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Abstract—Efforts for recruiting and retaining students in
engineering programs are evident in many postsecondary
institutions around the world. These efforts include out-
reach programs at both elementary and secondary school
level, as well as projects that develop capacities beyond
technical content—often taught as declarative and proce-
dural knowledge. The mandate of the Galileo Education
Network Association includes the design of rich learning
environments engaging K — 12 students in authentic tasks:
tasks that resemble the real work of professionals such as
engineers. We describe the experience of enacting a seven-
session engineering project in thermodynamics with Grade
Ten students. Special attention is paid to formative assess-
ment as an essential support for students' learning along the
project. The initial project resulted from the collaboration—
as a means for teacher professional development—between
this network association and the mathematics and science
teachers in a western Canadian high school. We propose
that programs for teacher professional development in
mathematics and science should include a focus on tasks
that resemble the work of engineering in order to design
authentic, engaging learning tasks, and assessing strategies
that support and enhance student learning

Index Terms—Authentic tasks, Inquiry-based, Project-
based, Formative assessment.

L INTRODUCTION

In the last few years there has been a call for including
capacities and competencies of engineers at both under-
graduate institutions and in outreach programs aimed at
attracting and recruiting students into science, technology,
engineering and mathematics (STEM) careers. This call
results from an unbalanced number of students interested
in these types of careers and the corresponding labour
market demand. In the Canadian context, a skills shortage
is predicted by 2020 because "the workforce cannot be
replaced fast enough by incoming Canadian or experi-
enced internationally trained graduates" [1]. Additionally,
there is a trend of lower number of people graduating
from these carries, compared to people graduated in other
subjects. According to results from Statistics Canada, [2],
the percentage of people graduated in STEM subjects in
2007 was considerable lower than those in other subject
such as 'Social and behavioural sciences, and law' and
'Business management and public administration.' The
percentages in these fields contrast with 'Architecture,
engineering and related technologies, 'Physical and life
sciences and technologies,’ and 'Mathematics, computer
and information sciences,' presented with a different color
in the chart in Figure 1. These percentages are consistent
to
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Figure 1. Percentage of university degrees/diplomas/certificates grant-
ed by field of study in Canada, 2007. Adapted from [2]

the distribution of graduates reported in 1997 [3]. Instruc-
tional style and misconceptions, or even lack of infor-
mation, of the activities involved in STEM related jobs
might be main factors contributing to people's reduced
interested in pursuing studies in engineering.

Instructional style at both school and undergraduate
levels has traditionally focused on declarative and proce-
dural knowledge, especially for STEM subject areas. For
instance, Barak reported in [4] the result of a professional
development program for 150 high school teachers. A
questionnaire administered during the program revealed
that teachers tended to spend much more time in class
developing declarative and procedural knowledge (73%),
than conceptual and qualitative knowledge (27%). The
traditional approach of teaching first concepts and defini-
tions has been widely critiqued by academics in educa-
tional research and there is still a debate on which type of
knowledge students should develop first—see [5]. Alt-
hough a more productive debate may be about how these
two types of knowledge interact in students' learning,
there is still a concern about a lack of conceptual
knowledge in engineering education. For instance, a re-
cent study reported in [5] involved 587 students in the
second year in engineering in Sweden and South Africa.
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The authors found that in both countries students showed
higher confidence performing procedural tasks than con-
ceptual tasks, and concluded that: "efforts need to be made
to increase students’ confidence in conceptually oriented
tasks." As educators, we have observed similar tendencies
in teaching style and students' confidence performing
procedural tasks in Canada.

Stereotypes and lack of contact with people and pro-
jects related to engineering may prevent students from
pursuing STEM related studies. For instance in [6], by
2005, the curriculum at a school in England and Wales
provided students with experiences in science, mathemat-
ics or design and technology. However, it did not provide
any experience in engineering. Due to the lack of experi-
ence with this field, the perception of the work of engi-
neering can be distorted relying on popular stereotypes.
Pre-college students' perception about engineering would
inform their decisions to pursue a STEM career. Such
perceptions can be changed through outreach programs,
such as the one presented in [7]. Five hundred sixty-five K
— 12 students watched a short computer-based multimedia
overview of engineering disciplines. Results showed that
students' perceptions changed, leaning to an interest in
STEM: the earlier the more influential, especially for girls.
Other strategies include the involvement in engineering-
like activities, such as the summer school organized by six
European institutions for projects based on creating engi-
neering products reported in [8]. The program included
the following essential principles: team-oriented activities;
multidisciplinary approach; multicultural approach; prob-
lem-based learning; intensive schedule; and industry-
oriented, including contact with and feedback from ex-
perts. Recently, four case studies of partnerships between
school and other institutions were described in [9]. Stu-
dents had a high degree of autonomy and sense of respon-
sibility in engineering-related projects: (1) a high school
and a community industry, (2) a network of schools and a
global industries, (3) a high school in a provincial city and
the local community and small business, and (4) a primary
school and broad community. Other programs have fo-
cused on teachers, such as the one described in [4], which
exemplifies the efforts to outreach engineering education
with a focus on higher-order thinking competences, in-
stead of specific subject knowledge. This program includ-
ed four main components: (1) conceptual knowledge; (2)
design process, including simulation, laboratory testing
and troubleshooting; (3) systematic documentation, in-
cluding drafts, tests and improvements; and (4) independ-
ent reflective learning.

