).

According to social constructivism, knowledge is neither
given nor absolute, but is rather an individual construct in the
social contexts in which actions occur. In science education, this
theory builds mainly on the work of Vygotsky, and views
learning as a social activity in which learners make meaning
through both individual and social activities, like discussions and
negotiations with teachers and other learners (Chaimala, 2009).

In light of constructivism and social constructivism
theories, to develop new conceptual understanding, students
need to build connections with other concepts that they already
know. Andersson and Wallin (2006) recapitulate what they
consider as appropriate to promote learning with understanding:

The teacher looks upon himself as an active representative
of the scientific culture, who introduces concepts, gives scientific
explanations, and arranges situations for applications of these
concepts and so on.

The teacher is well acquainted with common alternative
ideas of the teaching content and is aware of these during
teaching.

The teacher creates a permissive classroom climate in
which the students can share and discuss their ideas and
reflections in a positive way.

A fair amount of time is used for discussing and solving
problems that involves the students in having to apply the
teaching content in different situations.
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Deep learning is encouraged; that is, the student is
stimulated to connect new knowledge with existing knowledge.

The teacher does not assume that the student is motivated,
but acts to create interest and motivation.

Formative evaluation is used in various ways by both
teachers and students with the purpose of improving teaching
and learning.

Jonassen (2006) suggested that; firstly, conceptual
learning must be assessed by examining the understanding
students have about patterns of concepts and about how those
concepts relate (or do not relate) to one another, rather than
examining the students’ understanding of concepts in isolation.
Secondly, a student’s knowledge of concepts can best be
examined when the student is using those concepts in a variety
of different contexts.

In sum, students’ understanding in Egyptian classrooms is
vital for their future and lifelong learning. Teaching for
understanding is an enormous challenge for science teachers.
The current study tries to introduce a model that can be useful to
overcome this challenge. The use of hands-on activities may
provide teachers with a productive means to achieve deep
understanding.

Methodology
1. Research Design

The study employed a one-group pre/post-test quasi-
experimental research design in collecting data from students.
This design was selected because the experiences in the summer
STEM program are totally new for the students and it would
allow the researcher to compare the performance of the
experimental group before and after the program.

2. Participants

The participants of the program were 28 middle school
students who completed 8th grade and volunteered to attend the
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summer program. Their ages ranged from 14 to 15 years. The
students were selected from three different middle schools
located in the same district (i.e. El Basateen district, Cairo).

3. Instruments

The basic philosophy of the summer STEM program is to
explore the world of science, technology, engineering, and
mathematics not by watching but by doing in contrary to what
occurs in traditional education classrooms. The program attempts
to promote a clear pathway from school to STEM careers by
using exciting and fun hands-on science activities. The program
tries to help the students to become junior scientists and
engineers.

Summer
STEM Program

communication
collaboration
integration
Egypt's Problems
1%t century skills
Students' intersts

2

hands-on learning

Figure 3. Main-bases of the summer STEM program

In light of this philosophy, the researcher studied the
nature of integrated-STEM education, researches on STEM
education, researches on hands-on activities, and several summer
programs. An initial list of the bases which should be taken into
account when designing the summer STEM program was
prepared. This initial list contained 36 sub-bases which were
grouped into seven main-bases: hands-on learning,
communication, collaboration, integration, Egypt's problems,
21st century skills, and students' interests. Five experts in the
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field of science education were asked to determine if these bases
were suitable for designing the summer STEM program. They
removed 3 sub-bases; therefore, the final list consisted of 33 sub-
bases.

According to these bases, the researcher determined the
main topic of the STEM program which is "Means of
Transport”. To describe the knowledge and skills students are
expected to master by the end of this program, the researcher
analyzed a number of STEM standards studies (e.g. Carr,
Bennett, & Strobel, 2012; Roehrig, Moore, Wang, & Park,
2012). A list including STEM standards was prepared. As shown
in table 3, the standards of science include 20 indicators, the
standards of technology include 14 indicators, the standards of
engineering include 15 indicators, and the standards of
mathematics include 15 indicators.

