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ABSTRACT

THE INTEGRATION OF ENGINEERING DESIGN PROJECTS INTO TEHEECONDARY
SCIENCE CLASSROOM

By

Adam Green

In order to compete in the global economy, the United States needs to adequataly trai
increasing number of students in the STEM (Science, Technology, Engineadng, a
Mathematics) fields. Recent studies show that the U.S. is lagging behind otheesaont
international science and mathematics assessments, and that the motivatidera$ $o enter
into and stay in the STEM fields of study is low. Businesses and governmentalgushing
for increased instruction in science and math for K-12 students as a means for grtadgein
numbers of STEM ready students. New approaches to adding more engineeriigtjonsinto
the curriculum are being applied but current research into the effectivermsshapproaches is
mixed. This study sought to gauge the effectiveness that integeatyrgeering design projects
into the traditional physical science classroom has on students understandingppfiéie a
scientific concepts as opposed to traditional instruction. The results indidateegeation of
engineering design projects has a positive effect on student’s sciencptdormeledge as well

as their motivation in the classroom.
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I ntroduction

Thetrend in STEM education

The United States’ success in the global marketplace will depend on teeEkal
population, and as the world becomes increasingly technological, the skills thag wfiithe
greatest benefit will be those in the STEM (Science, Technology, Engigeand Mathematics)
topics. Frighteningly, recent International comparisons of student perfaenmascience and
mathematics consistently place the US in the middle of the pack or loweP @$ident’s
Council of Advisors on Science and Technology, 2011). There is also a startling it ext
by students to enter the STEM fields, particularly among women and minosiiilesnterest in

pursuing STEM related fields peaking at the middle school level (Brophy, et al, 2008).

Even among college students who choose a STEM field as a major there rsnamgala
percentage of students who do not remain on this path of study. Seymour (2000) cites a 1993
report from UCLA that indicates that of students who select a STEM major, 40%wiich
majors largely in the first 2.5 years of undergraduate work. Among the highestiag
students the problem is even more pronounced. In Seymour’s study approximateiyhealf o
STEM students with an SAT score above 650 subsequently switched to a non STEM major.
Interviews conducted during the study show that 40% of the switchers cited inadeghate

school science and mathematics preparation (ibid).

Faced with the precarious situation of fading US supply of STEM ready workers,
particularly engineers, and increased competition from well educatedwedpaid foreign
talent, business leaders and government alike have urged for a commitment togradukers

skilled in the STEM fields (Ed Week, 2008). As a result many states have responded by



increasing the graduation requirements, particularly in science ahd inahe years from 1989

to 2006, The national average number of required science and math courses incralmedtby

a full course, from 2.0 to 2.7 for science and 2.2 to 3 for math (Cavanagh, 2008). However, it is
not clear whether increasing graduation requirements alone will meet theff guaeasing the
number of and achievement of engineers that enter the workforce. In hiSpaper

Education: Proceed with Caution, Williams (2011) argues that if the goal of curriculum reform

is economically driven, than an integrated approach to STEM education that incarporate

engineering and technology is key.

I ncor porating Engineering into the K-12 Curriculum

Stand Alone Engineering Cour ses

With the increased emphasis on STEM education, the best approach to incorporating
engineering into the curriculum is still being investigated. While mastistlone K-12
engineering courses align with national science standards (KimmetKldal, 2002) and are
successful in introducing students to engineering and design principles not found in the
traditional science or math course, these topics are often underrepresentesiray from
traditional standardized measures of student achievement in science andatiathe

particularly the ACT, SAT, and NAEP.

One of the most widely implemented engineering curriculums in the US is atredis
by Project Lead the Way (PLTW), a company headquartered in Indianapoladnthat trains
high school and middle school teachers to deliver their proprietary curriculum.ufihi¢sileim,
targeted to grades 6-12, includes courses in computer aided design, mechacicatjcle

aeronautical, civil, and biomedical engineering. These courses are rigorous éamat offer



students the chance at college credit for each course for which they casfsliggesss an end
of course exam. While personally teaching several of these courses litreessad an
incredible level of student effort and understanding of the engineeringgbemanvolved, with
many of the students earning college credit and going on to further studies in theremgiaed
technology fields. However, in a 2010 study by Natalie Tran and Mitchell Natbdenst who
took PLTW courses showed no increase in science and mathematics standastiscende
when compared to their peers who did not take the PLTW courses. It has been dulygeste
improving the focus on math and science in these courses by incorporating it rdiye rea
(Dugger,1993) and/or altering the standardized methods of testing student aehieticemore
accurately reflect engineering content would improve student perforrartbese tests (Kelley

& Wicklein, 2009).

I ntegrated Engineering ProjectsM odules

Another approach to incorporating engineering into the K-12 curriculum involves
integrating engineering projects or modules into a science or matbemadirse. Integration of
engineering projects into the science and mathematics classroom in@spoaginative views
of technology and society and engages students to apply the science they hadetlhemsr
making for “good science education” (Carlsen, 1996). Integration of engige®imnciples into
existing courses compared to stand alone courses has also been shown to result in enfgovem
in the science and mathematics background of students (Fadali & Robinson, 2000) due to the
increased focus on the science and mathematics aspects of the courses in whieh the
integrated. In a 2006 study, Cantrell, et al showed a larger increase mrdized test scores in
math and science for students enrolled in an integrated science and engireegaguen

compared to their peers in a non-integrated course.
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The integrated approach also allows for the early exposure of engineasrmgiute, and
its processes to students, which is important to developing skills in STEM educatidad i,
et al, 2010). Furthermore, students who have completed integrated engineeringsmodul
embedded in standard courses have remarked that their conceptual understandimgpddline
concepts and their inquiry skills have increased in depth. In addition these student®have s
to be highly motivated to investigate concepts and relationships that they raayis¢hnot have

done in a traditional classroom (Taylor, et al, 1999).

Although not widely implemented, there is evidence of success of the integrated
approach. One such school that has implemented this approach is Baltimore Poly@echnic
magnet school in Maryland that used an integrated biotechnology engineeriaglaorr In
recent state standardized tests the school had a 93.4% passing rate on the biagdogy port
showing that the integrated approach can induce significant results when compared to a
traditional, non-integrated curriculum. The school has also had three top ten finighers at
prestigious Intel Science Talent Search contest (Trotter, 2008a). tibennsted however that,
as a magnet school, admissions requirements are robust and the school drawsamaalyigh

achieving student population.

Conclusions of Stand Alonevs. Integrated Engineering Curricula

As cited previously, the main goals of overhauling STEM education in the US have been
to produce more engineering and technology ready workers by increasing stodierstanding
of and enthusiasm in STEM fields, while at the same time increasing studeveacbnt on
standardized measurements of science and mathematics knowledge. With tisesengod,

evidence shows that an integrated approach to STEM education would be better shiéd for



introducing and exciting students in engineering and technology fields, wkile same time

elevating standardized test scores in science and mathematics.

An integrated model for teaching engineering principles is also faegnialiierms of cost
and logistics, when compared to the stand-alone model. Stand alone curricula, 2uBWas P
require a large upfront investment in equipment, teacher training, room catisioe etc — and
continued costs in computer software licenses, computer upkeep, scheduling, teadlictr
salary, etc. In contrast, an integrated approach uses existing teaclssrepates, and,
depending upon the level of sophistication of the engineering projects/modules, itleurs lit
supply costs. On the whole an integrated model would allow for quick and widespread

implementation, while still meeting the outlined goals of the STEM education mateme

I ntegration as Problem Based L earning (PBL)

The primary difference between traditional classroom instructiorzdégtes and a model
which integrates engineering design principles into existing coursesusetw problem based

learning strategies. Problem based learning is summarized by Hitvelo(3004):

Problem-based approaches to learning have a long history of advocating
experience-based education. Psychological research and theory suggésts tha
having students learn through the experience of solving problems, they can learn
both content and thinking strategies. Problem-based learning (PBL) is an
instructional method in which students learn through facilitated problem solving.

In PBL, student learning centers on a complex problem that does not have a single
correct answer. Students work in collaborative groups to identify what they need

to learn in order to solve a problem. They engage in self-directed learhy (S



and then apply their new knowledge to the problem and reflect on what they
learned and the effectiveness of the strategies employed. The tedsher a
facilitate the learning process rather than to provide knowledge. TreajdaBL
include helping students develop 1) flexible knowledge, 2) effective problem-
solving skills, 3) SDL skills, 4) effective collaboration skills, and 5) intrinsic

motivation.

By integrating problem based learning, Hmelo-Silver states that not osyidents become
more independent self directed learners and improve their problem solving skittseyatso

more readily learn the content of the course in which PBL strategiespleyed.