Partnerships are not easy to establish with every school.
An alternative resides in the tasks teachers design for their
mathematics and sciences courses. These tasks may be
more 'authentic' to the profession of engineering. While it
could be hard to engage students in real engineering pro-
jects, it is possible to design learning environments in-
volving engineering processes such as: design, tests, trou-
ble-shoot, and documentation of the process. This ap-
proach, often identified as project-based learning, have
been widely used for engineering education—see for
instance [10]. However, critics to this and similar ap-
proaches, including inquiry-based learning, have argued
that students are left with minimal, of lack of, guidance
[11]. In response to this critique, Hmelo-Silver, Duncan
and Chinn, [12], stressed the role of scaffolding in project-
based learning: students receive constant guidance and
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support during the projects. Most recently, Caprapo and
Corlu, [13], elaborated on the role of formative assess-
ment in STEM project-based learning, suggestion, among
other forms of assessment, the use of rubrics. The im-
portance of formative assessment, as opposed to just
summative assessment, has been widely addressed in the
literature in education (see for example [14]). For this
reason, we consider important to elaborate on the means
for formative assessment when describing educational
tasks.

The purpose of this paper is to showcase an example of
a project in thermodynamics, with a particular focus on
the formative assessment provided to students during the
project. The enactment of this project is a result of previ-
ous collaborations of mathematics and science teachers
and mentors from Galileo Educational Network Associa-
tion (GENA) as a means of teacher professional develop-
ment. The project was designed during this collaboration
and we report on its adaptation and conduction one year
later. This paper is aimed at supporting the work of teach-
ers, teacher educators and engineers interested in educa-
tion in designing authentic class projects that both resem-
ble the work of the engineers and promotes deep under-
standing of concepts in science. We propose that training
teachers for this type of projects should be included in
professional development programs, which may be joined
by engineers interested in outreach initiatives aimed at
preparing and attracting students to STEM related
postsecondary paths.

II.  INQUIRY AND TEACHERS' LEARNING

A key aspect of improving education is to support
teachers in the design of rich learning environments using
an inquiry-based approach promoting intellectual en-
gagement. GENA has provided teacher professional de-
velopment programs with an inquiry-based approach to
many schools in Canada. This approach is based on the
assumption that understanding, and learning, is construct-
ed through joint work and conversation while posing and
solving problems, making discoveries and testing them in
the course of shared activity [15]. The mentorship provid-
ed by GENA as a form of teacher professional develop-
ment has been informed by the five principles of the
Teaching Effectiveness Framework described in [16].
These principles can be summarized as follows: (1) teach-
ers are designers of learning; (2) students assignments are
worth their time and attention; (3) assessment improves
students learning; (4) teachers promote a variety of inter-
dependent relationships; and (5) teachers improve their
practices through collaboration. In this paper we have a
particular focus on the second and third principles de-
scribed in terms of intellectual engagement and formative
assessment in he following subsections.

A. Focus on Intellectual Engagement

We have been particularly interested in promoting intel-
lectual engagement, as described in [17] and [18]. The
focus on student engagement springs from an interests on
students' life well beyond academic performance at
school. While preparing students to future education in
post-secondary institutions and potential job markets is an
important outcome for school—especially for high
school—we concur with Willms, Friesen and Milton that
students' engagement at school also impact their daily life
[17]. Lack of engagement at school has been associated as
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a source of inequity and linked to violence and social
exclusion in Canada and other countries.