Table 3
STEM standards of the hands-on summer program

Science | Technology |  Engincenng Mathematics
The student will The student will The student will The stodent will

Descnibe the motion = Analyze information | Apply a structured |~ Apply a wide vaniety of
of an object in nature relative to the approach fo solving = mathematical concepts,
(6 indicators) charactenstics of real world problems = processes, and skills fo
Dostistinio s technology and apply (7 indicators) solve a broad range of

understanding of the in a practical situations Design prodocts and problems in vanous

principles of force (5 indacators) systems (8 conleat areas and
and motion and Apply the core indicators) OverySny sunlians (7
relationships between  concepts of technology wdicators)
them (10 indicators) | in practical settings (6 Accurately and clearly
Demonstrale an wdicatars) P md Jumﬁ'
understanding of the Analyze the il wias w
conservation, relationships among Givcac Surmat {4
transfer, and technologies and indicators)
transformation of | explore the connections Use concepts and tools
mechanical energy (4 | between technology of measurement to
indicators) and otber fields of describe and quantify
study (3 indicators) the world (4 indicators)

To reach these standards, the student book of the summer
STEM program was prepared in light of the bases which have
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been determined in a previous step. The content and activities
were identified from popular and attractive science topics to
increase students' motivation. The student book contained one
unit which consisted of five lessons covering Transport system,
Road transport, Ship transport, Aviation, and Space transport.
Concepts of many activities were selected among the topics
which students have not studied before in their formal learning
environment. Table 4 shows the content of the summer STEM
program. The instructor guide was prepared to help in using the
hands-on activities in teaching integrated-STEM. The program
standards, content, student book, and instructor guide were
examined by five experts in science education. They confirmed
that the program could be useful after the modifications they
suggested were done.

Table 4
"
The content of the summer STEM program ""Means of
(]
Transport
losnon Main wdcas Hands on activities Tune
The hastory of transport- The What does frction
Invention of the Wheel- The role of cause- ways o
wheels i reducing frscthon- reduce fncthon-
Development of moans of transport Design of electne
0
l:n::!::ﬂ velocity- Velooity concept and its car- Measurmg the h-:un
Y unit of measurcment- Components velocity of the
of transport system- Reasons of electine car
paymg attention o transport means
Iransport industry
History of road tmnsport- Bicycle Design of wind car-
Friction in the bicycle- Cars, buscs, Design of rubber
trucks- Rocket car band car- Desagn of 16
Control systom in car- The relation rocket car- Design hous
transpor of balloon .
betweon velocity and acceleration- N Q
Road accudents problem- Trains and hoverceafl
its types- Hovercrafl vehacles
Shup transport concept Design of water
Development in ship transport- power boat- Design
Shap Types of ship transport- Shaps and of paddic boat- 8
transport submannes- Resultant force- The Cartesaan diver hours
Newton's first law of motion Design of bottle
subunannes
History of aviation- Forces on an Design of balloon
Aisrplane- The Newton's second law jet- Design of hot
Avistion of motion- Wight and mass- Types air balloon 7
" of planes- Jet planc- The Newton's hours
third law of motion- Parachute
landing and free fall- Airship
Hestory of space transport- Space Design of whoosh
Sg rocket rocket- Design of "
Space 2 water rocket B
transport Space shuttle- potential encrgy hours

kinetic encrgy- conservation of
enerpy law

)
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In order to assess the students' design thinking, the
researcher reviewed several studies which aimed at measuring
the students' design thinking process (e. g. Kress & Schar, 2012;
Meinel, Leifer, & Plattner, 2011). After reviewing the previous
studies, the researcher chose "the Windaloobah Experiment” to
measure design thinking. The Windaloobah Experiment was
created as a performance-based assessment task by Goldman and
his team in Stanford University School of Education (Goldman
et al., 2012). They created this assessment task to gauge
students’ design thinking process. The Windaloobah Experiment
was structured as an hour long design challenge. The students
were asked to work in teams to design a Windaloobah, however,
the definition of a Windaloobah (a made up word) was
deliberately ambiguous. Students watched a brief introductory
video after which they were given information packets with
profiles of people who would be part of the community
embarking on a journey on the Windaloobah. Table 5 includes
the video script.

Table 5

The script of the video which describes the Windaloobah
Experiment

Welcome to the Windaloobah Experiment. It is the year 2125. A
group of brave and adventurous explorers has joined the
Windaloobah experiment. For the next 15 months they have no
permanent home. Your job is to design a Windaloobah. What is
a Windaloobah?

¢ A Windaloobah must have room for 5 people.

e A Windaloobah must travel through water, skies, snow. It
must be able to move through cities. It must be ready for
unexpected adventures.

e A Windaloobah is a home away from home.

In the current study, the students were asked to work in
groups to answer a number of questions about the designing of
the Windaloobah, for example: Who are you solving for? What
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are their needs? How will you solve their problem? Why does
your work matter?

