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Abstract 
Integrating engineering content and concepts into formal P-12 classroom environments is critical 
for promoting equitable access to engineering learning for all students. However, as we endeavor 
to understand and characterize P-12 students’ engineering learning, it is important to investigate 
the engineering learning that takes place in informal learning environments as well. On average, 
P-12 students spend approximately 18% of their waking hours in formal classroom 
environments; the remainder is spent in out-of-school settings. These environments include the 
home and other daily-life environments; designed settings, such as museums, zoos and 
aquariums; and programs, such as summer or after-school enrichment programs.  

In this paper, we discuss how museums and universities can partner together to investigate 
engineering learning in out-of-school contexts. In addition to discussing general benefits and 
challenges associated with museum-university partnerships, this paper includes concrete 
examples from the authors’ own experiences in developing a partnership between the Science 
Museum of Minnesota and Purdue University and specific suggestions for how others might 
foster and maintain these relationships.  As more and more museums are incorporating research 
and evaluation into their core activities, this is a key time for universities to partner with informal 
learning institutions on interesting research projects 

 

Introduction 
While much of pre-college engineering education research focuses on the formal classroom 
environment, the time spent by students and teachers outside of the classroom environment 
accounts for the majority of their waking hours. This time -- approximately 81.5% of a K-12 
student or teacher’s waking hours-- represents a considerable amount of time where learning can 
and does take place (LIFE Center 2005). Recently, the National Research Council coordinated an 
effort to synthesize recent research in informal learning environments as well as to identify the 
major themes that have emerged to date in the research on science learning in informal learning 
environments (NRC 2009). The authors of the report identified three major venues for informal 
(science) learning: everyday learning environments, designed learning environments, and 
programs for science learning. In pre-college engineering education, the third venue, programs 
for engineering learning, is the venue that has received the most attention. Programs have been 
developed across the country to offer extracurricular engineering activities for elementary, 



middle and high school aged children, with some focusing on specific populations, some offered 
in the summer, some offered on weekend days, and others offered after school (e.g. Houchens et 
al. 2010; Welch and Huffman 2012). Some programs also intersect with everyday learning 
environments, such as the Family Engineering program (Hutzler et al. 2009) that teaches 
children and parents engineering concepts that families can continue to learn together in 
everyday settings. Pre-college engineering education research on everyday learning 
environments includes studies of parent-child interactions and children’s interactions with toys, 
books and media (Dorie and Cardella 2012a; Dorie and Cardella 2012b; Zhang and Cardella 
2010; IPE, EEC-1129342). Finally, research on designed learning environments focuses on the 
learning that occurs in museums, science centers, zoos, botanical gardens, and other similar 
environments (NRC 2009). This paper focuses on this venue. 
 
Museums are unique and engaging venues for learning that can inspire lifelong interest in a wide 
range of topics.  Traditionally, partnerships between universities and museums have often 
revolved around the dissemination of ideas and research findings to a broad public audience. In 
fact, the National Science Foundation has supported these collaborations through grants out of 
the Informal Science Education program, which includes a specific focus on Connecting 
Researchers and Public Audiences (CRPA) grants.  
 
While university researchers have long studied learning within museum settings (see, for 
example, Palmquist & Crowley, 2007; Falk & Dierking, 2000; Ash, 2002), cultivating research 
collaborations with museum professionals - in which they become significant contributors to the 
study design, implementation, and analysis - is a more recent development. With the increasing 
number of PhD-level researchers entering the museum field coinciding with the rise in 
evaluation practices at these institutions for informal learning, the possibility of forming and 
sustaining these types of university-museum partnerships is more realistic than ever before.  
 
In this paper, we will describe one such project, GRADIENT, which is a collaboration between 
Purdue University and the Science Museum of Minnesota. After providing an overview of the 
study, we will discuss how the ideas for the study were developed, the collaborative grant 
writing process that we engaged in, and how the distributed research team comprised of 
university faculty, graduate students, and museum professionals began and continue to work 
together. We will conclude with a few key lessons learned from our experience and identify a 
number of issues for future consideration and discussion moving forward.  
 