In a problem based model, students become responsible for their own first exposure to
the material through reading, note taking, and doing assigned example prob&epre@sjuisite
for success (Jones-Wilson, 2005), thus making them more self directed. Furthetudergss
making decisions and communicating during the problem based learning approath bestks
retention of the course material (Roscoe, 2004). If the design of the problem bagealeidte
project or module connects the material being taught to a real world, studeatileetaintext,

retention is even further enhanced (Avery & Kassam, 2011).

Study

The goal of this study was to ascertain whether the incorporation of emgingéesign
projects/modules into a physical science course increases student understatidirspecific
scientific concepts used during the project. The hypothesis was that hyoiratorg

engineering design into a physical science course, students will shovsticatbt significant



gain in their understanding of the course content as measured by assessvetoysdléor this

study, and show enthusiasm and effort during class.

The impetus for conducting this study surfaced during PLTW courses that | hghke ta
over the past few years. | have noted that during these courses, which areostand al
engineering curricula, students that were otherwise not successfuhirmntascience, became
much more motivated and the quality of work they submitted, as well as their gtasp of
science and math concepts, greatly increased. Many of the students whakbawbé courses

have also decided on pursuing STEM fields, particularly engineering, as adwiee.

The purpose of this study is to test the outcomes of using integrated emgjrkssign
projects/modules to improve student achievement. However, unlike the majotitgiessione
on this topic, which use standardized test data to establish student gains, unit tes¢sivere
developed for this study. This approach was employed to establish if enggnéesign projects
and principles that allow students to apply the science learned in each unit are @fsvalu

science teaching tool or even as a replacement for traditional methods otimstruc

Demographics

This study was conducted during the 2011-2012 school year at Hanover Horton High
School in Horton, Michigan, a rural district Southwest of Jackson, Michigan. As perdsie lat
count information (2011), the High School has 435 students from grade 9 through 12. With the
schools proximity to several lakes, while at the same time being situaedral area, the socio
economic status (SEC) of our students ranges wildly. The rate of studensgeictee or

reduced lunch, a relevant indicator of student body SEC, is at 27.1%.



The district is homogenous, with a population that is 93.6% white, 3.2% Hispanic or
Latino, 1.6% multiracial, 0.7% Indian or Alaskan native, 0.4% black or African Aarerand

0.2% Asian.

The participating students were primarily freshman enrolled in folioesatf the 8
grade physical science course, all of which were taught by the author. T2X2lIséudents that
were enrolled in physical science, 65 returned the consent form (Appendixdatimglitheir

participation in the study.
I mplementation
Overview

To conduct this study, engineering design projects/modules were integttatéolir "
grade physical science units at the completion of traditional instruction. Theusad, and their

corresponding engineering project/module, are shown in Table 1:

Tablel: Units of Instruction with the Corresponding Engineering Design Poject

Unit of Instruction Engineering Design Project
Matter: Mixtures vs Pure Substances Design and Build a Water Filter
Motion: Velocity, Acceleration, and Forces Egg Drop Device
Forces: Forces, Net Force, and Friction Note Card Car
Energy: Heat and Thermodynamics Design a Coffee Mug

During the course of the study, traditional classroom instruction was iraptechwith a

combination of reading, lecture, note taking, data collection and analysis labs,iadat per



testing and quizzing, with the integrated engineering design projects sasving culminating
activity in four distinct units (Table 1). The engineering design projegtsresl the review,
application, and analysis of scientific concepts covered during the unit windducing
engineering design principles (see page 14 - 15). During projects, no neifis@encepts
were covered and teacher assistance pertaining to the scientific comasptstigated by the

students.

The projects were completed as a group ranging from two students to five students,
depending on the particular project. While in groups each student had particular betsjpessi
which were assigned by the group. Each project began with a review of the pedireayits,
as well as an introduction to new terminology, any constraints for the project, andhaavw\oé
the goals of the project. During the project students were required to identifahoyustify

why, they applied the scientific concepts learned during the unit.

Student growth was measured using identical pre and post tests (Appendiceghijhrou
that covered the main scientific concepts that were to be employed duringre@ch. The pre
and post tests were structured in a way similar to that of their traditiorstphgcience
assessments and were comprised of a mixture of true/false, multiple chdiessay questions.
The pre test was administered immediately following the conclusion of traaliinstruction of
the unit and immediately before the engineering design project, with the gidseiteg

administered immediately following the completion of the project.



Engineering Design Principles

The projects found in this study require students to use engineering designgsinoipl
used in traditional science instruction. These engineering design principlsjmplemented,
are referred to as the engineering design process. The engineeigmgpaesess is a systematic

approach to solving problems. The engineering design process is comprised ddwindol

Define the Problem and Gather Information

Two and Three Dimensional Sketching Strategies

Brainstorm Individually and with Groups

Identify Criteria and Constraints

o0 Mass

o Size

o Equipment

0 Supplies

o Time

o Performance
e Explore Alternate Ideas
e Select an Approach Using Group Consensus
e Make and/or Model Prototypes
e Test and Evaluate the Design using Specifications
e Refine the Solution

e Communicate Processes and Results

10



The Projects

1) Design and Build a Water Filter Project

TheDesign and Build a Water Filter Project required students to apply the scientific

concepts of the instructional unit pertaining to Matter. These include:

e Classifying Matter
e Mixtures vs. Pure Substances
e Types of Mixtures
o Homogeneous
0 Heterogeneous
e Relative sizes of Particles
e Physical and Chemical Properties of Matter
e Physical and Chemical Changes of Matter
e Separation of Substances using Physical and Chemical Properties

Dissolution

At the beginning of the project (Appendix A), students were introduced to common ctaritsn
found in water, as well as types of filters used to remove specific contambes®d on size.
Students, working in a group of five, were tasked with assigning and reseaqianticular step
in the water filtration process, which included: Aeration, Flocculation, kdtraand
Disinfection. The fifth student in the group was assigned as a project managepambsed

the construction of the filter and development of a procedure to be used in the waitsaturif
process. Students then constructed their filter (see Figure 1 for an exasipy the provided

supplies.

11



Figure 1: A completed water filter. (For interpretation of the refee to color in this and all

other figures, the reader is referred to the electronic version of this.thesi

After constructing their filter, students carried out their purificatiacedure using
surface water from a local marsh, recording down observations of the waitey elach step of
their procedure. Upon completion of their observations students answered séeetame

guestions, relating their observations to the science content.

2) Egg Drop Project

TheEgg Drop Project required students to apply the scientific concepts of the

instructional unit pertaining to Motion and Forces. These include:

e Motion

e Speed and Velocity
e Acceleration

e Forces

e Collisions

12



At the beginning of the project (Appendix B), the instructor reviewed causesesfora

collision and methods for controlling the variables which influence the amount ofefceded
during a collision, mainly initial velocity and the time over which a calligiakes place.

Students, working in groups of 2 or 3, were instructed to design and build a device in which an
egg can be placed and would survive a fall from 2 meters. Students were allowefl a se
materials (Appendix B), and were constrained as to the weight of the containemplete
schematic of the design had to be presented and approved by the instructordmsfioueton

took place. Upon completion, students tested their device (see Figure 2 and Fagure 3
examples). Immediately following testing, students completed a desigmdesheet and

answered post testing questions which related the science concepts from tinéheiitspecific

design.

Figure 2: A completed Egg Drop Device being tested with a plastic demo egg

13



Figure 3: An Egg Drop Device being tested

3) NoteCard Car Project

TheNote Card Car Project required students to apply the scientific concepts of the

instructional unit pertaining to Forces. These include:

Forces

Friction and air resistance

Inertia

Momentum

At the beginning of the Project (Appendix C), the instructor reviewed transfesraentum
between objects in contact, frictional forces acting on objects in motion, andiesdteg

reducing the frictional forces. Students, working in groups of two, designed and tmalt

14



(see Figure 4 for example) out of a piece of 3 x 5 inch note card that would @aptarble that
was rolled down an incline (see Figure 5), and be carried down the hallwayaaptasible
(see Figure 6 for example). The “car” could be of any size, shape, obotassild not be
made of any other material other than the note card. Students were required tddraatiss
of several designs, build several prototypes, test these prototypes, and selettzafimbles
design. Immediately following testing, students completed a design fehéatand answered
post testing questions (Appendix C) which related the science concepts front toehir

specific design.

Figure 4: A completed note card car

15



Figure 5: A marble being rolled down an incline composed of a ruler connected to several
textbooks. A note card car is resting at the bottom of the incline waiting for théertmbe

released.

Figure 6: A note card car being tested showing the extent that thevedlietta The car is

marked.