To evaluate the performance of the students while they try
to answer these questions, the researcher prepared an observation
card according to the design thinking rubric which was created in
October, 2010, by the Henry Ford Learning Institute (HFLI) as a
prototype for how to capture the student design thinking growth.
The levels within the rubric, ranging from 1 to 4, could be
applied to high school and middle school students. This rubric
covers the five stages of design thinking which are: Empathy,
Define, ldeate, Prototype, and Test (Royalty, 2010).

The rubric included four levels: one score = level 1, two
scores = level 2, three scores = level 3, and four scores = level 4.
The total score for design thinking process is 20 points (4 scores
x five stages). Experts confirmed that the design thinking
instrument which included the Windaloobah Experiment and the
observation card could be useful after the modifications they
suggested were done. A reliability test was applied on 12
students at grade 8 in New Maadi middle school, at the
beginning of the second semester, 2014; this group is not part of
the participants previously mentioned. Two observers were
assigned to observe the students by using the observation card.
Cooper's equation was used to calculate the ratio agreement
between the observers. It was calculated by dividing the total
number of agreements by the total number of agreements plus
the total number of disagreements. Average reliability was
86.7%, which suggested that the observation card represented a
valid measure of students’ design thinking. The instrument took
approximately one hour for students to complete.

The conceptual understanding test was prepared
according to the SOLO taxonomy levels. These levels are:
Unistructural,  Multistructural, Relational, and Extended
Abstract. The first level "Prestructural™ was neglected by the test
because it reflects no understanding. In order to prepare this test,
the learning outcomes of the program were classified on the
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basis of the SOLO taxonomy levels to describe the increase of
complexity in a student's understanding. Examples are shown in
figure 4.

Compare & Analyze:

Drefine: Distance - Velocity - Distance-time to velocity-time graphs
. - Objects accelerating or decelerating
- mass to Wight - balanced force to
unbalanced forces, etc

Acceleration - force « weight -
Balance forces - stationary -
pressure - work - Energy, ete

. g

L .
earning outcomes...
@ "
E
Do you know Describe: Distance/speed-tinse graphs Predict & Apply Ideas:
what force is? of journeys cte. - The relationshipa = v/t - Ihe link between Force, mass
Forces on a stationary object - forces on a and acceleration (F =~ ma) -
moving object « the relationship { = mn - Calculate the acceleration of an
pressure on everyday objects - encrgy object from the gradient of a
changes of freefalling objects - the velocity/time graph, ctc
relationshio w = { d, efc

Figure 4. Outcomes of the program on bases of the SOLO
taxonomy levels

The conceptual understanding test comprised 32 multiple-
choice items. At the beginning of each item there was a question
or an incomplete statement followed by four choices which
included the answer and three distractors. The test was examined
by a number of science education experts in the field, and
revised according to their suggestions. The final test consisted of
twenty eight items so that the total score was 28 points. For
reliability, the final test was piloted over a period of two weeks
on a group of grade 8 students in New Maadi middle school, at
the beginning of the second semester 2014, this group is not part
of the participants previously mentioned. Test-retest Pearson
correlation coefficient was 0.76 and the reliability coefficient
obtained was 0.863. The test took approximately 38 minutes for
students to complete.
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Table 6

Classifying of the conceptual understanding items on lessons
and the SOLO taxonomy levels

Level Items numbers
Total .
/ Extended | ;. percentage
Umistructural | Multistructural | Relational ems
Lesson Abstract

I'masport system 1-5 2.6 3.7 | 7 25%
Road transport 913 | 10-14 I 512 7 25%
Ship transport 17 18 15 16 1 14.3%
Aviation 21 22 19-23 20-24 6 214
Spuce transport 25 26 27 28 1 14.3%

Total mtoms 7 7 7 7 28
percentage 25% 25% 25% 25% 100%

4. Procedures

The study was conducted at "The Cultural, Scientific and
Religious Services Association" which is one of the non-
governmental organizations in El Basateen district, Cairo. The
design thinking instrument and the conceptual understanding test
were administrated to the group before the intervention. The
summer STEM program was then launched on May 15, 2015
and lasted for two weeks (10 days or 40 hours). Through the
program, the students were engaged in hands-on activities to
improve their design thinking and deepen their understanding of
science concepts through the integration of STEM disciplines.
Upon completion of instruction, post-tests were conducted to
determine the improvement in the students' performance. The
data was submitted into SPSS. The t-test was used to determine
statistical differences between students’ scores before and after
the summer STEM program.

