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Abstract

The purpose of this study was to measure the impact of an engineering education afterschool
learning program upon elementary students’ understanding of perimeter and area measurement.
The study also investigated what activities children attribute to the work of engineers, how they
define technology, and how these ideas change after they go through an engineering education
afterschool program. This study, conducted in rural/suburban Massachusetts in 2005, included
forty-two elementary students. Students were voluntarily enrolled in the afterschool program
and met during the school year, working collaboratively in a series of ten sessions, eight of
which were instructional. Each student engineering group completed curriculum activities from
selected modules of an established elementary program for engineering education while also
receiving mathematics instruction on the measurement of perimeter and area. Student
understanding was assessed using a qualitative and quantitative research design. Student
achievement results showed that students in the engineering afterschool program scored higher in
the perimeter and area measurement post-assessment ( 72% average score for the control group
vs 80% average score for the experimental group,)and retained more knowledge in the area and
perimeter measurement based on data from the mathematics end of year assessment as compared
to the control group,there was a significant difference between the groups with 61% average
score for the control group vs. 73% average score for the experimental group. Afterschool
program students also successfully learned about engineering and technology and successfully
changed their conceptions of these fields.

v

Introduction
On a sunny day in April in a first grade classroom, children are gathered on the reading
rug forming a wide circle around their teacher. They are very excited as they try not to
fidget with their creations - beam bridges of many sizes, colors, and shapes. It’s Andy’s
turn to talk about what he learned today:
“I really learned a lot today about engineering because our bridge didn’t want to work
and sometimes children think everything is so easy but, but it’s not that easy the first time
and you have to concentrate and keep on trying to work with technology. And I hope we
can keep working on the beam bridge and the suspension bridge because me and Kevin
have more ideas now about how to make it work and we will try stronger materials so it
doesn’t fall down.” (Martinez Ortiz, 2004, p. 1)
Similar episodes and insightful reflections from elementary school children have been
repeated in classrooms engaged in engineering activities. Children’s engineering education is an
area of content and process learning that some educators, policy makers, and curriculum
developers have found to impact student learning in kindergarten through high school (K-12;
Amsel, Goodman, Savoi & Clark, , 1996; Atkinson, 1999; Barlex & Pitt, 2000; Cross, 1982;
Fleer 1999; Foster & Wright, 2001; Hill, 1990; Murphy & Hennessy, 2001; O’Connor, 2000;
Roden, 1995, Rogers & Portsmore, 2004; Rowell, 2002). Research exploring the impact of
engineering education on students’ attitudes suggests that such learning experiences promote
increased feelings of motivation and self-efficacy (Atkinson, 1999; Murphy & Hennessy, 2001;
Rowell, 2002) and in similar real world experiences, Lerner (2005) has found such intervention
programs in home, community, or school, may well serve to significantly promote positive youth
development(PYD). Research exploring the social impact of engineering education suggests that
6
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it promotes student learning and collaboration (Atkinson, 1999; O’Connor, 2000). Research
exploring the cognitive impact of engineering education suggests that such learning experiences
can build creative design skills and foster the utilization of higher order thinking and problem
solving skills (Amsel, Goodman, Savoi, & Clark, 1996; Fleer, 1999; Foster & Wright, 2001;
Roden, 1995). Research indicates that engineering education can serve as a vehicle to effectively
integrate and teach in an interdisciplinary fashion content areas such as mathematics and science
(Barlex & Pitt, 2000; Cross, 1982; Rogers & Portsmore, 2004). Finally, engineering education
can promote technological literacy and early career awareness in engineering and other applied
mathematics and science fields (Hill, 1990; Solomonidou & Tassios, 2007). Martinez Ortiz
(2008) summarized five ways engineering education can impact education: 1) early career
awareness; 2) cross-curricular learning; 3) cognitive development and higher-order thinking; 4)
social skills and cooperative learning; and 5) student attitude and motivation (see Figure 1).

Figure 1. Impact of K-12 Engineering Education Framework.
7
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Engineering education can integrate different content areas through a contextual learning
process and engage students in experiences focused on relevant real-world learning. Engineering
education includes a core set of science, technology, engineering, and mathematics concepts
using problem solving, critical thinking, creativity, and self-assessment such that even the very
youngest of children can develop a sense of technological literacy. Researchers have found
engineering education to impact learning in content areas such as engineering, mathematics and
science (Childress, 1996; Schell & Widmer, 1993) and to serve as a methodology for teaching
mathematics and science (Ginns & Norton, 2005). The National Science Education Standards
and Benchmarks for Science Literacy (American Association for the Advancement of Science,
1993) called for a student centered learning environment, engaging students in asking their own
questions and designing experiments to solve problems. The Standards also called for students
to make physical system models demonstrating their learning and understanding (National
Committee on Science Education Standards and Assessment, 1995). Engineering education
facilitates meeting these objectives and has resulted in novel approaches to formal structured
activities and learning objectives in mathematics and/or science (Benenson, 2001; Bottomley,
Parry, Brigade, Coley, Deam, et al 2001; Cyr, Gravel, Pouty & Rushton, 2002).
Although the research efforts highlighted above are promising, the need for additional
research is confirmed by the calls for additional research in the engineering education research
literature. The motivation is loudest as expressed by the general society and by the business
community that seeks to provide improved academic preparation for students in order to guide
and empower them as future citizens that will lead global efforts in innovation, economic
competitiveness, and social and environmental stewardship. In addition, the education
community is also highly interested in developing a better understanding of student learning in
8
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both concept and process areas of engineering education. Meta-studies examining the efficacy of
engineering education indicate that there is much more to learn and to research in the field and
call for more coherent research efforts (Householter, 2007; Lewis, 1993; Petrina, 1998; Zuga,
1994). Clearly, engineering education at the K-12 level impacts students in many positive ways
but research evidence is still being developed. In particular, there is a need for more applied
research initiatives to examine the potential for engineering education to impact students’
learning of mathematics and science. This need has provided the motivation for the study
described in this paper to be conducted in a school setting using an engineering curriculum as the
context for the study of area and perimeter.
The study described in this paper was designed to address the following research
questions:
1. How does an engineering education afterschool experience impact children’s
understanding of area and perimeter?
a. Are there differences between students attending an afterschool engineering
program and those not attending on their mathematics scores?
2. What activities do 7-8 year old children attribute to the work of engineers and how do
these ideas change after children go through an engineering education afterschool
program?
a. Are there differences between the post-test scores of children attending an
engineering afterschool program and children not attending on the number of
tasks associated with engineers?

9
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3. What types of objects do 7-8 year old children classify as a technology and how do
these ideas change after children go through an engineering education afterschool
program?
a. Are there differences between the post-test scores of children attending an
engineering afterschool program and children not attending on the number of
tasks associated with technology?
The study provided insight into the impact of engineering experiences in an elementary
afterschool program. The afterschool program explored engineering design concepts,
technological literacy, and the mathematical concepts of area and perimeter.
Literature Review