16



4) Mug Design Project

TheMug Design Project required students to apply the scientific concepts of the

instructional unit pertaining to Thermodynamics. These include:

Laws of Thermodynamics

Heat

Heat Transfers

o Conduction

o Convection

o Radiation

Conductors and Insulators

Temperature

At the beginning of the project (Appendix D), the instructor reviewed methods tafdwester
and material properties that make substances effective conductors or insiatiolents,
working in groups of two, were then instructed to design a coffee mug that vemgdc&ffee at
a high temperature for as long as possible. Students were presented witteeraggpto
analyze and use as a basis for their design (Figure 7). Students subnuilitadotated
sectional schematic of their design, including descriptions as to how thein gesignted heat

transfer (see Figure 8 for example).

17



Figure 7: A student examining example coffee mugs.

Figure 8: An annotated schematic of a student designed coffee mug

18



Results

Pre and post test results for each project were averaged for all students vphetemm
both the pre and post tests, as well as a combined pre and post test average (TattevZgsvhi
created by adding the pre and post test scores of each student that had corhpletedi@lipost

tests and averaging their combined scores.

Table 2: Average pre and post test scores for all students, including p values

213 | |eglOogOogogosE (T3
v P20 co|vl 0P Tl cl
S A plonaFlsERsSFIQ-2F Q==
O |- 0|5 O + | @ T .~ A N | £ 8 Q
. O OK|o0|9 0|9 0 () el Eq
Image v (= o DOILFILOIDFIDOE S O
- . £ |0 | |[Wajg®|ga) 2% 205 o0
Premission iC w zZ |2 |2 |2 |O
AVE 6.58 | 6.95 | 5.75 | 6.14 | 5.74 | 6.09 | 5.56 | 6.11 | 23.87 | 25.42
n 64 59 57 57 54
p values 0.057 0.026 0.072 0.006 0.001

All projects showed an increase in student scores, however results ofta gpiagée tailed T
Test show that statistically significant gains (p<.05) were achieveddaniyg the Egg Drop and

Mug Design Projects. The combined scores also showed a statisticallicaigrifiprovement.

An analysis comparing the pre and post test results of the percentage okstuatent
showed growth, maintained their score, or decreased their scores was alsiam(fpible 3).
The average percent improvement from the pre to the post tests by studentsneébad
scores, and percent decline from the pre to post tests by students with deciasad shown

in Table 4.
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Table 3: Analysis of the percentage of students showing increased sconésinea scores, and

decreased scores from pre to post test.

— = - §
3 =3 (@) = D S
—_— o 4 4 %) +—
£l 58| E8| 28| §9
- | 2| 89| 29| €38
o) o0 O =2 (L o .9
= | W o o9
LL Pz = o
# of Students 65 59 57 57 54
Tested

% of students
with increased 46.15 47.46 40.35 42.11 64.81
scores

% of students
who maintained | 23.08 30.51 33.33 36.84 11.111
scores

% of students
with decreased | 30.77 22.03 26.32 21.05 24.07
scores

Table 4: Average percent increase or decrease by students on the pre to post tests

Filter Project
Egg Drop Project
Notecard Car
Project
Mug design Project
Combined Scores

Average %
Improvement for | 50 00| 16.43| 20.00| 20.00
students with
increased scores
n with increased
scores

o
o
e3)

30 28 23 24 35

Average % decline
for students with
decreased scores
n with decreased

scores

15.45| 18.46| 17.33| 13.33| 6.38

20 13 15 12 13

20



Conclusion

Upon review of the data, the initial hypothesis, that incorporating engineksangn
projects will show an increase in knowledge of science concepts, appears to beedupgor
shown in Table 2, students showed statistically significant gains from the pre tegt®$h two
of the four projects, with the remaining two slightly missing the burden of beitigtisally
significant (Filter Project at p = .057, and the Note Card Car Project at p = .072p thi¢hi
effectiveness of specific engineering design projects as a toohfding science can vary, the
combined scores, which would more accurately reflect the effectivenesgiogering design
projects as a whole, showed a statistically significant (p =.001) 6.49% iaénessores from the
pre test to the post test. The very low p value of .001 for the combined scores is atritkiagp
values for the individual projects range from .006 to .072. Analysis of individual students’
results help to explain this occurrence. As shown in Table 4, students who improvecbtiesir s
from the pre test to the post test outhnumbered students who showed a decrease byatpyroxi
a 2 to 1 ratio in all of the projects, and the students who did increase their scores slavgerd a
percentage change in scores when compared to the students who showed a pezasetwlitic

the exception of the egg drop project.

Closer analysis of individual students’ pre and post test scores showedragstartli
occurrence. Even though a statistically significant gain was shown on the ‘stedemtined
pre and post test scores on average, 35.17% of students either maintained or deefeased th
scores from the pre test to the post test (Table 3). This would indicate that pdergn of the
students had difficulty with connecting the science content to the engindesigm projects.
Also, 64.81% of students showed an overall improvement of their combined scores from the pre

to post test with an average increase of 8.08%, but among the 24.07% of students that showed a

21



decrease in scores the average decrease was 6.38% (Table 3 & Tabls fouldhindicate
that while most students increased their understanding of the science conceptsbédiby a
noticeable amount, there was a minority of students that showed decreases in their

understanding.

Analysis of the percent change in scores also revealed another interestiranoe. The
average increase (8.08%) and average decrease (6.38%) values for the coraleseshewn in
Table 4 tended to be much lower than these values for the individual projects whichframged
13.33% to 20.00%. This can be explained by two factors: many of the students who maintained
their scores from pre to post testing for many of the individual projects endedhugrvaterall
increase in combined scores, lowering the average increase, and that festodémes
decreased their scores from pre test to post test for all projects, lgwezioverall decrease in

the combined scores.

The inability for some students to make connections between the engineering design
projects and the science content could be explained by the use of group projects whach ha
tendency to produce “social loafing” (Bacon, 2005), the occurrence of students figeoridhe
achievement of others in their group. Another common problem with group projectsitis that
tends to produce specialization of tasks for students within the group (Bacon, 2005), which can
decrease the overall understanding of the concepts involved when compared to individual work
in which the students are responsible for all facets of the project. Observatidady the
instructor during the projects shows evidence of social loafing and spe@aljzat example of
this is when students were completing the egg drop project, one student designatédiemse
“tape cutter” for the group. This student’s self appointed job consisted of onhygciinté duct

tape needed for the project to lengths specified by the other members of their gutside Gf
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this job the student played little part in the design and analysis of the egg drop dasitealty
reducing their understanding as to what or how their group was proceedingemiitoject and

its goals. In contrast to this, some students would take it upon themselves to be theagteup |
and would be intimately involved with the entire design, build, and testing of the egg drop
device. When the instructor would question groups about their progress of their priojeass, i
often the group leaders who would answer all of the questions, while the students with a

narrower focus, such as the self appointed “tape cutter” would defer to the ottrergroup.

Student M otivation

During the projects it was observed by the instructor that students seemed onech m
engaged when completing their projects when compared to traditional irstru€iif task
behavior, inter group talking, and behavioral problems were almost nonexistent Haring t
projects. Communication between group members revolved almost entirely arotaskthe
hand, and communication between groups was often aimed at constructive feedback about
designs. Students overwhelmingly reported enjoying the projects, parji¢chldontrol they
had over their design and implementation of the given task. This level of motivation i

consistent with the observations of the instructor’s project based PLTW engineeurses.

Intrinsic motivation among students has been shown to greatly increasetestaswl
student understanding (Patrick 2007, Blackwell 2007) but motivating students is a constant
struggle for all secondary teachers, and what may be motivating to somesstadgmtot be
motivating to others. It is therefore important to investigate the almost sallyeincreased

motivation of students when completing the engineering design projects iruthysand

23



attempt to replicate it in other aspects of classroom instruction. A 2011 studgrime @Virkala

on the use of problem based learning concludes,

...the sequence of goal-oriented, inquiry-like activities (asking questions,
identifying learning gaps, finding evidence, revising explanations, etg.serae

as an effective scaffold that heightens young students’ cognitive andvaffect
engagement. Moreover, the problems are authentic; students recognize them as
important and worth thinking about and recognize that they could apply to their

lives outside of school, all of which may increase motivation.

Wirkala’s study implies that goal oriented and self directed inquiry @esyisuch as the
engineering design projects used in this study, increases the studeatgreegt with the
concepts being applied. Also, by providing students with a problem that they cgnizecas
applying to their lives outside of school, such as with engineering design projettstion is

increased.

Therefore, the effectiveness of the engineering design projects cahikelgde linked
to the ability they have to intrinsically motivate students, and students tend to beatmaged

when they believe that the outcome of learning is under their control (Hmelo;30D04).

