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EXECUTIVE SUMMARY

This report is an evaluation of Year Two (2014) of the i2 Camp summer experience for middle
school children (entering Grades 5 - 8). The camp was designed to provide a stimulating context for
exploring Science, Technology, Engineering, and Mathematics (STEM) projects.

This summer, iz Camp scaled up their efforts significantly, from three campsin the Northeastern
United States to 19 camps across the country, including two camps internationally in Kenya and Jordan.
They also increased the number of scholarships provided to campers, organizing two site locations
where campers could attend at no cost to participating campers.

The Year Two inquiry seeks to understand the impact of iz Camp’s recent programmatic shifts.
Key questions include: 1) What are the key attributes of programmatic success? 2) How do campers
on scholarship experience the i2 Camp program? and, 3) What recommendations can be made to
strengthen the quality of the i2 Camp summer program, as it moves into a third year?

To explore these key questions, the external evaluation team from the Center for Technology
and School Change at Teachers College, Columbia University, immersed themselves in activities across
four iz Camp locations in New York, New Jersey, and Massachusetts, from July 7, 2014 to July 25, 2014.
Data collection focused on the campers’ experiences, with an emphasis on the implementation of the
curriculum, the instructors and the environment of the camps. The evaluation team used a variety of
methods to collect data: structured classroom observations, general field notes, informal interviews,
and focus groups with campers. The resulting data were themed and used to draw conclusions for this
report.

This summer, the evaluation team observed 32 courses for a total of 72 individual course
observations across four sites. Observations captured a range of STEM activities and documented
the ways in which campers worked together to solve STEM challenges. Evaluators reported well-
developed, creative activities and teaching approaches that encouraged student exploration of STEM
content. Overall, the data analyses revealed high levels of camper engagement across i2 Camp courses.
Researchers at the Center identified key attributes of programmatic success:

Finding 1: Attributes of Successful i2 Camp Curriculum
11 Consists of well-structured and well-defined challenges.
1.2 Fosters creativity and encourages physical movement.
1.3 Makes purposeful use of authentic materials and tools.

Finding 2: Attributes of Successful iz Camp Pedagogy
2.1 Creates supportive learning environments.
2.2 Acknowledges and build on “big ideas”
2.3 Adapts iz Camp curriculum to meet the needs of camper.



OVERVIEW

The goal of i2 Camp is to engage middle school children in authentic learning environments in
Science, Technology, Engineering and Mathematics (STEM) through stimulating hands-on activities.
The curricula of i2 Camp broadens children’s exposure to STEM concepts through a series of challenges,
different than what they would experience in traditional classroom education. Ultimately, across all
i2 Camp courses, the program seeks to excite children about Science, Technology, Engineering, and
Mathematics and professions related to STEM fields.

In the second year of i2 Camp, held in Summer 2014, 32 courses were observed. Thirty of these
were new courses; only two of the courses observed had been part of the camp the year before. Each
course ran for one week, with the exception of a few courses, such as Robotics, in which campers had
the option of participating for a second week to pursue a different focus or challenge. Courses were
divided by grade level, where incoming fifth- and sixth-graders participated in junior-level courses and
incoming seventh- and eighth-graders participated in senior-level courses. Each course enrolled up
to 20 campers and was led by an instructional team, typically consisting of an experienced secondary
teacher, a graduate student in a STEM-related discipline, and a high school student designated as a
“near peer.” At some of the camp locations, two of the three instructional team members consisted of
two secondary classroom teachers.

The courses in i2 Camp can be seen as following three different curricular approaches:

1. “Lab™Based Courses. These courses focus on scientific investigations of various STEM-based
concepts or phenomena starting with a conceptual exploration of a topic that is further developed
with laboratory experiences. These courses typically begin with a presentation and discussion
of new terminology, followed by an investigation or experiment to explore the relationship
between different variables. Campers move to a laboratory setting to make predictions and test
their hypotheses. After conducting their experiments, teachers facilitate a discussion and support
campers as they reflect on their findings and make connections between different STEM concepts.
Example courses include Pharmacology and Nanotechnology.

2. Programming/Game Design Courses. These courses have an increased focus on building,
designing, and testing programs using the Engineering Design Process. Campers gain insight into
the knowledge and skills needed by computer and software engineers as they complete a series of
challenges. Teachers in these courses share examples and videos of robots that researchers and
engineers are currently testing in the field and provide campers with experiences in the classroom
that replicate what it is like to work in the programming and engineering fields. For example,
before beginning a challenge, campers are provided with criteria related to their final product’s
quality, as well as specific constraints related to budget, time, and resources. In order to complete a
challenge, campers must work in collaborative teams to design and develop their prototypes, while



utilizing the most appropriate problem-solving strategies. Using the Engineering Design Process,
campers receive feedback from their teachers and peers to revise their work and begin another
cycle of re-designing and building to improve their solutions. This iterative design process deepens
campers’ understanding of STEM knowledge. Example courses include Robotics and Digital Game
Design.

‘Arts™-Based Courses. These courses make art and design the center of their focus while also
introducing STEM concepts. These classes provide campers who have a strong interest in the arts a
comfortable entry point to engage in STEM concepts. Campers in these courses use their creativity
as a mechanism for innovation, one of the main goals of i2 Camp. Example STEAM (Science,
Technology, Engineering, Art and Mathematics) courses include Techno-Threads, Science Fiction
Workshop, and Life on Mars.

Campers shared their experiences from the week in the “Parent Showcase,” a culminating event

for each course. Time permitting, campers and parents also had the opportunity to visit other courses

and view their peers’ STEM-based projects. In addition to the Parent Showcase and the courses, i2

Camp hosted a number of camp-wide activities as a way to inspire and challenge campers. These

activities can be categorized into three groups based upon the goal of the activity:

1.

Broaden knowledge and relate STEM to real life. Inspire careers in STEM. Guest speakers engaged
campers through presentations and discussions on the latest discoveries and inventions in their
STEM-related fields, sharing specifically how their work impacts the community around them.
Guest speakers also visited relevant i2 Camp courses to speak with smaller groups of campers
interested in their area of expertise.

Instill confidence in campers to pursue STEM research. Campers watched videos of children in
their own age group, who demonstrated success or had won awards for investigating and solving
community-based STEM problems. The purpose of sharing these videos with campers was to
further inspire the campers to solve real-world problems through their knowledge of STEM. The
approach was intended as a “you can do it, too” moment for campers.

Experience the satisfaction of overcoming STEM challenges in a team environment. Campers had
the opportunity to work with peers camp-wide to participate in STEM-related exercises, using
engineering concepts to solve a particular problem. As an example, campers used basic materials
(Styrofoam cups, masking tape and rubber bands) to build extended flight/long distance gliders.
Through this example exercise, campers learned about the Magnus effect, (a physics concept
related to throwing a curveball in baseball) and the concept of lift.

Evaluation Process

This evaluation report summarizes findings using data from 67 observations of 32 course

offerings across four i2 Camp sites. Most courses were observed twice, with the exception of one

course, Engineering Prosthetic Devices, which was observed three times because it was offered across

multiple locations. Following the summary of findings, recommendations are made for future course

and program development.



| TERATURE REVIEW

With a renewed push for science, technology, engineering and mathematics education in
the United States, there has been an increased interest in summer programs developed and designed
to support students’ growth in STEM. Current research findings indicate that STEM summer camps
have been successful in motivating and promoting students’ interest in STEM disciplines and careers
(Mohr-Schroeder et al., 2014; Yilmaz, Custer & Coleman, 2010; Hayden et al., 2011; Bhattacharyya, Mead
& Nathaniel, 2011). Without time constraints and exam pressures from formal educational settings,
summer camps can engage students in hands-on activities and expose them to authentic learning
experiences, which allow them to delve deeper into STEM concepts (Mohr-Schroeder et al, 2014, p.292).

Bhattacharyya’s (2011) research also reported findings from a summer camp where exposing
students to scientific experiments and field investigations changed students’ attitudes towards science
and their career choices. The change in attitude was attributed to the opportunity students had to
deepen their scientific knowledge which in turn influenced their identities and role of science in their
lives.

However, despite the benefits of summer programs, findings from Borman and Dowling (2006)
alsodocumented that the quality and effectiveness of summer programsvary significantly. The variation
in the quality of summer programs is particularly critical for students of low-SES backgrounds, where
research demonstrated that high quality summer programs can have an even greater positive impact
on achievement scores (Borman & Dowling, 2006).

