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IRIDESCENT is a science education nonprofit that helps engineers communicate current
science, technology, engineering, mathematics (STEM) research to the public. Engineers design
and teach engaging hands-on Family Science Courses to underserved 3rd-7th grade students and
their families. Topics range from the Physics of MRI to Bird Flight Aerodynamics, illustrating
the real-world applications of science concepts and exploiting the power of narrative stories
instead of discrete disconnected concepts.

In three years Iridescent has trained 209 volunteering professional engineers, undergraduate
and graduate students. 54% of volunteers return to teach with us again. Engineering instructors
have conducted 132 multi-session courses (36 Family Science Courses) providing 17,391 student
hours and 1560 parent-hours of instruction. These courses have reached more than 4100
underserved K-12 students and their parents in Los Angeles, East Palo Alto and Salinas. We
have a strong partnership with the University of Southern California through which
engineering undergraduates receive three units of technical elective credit for going through
our training and developing and teaching the Family Science Courses. We have been rigorously
evaluating the program’s impact on the families and on the engineers since we started.

Iridescent’s model is based on the following four THEORETICAL PRINCIPLES:

Community of Learners: The concept of parents and children “learning together” is very powerful
with both groups actively structuring shared endeavors. The adults (engineers and parents) are
responsible for guiding the overall process and the children learn to participate in the
management of their own learning and involvement. Some leadership is provided at times by
children. This shift in roles appeals to the participants and results in high levels of engagement
and learning. As one 6th grader excitedly said, “Your parents are learning too”.

Cognitive Apprenticeship: Parents and children collaborate with one another and their
engineering instructors toward a shared understanding. Learning tasks are designed within
“zones of proximal development” just beyond what a participant can accomplish alone, but
within their reach. The courses are designed to enable participants to learn through observation,
modeling, discovery, analysis and reflection (Collins, 1988; Collins, Brown, & Newman, 1989;
Lave, 1988; Scardamalia & Bereiter, 1985).

High-level skills: We focus on participants developing a deep understanding of the content and
being able to transfer their learning to a new problem or generate causal explanations (A
taxonomy for learning, teaching, and assessing: A revision of Bloom's taxonomy of educational objectives,
2001; McComas & Abraham).

Inquiry based learning: The courses are structured around soliciting and building on participants’
prior knowledge; engaging participants in learning content as well as learning how to organize
and reason about the content; providing experiments in which participants control, reflect
upon, and evaluate their learning; and scaffolding participants working together and with the
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instructors to discuss evidence and connect their findings with scientific explanations. The
experiments are carefully designed to allow participants to redesign, create and improve the
original, thereby developing an understanding of the “engineering as redesign” process. Much
research has been conducted that shows the beneficial effects of inquiry-based instructional
practices particularly with disadvantaged students (How People Learn, 1999; Cuevas, Lee, Hart,
& Deaktor, 2005; Lee, Buxton, Lewis, & LeRoy, 2006; Marx, et al., 2004, Minner, Levy, &
Century, 2009; Samarapungavan, Mantzicopoulos, & Patrick, 2008; Wilson, Taylor, Kowalski, &
Carlson, 2009).

The above theoretical framework is also employed to train the engineers and to help them
develop their science communication and leadership skills.

PRIOR WORK: We draw from the following to develop a powerful program for our diverse
stakeholders:

Family Science: Examples of Family Science programs include the EQUALS Family Science
Program (Jones & Velez, 1997), the Australian Family Science Project (Rooney, 1993), 4-H
(DeMerchant, Lytton, & Lytton, 1995) and the Hands-On Science Outreach program (Katz,
1996). Others such as the Open Classroom (Rogoff, 1994; Rogoff, Turkanis, & Bartlett, 2002) and
NSF’s Out of School Science Experiences (Gennaro, Hereid, & Ostlund, 1986) have structured
learning experiences that families undertake in formal and informal settings. These family-
based programs have been shown to be particularly important in boosting the achievement of
underserved students (Barton, Drake, Perez, Louis, & George, 2004; Barton, et al., 2001; Ingram,
Wolfe, & Lieberman, 2007; Smith & Hausafus, 1998).

Public engagement and understanding of science: The NSF-funded, Portal to the Public Initiative,
develops and tests program models that engage scientists and public audiences in face to-face
interactions that promote appreciation and understanding of current science research (Schatz &
Russell, 2008).

Professional development for scientists: BA Perspectives (coordinated by the British Association for
the Advancement of Science) encourages scientists, engineers and social scientists to explore the
social and ethical implications of their research and trains them to interact with the public at a
poster session in a science festival.

RESEARCH QUESTIONS The program impacts both the underserved families as well as the
engineers. To determine the impact of the program on both these groups we look at the
following questions: 1) What is the change in participants’ interest in STEM over a 4 week
intervention period? 2) What is the change in participants’ high-level understanding of course
concepts over a 4 week period? 3) What is the change in engineers” perception of their ability to
communicate STEM research to the public over a 16-week period? 4) What is the change in
engineers’ commitment to similar skill-based volunteering opportunities?

METHODOLOGICAL CONSIDERATIONS AND RESULTS We have conducted pre and
post tests for each of our 132 multi-session courses. Initially Iridescent staff designed the
instruments and the questions focused on participants’ understanding of science terminology,
definitions, applications etc. Thus we measured content gains of 60-80%. We then made two
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changes to the model. We shifted the instructional focus to high-level understanding and
started training the engineering instructors to design the pre and post tests. The latter was to
enable the program to scale efficiently and to provide the engineers with a comprehensive
lesson planning experience. With these changes we have been measuring lower gains (40-60%)
in participant learning. However, gain in participants” STEM interest has consistently been
measured between 70-90%.

Our first attempts at evaluating the program’s impact on the engineers consisted of a pre and post
test that was adapted from a well-tested service-learning survey. The engineers rated
themselves very highly on the pre-test and so the evaluation wasn’'t meaningful for our
program. We are now in the process of testing and fine-tuning another evaluation.

INTERPRETATION The model of bringing trained engineers to share their expertise in
engaging, hands-on ways with families is very effective in increasing the participants’ interest
in STEM. Enabling significant gains in factual understanding is relatively simple even when the
pre and post tests are designed by instructors with less than eight weeks of lesson planning and
teaching experience. However, enabling significant gains in high-level content understanding is
much more challenging and is directly dependent on the effectiveness of our engineer training
methods. Pre-tests conducted with the engineering instructors do not provide accurate data as
the engineers lack the requisite prior knowledge to calibrate their self-assessments. A multi-
method evaluation technique may be more useful to evaluate the program’s impact on the
engineers.
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