Final Analysis

Engineering design projects are a valid teaching tool in their own right keasiag
motivation and creativity, introducing students to engineering design prindgdeing
students how to apply learned content, improving problem solving skills, and improving group
communication skills. The focus of this study, however, was to gauge dotvafhess that
engineering design projects have on students’ knowledge of science content. hé/sitedty did
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show an increase in students’ science content knowledge as per the pre and pasatesty

small gains were shown for the extended time needed for the projects. Therdherenify

goal of integrating engineering projects into the science classroommiz¢ase science content
knowledge in the students, then the time spent on the projects must be weighed against the time
that could have been spent introducing new concepts or delving in deeper into the existing
curriculum. However, the goal of instruction should not be only to teach the curriculunsdut a

to create well rounded and motivated learners capable of applying thelleantent. In this

regard the integration of engineering design projects should be viewed aslaevabtion

within the science classroom and will continue to be expanded in the instructor aidlis st

classroom.

One of the main advantages, outside of student achievement, that the enginseging de
projects offered was a change of pace from traditional classroom instrustibie students.
They were allowed to be in charge of their own education during the projeetsdmdtrelying
on information from the instructor, this resulted in a renewed enthusiasm andedcreas
motivation towards their education which could potentially carry over into otheMXbhrses.
It is this model of education which makes the PLTW engineering classes sss$uicard led to
the undertaking of this study. During the instructors PLTW courses, which by#teie are
project based, it was not unusual to see students entering class early, bayiagd staying for

many hours after school in order to refine their designs and prototypes.

A less intrusive and time consuming option from that of the stand alone engineering
course (PLTW) and the integrated engineering design approach used in thisnsttigation of
students could be increased by completing smaller activities or projects i@plicate that

which makes the engineering design projects so successful, problem bas e emtol et
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learning. The focus of such projects could be adapted more towards the sciemiceasahtess
on the engineering design aspects as needed based on the topics being addrdssésl/ahaoft

comfort an instructor has with engineering principles.

| ssues Pertaining to the Implementation of the Study

Frequent Pre and Post Testing

This study was conducted as four separate engineering design progtstac
throughout the year, and as such, included pre and post testing before and after edch proje
respectively, for a total of eight assessments. The constant use tinedss these pre and
post tests led to a significant amount of student fatigue, as these assess@rentsaddition to
their normal classroom assessments such as tests and quizzes. Often el tite would
ask whether or not the pre and post tests were worth points towards their final gresie. Th
guestions often represent a desire by the students to “blow them off” and not put foffilthei
effort, which could affect the reliability of such assessments. A possibigosalo student
fatigue could be to provide one cumulative pre and post test, but the amount of time between
projects could result in inaccurate data as retention of material is ditiieer such extended

periods.

Preand Post Test Reliability

The pre and post tests used during this study were a combination of true and false,
multiple choice, and short answer questions in an effort to not rely too heavily on one type of
guestion format and to make the pre and post tests more accurately mirror thefdhaa
students’ traditional assessments. Due to time constraints, these pre anstposrelimited
to ten or eleven questions. However, there is an inherent problem of the high risk (50% chance
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of unearned correct answers due to guessing with true and false questions, anddtmtyubje
associated with the awarding of points for short answer questions. Also, the snpddl sae
when using such a small number of assessment questions leads to a much lacgesfatraor
when compiling the students’ scores. It is suggested that multiple choicesieshich have

a lower incidence of a false positive, and a larger number of questions on the pre asstpost t

be used in any future studies on the topic.

Group Sizes

The projects used in this study all required students be placed in groups, with each
student taking on certain responsibilities. The projects requiring largep gizes often resulted
in social loafing with certain students, and the divvying up of job responsibilitiesrefialted
in specialization, both of which can lead to decreased effectiveness that thes rayecon
student learning. The occurrence of social loafing and specialization wap[egent as the
group sizes were reduced. With smaller group sizes, as with the note card cagatesign
projects which required groups of two, the ability of students to specialize andydoeitlvere
reduced as there were more project responsibilities per person in the group apgdegsity
for a group member to “pick up the slack” . The instructor also noted less off taskdvetmali
disruptions with the smaller group sizes. This indicates that when designinggitupe
projects, efforts should be made to minimize the group sizes to the fewest studebts possi

complete all of the goals of the project.

In conclusion, the use of engineering design projects and PBL strategiesdietioe s
classroom can introduce students to different ways of thinking about and applgimgesci

content. By providing students with a structured method for solving problems with engineer
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design principles and placing the student in charge of understanding the relatiohsbgnbe
what they have learned in class and how it could be applied to everyday life, theyugre m
more motivated towards and successful in accomplishing their goals and lhthgbthe
instructor had for the students. Further research is suggested on the use cafeBiestio

motivate students in other disciplines.
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Appendix A: Design and Build a Water Filter Project
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Prior Knowledge Discussion Questions:

Is surface water usually pure or a mixture?
If you said a mixture for question 1, is it homogeneous or heterogeneous mixture? Why
do you think this?

List as many contaminants that are found in surface water as you can. You may list
general categories (EX: trace metals) of contaminants or specific examples (EX: Iron) of
contaminants.

Do you believe you can physically filter out all contaminants listed by yourself and
others? Why or why not?

What methods do you know that are currently used to clean water of contaminants?
List as many as you can, or if you can’t think of the process just describe what you know.

Some contaminants are dissolved by water to form a solution. This means the water
may look clear but actually is still carrying the contaminant. List an example of a place
where the water looks clear but there is evidence that it is a solution.

How do you think we can remove the contaminants if they have formed a solution?
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Four Groups of Contaminants

Microbial Pathogens.

Pathogens in drinking water are serious health risks. Pathogens are diseasegpmituc-
organisms, which include bacteria (such as giardia lamblia), viruses, anidegaidsey get
into drinking water when the water source is contaminated by sewage and\aastelor
when wells are improperly sealed and constructed. They can cause gast®esalmonella
infection, dysentery, shigellosis, hepatitis, and giardiasis (a gasttmiatesfection causing
diarrhea, abdominal cramps, and gas). The presence of coliform bacteria, whizdralgea
harmless bacteria, may indicate other contamination to the drinking waemsys

Organics.

People worry the most about potentially toxic chemicals and metals in watgra @ of
the toxic organic chemicals that occur drinking water are regulated tyrdyiwater
standards.

This group of contaminants includes:

* Trihalomthanes (THMs), which are formed when chlorine in treated drinking water
combines with naturally occurring organic matter.

* Pesticides, including herbicides, insecticides, and fungicides.

* Volatile organic chemicals (VOCSs), which include solvents, degreaséessiaes, gasoline

additives, and fuels additives. Some of the common VOCs are: benzene, trichlongethyl

(TCE), styrene, toluene, and vinyl chloride. Possible chronic health effektdarezancer,

central nervous system disorders, liver and kidney damage, reproductive disordenshan bi

defects.

Inorganics.

These contaminants include toxic metals like arsdr@dum, chromium, lead, mercury, an
silver. These metals can get into your drinking water from natural sourcedrieddus
processes, and the materials used in your plumbing system. Toxic metalpudaied in
public water supplies because they can cause acute poisoning, cancer, and otheffdtal

Nitrate is another inorganic contaminant. The nitrate in mineral depositszéestilsewage

and animal wastes can contaminate water. Nitrate has been assodiatdblue baby
syndrome" in infants.
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Radioactive Elements.

Radon is a radioactive contaminant that results from the decay of uraniunsiarsgbiiocks.
is usually more of a health concern when it enters a home as a soil gas thanogbersiin
water supplies. Radon in air is associated with lung cancer.

(EPA, 2011)
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Desigh a Water Purification Procedure Project

Objectives:

e I|dentify pure substances and mixtures and their differences

e Identify pure substances and solutions and their differences

e I|dentify substances in a mixture and their properties

e Separate substances based on chemical and physical properties

Water, while incredibly abundant, is not all safe for human consumption. Impurities from salts
and metals, to bacteria and viruses are prevalent in much of the water found on Earth,
therefore it is important to have effective and cheap processes for “cleaning” or purifying the
water of unwanted and potentially harmful contaminants. Environmental engineers are
constantly coming up with new and interesting ideas for purifying water for human
consumption and agriculture by using knowledge about the chemical, physical, and biological
properties of the contaminants.

Your project is to research and develop a device and a procedure for filtering water using cheap
and easily available materials.