To ensure the quality of summer programs, scholars propose a number of criteria that can be
summarized in four categories (Bell & Carrillo, 2007; Borman & Dowling, 2006; Black, 2005):

Curriculum and Pedagogy

Bell (2007) suggests a qualified summer program should adopt curriculum with clear goals and
intentional focus on accelerating learning. Black (2006) further pointed out that small-group or
individualized instruction could achieve these goals by providing more personalized learning
opportunities.

Program Organization

Empowering leadership and collaborative planning are essential to the implementation of summer
programs. Extensive opportunities for staff training can ensure that everyone holds a shared
understanding of the program goals (Bell & Carrillo, 2007).

Evaluation and Improvement
Rigorous approach to evaluation could guarantee the fidelity, sustainability and cost-effectiveness of
programs, while also indicating directions for future improvement (Borman & Dowling, 2006).



External Support
Finally, good summer programs rely on external support, such as strategic partnerships and parent
involvement (Bell & Carrillo, 2007; Borman & Dowling, 2006).

These four criteria help define key elements of a successful summer program. Summer programs
related to STEM, when designed well, can help narrow the achievement gap between low- and high-
SES students. Furthermore, STEM-based summer programs have the ability to empower students and
build their science identities. Programs that provide students with well-designed authentic learning
experiences that are thoughtfully implemented can encourage students to pursue STEM interests.



METHODOLOGY

Three members of the evaluation team from the Center for Technology and School Change
(CTSC) observed courses at four different sites over three weeks. During the first week of observation,
eight courses were observed at the Chapin School in New York City. During the second week of
observation, 11 courses were observed between the Chapin School and Philips Academy Charter School
in Newark, New Jersey. The third and final week of observation consisted of visiting 14 courses at three
schools, the Chapin School, along with two Boston-based schools, the Roxbury Latin School and
Boston Collegiate Charter School. Each course was observed twice, with the exception of Engineering
Prosthetic Devices. This course was observed three times at three of the sites.

Similar to the previous year, courses met everyday from 9:00 am - 3:45 pm, with a break for
lunch midday and a 15-minute break for snacks both mid-morning and mid-afternoon. Evaluation
team members also attended one or two camp-wide activities per week. CTSC evaluators shared the
responsibility of observing each class at least twice within the week, and in all, 72 course observations
were documented. One of the observers also attended a parent showcase at Chapin where he visited
three of the courses and saw artifacts that campers had developed during their courses.

Qualitative data was primarily captured using a protocol (Appendix A) developed by the CTSC
evaluation team. This protocol was updated from the protocol used to observe camp activites last year.
One of the most important changes to the protocol for Year Two documentation was the addition of
13 items related to the Common Core State Standards- Mathematics and the Next Generation Science
Standards. Thisyear’s protocol consisted of 52 Likert-scale items. The first 14 items provided general and
background information about the activity being observed. The remaining 38 items documented levels
of “engagement” using observable indicators and captured both the teacher and camper perspectives.
These items measured “engagement” in three different ways: behavioral, cognitive, and affective. In
addition to the observation protocol, the observer recorded field notes during each course.

Unique to data collection for Year Two is the inclusion of focus groups. One member of the
evaluation team conducted two focus groups at Boston Collegiate Charter School during the last two
days of two of the courses. All campers at the Boston Collegiate Charter School i2 Camp received full
scholarshipstoattend the program. Using convenience sampling, four boys from BugBots: Programming
Mini-Robots participated in a 25-minute focus group session. Similarly, a second focus group was
conducted with three girls and two boys from the Engineering Prosthetic Devices course. The purpose of
the focus group was to learn about campers’ experiences regarding STEM prior to and during iz Camp,
particularly related to their perceptions of careers, problem solving, and classroom learning.

The CTSC evaluation team performed a content analysis of the qualitative data collected. Items
used as part of the analysis included: observation protocol ratings, field notes, informal interviews,
and focus group data. Analysis of data resulted in the development of a series of themes related to
curriculum, teaching and learning, and student perceptions of STEM. These themes, supported by
vignettes from observers, are documented in the following section of this report.
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FINDINGS

The findings presented below document the continued efforts of iz Camp to develop and
implement high-quality summer learning experiences that are both fun and exciting for children. The
successful courses consistently engaged the campers in thoughtful explorations of key STEM concepts.
These courses, when analyzed, displayed both high quality curriculum and high quality pedagogical
practices, and resulted in high camper interest and participation in the classes. Key attributes of the
curriculum and pedagogy are detailed below, concluding with an exploration of student outcomes.

FINDING 1: ATTRIBUTES OF SuccessruL 12 CamP CURRICULUM

Among the 36 courses observed, three themes that are relevant to successful curricula emerged:
1) well-structured and well-defined challenge activities, 2) activities that foster and/or demand
creativity and physical movement, and 3) purposeful selection and use of authentic materials and tools
(see Table 1). High levels of camper engagement were most often observed in courses that were well
founded in a curriculum with two or more of these attributes.

Table 1. Attributes of Successful iz Camp Curriculum

Well-structured & - Activities that foster Purposeful use of
defined chalenges creativity and movement authentic materials

Collaborative Multiple solutions
Real-world tools

" Design, build, and

Age Appropriate personalize

Friendly Dynamic use of New technologies
competition space




1.1 Well-structured and well-defined challenges

Well-structured and well-defined challenges were found to have three main elements: they
were collaborative, they were age-appropriate, and they involved friendly competition.

Collaborative. Activities that challenged campers provided good opportunities for
collaboration among groups of campers. Peer collaboration was observed during 75% of course
visitations, in which campers discussed and weighed ideas to solve authentic STEM problems. The
majority of these team challenges involved building a product of some kind, such as, a robot, a computer
game, a code, a music video, a solar-oven prototype, or a geometrically constructed shape. These types
of activities were designed to mirror the collaborative nature of STEM careers, build social relations
among campers, and engage campers in the creative process. BOSE: The Science of Sound senior course
curriculum challenged campers to plan, design, and create a music video in groups based on their
knowledge of sound and motion using the BOSE sound-motion platform. This type of team building
challenge was common across i2 Camp courses.

The room is filled with groups holding their paper figures on top of
the BOSE Sound-and-Motion Platform, while actively discussing the scene.
Each group is working on their music video project. Most have created the
background painting. Many groups refer to their storyboards. One member of
each group is holding a smartphone or an iPad to record videos, while another
member plays a chosen selection of music.

One group of three girls are working on their video about a fictional
character named Jordan Michelle, a girl basketball player who is not very good
at basketball in the beginning. One girl holds the paper cut-out of Jordan and
prepares to act out a visit to the Hall of Fame, where she finds inspiration to work
hard and become a great basketball player. Another member plays a song, as
Jordan walks through the Hall of Fame.

Another group, consisting of three boys, choose to act out the song
Hotel California. They have six scenes that represent each part of the song,
and they just finished shooting the dlips for all six scenes. They celebrate by
high-fiving and get ready to edit. They choose the group member who was
most proficient with iMovie on a laptop to be the chief-editor; the other boys
explained that they would watch the editing process and contribute as needed.

On a few occasions, campers were also observed working in groups, without collaborating.



8 2 Camp Evaluation

For example, some lab-based courses such as Fun with DNA provided curricular activities that were
individually performed, but within the context of a group. In these instances, the campers worked
alongside one another and shared resources, but did not discuss or collaboratively struggle over STEM
problems.

Age appropriate. Well-structured and well-defined activities also involved matching the
task and the complexity of the task to campers’ pace of learning new concepts and skills. Successful
activities achieved a balance between the level of rigor and the feasibility of the charge. The chart below
illustrates the range of complexity of tasks that were seen in the courses observed.

Figure 1. Complexity of Activities

Complexity of Activities
6%

250 = Very
" Fairly
Slightly

" Not at All

36%

Complexity of activities is defined in this work as the level of cognitive demand required to successfully complete
the activity. The levels are defined as follows: Very: “activity involves synthesizing information from multiple
sources to develop a novel solution” Fairly: “activity involves applying information using a multi-step process that
leads to a known solution’; Slightly: “activity can be compled by directly applying a one-stop process or algorithm’;

Not at All: “activity can be completed without new knowledge.”

Findings from the observations revealed that, generally, campers seemed challenged but not
overwhelmed. An activity observed in the following vignette from Robotics II: Medicine -- in which
campers programmed their own robots -- is a good example of this curricular attribute.



Approximately 20 minutes after the mid-morning break, three 7th and
8th grade girls have just started working on a new challenge that was set out by
the lead teacher. A t-shaped alley way (approximately 5 feet wide and 2 feet tall)
is cordoned off on the carpet with beige masking tape. The main alley is about a
foot wide. About 5 inches towards the center from the left end of the alley, there
is one strip of tape. On the other end, there are two strips of tape. The campers’
task is to have the robot perform multiple tasks: enter the alley from the bottom
of the T, turn left or right, move towards the strips near the end of the alley, count
the number of strips, turn around, move to the other end of the alley and count
the strips there, turn around again, come back out, and display which side has
more strips of tape.