Engineering Education and Learning Theories
Engineering education borrows from constructivist learning theories (Piaget, 1965),
social constructivist theories (Vygotsky, 1978), constructionist approaches (Papert, 1980), and
situated cognition theories (Lave & Wenger, 1990). Piaget’s constructivist learning theory
proposes that children construct their own knowledge through active physical and sensory
experiences leading them to construct and organize patterns of ideas (logico-mathematical
knowledge) and social experiences (social-conventional knowledge; Piaget, Henriques, &
Ascher, 1992). The activities utilizing design and creativity in engineering education serve as a
potential context for providing the kinds of experiences Piaget alluded to in his research.
DeMiranda (2004) indicates in his research that in technology education,“the learner actively
engages the learning process and content; the instructional design requires the learner to reflect
on and use existing structures of knowledge to guide and further his or her learning; and
10
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classrooms are communities of learning where knowledge and information are shared openly in
an environment that values participation and interaction between students, teachers, and external
sources of knowledge outside the classroom” (p. 1.). Constructionism, an approach developed
by Papert (1980), is based on the theoretical underpinnings of Piaget’s work and asserts that
children create and are more engaged when they identify a personal meaningfulness to a
particular activity. Constructionism focuses on the significance of children making things in the
process of learning. This constructionist basis is found in engineering education, as children use
tools and technology to design, create artifacts, and engage in conversation facilitating the
construction of new knowledge. Learning experiences in engineering education have the
potential to engage students in design and allow them to construct personally meaningful
products. Even young students can participate in these learning experiences through play, use of
imagination, ability to create and design, and because of their easy acceptance of technology
such as robotics, computers, and building blocks (Bers, 2007).
Engineering education is characterized by collaborative and communication rich
interactions taking place between peers, teachers, and/or other experts. Engineering education
experiences include the cultural mediation and social learning experiences highlighted in the
learning theory of Lev Vygotsky (1978). Vygotsky maintained that social learning interactions
and cultural mediation contributed to the development of a child’s cognition and higher learning
functions. Tools, technology, and the development of self-guided design help students
internalize and “appropriate” or make the learning their own (Vygotsky, 1978). Situated
learning theory maintains that learning is not only socially influenced but also reliant on the
particular social situation in which the learning reference is embedded (Lave & Wenger, 1990).
Researchers in engineering education insist that engineering education should be grounded in
11
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cognitive science and cognitively based instructional models such as collaborative learning,
socially distributed expertise, and project based instruction (DeMiranda, 2004; DeMiranda &
Folkestad, 2000). This social interaction was leveraged in the study described in this paper by
organizing the students into engineering teams, allowing the students to socialize, communicate
and help each other to solve the design challenges
Engineering Education and Technological Literacy
Technology education is defined as a “problem-based learning curriculum that utilizes
mathematics, science and technology principals for the design, development and application of
knowledge and processes to serve a specific need” (International Technology Education
Association [ITEA], 2000, p. 22). Technology education is a term broadly used to describe how
humans modify the world around them to meet their needs, wants, or to solve practical problems.
The Association for Educational Communications and Technology (AECT) defined technology
education as applying a process towards the solution of problems (AECT, 1977). ITEA (1996)
spearheaded efforts to establish standards promoting technological literacy for everyone. The
result of these efforts was the Standards for Technological Literacy (ITEA, 2000). The standards
include topics related to the nature of technology; technology and society; design; abilities for a
technological world; and the designed world. The standards identified a recommended content
that is thought to lead to the attainment of a minimal level of technological literacy.
Technological literacy is defined by describing a technologically literate person as: “A person
that understands, with increasing sophistication, what technology is, how it is created, how it
shapes society, and in turn is shaped by society” (ITEA, 2000, p.3).
Technology education deals not only with the “what” of technology, but also with the
“how.” In technology education, the term “technology” includes all engineered efforts from the
12
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seemingly simple paperclip (Petroski, 1994) to the most complex software algorithm. In
technology education, students learn how humans modify the world around them to meet their
needs and wants and they learn a process for designing a range of technologies solving problems
of a practical nature. As illustrated in Figure 2, engineering education includes technology
education since a broad range of technologies are included in engineering education and, like
technology education, the goal of engineering education is to design for a practical or functional
purpose. However, engineering and technology education do not fully overlap. Engineering
education at the higher education level focuses more on theoretical design principles while
technology education (also known as engineering technology) focuses more on technological
skills and application. This is emphasized in the definition of The National Society of
Professional Engineers (2008, p.1):
"The distinction between engineering and engineering technology emanates primarily
from differences in their educational programs. Engineering programs are geared
toward development of conceptual skills, and consist of a sequence of engineering
fundamentals and design courses, built on a foundation of complex mathematics and
science courses. Engineering technology programs are oriented toward application, and
provide their students introductory mathematics and science courses, and only a
qualitative introduction to engineering fundamentals. Thus, engineering programs
provide their graduates a breadth and depth of knowledge that allows them to function as
designers. Engineering technology programs prepare their graduates to apply others'
designs”

13
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Figure 2. The relationship between engineering education and technology education.
In this study, students’ perceptions of engineering and technology will be measured before and
after the intervention study to find out what young children understand about what items are
considered technologies and what activities are considered the actions of engineering.
Engineering Education and its Impact on Students’ Learning Across Different Content Areas
The inclusion of engineering education in the curriculum has raised questions by both
researchers and teachers regarding the specific content to be taught as well as the process
for integrating this additional subject area into an already ambitious K-12 school
curriculum. For example, in the United Kingdom (UK) and Australia curriculum
learning and testing standards are nationally driven using a stand-alone design and
technology (D&T) curriculum. In the US, individual states manage their own education
programs, and engineering education is not a separate curricular content area. However,
engineering education may have found a place in conjunction with different content
areas. In Massachusetts, engineering and technology education are grouped with the
14
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science learning standards (see Appendix A). However, the association is not only
between engineering and science: there has also been interest in finding an overlap
between engineering and mathematics, engineering and technology, and even engineering
and reading or social studies. Engineering curriculum units and engineering activities
have been developed and introduced in interdisciplinary elementary classrooms and in
both mathematics and science classrooms (Chalufour, Hoisington, Moriarty, Winoker &
Worth, 2004; Childress, 1996; Norton, 2007; Roth 1995; Schell & Widmer, 1993) and
research has demonstrated that engineering education can serve as a vehicle to reinforce
concepts in these content areas in an interdisciplinary fashion (Cross, 1982). Childress
(1996) provided evidence showing that an integrated science, mathematics, and
engineering curriculum could be more effective than a stand-alone engineering
curriculum in supporting students’ solving of engineering design problems. Using an
experimental group of seventeen students and a control group of sixteen eighth grade
students, the students found solutions to engineering challenges (related to the design of
wind collectors). Their products were analyzed for correctness and quality of the
responses on a problem-solving instrument. Childress also examined whether or not
students were attempting to apply the science and mathematics they learned by reviewing
the mathematical and science terminology utilized during the second iteration of student
problem solving and their problem solving approaches. This study was valuable in
piloting a quantitative analysis model for questions about learning in an engineering
curriculum project and identified some limitations and opportunities for improving future
15
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research. The students’ effectiveness in solving a problem was determined by measuring
the actual performance of the student’s products (wind collectors) based on a contentlinked rubric. Although the baseline study found no significant differences between
those receiving integrated science and mathematics instruction (the experimental group)
and those with regular instruction (the control group), there was evidence the students in
the experimental group attempted to apply what they learned as evidenced by researcher
observation and follow-up student interviews. Additional instruments in general
mathematics and science content knowledge would have been important to measure the
impact of the learning experience and the impact on academic content learning in
mathematics and/or science. Evidence of students using the mathematics and science
instructional knowledge was provided by observation of the use of related mathematical
formulas and appropriate recall and use of the characteristics of weather phenomena.
Interviews with students also provided evidence that the experimental group students
tended to consciously apply science concepts they had learned to the wind collector
problem. It would be interesting to identify and isolate the mathematics and science
learning experienced by the students and to utilize appropriate measures to determine
whether there was greater knowledge development in mathematics due to the engineering
task they were exposed to. While the observation protocol and interview methodology
used by Childress have been adapted to the study reported in this paper, the limitations
observed by Childress have also informed the study. In hindsight, Childress commented
on the potential benefit of designing and using specific mathematics or science
16
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instruments to measure specific learning impact. Therefore, the specific geometry content
area of perimeter and area understanding were selected and specific assessment
instruments were developed for this study.