Willms, Friesen and Milton, describe intellectual en-
gagement as "a serious emotional and cognitive invest-
ment in learning, using higher-order thinking skills (such
as analysis and evaluation) to increase understanding,
solve complex problems, or construct new knowledge"
[17]. The focus on intellectual engagement from GENA is
closely related to the authenticity of tasks students are
required to conduct at school. The Teaching Effectiveness
Framework states that teachers are designer of learning
environments in which students engage in doing activities
that require different ways of thinking and acting in the
world according to particular disciplines or professions:
"students think, act and engage with ideas and core con-
cepts in the same ways as historians, chemists, biologists,
botanists, writers, journalists, photographers, architects,
etc. to make meaningful connections and build deep un-
derstanding" [16].

B. Formative assessment

The assessment principle of the Teaching Effectiveness
Framework [16] states that assessment should be incorpo-
rated seamlessly through the learning process improving
students learning. When assessment is used for this pur-
pose, teachers collect data and provide feedback and scaf-
folding to students. In this sense, formative assessment,
also called assessment for learning, serves a different
purpose compared to summative assessment, also called
assessment of learning. The assessment principle of the
framework stresses the importance of using varied forms
of formative assessments to inform instructional decisions.
This principle suggests that assessment criteria should be
designed in collaboration with students, involving exper-
tise from the corresponding discipline, and reflecting high
quality standards of authentic work. Finally, this principle
indicates that students must have access to the assessment
criteria receiving ongoing, specific feedback through the
learning process. A common tool for formative assess-
ment is the design and use of a rubric: a chart describing
different levels of achievement corresponding to selected
criteria for a specific learning task.

III. THE DESIGN-BASED RESEARCH

For three years, GENA supported teachers at one par-
ticular high school in western Canada. Examples of the
projects designed in collaboration with the teachers are
described in [18]. This initiative included a participatory
design-based research ([19]) in which we worked with
teachers and students in projects aimed at student intellec-
tual engagement. The purpose of the research was to
deepen our understanding on how student learning and
engagement are impacted when teachers are provided with
GENA's professional development. In design-based re-
search in education real educational contexts and innova-
tions are studied involving multiple iterations of design
and testing in collaboration with researchers and practi-
tioners [19]. In contrast to other forms of research in
which students and teachers are merely research subjects,
in participatory design-based research teachers may play
an important role in the design of the innovations. The
thermodynamics project described in this paper was co-
designed with the mathematics and science teachers in its
second iteration one year after its initial design. While
GENA participated in the original design, teachers worked
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independently in the refinement and adaptation for the
second implementation, having a more protagonist role in
the design and of the project.

The data for the overall three-year design-based re-
search is extensive and include both quantitative and qual-
itative sources—see [18] for more information. The data
for the case reported in this paper comprises: class obser-
vations, interviews with teachers and students, documents
used for the project, and filed notes taken by one research
member who attended the sessions of the project. Class
observations were conducted with a protocol developed
and tested during the first and second year of the initiative.
At least two researchers participated in each class observa-
tion and discussed and resolved differences thereafter. The
class observation included a 0-4 Likert scale in the follow-
ing constructs:

Intellectual Investment: What is the level of intellec-
tual investment that the lesson requires of students at this
point? Characterize the investment on a scale from “pas-
sive,” 0, such as that required for copying notes and recall
of information, to more challenging “flow zone” type, 4,
of work that is absorbing, creatively energizing, and re-
quiring thought processes that demand analysis, synthesis,
conjecture, reasoned judgment, creation and/or innova-
tion.

Instructional Style: What is the general instructional
style of the lesson at this point? Characterize the style on a
scale from completely “teacher controlled,” 0, and di-
rected to “responsive,” 4, where the teacher is fully pre-
sent and responsive to the learning as it emerges.

Authenticity: Do tasks and activities have value (per-
sonal, social or aesthetic) beyond school in “real-world”
contexts or is it more appropriately characterized as “arti-
ficial” with little relevance or purpose outside of a class-
room? The values ranged from 0 to 4 corresponding to
artificial' and 'real world,' respectively.

Class observations were conducted during the second
semester of the third year of the professional development
program. These observations included two groups for each
of the following subjects: Mathematics, Science, Social
Sciences, and Humanities. High levels of student intellec-
tual engagement, instructional styles and authenticity were
identified during the first session of the Thermos Project
and we decided to document the whole activity. Figure 2.
shows a graph with the results of the class observation for
the eight lessons—two different lessons for each subject.
The third column corresponds to the first session of the
Thermos project, which is higher than any other observed
lesson at this time. For this reason, we decided to docu-
ment the enactment of this project.