One of the girls, Girl A, put the Lego Mindstorm robot down in the
entrance to the alley, at the bottom of the T, and pushed the start button. The
robot was already programmed by another girl, Girl B, on the Lego Mindstorm
NXT software. The robot moved from the bottom of the T to the middle of the
alley, and then turned counterclockwise, but not enough to face the left end of
thealley.

Girl A: 360? Wait, what is your ... oh no, no, no, that's it (referring to the
amount of turning on the programming software).

Girl B: Isn'titonturn 3?

GirlC Yeah, tryit.

Girl A brings back the robot to the table and connects the robot to the
MacBook Pro with a cable. Girl B, without needing to confirm if the robot is
plugged in, sends the commands to the robot. Girl Band C both intently look at
the pop-up window on the screen.

As soon as the download is complete, Girl A brings the robot back to the
entrance to the alley, and starts the robot.

Girl A: It's only turing 90. Look, make it turn more.
GilC: Makeit 1.5 (referring to the‘count’of turning instead of degrees.

Girl A walks back to the table with the robot.



Girl B: Go to rotations, ... 500... now | see.
Girl A:No, no, we need a loop.

Girl B finishes programming, and Girl A takes the robot back to the alley.
They try again. The robot moves to the middle and this time, the robot turns
counterclockwise to almost face the left end.

Girl A:Yes! Do 650.

The group repeats this process two more times to perfect the turning.
Girl B: Oh yeah, it needs to move.

Girl A: Oh yeah, it would be good for it to move (smiling).

By contrast, activities that were observed to be too complex (e.g. Fundamentals of Electronics
Il and Designing Computing Systems) required instructors to modify activities. This meant instructors
had to work under time pressure to design and implement new lesson plans that were more appropriate
for their campers.

Friendlycompetition. Thei2campers alsoresponded well to friendly competition, particularly
within the context of challenge activities embedded within the curriculum. In this environment,
campers were encouraged to take creative risks; teachers motivated campers to carefully weigh ideas
and form reasonable consensus when solving STEM problems. While friendly competition was often
observed, competition was explicitly part of the curricula for courses such as BOSE: The Science of
Sound and Geometric Properties. Teachers from Digital Game Design and Exploring Energy modified
curriculum in order to encourage friendly competition.

1.2 Activities that foster creativity

Campers showed substantial engagement in courses that encouraged them to be creative.
Creativity can be stimulated in a number of ways, and teachers were observed using various approaches.
For instance, during class discussions, teachers provided opportunities for campers to engage in
answering their own questions or exploring their own interests at least once in approximately 60% of
the observations, and teachers also encouraged multiple viewpoints and explanations in discussions
at least once in slightly more than half of the observations. In response, campers considered
alternative means of accomplishing tasks by inventing new solutions to problems in varying degrees
in approximately 60% of the observations. Two general pedagogical approaches were frequently used
to foster creativity: campers were given opportunities to employ multiple solutions and campers were
also given opportunities to design, build, and personalize as they worked. In addition, dynamic use of
space contributed to student engagement.



Multiple solutions. When considering hands-on activities, the CTSC team observed that
almost two-thirds of course activities encouraged multiple ways of accomplishing activity goals,
and that teachers accepted multiple responses to problem-solving situations in more than 80% of
the observations. This practice of giving opportunities for creativity can be glimpsed in the following
vignette when different groups presented different designs for their plastic spoon catapults in a
Bioplastics course.

Four groups of three junior campers are furiously taping, cutting,
wrapping, and/or attaching various materials to their plastic spoon. The plastic
spoon challenge was given 15 minutes ago, and not many campers seemed to
have finished any of their constructions.

Five minutes later, the teacher stops the campers, “Hands off the tools.
We're going to take a bouncy ball and test your catapults. Be prepared to explain
your design.’

Campers move to the gym, and the teacher asks Group 1 to explain
their design and what they did to improve the spoon. Their design consisted
of a couple of craft sticks that are attached to the plastic spoon to lengthen the
swing arm.They pull the swing arm back and fire the ball. They shoot twice from
the yellow line. The measurement of the distance was approximated.

The teacher comments, “Whoa, that's where that landed. It almost went
to the blackline’

Theotherthreegroups shottheir catapults. The teacherasks the campers,
“Okay, so based on what we did, whose was the most successful in Round 1?”

One of the boys responds,“Group 1/

The teacher asks,"Why? Based on what criteria?”

Agirlanswers,“The distance. ..”

“Okay, but do you think they have room for improvement?” asks the
teacher.

The girl responds,“Yeah, you can go further”’

“Can we start over?”asks one of the boys.

The teacher responds, “Yes, but remember that you have a time limit. So
let’s head back up, and then we'll come back and try again!”

Design, build, and personalize. The engineering design process, especially the cyclical
nature of re-designing, was deeply embedded within this type of activity. Campers were observed using
a design process to solve a challenge almost two-thirds of the time. Through their design work, campers
were given opportunities to further their own understandings, learn from failure, and customize their
solutions to their own unique interests and ideas.



Dynamic use of space. Some courses maximized their use of physical space, whether the
room or program site, and appeared to have increased camper engagement in the process. For example,
in Physics of Photography, campers were constantly working in three different spaces: a dark room to
develop their images, a lab space to build and design cameras, and an outdoor space or courtyard to
take images. The various changes in environment in pursuit of achieving an overall goal appeared to
keep the campers engaged.

1.3 Purposeful use of authentic materials and tools

Campers were engaged with curriculum that incorporated the use of real-world tools and new
technologies.

Real-world tools. Curricula that included providing real-world tools to campers fostered
learning environments where children not only engaged in STEM topics but were able to use STEM
tools as STEM professionals might use them. Campers in Food Chemistry used cooking apparatuses,
including pasta makers, to prepare meals from scratch. Campers in Fun with DNA used a gel
electrophoresis machine to analyze a person’s DNA from a “crime scene,” and “find suspects.” And
campers in Geometric Properties used MIRA™ tools and even wooden blocks to explore an architectural
problem, as described in the vignette below.

Building on a Battleship game-like activity, the lead teacher facilitates an
engaging construction competition and started with a warm-up exercise.

The teacher begins, “Okay, so you cannot see what other people are
doing. Remember when you were doing it with blocks? Actually, let's warm up
with blocks”’

Campers take their seats, pair up, and sit against each other with a
vertically standing folder in the middle that is hiding what each other is doing.
The instructor continues,“Somebody explain the process so we remember how
todothis”

One boy responds, “So one person goes. He's the builder, and he has to
explain what he's doing without using hands. The architect doesn't use hands,
and the builder cannot speak. The builder can make a grunting noise to confirm?’

The teacher explains, “J and S are the architects [referring to two
campers]. They build first, and then tell the builders what to do. The architects
describe the structure. Then they both lift the folders when they are ready to
compare.The architects must keep their hands on the desk”

The campers begin their game. One boy speaks to his partner,“Okay, in
the middle of the row, there are 4 blocks in a row that go from the door to the
whiteboard. Then, in the bottom row, there are two blocks not inarow, and one
closest to the whiteboard. Then there are two blocks that are closer to the



i2 Camp Evaluation Report 13

whiteboard to the door. There [are] two blocks on either side of the bottom that
go from the window to the door. The one that’s facing the door has one on top
andinthelast block. LikeafatT’

His partner responds, “First you said there are two on top, so | put the two
ontop onthesides..”

The girl reflected on what she did by following the other boy’s directions.
When she reflected out loud, they both learned that some of his directions were
not clear.

New technologies. Many courses engaged campers through the introduction of new
technologies. i2 campers were excited to explore STEM concepts when given the opportunity to
work with new digital tools. For example, campers designed electrical circuits in Fundamentals of
Electronics, programmed games with MIT’s StarLogo Nova platform in Designing Digital Games and
engaged in industrial programming for robots using Lego Mindstorm NXT in Robotics II: Medicine.
Campers were engaged because many of them had not used these tools in a regular classroom setting
before. Moreover, i2 Camp teachers were able to provide them with the support needed to use these
new technologies.

FINDING 2: ATTRIBUTES OF SuccessruL 12 Camp PEDAGOGY

In analyzing data from the observation protocols, classroom environments which were most
successful at engaging campers: 1) created a supportive learning environment; 2) acknowledged and
built upon big ideas within their courses; and, 3) adapted curriculum to meet campers’ needs (see
Table 2).