For Submission:

Background Information (Research), Individual Grade

Pre/Post Test Observations, Group Grade

Step by Step procedure for entire water purification process, Group Grade
Post Test Analysis Questions, Group Grade

P wnN e
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Group Job Assignment:

Each person in your group will research a process used during water purification. It will be that
person’s job to design the portion of the purification procedure that corresponds to their
research. Itis imperative that each person does their job as the entire group can suffer as a

result! The research areas are as follows:

e Coagulation/Flocculation and Sedimentation
e Disinfection

e Aeration

e Filtering including carbon filtering

In addition to these there will also be a Project Manager that will be leading the incorporation
of all of these groups. After your research is completed, you will meet with members of other

groups with your same topic and discuss your findings. You will then meet with your group,
under the leadership of the Project Manager, to design your purification procedure and
construct any devices that you need.
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Name:

Coagulation / Flocculation and Sedimentation

Define the following in your own words

Coagulation/Flocculation:

Sedimentation:

How does this process work?

Why is it used in water treatment?

Using the materials on the provided list, design a procedure for the flocculation and
sedimentation of the “swamp water”. Use the back if needed.

List all sources — if web page list URL and a short description or title. Must have at least 3!
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Name:

Disinfection

Define the following in your own words

Disinfection:

How does this process work?

Why is it used in water treatment?

Using the materials on the provided list, design a procedure for the disinfection of the
“swamp water”. Use the back if needed.

List all sources — if web page list URL and a short description or title. Must have at least 3!
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Name:

Aeration

Define the following in your own words

Aeration:

How does this process work?

Why is it used in water treatment?

Using the materials on the provided list, design a procedure for the aeration of the “swamp
water”. Use the back if needed.

List all sources — if web page list URL and a short description or title. Must have at least 3!
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Name:

Filtration and Carbon Filtration

Define the following in your own words

Filtration:

Carbon or Activated CarbonFiltration :

How does this process work?

Why is it used in water treatment?

Using the materials on the provided list, design a procedure for the filtration of the “swamp
water”. Use the back if needed.

List all sources — if web page list URL and a short description or title. Must have at least 3!
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Name:

Project Manager

Create a flow chart of the steps of the water treatment cycle, make sure to include what each
stage cleans out of the water.

Other Comments:

List all sources — if web page list URL and a short description or title. Must have at least 3!
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Post Purifying Questions

1. Prior to any treatment, is your sample a pure substance or a mixture?

2. Ifitis a mixture, what type of mixture is it: heterogeneous or homogeneous? Provide
evidence from your observation table for justification.

3. Do you believe there are also substances dissolved in your swamp water that are not
visible to the naked eye? Why do you think this?

4. Are any of the steps in your procedure physically separating out contaminants? If so
which ones?

5. Are any of the steps in your procedure chemically separating out contaminants? If so
which ones?

6. Based purely on your observations from the table, how would you rate the effectiveness
of the purification procedure on a scale of 1 (poor) to 10 (potable or drinking quality)?
Why did you rate it the way you did?
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Appendix B: Egg Drop Project
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Design Process:

Everyday an engineer ponders the questions below. Now it’s your turn

What is the problem ?

What is the purpose ?

Who is the user ?

What are the customer needs ?

What are some existing products out there already?
What are the shape/size limitations ?
What are the material requirements ?
What are the cost limitations?

What is the manufacturing time ?
Product support needs?

Estimated product life ?

When answering these problems, the engineer works with a team, each assigned a role, and
puts their ideas on paper (or computer) so that others may understand them. To do this they
use annotated drawings.

Create annotated drawings of all of the major design features of your proposed egg drop
device, as well as one overall sketch (two if needed)
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Prior Knowledge Questions

1. List as many car safety devices as you can and include a short description of
each. This can include devices or features that help you avoid collisions.

2. The main factor in determining how dangerous a crash can be is how much
Force you have exerted on you. Since F=ma, and your mass never changes,
then the force can be reduced by reducing your rate of acceleration
(deceleration). Write the equation for acceleration below.

3. When you are in a crash, your final velocity (Vf) will always be ?
INCLUDE UNITS!!

4. Since Viis constant, what 2 variables can be changed? and

5. The period of time we are referring to in a crash is when the forces are
actually being exerted - in other words, the acceleration (deceleration)
occurs only during the fraction of a second time span during the actual
collision. Explain why adding even a small amount of padding or shock
absorption can have a large effect on lowering the deceleration.
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Egg Drop Lab

Objectives:

Analyze the relationship between acceleration and force applied to an object in
collisions

Apply knowledge of acceleration, velocity, and time of collision to a design project
Use scientific principles to guide and justify design decisions

You and your teammates have been hired by an egg company to design a container that will

keep eggs from breaking in transport. The less materials that are used, the cheaper it will be

for your company and the happier your bosses will be (bonus maybe?). You will be judged on

your success based on three things:

e |If atest egg can successfully survive a fall when dropped from the top of a
ladder.

e The amount of materials used

e Primarily: Your design process and justification for design decisions

For Submission:

1. Each member of the design team must include brainstorming ideas on one or multiple
pages, clearly labeled and with the name of team member who created it clearly visible.
2. Afinal design that includes:
a. Professional sketches of the final design (one of the overall design, and one close
up of a specific design feature)
b. Annotations that describe specific design features including materials used
c. Filled out design feature recording sheet with at least 5 design features
3. An egg drop container from which the egg can be removed and inserted with minimal
effort.
Materials:

15 flexible straws

10 Large popsicle sticks, or 20 small sticks, or some combination
.5 meter of duct tape

1 sheet of notebook paper

one egg, medium to large
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Hints for Construction

Remember a large deceleration is what causes the egg to break, just like in a car crash
that we described in class. So you need to focus on reducing the deceleration (negative
acceleration).

The equation for acceleration (deceleration) is:

Avelocity  v- v
time - t

Ave. acceleration =

You will want to focus on:

0 _Lowering the initial velocity (how fast the container is traveling when it strikes
the ground) by slowing its fall. Final velocity is always 0 m/s.

0 Increasing the amount of time the eqq decelerates in (this is the time it takes
from when it first strikes the ground to when it comes to a rest), even if it is a
small amount, by absorbing some of the shock as it strikes the ground

Every design decision must be justified by relating it to the 2 variables above, so don’t
do something just because it’s “easy” or “looks cool”

How would you slow its fall using the materials provided? There are many ways to
utilize each material.

Remember you don’t have to use all of the materials, in fact the less the better for your
company.

All tools are available to you, including band saws and drill presses.

Design the device so that it lands on the side you want it to land - don’t just expect it to
all on its own.

TEST IT BEFORE THE FINAL TEST!!! It is simple laziness not to.
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Name:

Hour:

Egg Drop Lab Questions — complete sentences only

1. What about your design made it successful/unsuccessful? List examples and Be Specific
and list several things! Drawings are helpful

2. If given another chance what, specifically, would you change in your design? Be Specific
and list several things! Drawings are helpful
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Appendix C: Note Card Car Project
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Engineering for Efficiency — Minimizing Friction Activity

Objectives:

e Understand the role of forces in determining the motion of an object
e Understand friction and air resistance as forces that oppose motion
e Apply knowledge of what causes friction between two surfaces

e Apply knowledge of law of conservation of energy.

The inventions always start off as a prototype that demonstrates the key concepts but lacks
style, comfort, reliability, or efficiency. After proof that the concept works, engineers work to
improve upon the design, for example: compare the first Model T Ford to a current automobile,
or the first cell phone to new smart phones, etc. These things function just like the original
concept but have had great improvements made to them over the years.

Your job is to take a design for a notecard “car” and improve upon its design to minimize
frictional and air resistance forces acting on it as it moves. You will be judged based off of how
far your “car” goes down the hallway when provided with a fixed amount of energy, as this will
indicate how efficient the design is.

For Submission:

Brainstorming Sketches, Individual
Final Design Sketch, Group
Complete and tested “Car”, Group

A wnN e

Design Feature Sheet, Group

Materials and Constraints:

Your design must be able to “catch” a marble that has been released down a ruler ramp that is
supported on top of 3 textbooks. Your “car” must be placed within a few inches of the end of
the ramp. It must be carried by the marble until it comes to a complete stop. Your design can
be of any size or configuration, but must be cut out from a 3x5 notecard. After brainstorming,
your group will come together to settle on one final design of which you will create an
annotated final sketch and fill out your design feature sheet. This must be completed before
testing.

For testing, we will go out into the hallway to have a long stretch of uninterrupted hallway. You
can run as many practice runs as time permits, but will only get 3 official trials. The longest of
your trial runs will be taken as your grade. Alterations can be made to your design, or you can
start from scratch as long as a final design is ready by testing time.
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Pre-design Questions

1. What factors can affect how much friction exists between 2 surfaces in contact? (List at
least 3)

2. What factors affect how much air resistance a surface has when moving through still
air? (list at least 2)

3. Which of the factors from #2 and 3 can you change in your design? Provide ideas for
how you could change each in order to improve efficiency.