Some of the current research literature does not explicitly refer to engineering education,
but to the nature of the learning experience and integrated content learning making it is relevant
to the review. Jacobson and Lehrer’s study (2000) is not explicitly about engineering education.
The nature of the learning experience and integrated content approach they describe makes these
findings relevant to the study described in this paper. In their study, Jacobson and Lehrer
involved students in using quilt design videos and physical manipulatives in creating quilt
designs while learning about transformational geometry in mathematics. Their use of physical
manipulatives, design for a purpose, and use of mathematics in design closely parallels
engineering education. These manipulatives are used as design tools and can be used to integrate
additional content such as geometry. Jacobson and Lehrer reported students in the intervention
group displayed greater knowledge acquisition of geometric concepts and retention of these
concepts over time. Such findings add to the case for using engineering as a pedagogical
approach since elementary school engineering approaches, in particular, call for the use of
materials, tools, and other manipulative elements as part of the design, build, test, re-design
processes stressed in engineering education.
A recent case study (Norton, 2007) involving twelve Australian students ranging in school levels
from year 1 to year 7 (6 to 12 year olds) documented students’ mathematics and science learning as
outcomes of an intervention involving engineering. Students worked on design and construction
activities related to real-world theme park scenarios integrating space and measurement mathematics
17
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learning topics. The selected mathematics topics were explicitly taught in the course of the day and
connections to the mathematics content were made in the application or design activities. Using journals,
interviews, and videos, Norton found students demonstrated an understanding not only of the associated
mathematics topics but also of the underlying scientific concepts such as energy and change. Researchers
used a case study methodology in which only qualitative data was collected, however, their approach was
based on design based research methodology that followed a cyclical process of research design, delivery
of lesson, analysis and re-design,, delivery of next lesson, analysis and redesign, and so on. In addition,
the teacher was involved not only in delivery of the lessons, but also as an action researcher. The
researchers used a debriefing process involving the teacher, who had a more intimate knowledge of her
students and assisted in the interpretation of the data: student discourse, use of mathematical language and
level of engagement. However, no coding schemes were reported for the categorization of the qualitative
data.
Teachers elaborated on the concepts later, once the students had already discovered them during
their design of the theme parks. The design experiences of these students were very authentic and
refreshing. Since student subgroups were very small, they were able to focus on follow-up design
activities of their own “ideation.” They visited hardware stores in search of their own choice of materials
and visited a real theme park to study rides by taking video and photographs for future analysis and
“backwards-design.” Students were instructed in the use of real construction tools such as electric drills,
drawing, and diagramming techniques. Student improvement was measured in three ways: 1) using
pencil and paper grade level appropriate tests on the concepts of space, measurements, and location; 2)
student use of mathematical and scientific terms in contextual settings; and 3) student discourse through
peer interviews. Students were found to have increased levels of understanding of design as well as the
targeted mathematics and science concepts and additional numeracy and science concepts. These studies
confirm the feasibility and value of integrating engineering along with the teaching of science and
mathematics in the elementary and middle school curriculum. In the already busy curriculum of the
elementary and middle school student, the synergies of the common underlying principles of these
18
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academic areas (communication, problem solving, and justification) and the related nature and
interdependency of designing include relevant topics of science, mathematics and engineering.
Integrating these might be efficient, effective, and motivating. Engineering education has the potential to
fit into existing curricular objectives in both science and mathematics as recommended by Burghart
(2000, p.8):

The connections to national learning standards in science and mathematics are direct. There is
no need to displace curriculum or squeeze children’s engineering into the school day; it fits
nicely within the existing science program and has the added benefit of interconnecting with
other areas of study, e.g. reading, writing, and mathematics. Engineering education and
engineering design is inherently constructivist--it cannot be prescriptive and be design. It is the
belief of many elementary school science educators that a constructivist learning environment is
most effective, fitting with students’ developmental learning styles.
However, the level at which engineering education is integrated into the mathematics or
engineering curriculum will ultimately determine the amount of curriculum time it will require.
If, for example, only the engineering design process is integrated and taught, it can serve as a
potentially powerful approach to guide student thinking, lesson organization and artifact
development in support of the main objectives of the existing curriculum. In this case, and at
this level, engineering education can be easily adopted without requiring much additional time.
But it should be noted that engineering education can offer the elementary curriculum much
more than only the engineering design process, e.g substantive engineering content learning
goals in regards to materials and their properties, basic engineering ideas of physics and applied
math and science, and advanced design. In the case of a broader adoption, engineering education
19
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can take a more significant place and require more curriculum time. Yet this curriculum offers
rich potential for constructivist learning. The research reviewed above and other studies utilizing
engineering design as a platform for teaching topics across different content areas report that
students not only gained in technological literacy but also made gains in science and
mathematics (Burghardt & Krowles, 2007; Cunningham, Lachapelle, & Lindgren-Streicher,
2005). Engineering education, in the form of LEGO robotics, has also been shown to support
applied mathematics and problem solving in areas such as physics and biomedical science
(Barak & Zadok, 2007; Hobbs, Perova, Rogers, & Verner, 2007). These research findings
should motivate educators and policymakers to include engineering education not only as a way
of improving technological literacy but also to improve student achievement in science and
mathematics. There is even an opportunity to improve students’ attitudes and interest in science
and mathematics. Burghardt and Krowles (2007) analyzed the post-test geometry content gains
of fifth grade students’ learning and use of geometry within an engineering education program
and found a dramatic improvement in mathematical reasoning with the average pre-test score for
this group of students at 18% and the average post-test score for this group was 89%. Future
studies might consider incorporating control or comparison groups in order to validate the
student achievement data increases. The study presented in this paper will include a control
group separate from the treatment group.
Engineering Education as a Contextual Learning and Teaching Framework
Contextual teaching and learning is an instructional approach allowing teachers to relate
school subject matter to real world situations (Johnson, 2002; Sears & Hersh,1998; Smith &
Rothkopf, 1984). It is based on situated cognition theory and brain based research and purports
20
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that most people learn best when concepts are presented in a situation or context familiar and
relevant to the learner (Caine & Caine, 1997; Lave, 1991). This instructional and learning
approach is based upon premises from learning theories placing the student as being at the center
and active in their own learning (Bransford, Brown, & Cocking, 1999; diSessa, 2000), while
valuing the social engagement of peers and environment as supports in this process (Vygotsky,
1978). Contextual teaching and learning challenges students to make connections to other
academic concepts and provides the means for the learner to utilize critical thinking and create
organizing schemes making learning effective and lasting (Linn & Hsi, 2000). The contextual
teaching approach has been used successfully to teach mathematics (Jacobson & Lehrer, 2000),
science (Glynn, 2004), and engineering (Clifford & Wilson, 2000). The term “contextual
teaching and learning” was coined in 1999 by Dr. Susan Sears, principal investigator from Ohio
State University as part of a research project that identified best practices at five universities to
document how contextual teaching and learning can improve student achievement (Sears &
Hersh, 1998). Engineering education encompasses the context and the process for contextual
teaching and learning. The engineering design process offers a structure utilizing the skills and
processes encouraged by national standards for mathematics and science. These skills include
problem solving, reasoning and proof, understanding the connection between mathematics and
science, understanding contexts outside mathematics and science, use of inquiry and technology
design in science, and using of communication and representation to physically model
understanding (National Council of Teachers of Mathematics, 1991; National Committee on
Science Education Standards and Assessment, 1995).
The process recommended by the Massachusetts standards for science and engineering
(Massachusetts Board of Education, 2006) is shown below in Figure 3:
21
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Figure 3. Steps of the Engineering Design Process - (Massachusetts Board of Education, 2006).

The process put forth by the Massachusetts Board of Education (2006) includes eight
steps: steps one and two involve the student in the identification of the problem or the need
coupled by conducting research; steps three and four challenge the student to develop, consider,
and select the best possible solution in the form of a plan; steps 5 and 6 involve the students in
the construction, testing, and evaluation of possible solutions; and steps 7 and 8 call upon the
student to communicate the solution and redesign as necessary. A key component of the
engineering design process is the modeling design activity (step 5) leading to the construction of
a prototype (see Figure 3). In engineering, a prototype is a preliminary physical manifestation of
design alternatives and a system for testing ideas or theories. This systematic logical process
22
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shares a connection to the modeling perspective of mathematics credited with drawing upon
higher order thinking skills (Greeno, 1998). Lesh and Doerr (2003) describe the mathematical
modeling cycle as follows:
Models are conceptual systems (consisting of elements, relations, operations, and rules
governing interactions) that are expressed using external notation systems, and that are
used to construct, describe, or explain the behaviors of other systems(s). (p. 10)
The modeling cycle process described begins with the gathering of data and understanding from
the real world, to create a preliminary model. This model is then manipulated and
verified through an iterative process or continuous design and learning loop. Modeling in
mathematics involves local concept development and allows students to invent their own
powerful mathematical constructs (Lesh & Doerr, 2003). This is similar to the creative
process thinking shown by students using an engineering design process ( Roth, 1995). A
process model that parallels the engineering design process model put forth by the
Massachusetts Board of Education is shown in Figure 4. This model includes the major
steps of real description, manipulation, and verification.