Table 2. Attributes of Successful iz Camp Pedagogy

Create Supportive Acknowledge and .
Leaming Environment Build On Big Ideas Adapt Cumculum

Engage Evervone Develop Provocative
= ! Guiding Questions

Make Meaningful/

Purposeful

A

‘y |

a

Create Meaningful Differentiate to Make
Dialogue Ability-Appropriate

" Address Students’
Fear Of Failure And
Foster camaraderie

and collaboration

@

Link Challenges-to- Make Abstract
Careers Concepts Concrete




2.1 A supportive learning environment

Campers were engaged when there was a supportive learning environment. In this regard, it
was important for teachers to engage all campers, address campers’ fear of failure and frustration with
the challenges; and foster camaraderie and collaboration.

Engage everyone. i2 teachers worked to engage all campers in their respective course content,
regardless of each child’s ability or interest in STEM. Across the observations, teachers made a point to
reach out to individual children and to ensure their participation in course activities over 95% of the
time (see Appendix B). Courses with the highest levels of camper engagement, also demonstrated high
levels of observed teacher support. For example, one Physics of Photography teacher learned everyone’s
name within the first hour of class. Not only did he match their names and faces quite quickly, he was
able to recall which campers had contributed in the darkroom (see vignette below).

As the teacher introduces the course, he explains that the campers were
going to build their own camera. The teacher writes the words “camera obscura”
on the board. After some discussion, he elicits the meaning of camera obscura
from the campers- dark room or dark chamber. The teacher explains that they
were going to visit another room that simulated the inside of a camera, much
like the one the campers were going to build, to learn how a camera actually
works. In this room, all windows, doors and any sources of light are blacked out,
with the exception of a small ray of light coming from a window facing a white
board. The window had a pie plate taped to the opening with a small circle
cut out of the center. The pie plate acted as the lens of a camera, allowing light
into the classroom from the courtyard. The teacher cautions the campers that
it would take time for their eyes to adjust to the darkness, but that they would
eventually be able to see reflections from the light coming in through the pie
plate. Neither campers nor the teacher could see each other in the room. During
the lesson, the teacher asks the campers a series of guided questions about the
light coming in through the window:

“What does the pie plate represent?”

“Thelens!

“What observations can you make about the light coming in through
our lens?”

“| think | see trees [from the courtyard], and someone jumping up and
down outside!



“I think | see trees [from the courtyard], and someone jumping up and
down outside’

“Yes!"

“Look closely at the shadows being projected on the white board. Look
for specific sections of the courtyard- the sky, trees, the ground..Whereis the tree
in relation to the ground in our camera obscura?”

Before the same camper answers the question again, the teacher stops
him. He thinks about all the voices he has heard from. Even though he cannot
see their faces, he calls on a student that he had not heard from at all.

The camper responds, “How did you know I'm here? You can't see me,
and | can't see you!"The teacher responds, “It's my job to get to know you and
everyone in this room. Can you tell me the answer to my question?”

By the end of the lesson, the teacher had called upon every camper
in the room, despite not being able to see their face. The teacher said that he
valued every campers’ opinion and wanted to make sure they were all heard.

Address campers’ fear of failure and frustration. Almost all of the i2 Camp courses used
embedded challenges. These challenges typically involved a series of problems -- many of which were
scaffolded for campers throughout the week -- and some type of culminating inquiry-based task.
Observers noted that campers experienced varying degrees of failure and frustration when working
through these challenges, and that teachers routinely responded to needs as they arose.

Teachers used multiple approaches to address campers’ fear of failure and experience of
frustration. This was particularly evident in the evaluators’ observations of the Engineering Prosthetic
Devices challenge, which involved making a motorized prosthetic fish tail stay vertical in a pool of
water. In observing teachers across sections of this course, they used different approaches to provide
support (see Table 3). Teacher techniques included praise, positive reinforcement, carefully guided
questions, and self-directed inquiry to support campers.
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Table 3. Approaches used to address campers’ fear of failure and experience of frustration

Locaton Pedagogical approaches used by teachers
Site A e Placed more emphasis on teaching biology while exposing campers to some
aspects of engineering.
e Modifed expectatons for the challenge and praised campers for their eforts.
e Adapted curriculum to make the challenge more arts-based.
Site B e Placed more emphasis on the use of the Engineering Design Process.
e Allowed campers to experience frustraton when partcipatng in challenges.
e Provided support through guided questons and encouragement to re-design
and test untl campers achieved success.
Site C e Placed more emphasis on the use of the Engineering Design Process.
e Allowed campers to experience frustraton when partcipatng in challenges.
e Encouraged campers to perform online research and consult more with peers
during the problem solving process.

While each teacher took a different approach in addressing campers’ fear of failure and

experience of frustration, teachers at all three sites reinforced the idea that the process the campers

were going through was no different than what real engineers do. Overall, across all observed courses,

including Engineering Prosthetic Devices, teachers provided support when campers struggled with a

task (over 95% of observations, n=71) (see Appendix B).
Foster camaraderie and collaboration. The evaluation team also captured the tremendous

efforts of teachers to develop relationships among campers. Teachers were frequently observed

encouraging an atmosphere of play and curiosity while working with campers (see Figure 2). They

routinely fostered “socially supportive” classrooms (over 95% of observations; n=72), and encouraged

an overall “positive emotional climate” (97% of observations; n=72) (see Appendix B).
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Figure 2. Encouraging an atmosphere of play and curiosity

Teachers Encouraged an Atmosphere of Play
and Curiosity

3%

1|

3%

“Frequently Observed

H Occasionally Observed
Rarely Observed

' Not Observed

“Atmosphere of play and curiosity” was based on the degree to which campers were observed engaged in activities

where they showed personal enjoyment and amusement with opportunities for them to pursue their interests.

2.2 Acknowledge and build on“big ideas”

Successful i2 Camp pedagogical practices supported the curricular connections between various
activities and challenges. Student engagement appeared to be influenced by the ability of teachers to
acknowledge and build upon “big ideas.” Teachers accomplished this by developing provocative guiding
questions, creating meaningful dialogue, and linking challenges to STEM careers.

Develop provocative guiding questions. The most common way in which i2 Camp teachers
supported campers as they struggled with activities and challenges was to ask guiding questions,
without offering the solutions. Evaluators noted that teachers provided “support when students
struggled with understanding or task in hand” either very consistently (almost three quarters of the
observations; n=71) or fairly consistently (almost 25% of the observations; n=71) (see Appendix B).

Create meaningful dialogue. With the use of guiding questions, teachers engaged campers
in important discussion around the big ideas. The vignette below from Pharmacology illustrates an
example of meaningful dialogue typical of i2 Camp.



Campers are sitting at their desks in a horseshoe shape with their
attention focused on the teacher. The teacher provides background information
before they begin an experiment,“Nicotine is absorbed in the lungs and into the
bloodstream. So, it’s absorbed into the lungs through air inhaled and it travels to
the brain. It triggers the brain to release another substance called “adrenaline;’
which is another drug that we will be testing.

A girl raises her hand and asks, “So are people addicted to the drug or the
feeling of the drug?”

The teacher explains that people get addicted to the feeling of different
drugs.

Another boy chimes in, “So why doesn't the body just say ‘na-ahy; this is
not good for me?”

The teacher pauses for a moment and asks him a question in return,
“Okay, have any of you ever had a Dr. Pepper? A slushee? Candy?”

Everyone nods their heads.

The teacher continues, “Seg, it’s not good for us, but we still like it. There
are mechanisms in our body to handle adrenaline. See, | drink coffee every
morning. It makes me feel good, but it's not necessarily good for me. Or there’s
candy, it tastes good. . .good on taste buds. . .but you still eat it even thoughit's
not good for you!

The assistant teacher elaborates, “Your body produces adrenaline-
a happy signal to your brain. Your brain doesn't know that it's bad, but the
adrenaline is rushing. If you smoke one cigarette you might not get addicted,
but if you continue to smoke or some every day, your brain could get used to
those happy signals. It might be bad for your lungs, but your brain still wants it

The class nods. The teacher then asks the campers, “So what do we
predict will happen to the heart rate of daphnia [water fleas] if we introduce
adrenaline? Think about it

Various conversations break out amongst the campers.

“Ithink it will decrease.. "

“I'think it will increase. .

One camper shares his reasoning,“l think it will decrease because it's bad
foryour lungs and your heart. . .so it'll start pumping slower”’

Another camper expresses her concern about the daphnia, “We're not
going to hurt them, are we? | hope not!”

The teacher reassures her and the other campers, “Don't worry.