Results

The instrument of the design thinking was applied to
determine the effect of the hands-on summer STEM program on
the students' design thinking.
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Table 7

Design thinking: means, standard deviations and t-value of
the pre-test and post-test scores

Stages Total Pre-test Post-test tvalle B
scores M SD M SD

Empathy 4 129 059 329 046 194  0.00
Define 4 1.21 0.42 3.25 0.51 21.2 0.00
Ideate 4 1.18 0.47 3.21 0.49 18.6  0.00
Prototype 4 111 031 3.07 053 204  0.00
Test 4 1.03 0.19 2.96 0.42 21.9 0.00
Total 20 5.82 174 1578 1.97 28.7 0.00

df=27 p=0.01 significant

The results of the analysis presented in table 7 show that
the difference between the design thinking pre-test mean score
(5.82; i.e. 29.1%) and post-test mean score (15.78; i.e. 78.9%) is
significant (t = 28.7, p <0.01). For the stages, the results show
that the mean score of "Empathy" stage after treatment (3.29; i.e.
82.1%) is higher than before treatment (1.29 i.e. 32.1%). These
means are significantly different (t=19.4; P<0.01). The mean
score of "Define" stage after treatment (3.25; i.e. 81.25%) is
higher than before treatment (1.21; i.e. 30.36%). These means
are significantly different (t=21.2; P<0.01). The mean score of
"Ideate” stage after treatment (3.21; i.e. 80.35%) is higher than
before treatment (1.18; i.e. 29.46%). These means are also
significantly different (t=18.6; P<0.01). The mean score of
"Prototype" stage after treatment (3.07; i.e. 76.8%) is higher than
before treatment (1.11; i.e. 27.67%). These means are
significantly different (t=20.4; P<0.01). The mean score of
"Test" stage after treatment (2.96; i.e. 74.1%) is higher than
before treatment (1.03; i.e. 25.9%). These means are
significantly different (t=21.9; P<0.01).
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Effect size:

In this study, effect size was reported to recognize the
magnitude of the treatment effect on students’ learning using
Cohen’s d. The criteria for identifying the magnitude of an effect
size is as follows: (a) a trivial effect size is below 0.2 standard
deviation units; (b) a small effect size is between 0.2 and 0.5
standard deviation units; (c) a medium effect size is between 0.5
and 0.8 standard deviation units; and (d) a large effect size is 0.8
or more standard deviation units (Sheskin, 2003). The effect size
calculation regarding design thinking indicated that the Cohen's
d index is large (d= 11.05). These results prove that the hands-on
summer STEM program is effective in developing middle school
students' design thinking.

The conceptual understanding test was applied to
determine the effect of the hands-on summer STEM program on
the students' understanding.

Table 8

Conceptual understanding: means, standard deviations and
t-value of the pre-test and post-test scores

Total Pre-test Post-test t-
Levels P
scores M SD M sp Value
Unistructural 7 236 091 6.11 073 248 0.00
Multistructural 7 221 062 592 086 298 0.00
Relational 7 207 053 575 089 31.8 0.00
Extended 7 182 072 546 117 284 0.00
Abstract
Total 28 846 238 2325 346 343 0.00

df=27 p=0.01 significant

The results of the analysis presented in table 8 show that
the difference between pre-test mean score (8.46; i.e. 30.23%)
and post-test mean score (23.25; i.e. 83.04%) for the conceptual
understanding is significant (t = 34.3, p <0.01). For the levels,
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the results show that the mean score regarding ‘Unistructural’
level after treatment (6.11; i.e. 87.2%) is higher than the mean
score before treatment (2.36 i.e. 33.7%). These means are
significantly different (t=24.8; P<0.01). The mean score
regarding ‘Multistructural’ level after treatment (5.92; i.e.
84.7%) is higher than the mean score before treatment (2.21; i.e.
31.6%). These means are significantly different (t=29.8;
P<0.01). The mean score regarding ‘Relational’ level after
treatment (5.75; i.e. 82.14%) is higher than the mean score
before treatment (2.07; i.e. 29.6%). These means are
significantly different as well (t=31.8; P<0.01). The mean score
regarding ‘Extended Abstract’ level after treatment (5.46; i.e.
78.1%) is higher than the mean score before treatment (1.82; i.e.
26.02%). These means are significantly different (t=28.4;
P<0.01).