Teachers and student interviews were conducted at the
end of the year as part of the broader research. In the in-
terviews students were asked about the most engaging
activities during the year. Interviews were transcribed and
verified for accuracy. For the case reported in this paper,
the excerpts of the interviews related to the Thermos pro-
ject were identified and analysed in terms of their poten-
tial evidence of student intellectual engagement, authen-
ticity and relevance of the task, and assessment practices.
Excerpts of these interviews are also included in this pa-
per. These interviews are, however, limited as they re-
ferred to the whole experience during the year, not just
this project, and only five students accepted, or were able,
to participate.
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Figure 2. Class observation data collected to different teacher for
Grate Ten students.

Documents related to the thermos project and filed
notes of one of the researchers were used to write a narra-
tive for the whole process. This narrative was send to one
of the teachers as a means to verify accuracy and interpre-
tation of the events.

Names of participant teachers, students and school are
not disclosed in order to warrant anonymity and confiden-
tiality. The photographs included in this paper do not
correspond to the original research data. Many examples
of the collaborative work of GENA with teachers are
documented in videos available online [20]. The photo-
graphs included in this paper were extracted from one of
these videos and serve to exemplify the type of artefacts
and processes involved in the Thermos project.

IV. THE THERMOS PROJECT

The purpose of the Thermos Project was to engage stu-
dents in an authentic engineering task. Students had to
create a thermos with particular specifications using raw
materials during seven sessions. The project included a
discussion of the first and second laws of thermodynamics
in relation with the project. A very important characteris-
tic of this task was its connection to real work in science
and engineering. Science Program of Studies in Alberta
emphasises the development of the nature of science high-
lighting its changing character based on interpreting new
evidence, paradigms, language, and hypothesis testing.
The program also stresses skills in including: initiating
and planning, performing and recording; analysing and
interpreting; and communication and team work. These
skills are consistent to the skills in engineering promoted
in different outreach programs aimed at engage students in
work that resembles authentic engineering tasks. In this
section we present a description of the project, followed
by selected excerpts from students and teachers interviews
in connection to students intellectual engagement, the
authenticity of the task, and the formative assessment used
to support students' learning.
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The program of studies for Grade Ten in Alberta has a
focus on energy conversion in the unit corresponding to
thermodynamics. Energy conservation is a topic of Grade
Eight and the Thermos Project was used as an introduction
to the energy transformation and efficiency in Grade Ten,
serving as a bridge between previous knowledge and a
new topic. In both grade levels the first and second laws of
thermodynamics were a part of the content.

In the first session students were introduced to the work
in science and engineering and to the Thermos Project.
They were asked to construct a table out of newspaper and
tape with particular requirements for size and capacity to
support a specific weight. Working by teams, they tested
their tables with some heavy materials and compared
different designs. This session, on Friday afternoon, was
not intended to introduce any particular topic in science,
but rather to reflect on the process of design, construction,
redesign and improvement. Students' initial tables were
tested and improved designs were created thereafter.
Teachers led a reflection of the steps involved in building
the table: planning, constructing, collaborating, and test-
ing. The authenticity of this task was not based on any
particular content in science. Rather, it was intended to
show a process that resembles the exploration and innova-
tion process in science and engineering. Students worked
diligently and had fun building their tables by teams.
Teachers were responsive providing feedback to each
team and challenging students to improve their designs.

After the reflection on the process of engineering de-
sign, teachers presented the "How science works: The
flowchart" interactive diagram developed by the Califor-
nia Museum of Paleontology ([21]). The flowchart com-
prises four interconnected components: exploration and
discovery, benefits and outcomes, community analysis
and feedback, and testing ideas. Based on this diagram
and the reflection on the construction of the table, students
were required to create a rubric for assessment for this
project, which was a common practice in this class since
the beginning of the year. This rubric was later refined by
the teacher and used to formatively assess—feedback—
students' designs. The final rubric incorporated five ele-
ments: research initial design, troubleshooting, analysis of
final project, science connections, and real life applica-
tions. Each component was described into three levels
using the descriptors: keep working; getting there; and got
it.

At the end of this first session teachers introduced the
purpose of the Thermos Project using the following in-
structions: "Your challenge is to design and build a device
that will most efficiently conserve energy in hot water. In
this project you will explore the following thermodynamic
concept: energy flow within a system; first and second
laws of thermodynamics, efficiency of a thermos device;
and need for energy efficient devices in society." The
thermos had to satisfy physical requirements: (1) Must not
be any larger than 20 cm length, 20 cm with, and 35 cm
height; (2) must hold a thermometer at all times; (3) must
be portable; (4) must hold a maximum of 500 mL of hot
water; (5) must not use an external power source (batter-
ies, pug-ins, etc); and (6) must not be (or contain) a device
already marketed as a thermos.