23
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Figure 4. Lesh and Doerr Modeling Cycle (2003, p. 17).
Although both the engineering design process and the modeling cycle depict a systematic
process, there must be flexibility and creativity in its use. In Schoenfeld’s (1998) analogy of
“making mathematics” and “making pasta,” he draws a parallel between learning mathematics to
learning to cook pasta. At first, the learner starts by following a recipe, but soon finds he is
motivated by the context and innate use of creativity and experience and moves from the “dull
and dry” cookbook to enjoying the learning of basic skills in context. Schoenfeld
reconceptualized what it is to do mathematics and how to learn best. He suggested the following
parallels to the learning of pasta making:
1) “Real expertise constitutes a progression from reliance on instructed procedures to the
development of personal, flexible and idiosyncratic methods including the use of a range
of methods as required by the context” (Schoenfeld, 1998, p. 304). The materials in
context serve as the affordances that alert the learner/designer as to how to proceed.
2) How one understands in both domains is organized in a similar way and the role of
reference examples is powerful and important.
3) How one stores and retrieves information in the context of solving real problems involves
discovery, encapsulation, and contextual constraints.
The modeling cycle process used in mathematics problem solving (Lesh& Doerr) is described
here, to draw the parallel between modeling activity in mathematics and the engineering design
process in engineering education. The engineering education context offers the opportunity for
students to reinforce skills and allows students to build a repertoire of mathematics skills to
problem solve in a motivating, creative, and relevant way. The present study sought to document
how young students made meaning of mathematics as they worked to find a solution to a
24
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problem relevant to them (for example, building a wall to protect a garden from bunnies) and
related to the engineering context they were reading and learning about in the afterschool
program.

Children’s Learning and Understanding of Perimeter and Area
Mathematics is a subject area with opportunities for children to engage in creative and
self-motivated learning. However, traditional methods in elementary geometry focus on shape
recognition, preset definitions, and formulas for calculating geometric characteristics and
relationships (Fielker, Tahta, & Brookes, 1979). Clements and Battista (1992) maintained that
students were lacking in geometry skills and many children were not able to recognize basic
geometric components, properties, and relationships among properties. The Trends in
International Mathematics and Science Study (TIMSS) in 2003 (TIMSS, 2004) compared eighth
grade student performance on five mathematics standards (number, patterns and relationships,
geometry, measurement, and data). US students scored the lowest in the areas of geometry and
measurement and below the international average in geometry. Students can begin to think of
mathematics as a creative endeavor by experiencing it as being an area full of opportunities for
true exploration as is suggested in constructivist theory (Piaget & Inhelder, 1967), the
constructionist approach (Papert, 1980,) and situated cognition and physically distributed
learning theories (Lave & Wenger, 1990; Martin & Schwartz, 2002). These theories of learning
have much in common, especially the ideas of incorporating conceptual and physical
constructions and reconstructions (Fielker & Tahta & Brookes, 1979). The idea of using
physical constructions is at the core of the “constructionist” approach (Papert, 1980) and closely
parallels the constructivist idea of Piagetian learning theory. In this sense, construction as active
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learning allows students to internalize an idea, experience it in context, and arrive at a lasting
learning or understanding the essence of the concept (Mcalpine, 2004).
Misconceptions about the meaning and the processes for measuring perimeter and area
are held by many young children (Dickson, Brown & Gibson 1995; Hart, 1981; Hiebert, 1981).
To a great extent, these misconceptions have been shown to prevail due to widespread teaching
practices that are formula-based versus concept-based and lacking in meaningful measurement
experiences that do not allow students the opportunity for the construction and coordination of
units (Reynolds & Wheatley, 1996a; Zacharos, 2006). Research in engineering education
suggests that such learning experiences can promote conceptual and creative design skills and
foster the utilization of higher order thinking and problem solving skills (Amsel, Goodman,
Savoi, & Clark, 1996; Fleer, 1999; Foster & Wright, 2001; Roden, 1995). An engineering
education environment may serve to provide an opportunity for teachers to shift their
pedagogical strategies to emphasize student exploration of mathematics concepts through the use
of design and construction with various measurement tools. Research in the topic of how
children understand and construct area has found that unitizing, a student’s mathematical
strategy of forming conceptual units with numbers to be then counted as a single unit (Lamon,
1994), is a fundamental component in their success in understanding and constructing area
(Steffe & Cobb, 1988; von Glasersfeld, 1991). In unitizing, students can comprehend a
collection of units to represent a single thing (e.g., the number 5) yet still remain an iterable unit.
This is an important strategy for students to utilize when making sense of area. Students can
understand that a particular region or area is one unit, and at the same time, they can break it
down, or unitize it using smaller common units. In the engineering design activity implemented
as part of the study described in this paper, students utilize small 1x1 inch cubes of clay to
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understand and calculate area as they cover the greater region with the units of clay.
Furthermore, research shows that students are more successful when they are provided
opportunities to construct and coordinate units in various settings and when they can engage in
meaningful learning experiences (Kamii & Lewis, 1991; Reynolds & Wheatley, 1996b).
Engineering education, in this study, served to provide these kinds of opportunities by guiding
students to collaborate, to communicate, to physically develop conceptual understandings
through design and discovery and to utilize materials that highlight the idea of unitizing and
overlapping as tools for area measurement and understanding.
There is agreement that while there is a general developmental order to children’s
achievement of measurement (Piaget, Inhelder, & Szeminska, 1960), there is also evidence that
elementary age children understand, through instruction, the concepts of both length and area
measurement (Beilin & Franklin, 1962). The afterschool program described in this paper
included an instructional component that differed from traditional pedagogical approaches to
include conceptual components without emphasizing calculated area algorithms. The instruction
was also meant to help younger children understand concepts normally taught at a later grade
level in Massachusetts. Mathematics concepts from the Massachusetts mathematics curriculum
framework for second grade students in geometry and measurement were included (see
Appendix B), as were the standards of perimeter and area measurement.
Methods
The study I report on was developed to explore contextual engineering teaching and
learning in a classroom setting and add to the research base of engineering education supporting
mathematics learning. The research questions are concerned with both engineering learning (
understanding the work of engineers and the definition of technology) and mathematics learning
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( understanding of elementary concepts in perimeter and area) since both engineering and
mathematics are taught as the intervention program being researched. The afterschool
engineering and mathematics program was organized as an intervention program to explore the
following research questions:
1.

How does an engineering education afterschool experience impact children’s
understanding of area and perimeter?
a. Are there differences between students attending an afterschool
engineering program and those not attending on their mathematics
scores?

2.

What activities do 7-8 year old children attribute to the work of engineers and
how do these ideas change after children go through an engineering education
afterschool program?

a. Are there differences between the post-test scores of children attending
an engineering afterschool program and children not attending on the
number of tasks associated with engineers?
3.

What types of objects do 7-8 year old children classify as a technology and how
do these ideas change after children go through an engineering education
afterschool program?
a. Are there differences between the post-test scores of children attending
an engineering afterschool program and children not attending on the
number of tasks associated with technology?
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Participants

Second grade students (N=134) were invited to enroll in a voluntary afterschool program.
All second grade students in the Littleton, Massachusetts school where the afterschool is located
received a flyer describing the program and a recruitment presentation was made at a back-toschool night with parents in audience. At this time, the research nature of the program was also
explained. Besides the presentation, students were recruited to participate in the program
through written announcements sent to parents detailing the program’s content, research
objectives, the treatment of data, and confidentiality of the data. Forty six students agreed to
participate in the study; however, only 42 students attended all of the afterschool program
sessions. The four students not completing all of the program components were not included in
the final analysis of the data. The convenience sample consisted of 23 girls and 19 boys
attending all of the program’s components.
Data was collected from a control group of students who did not participate in the afterschool
program. All of these students attended the same classroom in the same elementary school in the
town of Littleton, a rural suburb outside of Boston. Only one teacher agreed to participate in this
portion of the study and the control group was limited to this one classroom. There were 18
students in the control group consisting of 8 girls and 10 boys. Students from the control group
could have known some of the students in the intervention group. However, their elementary
classrooms are self-contained, with one teacher guiding all instruction and students staying
together for much of the school day, so any communication would have to occur outside of the
classroom environment, since the control group students were all in one classroom that did not
include students in the intervention program.
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Engineering Education Afterschool Program Intervention Group