4. Identify several surfaces that will come into contact to create friction. How could you
minimize friction at these points?
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Appendix D: Design a Coffee Mug Proj ect

51



Coffee Mug Design Project

Objectives:

e Apply knowledge of conduction, convection and radiation
e Make material choices based off of physical properties (insulator, conductor)
e Apply scientific principles in a real world engineering design problem to justify decisions

You are a recent hire at the Thermos coffee mug company. The company is attempting to lure
in the high end consumer by creating a new travel coffee mug that they can market as “The
World’s Best Mug!” By this they mean a mug that can keep your coffee hot for a very long
time. You have showed some initiative, and so you have been put in charge of designing the
new mug. You need to submit your proposal for the design at the beginning of business
tomorrow and it must include the following items:

1. Each member of the design team must include brainstorming ideas on one or multiple
pages, clearly labeled and with the name of team member who created it clearly
visible.

2. Group review sheet filled out by another group, with their comments on your design
and ideas for improvement.

3. Afinal design that includes:

a. Professional sketch of the final design (one or multiple views depending on your
needs)

b. Annotations that describe specific design features including materials used

c. Filled out design feature recording sheet with heat transfer prevented — need at
least 5

Things to consider:

e Your design should focus on preventing the 3 types of energy transfer (conduction,
convection, and radiation)

e Remember the states of matter and how it affects heat transfer — foam insulation isn’t
by nature a good insulator, but the air pockets it holds are!

e Hmmm... what is a better insulator than gases?

e Certain materials are better conductors, some better insulators, plan accordingly

e Heat that transfers by conduction needs direct contact, so surface area in contact with
another solid should be minimized

e Radiation is a form of light, how do you prevent light from travelling?
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Group Review Sheet

Reviewed by:

These are some things that are positives of the design (please bullet point or number
comments):

These are some things that you didn’t address or that could be improved (please bullet point
or number comments):

Additional Comments (optional but helpful!):
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Appendix E: Student and Parent Permission Form
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PARENTAL CONSENT AND STUDENT ASSENT FORM

Dear Students and Parents/Guardians:

| would like to take this opportunity to welcome you back to school and invite you to participate
in a research project, The Effectiveness of Engineering Design Projects on Enhancing Science
Education, that | will conduct as part of Physical Science this semester. My name is Adam
Green. | am your science teacher this upcoming school year (2011-12) and | am also a master’s
degree student at Michigan State University. Researchers are required to provide a consent
form like this to inform you about the study, to convey that participation is voluntary, to explain
risks and benefits of participation, and to empower you to make an informed decision. You
should feel free to ask the researchers any questions you may have.

What is the purpose of this research? | have been working on effective ways to teach science
by incorporating engineering design projects into the curriculum, and | plan to study the results
of this teaching approach on student comprehension and retention of the material. The results
of this research will contribute to teachers’ understandings about the best way to teach about
science topics. Completion of this research project will also help me to design and write my
thesis and to earn my master’s degree in Michigan State University’s Division of Math and
Science Education (DSME).

What will students do? You/your student will participate in instructional units about
introductory physical science concepts being applied to complete engineering design projects.
You/your student will complete the usual assignments, laboratory experiments and activities,
computer simulations, class demonstrations, and pretests/posttests just as you do for any other
unit of instruction. There are no unique research activities — participation in this study will not

increase or decrease the amount of work that students do. | will simply make copies of

students’ work for my research purposes. This project will take place throughout the year
(depending upon the trimesters that | have you in class). | am asking for permission from both
students and parents/guardians (one parent/guardian is sufficient) to use copies of student
work for my research purposes. This project will continue till the end of the school year/Z”OI
trimester of class.

What are the potential benefits? My reason for doing this research is to learn more about
improving the quality of science instruction. | won’t know about the effectiveness of my
teaching methods until | analyze my research results. If the results are positive, | can apply the
same teaching methods to other science topics taught in this course, and you will benefit by
better learning and remembering of course content. | will report the results in my master’s
thesis so that other teachers and their students can benefit from my research.

What are the potential risks? There are no foreseeable risks associated with completing course
assignments, laboratory experiments and activities, computer simulations, class
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demonstrations, and pretests/posttests. In fact, completing course work should be very
beneficial to students. Consent forms (where you say “yes” or “no”) will be stored in a sealed
envelope, in a locked file cabinet that will not be opened until after | have assigned the grades
for the entire school year. That way | will not know who agrees to participate in the research
until after grades are issued in order to prevent bias. In the meantime, | will save all of your
written work. Later | will analyze the written work only for students who have agreed to
participate in the study and whose parents/guardians have consented.

How will privacy and confidentiality be protected? Information about you will be protected to
the maximum extent allowable by law. Students’ names will not be reported in my master’s
thesis or in any other dissemination of the results of this research. Instead, the data will consist
of class averages and samples of student work that do not include names. After | analyze the
data to determine class averages and choose samples of student work for presentation in the
thesis, | will destroy the copies of student’s original assignments, tests, etc. The only people
who will have access to the data are me, my thesis committee at MSU, and the Institutional
Review Board at MSU. The data will be stored on password-protected computers (during the
study) and in a locked file cabinet in Dr. Heidemann’s (my thesis coordinator) locked office at
MSU (after the study) for at least three years after the completion of the study.

What are your rights to participate, say no, or withdraw? Participation in this research is
completely voluntary. You have the right to say “no”. You may change your mind at any time
and withdraw. If either the student or parent/guardian requests to withdraw, the student’s
information will not be used in this study. There are no penalties for saying “no” or choosing to
withdraw.

Who can you contact with questions and concerns? If you have concerns or questions about
this study, such as scientific issues, how to do any part of it, or to report an injury, please
contact the researcher Adam Green: 10000 Moscow Rd. Rm 107, Horton, Ml, 49246;
adamgreen@hanoverhorton.org; 517-563-0101 ext 420 and /or Dr. Merle Heidemann: 118
North Kedzie Lab , Michigan State University, East Lansing, Ml 48824; heidema2@msu.edu;
517-432-2152 x 107].

If you have questions or concerns about your role and rights as a research participant, would
like to obtain information or offer input, or would like to register a complaint about this study,
you may contact, anonymously if you wish, the Michigan State University’s Human Research
Protection Program at 517-355-2180, Fax 517-432-4503, or e-mail irb@msu.edu or regular mail
at 207 Olds Hall, MSU, East Lansing, M| 48824.

How should | submit this consent form? If you agree to participate in this study, please
complete the attached form. Both the student and parent/guardian must sign the form. Return
the form to the designated teacher (to be named later) by two weeks from the beginning of the
first trimester in which you/your student are enrolled in Physical Science .
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Name of science course: Physical Science
Teacher: Adam Green
School: Hanover Horton High School

Parents/guardians should complete this following consent information:

| voluntarily agree to have participate in

this study. (print student name)
Please check all that apply:
Data:

| give Adam Green permission to use data generated from my child’s work in this
class for her thesis project. All data from my child shall remain confidential.

| do not wish to have my child’s work used in this thesis project. | acknowledge
that my child’s work will be graded in the same manner regardless of their participation in this
research.

Photography, audiotaping, or videotaping:

| give Adam Green permission to use photos, audiotapes, or videotapes of my
child in the class room doing work related to this thesis project. | understand that my child will
not be identified.

| do not wish to have my child’s images used at any time during this thesis
project.

Signatures:

(Parent/Guardian Signature) (Date)

| voluntarily agree to participate in this thesis project.

(Student Signature) (Date)
***Important***
Return this form to the teacher designated by Mr. Green — Not to Mr. Green himself!
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Appendix F: Design and Build a Water Filter Project Pre/Post Test
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Name: Date: Hour:

Water Purification Pre/Post Test

Directions:

Answer the following T/F questions by writing a T or F on the space provided and include a
short but thorough description as to why you answered the way you did.

1. A Pure Substance can contain multiple types of particles if they are small enough
to be invisible to the naked eye.

2. Pure substances can contain multiple types of individual, non bonded atoms, but
not multiple types of individual molecules.

3. Salt water is an example of a homogenous mixture, not a heterogeneous
mixture.

4, The process of dissolving a substance in a liquid is a physical change.

5. Substances that are dissolved in a solution can be removed by pouring the

solution through a filter.
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Answer the following multiple choice questions by circling the letter of the correct answer.

6.