Effect size:

The effect size calculation regarding conceptual
understanding indicated that the Cohen's d index is large (d=
13.2). These results prove that the hands-on summer STEM
program is effective in developing middle school students'
conceptual understanding.

Discussion

The results show that the hands-on summer STEM
program had an effect on the students' design thinking. Before
treatment, the students' design thinking was very low; (29.1%),
while their design thinking became very high; (78.9%), after
treatment. For the stages of the design thinking process, figure 5
shows that the performance after treatment outweighs the
performance before treatment in all stages of the design thinking
process. It also shows that ‘Empathy’ was the most
straightforward stage of the design thinking process, while Test'
was the most challenging stage.
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Figure 5. Comparison between design thinking before and after
treatment

The differences between the mean scores before and after
treatment suggest that hands-on STEM program enhanced the
students’ performance. Hands-on STEM activities moved
beyond theory and dived into practice by engaging the students
in creative challenges that have inspired and empowered them to
develop real world solutions, tackle realistic innovation
challenges from start to finish, and gain an in-depth
understanding of the key tenets of design thinking and how to
incorporate them into everyday challenges. Through these
activities, the students went into each stage of the design
thinking process in depth. They empathized with customer
needs, synthesized their learning, and rapidly prototyped and
tested their new ideas.

Design thinking is a social process that involves working
across different perspectives and often involves considerable
conflict and negotiation. The hands-on activities increased the
students' collaboration skills through working in teams. Gaining
these skills helped in improving the students' design thinking. By
collaboration skills the students explored how human-centered
design can help develop innovative solutions for the complex
challenges. These findings are consistent with previous research
on the effectiveness of hands-on programs (Colvin et al., 2012;
Kazachkov & Kires, 2014; VanMeter-Adams et al., 2014;
Yilmaz et al., 2010)
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The results also show that the hands-on STEM program
had an effect on the students' conceptual understanding. After
treatment, the students achieved significant learning outcomes
for conceptual understanding as a whole as well as for each
level. Figure 6 shows that ‘Unistrucral’ was the most
straightforward level of conceptual understanding, while
'Extended Abstract' was the most challenging level.

P
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- . ~ ] !
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= Extended
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= Total

Before After

Figure 6. Comparison between conceptual understanding before
and after treatment

The differences between the mean scores before and after
treatment suggest that the hands-on STEM program enhanced
the students’ conceptual understanding. Hands-on activities
fostered the mind in more basic ways by extending the links
between the brain and the hand. Different memories were
identified for different functions. Those are auditory, visual,
tactile, and body motor functions. This implies that any
information which utilizes all four memories would be stronger
and easily retrievable.

According to social constructivism, knowledge is an
individual construct in the social contexts in which actions occur.
Hands-on activities can be considered as social activities in
which learners make meaning through both individual and social
activities, like discussions and negotiations with teachers and
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other learners. As a result, learning becomes more meaningful
and lasting. This helps students to develop and increase the
concepts on their own conceptual understanding.

Hands-on activities helped students to make connections
among their experiences. In this way abstract concepts became
concrete in their minds and the students interacted with concepts
at a deeper level. These findings are in agreement with literature
of the effectiveness of hands-on instruction. Banerji, Stoddard, &
Dorrio (2014) and Trnova & Krejci (2014) have linked hands-on
activities to the improvement in students’ understanding.

Conclusion

In this study, the researcher aimed at finding out the effect
of a hands-on summer STEM program on students’ design
thinking and their conceptual understanding. The findings
showed that middle school students' design thinking and
conceptual understanding increased after the program. The
hands-on activities were found to be useful in learning STEM
disciplines. Throughout the summer program, students
experienced the fun and excitement of STEM in a shared
community of peer learners. Activities involved students in
collaborative investigations including observation; guided
inquiry; socialization; and interaction with experts, peers, and
instructors. These findings have wider implications for teaching
and assessing deeper approaches to STEM education. The
findings indicate that the focus should be on the implementation
of informal hands-on experiences that increase interest in STEM
disciplines for school students. Science educators, curriculum
developers, and textbook writers should work together to support
the STEM curriculum in informal and formal education.
Examinations for STEM school students should not be
traditional exams, but should test the innovation and creativity of
students. Exams should be in the form of creating projects to
solve one of the society’s problems in a new way. The SOLO
taxonomy could be a useful tool for developing and assessing
deep learning in STEM education. Furthermore, STEM teachers
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should receive sufficient training in hands-on activities and
assessment of students' design thinking and conceptual
understanding. Applying these procedures would definitely
enhance STEM education in Egypt.
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