The afterschool program, Engineering and Math Club (EMC), was organized as a weekly
academic enrichment program for second grade students in a small suburban/rural elementary
school. The engineering and mathematics afterschool program was designed to be a design and
discovery-learning environment for introducing young children to ideas about engineering,
technology, and mathematics. Children met for 10 weeks for one and a half hours per session
during the fall semester of the school year. A second grade lead teacher and parent volunteers
assisted with the program. The first and final weeks of the program involved pre and post
assessments as well as free-play with materials as part of the introduction and conclusion of the
EMC. Furthermore, in consideration of the young age of the students (6 and 7 yrs old) and the
fact that the program was offered at the end of the school day, effective instruction time was only
1 hour per session. This effective instruction time did not include general session instruction,
snack, and free-design time. Therefore, the total program included eight (8) hours of effective
instruction time. Of this time, two hours were allocated to specific mathematics topics learning.
The other six hours were explicitly for the learning of the engineering design process,
technology, and reading materials of the Engineering is Elementary curriculum. Control group
students received an equivalent two hours of mathematics content instruction on area and
perimeter provided by their regular classroom teacher. This was designed as part of the intent to
provide both the intervention group and the control group with equivalent hours of mathematics
instructional opportunities.
The objective of each session was to present a key concept or idea about engineering as well as
mathematics allowing the children enough time to use their own problem solving, critical
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thinking, creativity, and self-assessment. The engineering design methodology was used and
allowed students a level of inquiry motivated by the search for a clear understanding of
problems, needs, and comprehension of technical requirements and environmental and social
constraints.
Over the ten weeks of instruction, students were randomly grouped into working teams of
three students in each team. These teams were maintained from week to week. Each week,
student teams were led by an adult facilitator and students completed activities from two
modules of the Boston Museum of Science Engineering is Elementary program (Cunningham,
Lachapelle, Higgins, Lindgren-Streicher & Martinez Ortiz, 2005a; Cunningham, Lachapelle,
Higgins, Lindgren-Streicher & Martinez Ortiz, 2005b) In addition, each of the instructional
sessions included 15 minutes of mathematics instruction in measurement of area and perimeter
from the Massachusetts Everyday Math [EM] Curriculum for second grade students (University
of Chicago School Math Project, 2002). The research-based curriculum was selected as it was
the curriculum adopted for the school district. The teaching team consisted of two teachers, the
researcher and author of this paper (at the time she was serving as the school’s mathematics
specialist) and an experienced second grade teacher. Both teachers were employed in the school
as full-time teachers. The researcher, also an engineer by training, had developed the
engineering education curriculum to be used, and the second grade teacher was familiar with the
new Massachusetts engineering and technology standards and second grade mathematics. The
specific standard to be focused upon was 2M3: Students engage in problem solving,
communicating, reasoning, connecting, and representing as they compare the length, weight,
area, and volume of two or more objects by using direct comparison (Massachusetts Department
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of Education, 2005). Mathematics instruction for the intervention group totaled 2 hours over the
eight instructional sessions.
Students in the intervention group met at their elementary school in a large cafeteria with
tables set for each team. The 42 students were randomly organized into twelve teams with three
students in each team. Each week included a different engineering lesson focus supplemented
with a unique mathematics tie-in lesson based on the EM (University of Chicago School Math
Project, 2002) series as well as the Balanced Assessment collection for primary and elementary
aged students in mathematics (Harvard Graduate School of Education, 2005). Students worked
as part of the same team designation each week. The engineering curriculum used for this
program was selected as it targets elementary school children, includes engaging elements in the
form of a storybook for each unit providing additional context closely linked to the
Massachusetts science learning requirements. Ten parent volunteers supported the teachers at
each of the engineering program sessions. The volunteers served as facilitators, materials
distributors, and activity setup coordinators for each session. They were trained to allow
students to design their own work and did not provide instruction or answers to students. As
illustrated in Table 2, each week included a different lesson focus.
At the beginning of each session, general topic instruction and project directions were
presented to the entire group followed by small teams engineering work for the second part of
the session. Students were divided into smaller engineering teams consisting of three to four
students. Students were presented with a five-step engineering design process in week six, prior
to the design sessions of week 7,8 and 9 as a guide, along with specific pre-work sheets and/or
data collection and design worksheets for each session. All materials required were set out prior
to session beginning, to maximize the learning time available.
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Table 1. Math and Engineering Curriculum Units.
Week

Mathematics Unit

Engineering Focus

1

Introductory Session
During this session, students were introduced to the program. Most of the session time
was used in having students complete their pre-assessments. Students were then
organized into teams and introduced to each other. For the short remaining time,
students are provided blocks as a non-structured “building” activity.

2

Exploring 2-dimensional shapes.
Students work on an ‘Everyday Math’
geometry center that involves the grouping
and describing of 2-dimensional shapes.

Introduction to Curriculum.
Students worked on preliminary tasks
that included ‘mystery bags’ of basic
technologies. Students also began to read
the Engineering is Elementary storybooks
(Wall of China).

3

Properties of Polygons.
Teacher presents a group mini lesson on the
properties of polygons.

Introduction to Engineering.
Students worked on preliminary process
tasks that included ‘tower of cards’ to
demonstrate design process,
requirements, and costs. Students read
the Engineering is Elementary storybook
(Javi’s Bridge).

4

Properties of Polygons.
Students work on an ‘Everyday Math’
geometry center that involves identifying the
properties of polygons.

Introduction to Technology.
Teacher presented a mini-lecture on the
definition of technology returning to their
activity with the mystery bag of
technologies and sharing student work.

5

Standard Measurement.
Teacher presents a group mini lesson on
standard measurement.

Properties of Materials.
Students work on the ‘building walls’
lesson of the engineering curriculum that
allows students to explore the properties
of materials.

6

Measuring around a polygon.
Students work on an ‘Everyday Math’
measurement center that involves measuring
around a polygon.

The Engineering Design Process
The modified ‘Engineering is
Elementary’ 5-step engineering design
process is presented to students.
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7

Measuring around a polygon.
Students work on a modified measurement
center that involves measuring around clay
polygons they will use to build wall
structures.

Designing Walls
Students work in their teams to design
the best ways to create a wall that keeps
bunnies out of a garden. They measure
the perimeter of the wall. They measure
the area of the garden.

8

Measuring inside a polygon.
Students work on an ‘Everyday Math’
geometry center that involves identifying the
properties of polygons.

9

Comparing measurement.
Students work on an ‘Everyday Math’
measurement center that involves comparing
area measurements.

10

Students present their designs. Post assessments are conducted. Students are allowed ‘
free design’ time.

Designing Bridges.
Students work in their teams to design
the best ways to create a bridge that
makes it across a creek. They measure
the creek and the bridge. They measure
the area of the bridge width and length to
calculate the number of cars that can fit.