We have something called Ringer’s solution. It is like salt and sugar water, kind of
like saline that patients get in the hospital. It will hydrate the daphnia so we can
resuscitate the fish if they need to feel better”

The teacher continues the discussion, “Let’s talk through some of these
predictions. What do we think will happen to the daphnia with adrenaline? Or,
when do you feel adrenaline?”

One camper shares his experience, “l feel an adrenaline rush when | get
excited or scared”’

“Okay, so you get scared and the whole idea of fight or flight is building
up?”

“Yes, exactly”’

“Okay, so now what happens to your heart when you're feelings this?”

“I feel like my heart is beating fast. It starts pounding!”

“So, what do you think will happen to daphnia when they are feeling
that same feeling you get when you are scared or excited?”

The camper answers,“They'll be hyper”

“And what will happen to their heart?”

“It'll speed up. Not slow down!”

The teacher continues, “Okay, so we have two different predictions. Let’s
test our hypotheses and see what happens’

Link challenges to careers. Teachers also created meaningful dialogue with campers by
making connections between course challenges and the work of STEM professionals in the real world
(see Table 4).

Table 4. Sample connections between challenges and careers

Course Teachers created connectons by...

Surgical Techniques Simulatng the work of physicians and surgeons
when making incisions, performing biopsies,
and suturing.

Designing Computer Systems Modeling how computer engineers use math-
ematcs to get computers to perform various
algorithms.

Pharmacology Engaging campers as pharmacologists to in-

vestgate the efects of various drugs on living
organisms.




Course Teachers created connectons by...

Bioplastcs Supportng an understanding of how chemical
engineers work to create polymers from biode-
gradable materials.

Tracking the 4th Dimension Positoning campers as mathematcal think-
ers and engineers when developing devices to
keep track of tme in multple ways.

While the majority of courses emphasized the work of STEM professionals, it would have been
easier for some teachers to make connections if the link to STEM careers was more explicit in i2 Camp’s
curriculum. For example, teachers in the Toxin Trackers course felt that the curricular content could
be situated in a more authentic context and made more relevant to campers. The teachers reported
wanting the activities to emphasize the role of campers as environmental engineers, as they solved
problems related to our health and the environment.

2.3 Adapt curriculum

Critical to engaging campers in STEM concepts is ensuring that curriculum is meaningful
to campers. In most courses, teachers were able to make modifications to curriculum based upon
campers’ interest in the course topic and prior knowledge of STEM concepts. In adapting curriculum,
the teachers who had the most engaging courses were the ones who made purposeful adaptations,
differentiated their instruction, and found ways to make abstract concepts more concrete.

Make meaningful and purposeful adaptations. Curriculum, as written, is rarely one-size-
fits-all. With this understanding, i2 Camp teachers often modified the embedded activities to meet the
needs of their campers. In courses where campers were the most engaged, these adaptations were both
purposeful and meaningful.

For example, teachers from the Nanotechnology course explained that the curriculum needed
better scaffolding. In giving the course a second time, the teachers re-sequenced the embedded
activities so they did not appear to be isolated activities on the topic of nanotechnology, but rather they
showed campers the larger connections between the activities. As one of the teachers explained, “In
teaching the course, I would like it to be framed with an essential question to bring the course material
together”

The observation team also noted that it was difficult for teachers to make meaningful or
purposeful adaptations to courses which included heavy game elements, particularly games that were
implemented in linear ways. Thiswas the case for both the Toxin Trackers and Nanotechnology courses.
For example, the game in Toxin Trackers involved campers taking on different roles and working in
teams to figure out why three students from Massachusetts Institute of Technology were sick. Campers
worked in groups on one iPad to click different parts of campus to get clues from various experts.
In their engineering notebooks, campers had worksheets with guiding questions that they answered



using the game. Because the campers needed to answer the questions in a specific order, it led them
to explore the game in a linear way and thus became less engaging. The teachers observed that the
game was also somewhat predictable in that the journalist always had the answers the campers needed;
however, the teachers reported feeling that they had little control in adapting the activity because the
way the game was structured.

it te—<f—% = ofet f,<Z<—>aee fThe chmpers dbrought different levels of
knowledge, skills, and understandings of STEM concepts to their courses. In order to challenge campers
of all abilities, the i2 Camp teachers needed to differentiate instruction. While most teachers were
successful, other teachers required more support. The vignette below from Engineering Prosthetics
Design illustrates how one group of teachers differentiated instruction for a pair of campers.

The teachers present the culminating challenge of the course to the
campers.They explain how they have been tasked with creating a prosthetic tail
forafish that will move usinga motor. The groups begin tofollow the instructions
provided in their engineering notebooks. A boy and a girl raise their hands and
ask if they can use motors to create movement for what they perceive to be a
more complex animal, a sea turtle. The teachers pause for a moment and after
some discussion agree to let the boy and girl design prosthetic flippers for a sea
turtle.

The boy tells his partner, “The teacher said ours is a little more
complicated, but | think we can figure this out. He said that we need to know
about motion and drag”’

The girl replies,"Don’t worry, we can use two motors.’

The near peer walks by the group and asks, “Did you consider the pivot
motion of the sea turtle?”He begins to mimic the movement of a sea turtle with
his arms and asks the pair,“How much energy and movement do they need to
go forward and backward?”

Theboy responds,“They need more energy to go forward and less going
backward. The ratio is less with the energy”’

The near peer interjects, “No, but did you consider the drag?”

Both partners look puzzled.”How are we going to figure this out?”

The near peer walks away and tells them, “I'm going to leave that to you
tofigure out!”

The observer followed up with the campers in the preceding vignette. The boy explained, “We don’t
have instructions like everyone else so we have to improvise. 'm using a laptop to look up how to make
the joints and movement for the sea turtle. We're thinking of creating a ball and knee joint for our



sea turtle. We're also going to use two motors and synchronize them.” The girl continued to say, “Our
original plan was to make it [the sea turtle] move slowly forward and quickly backward, but the teacher
said that would not be possible with our motor. Drag in the air is not the same as drag in the water, so
we're still investigating...” Ultimately, the boy and girl were able to design functional, prosthetic fins for
their sea turtle.

Make abstract concepts concrete. Many of the teachers were successful at scaffolding
activities to support campers’ understanding of abstract concepts in concrete ways. One example
is from Designing Computer Systems where campers learned how computer systems use the binary
system for communication.

Campers worked in groups of three to complete an obstacle challenge. In each group, one
camper is blinded, while the other two group members gave the blinded camper a set of codes to
execute. The task was for the blinded person to not only walk in certain directions, but also to go under
a table, pick up something from the floor, reach into a locker, and pick up something from the locker.
Each group created their own binary codes and linked it to various movements. For example, 110 may
mean go forward one step, and 11 may mean turn left. As groups completed the obstacle challenge by
communicating using a series of s and o’s, they were able to understand how instructions are executed
in computers in a concrete way.

Overall, teachers at i2 Camp were able to engage campers in STEM concepts by creating
an environment that encouraged all campers to be actively involved in projects, supported them
in persevering when a correct solution was not initially achieved, and helped campers to be more
supportive of one another when working in teams. Moreover, teachers adapted i2 Camp curriculum to
make the content more meaningful to campers through discussion and by connecting STEM careers to
approaches that campers employed in solving various course challenges.

Playful exploration of “big ideas” in STEM appeared to engage camper curiosity and
support collaborative work. Campers collaborated with peers (approximately three-quarters of the
observations; n=71) in predominantly hands-on activities (over 9o% of observations; n=72) to solve a
variety of STEM-based challenges. In solving these challenges, the majority of campers “made sense of
problems and persevered in solving them” (approximately two-thirds of observations; n=66). Campers
participated in socially supportive environments (over 95% of observations; n=72) and appeared to
be “rarely dissatisfied” with activities (over 85% of observations; n=72). To further explore campers’
experiences at i2 Camp, the evaluation team conducted focus groups with a subset of campers.

Focus groups with campers on scholarship

Findings from two focus groups with campers on scholarship (BugBots, n=3; Engineering
Prosthetic Devices, n=5) revealed that the i2 Camp experience had changed campers perceptions about



STEM, particularly perceptions related to careers, problem solving, and classroom learning. Campers
from both focus groups reported limited experiences with STEM prior to i2 Camp. Most (75%)
reported that their previous STEM experiences involved visiting science museums. When asked about
previous classroom experiences with STEM, campers recognized that they learned lessons in science,
mathematics, and sometimes technology in isolation, but not in interdisciplinary ways. All campers
(100%) reported that iz Camp was the first program that exposed them in-depth to STEM concepts.
According to one camper, “I didn’t know what STEM really meant before I came here. I thought maybe
it was just about science. When we were building our BugBots, I could see that you need to know all of
it [science, technology, engineering, and mathematics] to make the robot work.”