In regards to its classification as a pure substance or a mixture - which of the following
substances does not belong with the others?

a. Orange juice c. Toilet bowl cleaner

b. Blood d. Mercury
If you add oil to water and shake the liquid, you will form a

a. Pure substance c. Solution

b. Heterogeneous mixture d. Miscible liquid

Bubbles are released from cola and when alka seltzer is placed in water. Identify the

correct statement.

a.

Cola releasing bubbles is a
physical change, and alka
seltzer releasing bubbles is a
physical change

Cola releasing bubbles is a
physical change, and alka
seltzer releasing bubbles is a
chemical change

9. A heterogeneous mixture is one in which

a.

All the different substances
chemically combine so that
they are indistinguishable
from one another

All the different substances
stay separate but are too
small to be seen with the
naked eye

All the substances are
separate to form layers
based on density

All of the substances stay
separate and are large
enough to be seen with the
naked eye
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Cola releasing bubbles is a
chemical change, and alka
seltzer releasing bubbles is a
physical change

Cola releasing bubbles is a
chemical change, and alka
seltzer releasing bubbles is a
chemical change



10. Which most accurately describes carbon dioxide

a. Element
b. Compound
c. Mixture
d. Solution

Answer the following essay question completely and thoroughly.

11. Describe how you can tell that a sugar dissolves in water to form a mixture (solution)
and does not undergo a chemical reaction to form a new substance.
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Water Purification Pre/Post Test Rubric

/11

Directions:

Answer the following T/F questions by writing a T or F on the space provided and include a
short but thorough description as to why you answered the way you did.

1. F A Pure Substance can contain multiple types of particles if they are small
enough to be invisible to the naked eye. (+1)

Pure substances contain only one type of particle

2. F Pure substances can contain multiple types of individual, non bonded atoms,
but not multiple types of individual molecules. (+1)

Pure substances can contain only one type of atom or molecule

3. T Salt water is an example of a homogenous mixture, not a heterogeneous
mixture. (+1)

Any solution is homogeneous

4, T The process of dissolving a substance in a liquid is a physical change. (+1)

No new substances are formed

5. F__ Substances that are dissolved in a solution can be removed by pouring the
solution through a filter. (+1)

Filters to remove dissolved particles require pressure
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Answer the following multiple choice questions by circling the letter of the correct answer.

6.

In regards to its classification as a pure substance or a mixture — which of the following
substances does not belong with the others? (+1)

a. Orange juice c. Toilet bowl cleaner
b. Blood d. Mercury

7. If you add oil to water and shake the liquid, you will form a(+1)

a.

Pure substance

b. Heterogeneous mixture

Solution

d. Miscible liquid

8. Bubbles are released from cola and when alka seltzer is placed in water. Identify the

correct statement. (+1)

a.

Cola releasing bubbles is a
physical change, and alka
seltzer releasing bubbles is a
physical change

Cola releasing bubbles is a
physical change, and alka
seltzer releasing bubbles is a
chemical change

9. A heterogeneous mixture is one in which(+1)

a.

All the different substances
chemically combine so that
they are indistinguishable
from one another

All the different substances
stay separate but are too
small to be seen with the
naked eye

All the substances are
separate to form layers
based on density

All of the substances stay

separate and are large
enough to be seen with the

naked eye
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Cola releasing bubbles is a
chemical change, and alka
seltzer releasing bubbles is a
physical change

Cola releasing bubbles is a
chemical change, and alka
seltzer releasing bubbles is a
chemical change



10. Which most accurately describes carbon dioxide(+1)

a. Element
b. Compound
c. Mixture
d. Solution

Answer the following essay question completely and thoroughly.

11. Describe how you can tell that a sugar dissolves in water to form a mixture (solution)
and does not undergo a chemical reaction to form a new substance. (+1)

No signs of a chemical change (bubbling, color change, temp change, etc) substances

maintain their physical properties
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Appendix G: Egg Drop Project Pre/Post Test
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Name: Date: Hour:

Ege Drop Pre/Post Test

Directions:

Answer the following T/F questions by writing a T or F on the space provided and include a
short but thorough description as to why you answered the way you did.

1. 30 m/s represents a velocity

2. As the time required for a car to come to a stop increases, the acceleration
(deceleration) decreases

3. The larger the acceleration of an object, the larger the force acting on the object.

4, When the final velocity of an object is less than the initial velocity of the object,
there is a negative acceleration.

5. It is possible to have a negative acceleration and be speeding up.
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Answer the following multiple choice questions by circling the letter of the correct answer.

6. Doing which of the following would reduce the magnitude of acceleration in all cases?

a.

Decrease time that an object
accelerates

Increasing the magnitude
velocity final of the object

C.

Increasing the magnitude on
the velocity initial

Increase the time that an
object accelerates

7. Aforceis continuously applied to a grocery cart causing it to accelerate. After a while,

the cart stops accelerating even though the force is still being applied. What conclusion

can be drawn.

a.

The mass of the cart has
increased

The gravity acting on the cart
has increased

8. Aseatbelt helps a driver during a car crash by

a.

Decreasing the acceleration
on the driver during the
collision

Increasing the acceleration
on the driver during the
collision

9. Which statement about acceleration is true

a.

Acceleration always occurs in
the same direction as motion
of the object

When the same force is
applied to two objects of
different masses, they both
accelerate at the same rate
Acceleration can occur only
when an object changes its
speed

Acceleration is the rate at
which velocity changes
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C.

The cart is experiencing
some kind of friction

The momentum of the cart
has reached its maximum

Increasing the velocity initial
of the driver during the
collision

Decreasing the velocity initial
of the driver during the
collision



Answer the following essay question completely and thoroughly.
10. Describe how an airbag can protect the occupants of a car from injuries in a collision

more than a collision without one. Use terms such as: velocity final, velocity initial,
time, acceleration, and force.
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Ege Drop Pre/Post Test Rubric
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Directions:

Answer the following T/F questions by writing a T or F on the space provided and include a
short but thorough description as to why you answered the way you did.

1. F 30 m/s represents a velocity(+1)

Needs a speed and a direction

2. T As the time required for a car to come to a stop increases, the acceleration
(deceleration) decreases(+1)

Time and acceleration are inversely proportional

3. T  The larger the acceleration of an object, the larger the force acting on the
object. (+1)

F=ma

4, T When the final velocity of an object is less than the initial velocity of the object,
there is a negative acceleration. (+1)

Change in velocity is negative when Vf < Vi

5. T __Itis possible to have a negative acceleration and be speeding up. (+1)

If you are moving in the negative direction
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Answer the following multiple choice questions by circling the letter of the correct answer.

6. Doing which of the following would reduce the magnitude of acceleration in all cases?

(+1)

a.

Decrease time that an object
accelerates

Increasing the magnitude
velocity final of the object

Increasing the magnitude on
the velocity initial

Increase the time that an
object accelerates

7. Aforceis continuously applied to a grocery cart causing it to accelerate. After a while,

the cart stops accelerating even though the force is still being applied. What conclusion

can be drawn. (+1)

a.

The mass of the cart has
increased

The gravity acting on the cart
has increased

8. A seatbelt helps a driver during a car crash by(+1)

a.

Decreasing the acceleration
on the driver during the
collision

Increasing the acceleration
on the driver during the
collision

9. Which statement about acceleration is true(+1)

a.

Acceleration always occurs in
the same direction as motion
of the object

When the same force is
applied to two objects of
different masses, they both
accelerate at the same rate
Acceleration can occur only
when an object changes its
speed

Acceleration is the rate at

which velocity changes
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C.

The cart is experiencing

some kind of friction

The momentum of the cart
has reached its maximum

Increasing the velocity initial
of the driver during the
collision

Decreasing the velocity initial
of the driver during the
collision



Answer the following essay question completely and thoroughly.

10. Describe how an airbag can protect the occupants of a car from injuries in a collision
more than a collision without one. Use terms such as: velocity final, velocity initial,
time, acceleration, and force. (+1)

The air bag increasesthe time over which the collision takes place by beginning the
collision sooner when it isactivated. This decreasesthe deceleration of the occupant

thereby decreasing the for ce acting on them.
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Appendix H: Note Card Car Project Pre/Post Test
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Name: Date: Hour:

Notecard Car Pre/Post Test

Directions:

Answer the following T/F questions by writing a T or F on the space provided and include a
short but thorough description as to why you answered the way you did.

1. If an object is stationary, then it has no forces acting on it.
2. An object’s acceleration is always in the direction of the net force.
3. If a bowling ball strikes a kickball, the force that the bowling ball exerts on the

kickball is the same as the force that the kickball exerts on the bowling ball.

4, Suppose you are pushing a car with a certain net force. If you push the car with
twice that net force the acceleration of the car will double.

5. Friction is decreased between two objects by increasing the surface area in
contact between the two objects thus spreading out the force over more area .