Control Group
The control group students received an equal amount of time spent on the specially
selectd mathematics instruction or perimeter and area as the intervention group students (who
only received this specially selected content as part of the intervention program). Instruction to
the control group students was delivered in 40-minute sessions over three class periods. The
control group students received 2 hours of mathematics instruction on measurement of perimeter
and area. The lessons utilized were from the standard school curriculum mathematics program
of EM (University of Chicago School Mathematics Project, 2002), just as with the intervention
group. However, these lessons were presented in three standard lessons using traditional
presentation pedagogy not involving engineering design activities nor contextual story books.
The lessons did involve the basic use of mathematics manipulatives and everyday mathematics
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centers. These lessons were presented by the regular classroom teacher during the regularly
scheduled mathematics block. The control groups received the 3 pre and post assessments
during the same week that the intervention group received their 3 pre and post assessments.
Instruments
Three separate questionnaires or mathematics tests were used as pre and post instruments
to assess student learning of the mathematics topics as well as children's understanding of
technology and what engineers do. In addition, the geometry mathematics assessment was
administered at the ‘End Of school Year’ (EOY) as a post-post assessment to measure the long
term effect of the intervention. The three assessment tools are described and a rationale for their
use is presented.
Research Question 1: Understanding of perimeter and area
The perimeter and area measurement assessment, PAMA (see Appendix C), used in this
study consisted of five total questions targeting student understanding of perimeter as a length
measurement and area measurement. Given the young age of students and the limited time
allowances for program and assessment, only five questions were included. The assessment was
intended to collect more data of the students applying their knowledge during their design
activity; however, this was not accomplished due to the large size of the group and only one
researcher collecting data. The following were the 5 questions included in the assessment:
1 and 2. The assessment consisted of two questions from the EM curriculum assessment.
These questions were selected to include perimeter and area measurement assessment.
The EM curriculum and assessment materials were deemed reliable due to its
development being informed by many sources of mathematics education research over its
ten years of development (Isaacs, Carrol, & Bell, 2001). Numerous studies of student
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achievement have been conducted and indicate that EM students score substantially
higher in topics such as geometry and measurement (University of Chicago School
Mathematics Project, 2001).
3. One question in the PAMA was modeled after the Massachusetts Comprehensive
Assessment System (MCAS) test (Massachusetts Board of Education, 2005). The MCAS
is the state assessment instrument based on the Massachusetts Curriculum Framework
learning standards and is used to measure the performance and achievement of all public
school students in Massachusetts. The 3rd grade MCAS questions included in the PAMA
assessment addressed area measurement.
4 and 5. Finally, a two-part question (counted as two separate questions) from the
Balanced Assessment Project Harvard Graduate School of Education (2005) was
included. These questions allowed the tool to include a richer, mathematically complex
assessment that is grade appropriate and allows a greater level of student creativity,
problem solving, and justification.
Research Question 2: Understanding of Engineers
The What is an Engineer (WIE) survey (see Appendix D) was used to measure students’
conceptions of engineering (Cunningham, Lachapelle, Higgins, Lindgren-Streicher & Martinez
Ortiz, 2005a). This assessment asks students to mark images that they think accurately reflect
what engineers “do”. The tool was developed to probe for children’s conceptions of engineering
and includes sixteen images using “clipart” pictures: improve bandages, develop better bubble
gum, design ways to clean water, construct buildings, drive machines, arrange flowers, read
about inventions, figure out how to track luggage, work as a teach, create warmer kinds of
jackets, install wiring, sell food, repair cars, design tunnels, clean teeth, and write computer
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programs. The tool was piloted as a classroom activity with large picture cards and administered
as a group activity inviting student conversation (Martinez Ortiz, 2004). Early observations
indicated that students had little awareness of what an engineer was and even less understanding
of the kind of work an engineer did. The instrument was changed considerably. It has been used
with over 6000 students (Cunningham, Lachapelle, & Lindgren-Streicher, 2005; LaChapelle,
2008) and has revealed that many students relate the work of engineering to actions dealing with
machinery, vehicles, and construction. This narrow focus also indicates engineering is
understood only as the “making” or “constructing” action and certainly not the “design” aspect
of engineering.
Research Question 3: Understanding of Technology
The What is Technology (WIT) survey (see Appendix E) was used to measure students’
conceptions of technology (Cunningham, Lachapelle, Higgins, Lindgren-Streicher & Martinez
Ortiz, 2005a). The assessment asks students to mark the images they think represent technology.
The tool was initially piloted as a classroom activity with large picture cards and administered as
a group activity inviting student conversation (Martinez Ortiz, 2004). This allowed the finessing
of the instrument and the selection of images that captured man-made items, natural items, and
items of varying levels of difficulty to identify as technology. The images on the WIT include
“clipart” pictures such as: shoes, subway, dandelions, cellular phone, oak tree, bridge, television,
cup, bird, factory, bandage, house, power lines, bicycle, lightning, and books. The instrument
has been actively used for three years now. A recent study by La Chapelle and Cunningham
(2007) reports findings of this assessment with over 6000 students as part of a curriculum
research effort across the country and revealed that many students have a narrow view of what
objects constitute technology. The majority of students related technology to objects
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representing or running on electricity or electrical power and consequently did not include other
everyday human made objects as technology.

Results
Below, each one of the three research questions posed by the study will be addressed
individually. The study included data for a total of 60 students in the second grade including the
control group (N=18) and the intervention group (N=42).
Research Question 1:
The first research question posed by the study was as follows:
How does an engineering education afterschool experience impact children’s understanding of
area and perimeter?
a) Are there differences between students attending an afterschool engineering
program and those not attending on their mathematics scores?
The area and perimeter assessment results show that all students made progress as
measured by the perimeter and area assessment from the pre-test to the post-test. Control group
mean result was 72.22 and Intervention group mean result was 80.00. In addition, student long
term learning of these same concepts was measured by applying the instrument at the end of
year, or three months after the post-test was given. Intervention students scored a mean of 73.3
vs. control students who scored a mean of 61.1 The mean scores between groups (intervention
vs. control) were found to be significantly different at the .05 significance level.

The second part of the first research question asked whether there were differences in the
mathematics scores of students attending and not attending an engineering afterschool program.
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There were three measures of students’ geometry (area and perimeter) learning, a pre-test
administered prior to the beginning of the program, a post-test administered at the end of the
program, and a test administered at the end of the school year. A repeated measures analysis of
variance was used to analyze the three test scores for the control group and intervention group to
determine whether the program had an impact (pre and post-test) and whether students retained
learned knowledge. The results of the repeated measures ANOVA indicate that there were
statistically significant differences within both group’s test scores from pre, post, to end of year
at the .001 significance level (F (1.528, 116) = 231.3.17, p= <.001). However, the differences
between the groups (control and intervention) were not statistically significant (F (1, 58) = 3.108,
p= .083) when comparing short term learning, pre and post means. As can be seen in Table 2,
there were significant changes in students’ test scores within each group from the pre to the posttest, with an increase in the scores. But when comparing the long term learning (end of year
means) for the control group vs. the intervention group, a significant difference is again
confirmed. at the .05 significance level. Figure 5 presents a visual representation of the repeated
mean results for both control and intervention groups..

Table 2. Means for Geometry Pre, Post, and End of Year Test
Pre

Post

End of Year Test

Mean

Std Dev

Mean

Std Dev

Mean

Std Dev

Control

25.56

19.17

72.22

19.57

61.11

19.97

Intervention

27.14

17.57

80.00

17.67

73.33

15.09
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Figure 5. Repeated Measures Group Results- Mathematics Assessment

However, qualitative data demonstrated the depth of student understanding of both the
engineering content and the mathematics content. An example of the difference between the
control and intervention group can be found in the way that students answered question 4 in the
assessment. The mean percentage of correct responses in the pre-test for control group students
was 11% as compared to intervention group students’ mean score of 10%. The mean percent of
correct responses for this item in the post-test for control group students was 33% as compared to
intervention group students’ mean score of 82%. In question 4, students were shown different
configurations of grassy parks and asked in which park they would have the most space:
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Figure 6. Graphic in Question 4 of the Perimeter and Area Math Assessment

Alexander’s Response (control group):
Answer: ‘There is more space to run in park A because it is all smooth and together’

In this explanation, Alexander’s use of the words smooth and together perhaps indicates his
interpreting the ‘most amount of space’ as a space that offers the most amount of contiguous
units of space. In this context, Alexander does not seem to equate the word “space” to be the
same as mathematical area, so he may know how to calculate mathematical area, but he “forgets”
or misinterprets it in this context.

Ann Marie’s Response (intervention group):
Answer: ‘Park B has 7 squares and Park C has 7 too’.
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In this explanation, Ann Marie has focused on unitizing and has counted the number of squares
in each park. Perhaps the experience of working with clay blocks in the engineering design
activity reinforced this idea that the most amount of space has to be ‘counted’ or calculated and
compared to the other parks. Interestingly, students in the intervention group may have also
scored higher on this type of open-ended problem given that the intervention program gave them
the experience of working with open ended questions and the lecture presentations throughout
the program reinforced the idea of there being more than one right answer.
These comments were representative of the type of response provided by the students in the
intervention program. This was the question that the students in the control program answered
incorrectly with the greatest frequency (many times marked incorrect die to the student not
attempting to answer).