The potential for STEM careers was another theme that emerged in exploring campers’
perceptions of their learning from i2 Camp courses. Findings from the focus groups revealed that
campers reported a change in perceptions of STEM professions because of their course experiences.
Curriculum from both courses encouraged campers to think like engineers and to solve problems using
the Engineering Design Process. CTSC evaluators observed that when teachers discussed concepts
with campers, they would emphasize the role or thought process of those working in STEM professions.
One camper noted, “Our teacher would always say, ‘In the real world, an engineer would do things this
way...or...in real life, a scientist would approach things that way””’

In addition to connecting camp activities to how people work in STEM professions, campers
also had the opportunity to watch videos of how STEM professionals designed artifacts to solve an
important need or problem. One of the campers reflected on a video that he watched in the Bugbots
course, “We saw a video today where engineers at Google designed a car for a blind person. I had
no idea that engineers and programmers were able to make cars for people who couldn’t see. Who
dreamed that could be done?” The interactions between teachers and campers, along with activities
in the curriculum, gave campers insight into the amount of creativity and inventiveness that occurs in
STEM professions.

Findings from the focus group also revealed that iz Camp curriculum addressed campers’
misconceptions of how STEM professionals work in the real world. According to one of the campers
from the Engineering Prosthetic Devices course, “I always thought that engineers and programmers
took directions from others and did what they were told. I didn’t know that they had the freedom to
design and build on their own. I thought someone always had to tell them what to do.” In other words,
i2 Camp highlighted the importance of leadership and creativity when working in the STEM field for at
least this camper. Furthermore, most campers in the focus group (75%) reported being open to STEM
careers as a result of participating in i2 Camp activities.

i2 Camp was the first intensive STEM learning experience that any of the focus group campers
experienced. Campers claimed that i2 Camp increased their understandings of STEM careers and at
the same time reduced their misconceptions about these careers. Campers also expressed an interest
in more STEM work, either in or out of school, after the end of the program.



RECOMMENDATIONS

In its second year, i2 Camp continued to engage middle school children in pursuing STEM

topics through appealing, authentic STEM projects. As the program scaled-up and increased the

number of scholarships provided to campers, iz Camp furthered its reach, exposing a wider group of

campers to new STEM concepts and career pathways. Findings from the evaluation suggest that the

program is successful, and successful in engaging a variety of campers.

Thereare lessonsto be learned movingahead into Year Three. The evaluators’ recommendations

are presented in two parts. General recommendations are listed by topic below, and course-specific

recommendations are offered in Appendix C.

Consider modifications to the curriculum.

Teachers described their curriculum in one of two ways: 1) as a cohesive set of scaffolded activities
that lead to the completion of a complex challenge by the end of the course or 2) as a collection of
activities on the same topic, but not necessarily connected to one another in a way that is clear to
campers. To make the connections stronger between activities, it is important to ensure that the
big ideas or underlying themes of the course are clear to both the teachers and campers.

Campers’ abilities and prior STEM knowledge differ greatly between fifth- and sixth-grade (junior
level) and seventh- and eighth-grade (senior level). Teachers in a few of the courses, including
Toxin Trackers and Science Fiction Workshop, requested that curriculum developers consider
more differentiation between the two levels. This could be done either within a single curriculum
guide or by splitting these courses into two different guides, one for each level.

Campers appeared to be less engaged when playing games for an extended period of time and
expressed more interest in building and designing artifacts. Campers also reported that they
preferred games that were interactive and non-linear rather than games that were text-heavy (as
observed in Toxin Trackers).

Align teachers’ approaches to iz Camp’s core mission.

Teachers’ understanding of i2 Camp’s mission and goals may influence how they approach the
courses they teach. Most of the teachers were able to explain iz Camp’s mission, and observations
reflected their understanding in how they encouraged campers to be inventive and creative in their
problem solving strategies. However, there were some teachers who described i2 Camp as science
class without grades or homework. Their courses had a slightly more classroom-like atmosphere
than a camp-like atmosphere. It would be important to reinforce i2 Camp’s mission and goals with
teachers during the professional development sessions.

Include veteran teacher leaders in the curriculum training process.

Most i2 Camp teachers reported that conversations with curriculum developers at the professional



development sessions held before i2 Camp provided them with better insight into the curriculum.
However, some teachers also expressed interest in hearing from peers. Having veteran teachers
lead future professional development sessions will enable teachers to discuss adaptations and
share strategies for camper engagement.

Ensure timely delivery of course materials.

There were a few occasions where teachers expressed concern that materials needed fora particular
activity may or may not arrive on time. This forced some teachers to improvise at the last minute
and deviate from the curriculum.

Explore the relationship between course title and registration.

Enrollment in iz Camp courses varied: some courses were filled to capacity while others had fewer
registrants. This could be due to course titles. For example, parents and campers may feel more
compelled to register for courses that leave a high-tech impression, such as “Nanotechnology”

i2 Camp requires a minimum two-week enrollment, but most courses run for only one week. For
this reason, it would be helpful to make the course-types more explicit to children and parents. In
this way, campers can be sure to take the right combination of courses for them (e.g., “lab’-based,
“arts”-based,” programming/game design).

Continue to evolve a consistent, albeit unique camp culture across sites.

i2 Camp is pursuing an ambitious goal: creating meaningful STEM learning in a camp environment
that makes learning fun and exciting. Some courses that were observed had a school-like feel while
others had more of a camp-like feel. The school-like courses appeared to reflect a more typical
construction of classes (e.g. “lab’-based courses that require extensive time in a science classroom).
It would be important to focus on finding the right balance between courses that feel like school
and courses that are more camp-like to create a more consistent camp culture across courses and
camp locations.



CONCLUSIONS

This evaluation report documents the engagement of middle school children in STEM concepts
during Year Two of i2 Camp implementation. It describes the organization of various courses, course
activities, and identifies attributes of successful i2 Camp curriculum and pedagogy. The report also
provides recommendations to support i2 Camp’s continued success.

Based on the findings, it appears that i2 Camp is continuing to meet its mission of encouraging
children to “invent & inspire, imagine & innovate, investigate & inquire, and initiate & improvise”
(see http://izcamp.org/about-i2-camp/). Instrumental to supporting i2 Camp’s mission was the
development of curriculum that was well-structured and encouraged collaboration and creativity.
Most courses made use of authentic materials and technologies, which were a new experience for
most campers. Moreover, i2 Camp teachers created a supportive learning environment for campers.
The most successful approaches used by teachers helped campers overcome their fear of failure and
provided them with support when attempting to solve complex STEM-based problems.

Moving forward, as i2 Camp continues to develop new curriculum for future course offerings,
it is important that all activities are scaffolded and designed in ways that constantly reinforce the big
idea or underlying theme. Big ideas appeared to be present in most courses, but some courses required
teachers to adapt and re-sequence material to make the underlying theme more explicit. Furthermore,
some teachers may require additional training or support to ensure that both teachers and campers can
be successful in creating functional models or artifacts in their courses.

Most i2 Camp teachers were able to adapt curriculum and guide campers in meaningful
discussions, helping campers make connections between course content and the ways in which STEM
professionals work to solve real world problems. In the process, i2 Camp was successful in increasing
campers’ awareness of STEM careers and also addressing misconceptions some campers held about
the importance of creativity, innovation, and leadership needed to work in the STEM field. A parent
quoting her daughter, seemed to sum up the experience of many campers. Her daughter, who initially
did not have aspirations in STEM careers, now explained, “I am thinking I am smart enough to work at
Google...I am good at math...now I know what I need to work for.”
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APPENDICES

This instrument is to be completed following observation of a classroom instruction session at the
i2 Camp. During the lesson, the observer will write an anecdotal narrative describing the lesson and
then complete this instrument. When possible vignettes that address each of the questions listed
below should be included. Each of the ten items should be rated ‘globally’; the descriptors are possible
indicators, not a required ‘check-off” list. The overall write-up may generate new themes so do not
be concerned if you are seeing additional areas when you observe, just capture them in the narrative
section.

Observer name:

Affiliation:

Course Title: Session # in sequence:

Lead Teacher: Date and time:

Grade (s) Level in classroom: Additional Staff: Names and Roles
Number of students & gender: Classroom arrangement:

Technology available/used:

Not

Observed Observed

The Activity N/A
The activity involved science

The activity involved technology

The activity involved engineering

The activity involved mathematics

The activity involved STEM (interdisciplinary)

The activity presented symbolic relationships such as ex-
pressions and formulas.