The process of design required particular specifications.
Design plans had to be submitted and reviewed prior start
building the thermos. Upon completion of the thermos,
group assessment was performed. Daily documentation
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was part of the process in a form of students' choice—
digital formats were highly encouraged.

The Design Log included the following elements: daily
documentation of techniques and troubleshooting; re-
search surrounding thermal energy devices; possible de-
sign options; pictures and photographs; analysis of initial
testing; final design and testing data; and analysis of effi-
ciency of final design. The analysis of final design includ-
ed a discussion around the first and second law of thermo-
dynamics and how it related to the design. Examples of
digital blogs are shown in Figure 3. .

In the second day students toured an eco-friendly house
with an expert explaining the systems and thermal effi-
ciencies used in the house. A specialist architect explained
the different features and innovation in this house. Insula-
tion was an important feature as the local weather reaches
winter temperatures of -40 Celsius degrees. The visit
served as source for ideas and inspiration for the Thermos
Project.

The third and fourth days were devoted to design, con-
struction, re-design and construction of new thermos.
Students used a variety of different materials (Figure 4. )
and designs, which were tested for efficiency. Former
engineers visited the classroom to provide feedback and
suggestions to each team. The visit of these external 'ex-
perts' was an important component of the project as con-
nections to expertise is stressed in the Teaching Effective-

ness Framework. In these sessions teachers and engineers
gave formative assessment on both the products and the
processes students were engaged in.

As indicated before, students had to wait until they re-
ceived feedback on the designs before initiating the con-
struction of the thermos. These designs were drawn using
different tools, from paper and pencil to digital devices
(Figure 5. and Figure 6. ), and they also had to be based
on previously conducted research on the type of materials
and thermodynamic principles used in actual thermal
devices.

In the fifth and sixth sessions students worked on im-
proving their designs based on the feedback they received
the days before and additional research they undertook.
During this process they tested the new thermos and com-
pared this against the results of their initial designs. Figure
7. shows an example of an improved design compared
with the initial design. It is clear that the second design is
more elaborate and has better explanations in the drawing.
Figure 8. shows an example of the construction of one
thermos based on the improved design.

The seventh session was devoted to testing the best
thermos, checking the specification and triggering further
thinking. The final thermoses were assessed and questions
were posed to students triggering further thinking. For
instance, one teacher challenged a team on whether the
dimensions of their thermos might be reduced to make it

| B o1 SN WLy

Figure 5. Example of one student's design in paper.

Figure 4. Materials provided for the construction of the thermos in the
second session of the project.
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Figure 6. Example of student design using a tablet.
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Figure 7. Comparison of two different designs.

J

Figure 8. Example of the use of materials for building the thermos.

Figure 9. Example of test for efficiency in final thermos.

more portable. One team also considered the use of more
sustainable materials for the thermos for a lower ecologi-
cal impact.

Students used a variety of tools to measure, document
and analyze efficiency in their thermos. Figure 9. shows
the testing of a thermos in which the student used the
cellphone to measure time and reposted in the computer
the results.
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Although the final tests of the thermos was done by this
last session, students were still required to finalize the
project submitting both a Design Log, including data
analysis and interpretation from the thermodynamics laws,
and a self-reflection on Energy Efficiency Devises.

According to the teachers who participated in the de-
sign and implementation of this task this time and the year
before, student engagement was stronger this second time
and there was a more deliberate focus on the work of
engineering, as we can read in the following quotation.

Students had a stronger understanding of thermodynamics
and the importance thereof than in previous years. I also
thought that students did a much better job on their ther-
moses this year than they did last year. The biggest differ-
ence this year was the initial engineering task that got
students thinking like engineers and highlighted the im-
portance of design, testing, and troubleshooting (Grade
Ten science teacher).

In the interviews with students by the end of the
year one female student commented on this particular
project when asked about an example of a school-work
that was really memorable.

1 think that Thermos was fun to make, we got materials
and we got to make our own thermos and test its efficien-
¢y, so it set us up to what we were going, we are making
experiment unlike getting to test them out, like what they
do in real life, so trying to make us feel like we were actu-
ally engineers or something and learning the process of
how everything was set up.