Research Question 2
The second research question posed by the study was as follows:
What activities do 7-8 year old children attribute to the work of engineers and how do these ideas
change after children go through an engineering education afterschool program?
a) Are there differences between the post-test scores of children attending an
engineering afterschool program and children not attending on the number of tasks
associated with engineers?
A pictorial survey addressing what engineers do was administered as a pre and post-test to the
control and intervention group (see Appendix D). There were 18 pictures on the survey and
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students were asked to mark the pictures they thought were things engineers could work on or be
responsible for. The pre-test responses of both the intervention group (I) and control group (C)
students are similar when considering what activities can be identified as belonging to the
engineering profession. The majority of students select construct building (I=88%, C=89%) ,
install wiring (I=74%, C=72% ), repair cars (I=64%, C=67%), drive machine (I=57%, C=61%,),
and clean water (I=57%, C=56%,) as examples of the kinds of work that engineers do.
Intervention program students learned about engineering and the various kinds of work
engineers do as evidenced by their responses on the post-test. This experience and
understanding was evidenced in their inclusion of additional more subtle examples of the kind of
work that engineers do. Responses of note included the following (see figure 7): write computer
programs (I=95%, C= 22%), design tunnels (I=100%, C=28%), work as a team (I=100%,
C=56%), create warmer kinds of jackets (I=90%, C=39%), read about inventions (I=67%,
C=22%), design ways to clean water (I=86%, C=50%), and improve bandages (I=60%, C=17%).
However, this tool also includes task descriptions that are not directly engineering, but are
technical support tasks. This differentiation appears too subtle for second grade students. Over
50% of students also select repair cars (I=76%,C=67%), install wiring (I=86%,C=78%), drive
machines (I=50%,C=61%), and construct buildings (I=88%,C=78%).
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Figure 7. Post –Test Responses: What is an Engineer Assessment

As presented in Table 3, the pictorial engineering assessment adjusted mean for the
control group at post-test was 6.0, while the adjusted mean of the intervention group at post-test
was 9.3, a statistically significantly higher result. This confirms that students began to
understand the work of engineers. Through the engineering curriculum and activities, they
began to establish a definition of engineering. In addition, students demonstrated great
enthusiasm and creativity when working on team hands-on projects.
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The number of correct pictures marked on the pictorial survey for engineering was
counted and the summed score was used in analysis. The pre and post-test were analyzed using
an analysis of covariance (ANCOVA) to adjust the post-test for prior knowledge demonstrated
on the pre-test. The data was first checked to ensure it met the assumptions of ANCOVA. There
was a relationship between the dependent variable (post-test) and the covariate (pre-test) (r=.584)
and the Levene test indicated the equality of variance assumption was met (p=.399). The results
of the ANCOVA analysis indicated there was a significant effect for group (intervention/control)
(F (1, 57) = 113.543, p=<.001). The adjusted and unadjusted means for each group along with
the range of responses can be found in Table 3 The post-test means were statistically
significantly higher for the intervention group than for the control group.
Table 3. Adjusted and Unadjusted Means for the Engineering Post-Test.
Adjusted Mean

Unadjusted Mean

Pre-Test Range

Post-Test Range

6.003

5.778

3-9

3-10

Intervention 9.380

9.476

3-16

7-13

Control

Research Question 3
The third research question posed by the study was as follows:
What types of objects do 7-8 year old children classify as a technology and how do these ideas
change after children go through an engineering education afterschool program?
a)

Are there differences between the post-test scores of children attending an
engineering afterschool program and children not attending on the number of
tasks associated with technology?
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Pre and post surveys were administered to students in the control and intervention groups
addressing what they thought was technology (see Appendix E). In the pre-survey of what is
technology, most students in both the intervention and control groups selected images that are in
some way related to electricity. This fact is further reinforced by noting their responses to the
open-ended question that is also part of the survey, “How do you know if something is
technology?” Sample student replies included: “If it has electricity,” “It has at least one part
electric,” “It's electric things,” “There is a switch,” “I know because they have electricity,” “It
uses electricity,” “I know technology has electricity,” “I think it has electronics in it,”
“Something that is electrical,” “Technology uses electricity,” “Electricity.”
The pre-test responses of both the control group and intervention group students are
somewhat consistent in their replies (see figure 8). The majority of students selected power lines
(I=98%; C=100%), factory (I=86%, C=89%), television (I=98%, C=100%), cell phone (I=98%,
C=100%) and subway (C=90%, I=89%) as examples of technology. However, after the
program, intervention students changed their ideas of what kinds of articles constitute technology
to be more inclusive. Based on program instruction, students learned and broadened their
understanding of technology. In the post-test, over 50% of students now also selected bicycle
(I=89%, C=22%), house (I=98%,C=22%), cup (I=60%,C=4%), bridge(I=100%, 12%) and shoes
(I=65%, 10%). Control students, those not in the engineering design afterschool program, did
not broaden their perceptions of what items can be defined as a technology. This is evidenced by
their post-test ratings of the items that can be defined as a technology. In the items listed above,
there was only a percentage point change range from pre-test to post-test of 0-2 points for any
one item. Of course, the control students were not expected to change their understanding since
they did not participate in any learning program that would have exposed them to new ideas or
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clarification of misconceptions. However, this is an important observation and statistic
nonetheless, because we see that without thoughtful intervention, (such as the extracurricular
intervention program) students are not expanding their understanding of engineering and
technology ideas.

Figure 8. Post –Test Responses: What is Technology Assessment
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As seen in Table 4, the assessment result adjusted mean of the control group at post-test
was 5.7, while the adjusted mean of the intervention group at post-test was 9.7, a statistically
significantly higher result. This confirms that students begin to understand a basic definition of
technology and demonstrate a shift from an “electrical” focus to a “man-made” focus through
their correct identification of items that represent this broader view of technology.
The number of correct pictures marked on each survey was counted and the summed
score was used in analysis. There were a total of 12 correct responses for the technology
identification instrument. Since it was of interest to compare the pre and post-test scores of
students in the intervention and control groups to determine whether the program made a
difference in the scores, an analysis of covariance (ANCOVA) was used as the analysis for the
third research question. The data was first checked to ensure it met the assumptions of
ANCOVA. There was a relationship between the dependent variable (post-test) and the
covariate (pre-test) (r=.50) and the Levene test indicated that the equality of variance assumption
was met (p=.301). The results of the ANCOVA analysis indicated there was a significant
difference between the intervention and control groups when they were compared on the posttest adjusting for differences in the pre-test (F (1, 57) = 127.479, p=<.001). The adjusted and
unadjusted means for each group along with the range of responses can be found in Table 4. The
post-test means were significantly higher for the intervention group than for the control group.
Table 4. Adjusted and Unadjusted Means for the Technology Post-Test.
Adjusted Mean

Unadjusted Mean

Pre-Test Range

Post-Test Range

Control

5.708

5.555

3-12

3-12

Intervention

9.721

9.78

3-16

7-14
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The most revealing of the post test results are the end of year assessment results, that are a
measure of long term learning. In all of the research question cases, measuring learning of
engineering, technology and mathematics, the long term learning is significantly higher for the
group of students that participate in the intervention program.