73



Answer the following multiple choice questions by circling the letter of the correct answer.

6. Using the provided force diagram identify the direction of motion of the following

object.
a. To the right d. This question cannot be
b. Tothe left answered with the given
c. There is no motion information

7. If a baseball is thrown at a high speed at a stationary bowling ball suspended by a cable
from the ceiling, upon collision the bowling ball will

a. Accelerate away from the baseball, but at a lower speed than the baseball was
thrown

b. Accelerate away from the baseball, at the same speed as the baseball was
thrown

c. The baseball will not make the bowling ball move as the force that it applies will
be much smaller than the force that the bowling ball applies to the baseball

8. If you are standing on a skateboard and jump forward the skateboard will accelerate
backward much faster than you will accelerate forward. This is caused by
a. A much larger force being applied to the skateboard than to you
b. The low friction that the skateboard has with the ground
c. The skateboard does not have a force acting in the opposite direction of your
push
d. The mass of the skateboard is much less than your mass

9. A marble and a bowling ball are dropped from the same height. The force of gravity
acting on the bowling ball is much larger than the force of gravity acting on the marble
yet both fall at the same rate. Why?

a. Air resistance is much greater on the bowling ball than it is on the marble,
accounting for the same acceleration

b. The mass of the bowling ball is much bigger, so it requires a larger force to
accelerate it at the same rate as the marble

c. The marble is smaller and has less air resistance so it can fall as fast as the
bowling ball
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Answer the following essay question completely and thoroughly.
10. Use the law of conservation of momentum to explain the phenomenon of a golf club

striking a golf ball, and the golf ball travelling faster than the golf club was when the
collision took place.
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Notecard Car Pre/Post Test Rubric

/10

Directions:

Answer the following T/F questions by writing a T or F on the space provided and include a
short but thorough description as to why you answered the way you did.

1. F If an object is stationary, then it has no forces acting on it.(+1)

No Net Force

2. T An object’s acceleration is always in the direction of the net force. (+1)

Net Force accelerates the direction of the net force

3. T _ If a bowling ball strikes a kickball, the force that the bowling ball exerts on the
kickball is the same as the force that the kickball exerts on the bowling ball. (+1)

Newton’s third law

4, T __Suppose you are pushing a car with a certain net force. If you push the car with
twice that net force the acceleration of the car will double. (+1)

Net force and acceleration are directly proportional

5. F Friction is decreased between two objects by increasing the surface area in
contact between the two objects thus spreading out the force over more area . (+1)

Friction is dependent on surface area in contact
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Answer the following multiple choice questions by circling the letter of the correct answer.

6. Using the provided force diagram identify the direction of motion of the following
object. (+1)

a. To theright d. This question cannot be
b. Tothe left answered with the given
c. There is no motion information

7. If a baseball is thrown at a high speed at a stationary bowling ball suspended by a cable
from the ceiling, upon collision the bowling ball will(+1)
a. Accelerate away from the baseball, but at a lower speed than the baseball was

thrown

b. Accelerate away from the baseball, at the same speed as the baseball was
thrown

c. The baseball will not make the bowling ball move as the force that it applies will
be much smaller than the force that the bowling ball applies to the baseball

8. If you are standing on a skateboard and jump forward the skateboard will accelerate
backward much faster than you will accelerate forward. This is caused by(+1)
a. A much larger force being applied to the skateboard than to you
b. The low friction that the skateboard has with the ground
c. The skateboard does not have a force acting in the opposite direction of your
push
d. The mass of the skateboard is much less than your mass

9. A marble and a bowling ball are dropped from the same height. The force of gravity
acting on the bowling ball is much larger than the force of gravity acting on the marble
yet both fall at the same rate. Why? (+1)

a. Air resistance is much greater on the bowling ball than it is on the marble,
accounting for the same acceleration
b. The mass of the bowling ball is much bigger, so it requires a larger force to

accelerate it at the same rate as the marble

c. The marble is smaller and has less air resistance so it can fall as fast as the
bowling ball
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Answer the following essay question completely and thoroughly.

10. Use the law of conservation of momentum to explain the phenomenon of a golf club
striking a golf ball, and the golf ball travelling faster than the golf club was when the
collision took place. (+1)

The momentum of the golf club istransferred to the golf ball but because of the golf balls

lower massit will have a larger velocity dueto the law of conservation of momentum.
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Appendix |: Coffee Mug Design Project Pre/Post Test
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Name: Date: Hour:

Mug Design Pre/Post Test

Directions:

Answer the following T/F questions by writing a T or F on the space provided and include a
short but thorough description as to why you answered the way you did.

1. __ The state of matter that allows convection to occur the most efficiently is solid.

2. Radiationis the only energy transfer that can occur in a vacuum like space

3. __ Averydense solid metal would make an efficient insulator.

4. __ Putting anice cube into a glass of water lowers the total amount of energy in the
glass.

5. The highest temperature in a home is near the ceiling of the top floor. This is due

to convection.

80



Answer the following multiple choice questions by circling the letter of the correct answer.

6. The energy transfer that relies on the direct contact of particles is

a.
b.
C.

convection
conduction
radiation

d.
e.

f.

aandb
bandc
aandc

7. Which of the following materials is the poorest conductor of energy as heat.

a.
b.

plastic
helium gas

C.
d.

cotton
aluminum

8. When you place your hand on a metal surface that is at room temperature it feels cold,

but when you put your hand on a plastic object at the same temperature it doesn’t feel
cold. Why?

a.

b.

9. When a hot block of iron is placed in a container of water
a.

The plastic is a better
conductor so heat is
transferred from the
surroundings to your hand
more easily

The metal is a better
insulator so cold is more
quickly transferred into your
hand

Kinetic Energy of the
particles is transferred from
the metal into the water by
conduction

Kinetic Energy of the
particles is transferred from
the water into the metal by
conduction

Kinetic Energy of the
particles is transferred from
the metal into the water by
convection

Kinetic Energy of the
particles is transferred from
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C.

d.

The plastic is a better
insulator so cold cannot
transfer quickly into your
hand

The metal is a better
conductor so heat can
transfer quickly from your
hand

the metal into the water by
radiation



Answer the following essay question completely and thoroughly.

10. Using the law of conservation of energy and the types of energy transfers, describe
movement of heat of a cup of hot tea left on the table for a few hours.
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Mug Design Pre/Post Test Rubric

/10

Directions:

Answer the following T/F questions by writing a T or F on the space provided and include a
short but thorough description as to why you answered the way you did.

1. F The state of matter that allows convection to occur the most efficiently is
solid.(+1)

Solids do not allow the migration of particles necessary for convection

2. T __ Radiation is the only energy transfer that can occur in a vacuum like space(+1)

Radiation does not require particles

3. F A very dense solid metal would make an efficient insulator. (+1)

The closer the particles the more efficient energy can conduct through them

4, F__ Putting an ice cube into a glass of water lowers the total amount of energy in
the glass. (+1)

Average KE (temperature) is lowered but ice cubes still have energy so total KE is increased

5. T The highest temperature in a home is near the ceiling of the top floor. This is
due to convection. (+1)

Warm, less dense air rises due to convection currents
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Answer the following multiple choice questions by circling the letter of the correct answer.

6. The energy transfer that relies on the direct contact of particles is(+1)

a.

convection

b. conduction

C.

radiation

d.
e.
f.

aandb
bandc
aandc

7. Which of the following materials is the poorest conductor of energy as heat. (+1)

a. plastic
b. helium gas

C.
d.

cotton
aluminum

8. When you place your hand on a metal surface that is at room temperature it feels cold,

but when you put your hand on a plastic object at the same temperature it doesn’t feel
cold. Why? (+1)

a.

The plastic is a better
conductor so heat is
transferred from the
surroundings to your hand
more easily

The metal is a better
insulator so cold is more
quickly transferred into your
hand

C.

d.

The plastic is a better
insulator so cold cannot
transfer quickly into your
hand

The metal is a better
conductor so heat can

transfer quickly from your

hand

9. When a hot block of iron is placed in a container of water(+1)

a.

Kinetic Energy of the
particles is transferred from

the metal into the water by

conduction

Kinetic Energy of the
particles is transferred from
the water into the metal by
conduction

Kinetic Energy of the
particles is transferred from
the metal into the water by
convection

Kinetic Energy of the
particles is transferred from
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the metal into the water by
radiation



Answer the following essay question completely and thoroughly.

10. Using the law of conservation of energy and the types of energy transfers, describe
movement of heat of a cup of hot tea left on the table for a few hours. (+1)

KE will convect away through the surface of the tea, conduct through the cup into the air and
to the table, and radiate out through the cup and into the air.
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