The activity provided opportunities to use a design process.
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The teacher was enthusiastic and engaged
in the lesson

The tasks were complex

The tasks were engaging

Students listened to a class lecture

Students were involved in whole class activities
or discussions

Students worked in small groups

Students worked individually

Worked to make sure all students were
engaged in activity

Routinely asked for student input and
questions

Discussed or encouraged problem-solv-
ing strategies

Were engaged in the camp activity (on
task, following directions)

Collaborated with peers

Actively exchanged ideas or means of ac-
complishing the tasks




Explored their self-generated ideas/ques-
tions

Led discussion

Made sense of problems and persevered
in solving them

Engagement - Behaviors

Students

Worked on something hands-on

Engaged in the scientific method and/or engineering de-
sign process

Collected and analyzed data
Carried out investigations

Made arguments using evidence

N/A Not Ob-
Engagement - Cognitive served

Teacher/Instructor

Provided opportunities for stu-
dents’ to engage in answering their
own questions or exploring their
own interests

Encouraged multiple viewpoints
and explanations (creativity in
discussion).

Encouraged students to challenge
theories and ideas as well as each
other

Students

Not Observed
Rarely Occa-
Observed sionlly
Observed

Observed

Frequently
Observed



Actively shared ideas about investigations
with peers or teacher

Asked questions that demonstrated intellec-
tual engagement

Considered alternative means of accomplish-
ing task (creativity), inventing new solutions
to problems

Used models

Students planned investigations

Developed and tested predictions or hypoth-
esis (use of STEM terms)

Reasoned symbolically

Engaged in quantitative reasoning

Engagement - Cognitive N/A Ngflat
Teacher provided support when students

struggled with understanding or task at hand

Engagement - Cognitive N/A

Teacher/Instructor

Encouraged multiple ways of accomplishing activity goals
(hands-on creativity)

Accepted multiple responses to problem-solving situations
Students
Had time to reflect on activity and make connections

Engaged in brainstorming activities or discussions

Slightly  Fairly

Not Observed

Very

Observed



N/A  Not Ob- Rarely = Occasion- Frequen-
served  Observed ally Ob- tly Ob-

En ment - Affecti
gagement ective served served

Teacher/Instructor

Encouraged an atmosphere of play and
curiosity

Students: use tone of voice, body language, student comments to answer these as appropriate

Were bored or dissatisfied with activi-
ties

Positive emotional climate
Students were laughing, smiling
Demonstrated curiosity

The classroom was socially supportive

Students’ self-efficacy was growing as
engaged in activities

Engagement - Affective N/A Notatall Slightly Fairly Very

Students were having fun, playful explora-
tion

Narrative description of Class: What did you see happening? Describe it so that someone not
present could have a sense of the activities and feel of the classroom. Keep in mind the mission of
the i2Camp (Did we engage campers in STEM? Did we invent and inspire? Did we smile, laugh, and
have fun?) and capture vignettes that answer those questions when appropriate.

Recommendations for program:

Questions to keep in mind:
What were the goals of the program? Were they accomplished?

*Developed by the Center for Technology and School Change. Adapted from OCEPT-Teacher Ob-
servation Protocol (O-TOP) (NSF Award No. DUE-9653250 and DUE-0222552)



Not observed Observed Courses Observed

Activit

! (0) (1) (n)
The activity involved science 31.9% 68.1% 72
The activity involved technology 36.1% 63.9% 72
The activity involved engineering 34.7% 65.3% 72
The activity involved mathematics 59.7% 40.3% 72
The activity involved STEM (interdisci- o o
plinary) 58.3% 41.7% 72
The activity presented symbolic re-
lationships such as expressions and 79.2% 20.8% 72
formulas.
The activity provided opportunities to 40.3% 59.7% 2

use a design process.

Notat Slightly  Fairly Very Courses  Mean SD
Activity all (2) (3) () Observed
@) (n)
The teacher was
enthusiastic and en- 0.0% 4.2% 21.1% 74.6% 71 3.70 0.55
gaged in the lesson

The tasks were com-

plex 5.6% 25.0% @ 361% | 33.3% 72 2.97 0.90
;l;l}t;e tasks were engag- 0.0% 8.3% 31.9% 58.3% 72 3.47 0.71
.. 0-25% of  25-50% of 50-75% of  75-100% of

e the time the time the time the time
Students listened to a class lecture | 72 87.5% 12.5% 0.0% 0.0%
Students were involved in whole o 0 o 0
class activities or discussions 72 653% 25.0% 6.9% 2.8%
Students worked in small groups 72 30.6% 27.8% 22.2% 19.4%

Students worked individually 72 68.1% 8.3% 12.5% 11.1%



Not Ob-

Engagement- served
Behavior (1)
Teacher/Instructor

Worked to make
sure all students
were engaged in
activity

1.4%

Routinely asked
for student input = 5.6%
and questions

Discussed or
encouraged
problem-solving
strategies

50.7%

Students

Were engaged in
the camp activity
(on task, follow-
ing directions)

0.0%

Collaborated

0,
with peers 12.7%

Actively ex-

changed ideas or

means of ac- 23.6%
complishing the

tasks

Explored their
self-generated 41.7%
ideas/questions

Rarely
Observed

(2)

1.4%

12.5%

4.3%

2.8%

12.7%

111%

6.9%

Occa-

sionally
Observed

()

5.6%

19.4%

10.1%

19.4%

14.1%

20.8%

13.9%

Frequen-
tly Ob-
served

(4)

91.7%

62.5%

34.8%

77.8%

60.6%

44.4%

37.5%

Courses
Observed

(n)

72

72

69

72

71

72

72

Mean

3.88

339

2.29

3.74

3.23

2.86

2.47

SD

0.47

0.91

1.39

0.50

1.23



Led discussion 98.5% 0.0% 1.5%
Made sense of
problems and o o o
persevered in 22.7% 12.1% 19.7%
solving them
Engagement-Behavior A O(t; s)erved
Worked on something hands-on 8.3%
Engaged in the scientific method and/ o
) . . 36.6%
or engineering design process
Collected and analyzed data 76.8%
Carried out investigations 17.4%
Made arguments using evidence 56.5%
Not Ob-  Rarely Occa-
Frnoasement- served  Observed sion-ally
Belgla\%ior (1) (2) Observed
3)
Teacher/Instructor
Provided oppor-
tunities for stu-
dents’ to engage
in answering their 40.9% 4.5% 22.7%
own questions or
exploring their own
interests
Encouraged mul-
tiple viewpoints
and explanations 45.6% 1.8% 17.6%

(creativity in dis-
cussion).

0.0% 65 1.03 0.25
45.5% 66 2.88 1.22
Observed  Courses Observed
(@) (n)
91.7% 72
63.4% 71
23.2% 69
82.6% 69
43.5% 69
Frequen- Courses Mean SD
tly Ob-  Observed
served (n)
(4)
31.8% 66 2.45 | 132
25.0% 68 2.22 | 127



Encouraged stu-
dents to challenge
theories and ideas
as well as each
other

Students

Actively shared
ideas about investi-
gations with peers
or teacher

Asked questions
that demonstrated
intellectual engage-
ment

Considered alter-
native means of
accomplishing task
(creativity), invent-
ing new solutions
to problems

Used models

Students planned
investigations

Developed and
tested predictions
or hypothesis (use
of STEM terms)

Reasoned symboli-
cally

Engaged in quanti-
tative reasoning

77.8%

11.6%

29.2%

37.7%

39.1%

66.1%

76.4%

82.0%

58.0%

5.6%

10.1%

27.8%

11.6%

1.6%

8.1%

1.4%

1.6%

5.8%

6.9%

21.7%

26.4%

21.7%

1.6%

9.7%

8.3%

0.0%

14.5%

9.7%

56.5%

16.7%

29.0%

57.8%

16.1%

13.9%

16.4%

21.7%

72

04

62

72

61

69

1.49

3.23

2.31

2.42

1.60

1.51

2.00

0.99

1.05

1.07

1.27

1.46

1.17

1.12

1.12

1.27



T Notatall Slightly Fairly Very
S B ®) G) (9
Teacher provided
support when
students struggled 0.0% 2.8% 23.9% 73.2%
with understanding
or task at hand
Engagement - Cognitive it Q- Olszorzed
a8 8 served (2)
@)
Teacher/Instructor
Encouraged multiple ways of
accomplishing activity goals 42.0% 58.0%
(hands-on creativity)
Accepted multiple responses to o o
problem-solving situations 16.7% 83.3%
Students
Had time to reflect on activity and o o
make connections 51.4% 48.6%
Engaged in brainstorming activi- o o
ties or discussions 30.6% 69-4%
Not Ob- Rarely Occa-  Frequent-
Engagement - served  Observed  sionally ly Ob-
Affective (1) (2) Observed  served
€)) (4)
Teacher/Instructor
Encouraged an
atmosphere of 2.8% 2.8% 19.4% 75.0%

play and curios-
ity

Courses
Observed

(n)