Discussion
The purpose of this study was to determine whether there was an impact for student
attending an integrated engineering and mathematics afterschool program for second grade
students. Previously, students had learned only a narrowly defined set of concepts in both
engineering and mathematics. Although already rich in content, the elementary school
curriculum in the US has an opportunity to capture the benefits engineering education can
provide to interest young students in a practical, applied way. This opportunity exists due to the
general structure of one teacher addressing all subject area-learning standards for a generally
consistent group of students. Many teachers already utilize the flexibility provided to address
learning opportunities across different content areas, for instance in reading and social studies
(Wade, 1983). Engineering education may be capable of delivering mathematics content in an
applied and interesting way in the areas of geometry and measurement. At the same time,
engineering education supports the goal of developing technologically literate citizens by
addressing basic engineering and technology concepts and the use of engineering design as a
foundation for a lifetime of learning in this area (Crawford, Wood, Fowler, and Norrell,1994).
Engineering education can be utilized as the physically distributed context in which students can
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then consider problem solving and design while using mathematics as a relevant tool. In this
study, student understanding was assessed using observation notes and videotaped one-on-one
interviews with students. However, inconsistencies in the qualitative data collection and limited
numbers of interviews did not allow a complete analysis through these sources. Therefore, the
results defined the quantitative methods used to assess student performance using paper-pencil
tasks in technology, engineering, and the geometry concepts of perimeter and area. Student
achievement results showed that students in the engineering intervention program made greater
progress and retained more knowledge in area and perimeter measurement as compared to the
control group. Intervention program students also successfully learned about engineering and
the various kinds of work engineers do including understanding of many of the more subtle
examples of the kind of work that engineers do. Finally, intervention program students were
able to learn about technology and to change their conceptions of what kinds of articles
constitute technology. Control students did not change their perceptions.
A limitation of this study was the program occurred as an afterschool program, so the
engineering contextual program could not be evaluated in the ideal setting of a regular
classroom. The length of the engineering instructional program was only eight instructional
hours. A longer program might allow more mathematics concepts and engineering topics to be
covered, and a more robust analysis of effects. The study demonstrated there was a significant
effect from participation in the intervention program on student’s conceptions of these fields and
improvement in thinking and learning of perimeter and area. Additional research will be needed
to demonstrate the direct effect of the hands-on engineering design activities and to document the
strategies students use for solving mathematics problems, and vice versa. The gains students
made in mathematics and engineering learning indicate that an engineering curriculum for
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children at the elementary level does have the potential for impacting the elementary curriculum
by serving as a context for students to creatively learn and acquire in-depth and long-term
understanding of mathematics. However, the challenges in adopting an engineering education
program during regular class time include 1) the need for a teacher that is knowledgeable and
comfortable in teaching the engineering content area 2) adoption of robust curriculum that can be
integrated into the elementary program and 3) classroom time allowance to present the additional
content. The research study presented contributes towards making the case for the additional
benefits that an integrated approach can have. With the potential for mathematics, science, and
even language arts improvement, the additional time required may be seen as an efficient and
valuable investment of time and resources.

There is a substantial effort to organize research in K-12 engineering education in order to raise
the quality of academic research and substantiate the potential benefits of engineering education
(American Society for Engineering Education, 2008). Existing research in K-12 engineering education
can be organized into at least five categories of potential impact education: 1) early career awareness; 2)
engineering content and cross-curricular learning; 3) cognitive development and higher-order thinking; 4)
social skills and cooperative learning; and 5) student attitude and motivation (Martinez Ortiz, 2008). The
second category, also understood as engineering education across different content areas holds particular
promise as has been shown by various studies (Childress, 1996; Norton, 2007; Roth 1995) however, some
of the gaps have been a lack of sufficient qualitative data, a need for more assessment instruments in both
the content area and in engineering, and a need for more robust research designs to include better controls
to validate student achievement changes. These gaps were addressed in the study reported in this paper
by utilizing three assessment instruments, including a sample size of 42 students, and a mixed methods
research design including both qualitative and quantitative data measures. The significant improvement
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in the mathematics achievement of second grade students in the intervention program along with their
gains in understanding of what engineering and technology constitutes is very encouraging.

These gains indicate that engineering education can have a positive impact on even very young
students in topic areas of math that have historically proven difficult to students. ). Lerner, et
al’s (2008) report on positive youth development perspective (PYD) which views young people
as resources that thrive positively when critical developmental support factors are incorporated
into their experiences. The PYD framework describes five factors, known as the Five Cs:
Competence, Confidence, Connection, Character and Caring. These factors are delivered to
students through experiences and activities such as what an engineering education curriculum
has been shown to provide: students gain a positive view of their own actions (competence)
when applying their own ideas to engineered designs and learning new content in the process;
they gain in self worth and self-efficacy (confidence) with engineering education as they are
empowered to make decisions and find success at different levels and due to creativity and
unique and different approaches; they strengthen social skills and create bonds (connection) with
their peers as a result of the cooperative learning nature of engineering education; they learn
about technological literacy, and learn to make thoughtful engineering decisions that relate back
to greater social responsibility (character) and students are motivated by the context of
engineering education, especially when this learning is presented in support of community issues
such that students strengthen their sense of empathy for others (caring/compassion).

It is hoped that in these ways, this study serves as a contribution to the research base in
engineering education, and inspires more research, learning, and implementation in the field.
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Appendix A:
Massachusetts Science and Technology/Engineering Curriculum Framework
•
•
•
•
•
•

Skills of Inquiry, Experimentation, and Design: Grades PreK-2
Ask questions about objects, organisms, and events in the environment.
Tell about why and what would happen if?
Make predictions based on observed patterns.
Name and use simple equipment and tools (e.g., rulers, meter sticks, thermometers, hand
lenses, and balances) to gather data and extend the senses.
Record observations and data with pictures, numbers, or written statements.
Discuss observations with others.
Technology/Engineering, Grades PreK–2

1. Materials and Tools
Central Concept: Materials both natural and human-made have specific characteristics that
determine how they will be used.
1.1 Identify and describe characteristics of natural materials (e.g., wood, cotton, fur, wool)
and human-made materials (e.g., plastic, Styrofoam).
1.2 Identify and explain some possible uses for natural materials (e.g., wood, cotton, fur,
wool) and human-made materials (e.g., plastic, Styrofoam).
1.3 Identify and describe the safe and proper use of tools and materials (e.g., glue, scissors,
tape, ruler, paper, toothpicks, straws, spools) to construct simple structures.
2. Engineering Design
Central Concept: Engineering design requires creative thinking and consideration of a variety
of ideas to solve practical problems.
1.1 Identify tools and simple machines used for a specific purpose, e.g., ramp, wheel, pulley,
lever.
1.2 Describe how human beings use parts of the body as tools (e.g., teeth for cutting, hands
for grasping and catching), and compare their use with the ways in which animals use
those parts of their bodies.

66
l

Araceli Martinez Ortiz: Qualifying Paper #2
Appendix B:
Massachusetts Mathematics Curriculum Framework: Level Standards for Second Grade
GEOMETRY STRAND
2.G.1 Describe attributes and parts of two- and three-dimensional shapes, e.g., length of sides,
and number of corners, edges, faces, and sides.
2.G.2 Identify, describe, draw, and compare two-dimensional shapes, including both polygonal
(up to six sides) and curved figures such as circles.
2.G.3 Recognize congruent shapes.
2.G.4 Identify shapes that have been rotated (turned), reflected (flipped), translated (slid), and
enlarged. Describe direction of translations, e.g., left, right, up, down.
2.G.5 Identify symmetry in two-dimensional shapes.
2.G.6 Predict the results of putting shapes together and taking them apart.
2.G.7 Relate geometric ideas to numbers, e.g., seeing rows in an array as a model of repeated
addition.
MEASUREMENT STRAND
2.M.1 Identify parts of the day (e.g., morning, afternoon, evening), days of the week, and months
of the year. Identify dates using a calendar.
2.M.2 Tell time at quarter-hour intervals on analog and digital clocks using a.m. and p.m.
2.M.3 Compare the length, weight, area, and volume of two or more objects by using direct
comparison.
2.M.4 Measure and compare common objects using metric and English units of length
measurement, e.g., centimeter, inch.
2.M.5 Select and correctly use the appropriate measurement tools, e.g., ruler, balance scale,
thermometer.
2.M.6 Make and use estimates of measurement, including time, volume, weight, and area.
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Appendix C:

Perimeter and Area Measurement Mathematics Assessment p.1
1.

Measure the sides of each figure to the
nearest ½ inch. Write the length next to
each side. Then find the perimeter.
Perimeter: _________ cm

University of Chicago (2000)
2.

What is the area of the letter E?

____________________
Key
stands for 1 square unit

University of Chicago (2000)
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Perimeter and Area Measurement Mathematics Assessment p.2

4. In which park would you have the most space? Explain why you think so.

5.In which park would you need to take the most steps to walk all around its edge ? Explain
why you think so.

Balanced Assessment in Mathematics Project
p001

Assessment Task-
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Appendix D:
Pictorial Assessment I
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Appendix E:
Pictorial Assessment II
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