Just the experience how it was set up thing, how our
teachers set everything up, made it feel like we were actu-
ally like engineers. Normally that, it sets us up for what
we re going to continue in life like if you re going to be an
engineer, you're not going to be doing it by yourself, it
was a group and that’s why we were in a group and we
got to share ideas off of each other (Female Grade Ten
student).

During the interview students were asked the following
question: "If brain-power was measured as a percentage,
generally what percentage of your brain power do you
think you typically use at school? Why is that? Could you
give an example when you actually used a high percentage
of your brain power?" The previous female student indi-
cated that during the thermos she used a very high percent
of her 'brain power.'

Another female student also commented on the thermos
project when asked about an example when she used a
high percent of her 'brain power.'

I would also have to say the thermos, we tried most of
different things, one of our issues was that we forgotten
about the 500 milliliter rule and we had to have this ther-
mos built, so we had to figure out a way to somehow put
another bottle in the thermos that we had made, we basi-
cally took a 500 milliliter bottle, squished it up, shoved it
into the other tube bottles that we had made up. We actu-
ally poured hot water in it to expand the bottle, so that one
of the interesting ideas that we came up with and we
wrapped it in duct tape eight times.

It was a very fun project, I was very into that one and |
just feel that was one of the ones that I put a lot into it
(Female students).

It is important to remember that we conducted these in-
terviews at the end of the year and focused on the whole
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high school experience, not just on science. The previous
transcripts show, in students' voices, how these two stu-
dents were: intellectually invested during the project; and
felt it as authentic to the work of engineers.

Despite the fact that very few students were interviewed
at the end of the course, it is worth noting that these two
females students remembered the Thermos Project as one
which required high levels of 'brain power,' and one of
them actually found this project as the most memorable in
the whole year. The perspectives of these two female
students contrast with the traditional prototype of engi-
neering as a male subject.

V. DISCUSSION

The Thermos Project was the result of the collaborative
design of teachers and GENA mentors as a means of
teacher professional development. This project was
strongly focused on promoting students' understanding of
the job of engineering, in the form of an authentic science
school project. During the project students engaged in:
research, design, test, trouble-shooting, and documenta-
tion in collaboration with their peers. They had the chance
to meet experts in the field during the eco-friendly house
visit and the feedback sessions in which former engineers
visited the classroom. The whole process was based on the
authentic work of practising engineers.

Formative assessment was an important part of the pro-
ject. Students participated in the design of the assessment
rubric, based on a description of scientific design—
consistent with the design process in engineering. Both
teacher and external experts provided feedback to the
designs before students started building the thermos. We
consider formative assessment as an important component
of both project-based and inquiry-based learning, and
argue that reports of these type of learning experience
would be enriched by descriptions of the corresponding
student guidance and scaffolding, as part of formative
assessment.

The role of the teacher in enacting this project was cru-
cial, as well as the support provided by GENA in the de-
sign of inquiry-based learning environments. Focusing on
this type of support not only helps teachers to improve
their practice in general, but also provides a means to
engage students in authentic tasks. In the case of science,
these tasks can be designed in a way that parallels the
actual work of an engineer. This is particularly relevant
for promoting STEM careers for which outreach programs
have been implemented internationally.

Efforts for recruiting students in engineering programs
may be expensive and hard to accomplish. Creating part-
nerships between schools and other institutions is a way of
outreaching the job of engineers. However, this may not
be possible for all schools. We propose that teachers can
develop learning environments authentic to the work that
professionals do. Such environments can be designed in
collaboration with other teachers and specialists in the
form of professional development. The case reported in
this paper is just and example of how teacher professional
development can impact on students' high school experi-
ence, providing engaging learning environments that re-
sembling the work, and skills, of engineering. The benefit
of this type of task would impact on both student learning
and increment of interest in STEM careers.
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We believe that the combined work of engineers and
educators has a huge potential. Stakeholders interested in
engineering education may participate in the professional
development of mathematics and science teachers as a
means of both student learning and engineering outreach
strategies.

Finally, from the Thermos Project documented in this
paper it is possible to identify further venues of research
and implementation of similar school activities. For in-
stance, how do get students to see themselves as engi-
neers? Quantitative studies on students' perceptions before
and after engineering at school would serve as a measure
of the students change of perceptions and whether they
would choose to conduct STEM studies in the future.
Teacher education itself represents a challenge. Many
teachers are still reluctant to shift from traditional teaching
styles with an exclusive focus on factual and procedural
knowledge. Collaborations of engineers and teacher in the
enactment of teacher education programs may be imple-
mented and research, as well.
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