71

Courses
Observed

(n)

69

60

72

72

Courses

Observed

(n)

72

Mean

3.70

Mean

0.49

0.69

Mean

3.67

SD

0.52

SD

0.50

0.50

0.46

SD

0.67

Students: use tone of voice, body language, student comments to answer these as appropriate

Were bored or

dissatisfied with 58.3% 27.8%
activities

Positive emo- o o
tional climate 1.4% 1.4%
Students were

laughing, smil- 1.4% 15.3%

ing

8.3% 5.6%
20.8% 76.4%
18.1% 65.3%

72

72

72

1.61

3.72

3.47

0.87

0.56

I"#!
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Demonstrated

0, 0, 0, 0,
curiosity 16.7% 16.7% 22.2% 44.4% 72 2.94 1.14

The classroom
was socially sup- 1.4% 2.8% 13.9% 81.9% 72 3.76 0.57
portive
Students’
self-efficacy
was growing 431% 16.7% 27.8% 12.5% 72 2.10 1.10
as engaged in
activities

Students were having
fun, playful explora- 0.0% 12.5% 31.9% 55.6% 72 3.43 0.71
tion




Bioplastics

+  Usevideo data analysis for bouncy ball challenge activities to accurately measure data.

+ Standardize data measurements for competitions (e.g. same exact launch locations for the spoon
catapult challenge).

* Reiterate the rules when campers perform their solutions in the gym for fair competition.

BOSE The Science of Sound, Music & Motion

+  Develop a separate lesson specifically for the final assignment (music video) incorporating
storyboarding, video shoot planning, and techniques of video editing.

+  Shift the curriculum to combine sound and electromagnetics to explore the transducer.

Bugbots: Programming Mini-Robots
+ Incorporate additional challenges for campers who finish early.

Designing Computer Systems

+ Develop strategies to help campers overcome challenges on Light Bot.

+ Introduce game mechanics into the obstacle course challenge by 1) clearly including game rules
with both rewards and consequences, 2) giving groups more than one occasion to try, and 3) including
“bonuses” as part of rewards that aid groups to be able to perform better.

Digital Game Design

+  Encourage more girls to register for the course.

* Include more scaffolding during the troubleshooting process.

+  Emphasize the readability and presentation of campers’ actual codes for better communicating
what they have learned.

* Include campers in communicating with MIT’s Star Logo Nova server technicians.

Engineering Ice Cream
+  Design challenges with different levels of cognitive difficulties.
+  Change the course name to attract more parents and reflect the STEM focus.

Engineering Prosthetics

+ Incorporate challenges that are more meaningful to campers, such as designing a prosthetic device
for a person in lieu of a fish.

*  Ensure that all teachers can create a working model of the fish that they can in turn share with
campers.



Exploring Energy and Design Thinking

+  For the energy use and conservation interviews, campers need more information typically found
in energy bills. For example, they could use a mock energy bill to take into account the amount of
kilowatts hours, the cost per kilowatt hour, and the cubic feet of natural gas that they use per billing
cycle. Without the amount, units, and cost, it would be difficult to justify their designs.

+  Campers need to learn more science content during the overview of what energyis. Some campers
only understood energy in the form of electricity.

+  Campers need to learn to think systematically and how boundaries are established when thinking
within a system. One camper’s answers indicated that she was thinking only of her personal energy use
and not the energy flow into and out of her home.

+ The discussion of the oven needs to be expanded to support campers’ use of properties such as
efficiency, insulation, and reflection in their work with the oven.

Food Chemistry

*  The course does not appear to contain a focus on STEM. There is a possibility that more science can
be integrated by setting up each day as a science experiment using the Scientific Process.

+ If the course remains the same, the title of the course could be changed to reflect the current
curriculum: Farm to Table Food and Health.

Fun with DNA

* An extension of the simple Punnett Square could be explored, so that a camper may discover, for
example, that she or he had 1/16th of a chance of having red hair. It was evident that campers made a
connection from this activity to their own genetic traits.

+ Talking about one’s own traits is a very personal matter, and therefore increased sensitivity towards
diversity, family history, race and ethnicity needs to be discussed before the Punnett Square activity.

+  Set up a simple time-lapse photography for collecting the rate of bacterial growth on the plates.
This would provide campers an additional data source to analyze.

Fundamentals of Electronics I1

* The diagrams and amount of new vocabulary presented in the curriculum appeared to be
overwhelming for the junior campers. The activities need to be better scaffolded for campers.

*  Build in more frequent checkpoints, as some campers’ final projects needed time-consuming
rebuilds.

Geometric Properties

* Incorporateadynamic geometry software, such as Geometer’s Sketchpad or GeoGebra, to introduce
“shake tests” for both constructing while considering the definitions of shapes and informally writing
proofs. This can be accomplished using the same structure as the battleship-type activity.



Life on Mars

+  Campers seemed to dislike aspects of NASA’'s “Down to the Core” activity because it was too
cognitively challenging. To address this issue, the activity could be scaffolded by having campers watch
avideo on the DESIGN SQUAD site and have a group discussion about the different strategies, such as
driving the straw with more force, more mass, storing energy, how to fasten rubber bands properly, etc.

Nanotechnology

* Incorporate more projects like the Gecko tape into the curriculum.

+ The activities need to be scaffolded so that the big idea is more clear to the campers.

+  Place less emphasis on the Geckoman game, as campers expressed more interest in working on a
hands-on activity.

Oceanography

*  Go deeper in exploring the relationship between sea color and plankton number. Campers could
analyze data, make predictions and test the predictions by themselves. In this way, the curriculum can
incorporate more mathematics and technology.

+ Campers struggled when they could not find plankton under the microscope. Use campers’
frustration to motivate them to discuss science problem solving and scaffold the solution finding
process.

Pharmacology

+  Reviewing the curriculum, the ethics of animal testing was discussed on Day 1 (the day before the
first observation), but campers continued to express concern about the well-being of animals (e.g.
zebrafish) throughout the course. Campers may need more reassurance on the treatment of animals
throughout the course.

Redesigning Urban Landscape

+  The course was structured such that the teacher defined all the urban problems to be investigated.
The use of a computer-based 3D city, rather than a concrete model could provide campers greater
opportunities to define problems, pursue areas that they are interested in, and test alternative
hypotheses by changing variables.

+  Some of the activities did not appear to be sufficiently cognitively challenging.

Robotics 1I: Medicine

+ Incorporate support for struggling campers directly in the curriculum by providing additional
support when building a three dimensional structure with multiple components from two dimensional
diagrams. Spatial reasoning ability required for this type of task needs to be explicitly taught, even for
some campers in the second week of Robotics course.



Science Fiction Writing Workshop

+ Differentiate curriculum within the course, as there was a wide range of writing abilities observed
within the junior-level course.

*  When teaching the course in the future, there should be two teachers. One should have an ELA
background to provide writing support to campers, while the other teacher can address STEM concepts
within campers’ writing. Alternately, if only a science teacher is leading the course, have a writer-in-
residence to provide ELA support throughout the week.

Surgical Techniques

*+  The curriculum should connect the “big ideas” more closely to the activities.

*  The room in which the course is held needs to have a sink and hand soap. The campers lost time
because of frequent trips to the bathroom to wash hands between activities.

Techo-Threads

* The curriculum needs at least one teacher with an engineering background or electrical circuit
knowledge to help campers with the circuit design.

+  Some campers were frustrated with sewing, and others were confused about how electrical circuits
worked. To address these issues, the teacher could implement different learning activities to different
campers depending upon their needs.

Toxin Trackers

*  Regarding the spaghetti-marshmallow challenge, the expectations and criteria for the structure
need to more explicit for junior level campers.

* Itwas not clear how this challenge relates to tracking toxins.

*+  Place less emphasis on the iPad game, as campers lost interest in the game after a short period of
time. Campers expressed interest in spending more time building or creating artifacts.

*+  Teachers reported that the curriculum needs to provide more differentiation between junior and
senior levels.

Vertical Farming

+ A stronger connection needs to be made between the challenges and the final project, as it was
unclear whether campers understood how they are related.

*  The photometers did not provide accurate readings.

*+  The filament lamp was too big for the lighting system box and became dangerously hot.
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