GRADIENT: Gender Research on Adult-child Discussion in Informal Engineering 
eNvironmenTs  
The GRADIENT project focuses on investigating the types of conversations and interactions that 
parents and their daughters engage in while immersed in environments designed to support 
engineering learning. The two primary contexts for the study are 1) a “Play Date” activity at the 



Science Museum of Minnesota where parent-daughter dyads are given a design-build challenge 
to complete and 2) family interactions around a museum exhibit focused on wind energy and 
mechanical engineering. The goals of the project include characterizing the types of 
conversations that families have about engineering, investigating the impact of designed 
environments on family conversations (i.e investigating whether family conversations differ in 
environments with more vs. less context), and contributing to the broader research agenda on 
increasing the participation of women in engineering. Women continue to be underrepresented in 
engineering, but the women who do choose to study engineering typically have a parent who is 
an engineer. The GRADIENT project will help us to better understand the types of interactions 
that parents might have with their children that could lead their daughters to become interested in 
engineering, and these strategies can be shared with other parents and with teachers in order to 
encourage other young women to consider studying engineering. 
 
The data collection for this study is conducted at the Science Museum of Minnesota as the 
Science Museum is an ideal environment for the study, and SMM has extensive expertise and 
experience conducting research on learning in designed environments. For example, SMM is 
currently conducting studies on several learning topics, including how families learn about 
different aspects of the nature of science while engaging with an interactive exhibit in a dinosaur 
gallery (Svarovsky, Ellenbogen, & Guberman, 2012) and how visitors develop a more nuanced 
understanding of the risks and benefits of new technologies through particular exhibits and 
programs (Tranby, Svarovsky, & Ellenbogen, 2012).    
 
While the data collection is largely an SMM activity, the remainder of the project -- developing 
the study instruments and protocols, analysis of the data, and presentation of the study findings is 
shared between SMM and Purdue. SMM continues to bring expertise in conducting research on 
learning in designed settings while Purdue brings extensive expertise and experience in 
engineering education research (although both SMM and Purdue collaborators do have some 
experience in both areas -- engineering education research and informal learning environments 
research). Within the Purdue context, the project is at home in the School of Engineering 
Education and in the Institute for P-12 Engineering Research and Learning (INSPIRE), which 
means that the Purdue collaborators regularly engage with other members of the engineering 
education research community and pre-college engineering education community, so the project 
is directly and indirectly influenced by other research projects underway at Purdue, the external 
seminar speakers that present work at the Engineering Education departmental seminar, and 
numerous hallway conversations with other experts in the field of engineering education.  
 
We devote the remainder of this paper to describing the “behind-the-scenes” work that occurred 
before the GRADIENT project officially began. Typically research papers focus on research 
projects that “magically and effortlessly” came to be as well as neat-and-tidy stories that present 
research questions, methodologies, findings and discussion of the findings in a linear and easily 



readable format. In this paper, our goal is to instead reveal the process that occurred before the 
study was funded in order to provide insights a) for early-career researchers still learning to 
conduct research and b) other researchers and educators interested in developing new 
partnerships spanning organizations with different structures and systems (such as a university 
and a science museum). 
 
A History of our University - Museum Partnership 
Previous to this project, Dr. Gina Svarovsky conducted research on out-of-school engineering 
learning environments designed specifically for middle school girls during her graduate studies 
as part of the Epistemic Games Research Group at the University of Wisconsin. This work 
focused on designing, implementing, and assessing authentic engineering learning environments 
for young women beyond the classroom, such as during weekend and summer programs. After 
completing her doctoral work in 2009, Gina then took a position in the Department of Evaluation 
and Research in Learning at the Science Museum of Minnesota, one of several such departments 
found at informal learning institutions around the nation (with other departments located at the 
Exploratorium in San Francisco, CA, OMSI in Portland, OR, and the Museum of Science in 
Boston, MA.). This position has afforded her the opportunity to work on several evaluation and 
research projects focused on informal science learning on a range of topics, including 
nanotechnology, climate change, and engineering.   

Meanwhile, Dr. Monica Cardella had conducted research on engineering design cognition since 
she began her doctoral studies in 2000. Dr. Cardella worked primarily with the Center for 
Engineering Learning and Teaching at the University of Washington, but also had the 
opportunity to work some with the LIFE Center (where “LIFE” is Learning in Informal and 
Formal Environments). Through the LIFE Center she was able to interact regularly with 
researchers conducting research on informal learning environments, and thus begin to learn 
about this research paradigm. Monica has worked with INSPIRE and taught in the First-Year 
Engineering program (the program is one program within the School of Engineering Education) 
at Purdue. Through her experiences with teaching first-year engineering students, the 
documented research that shows that women are greatly outnumbered by men in engineering, 
and that female engineering students tend to have a parent who is an engineer, became embodied 
in the hundreds of students she has taught over the past 5 years. Additionally, at Purdue Monica 
began conducting research on how parents help their children learn engineering concepts and 
content. Initially, she began with a study in which parents’ with engineering backgrounds were 
interviewed to learn about the types of activities they engaged in to help their children learn 
about engineering. While a colleague in the School of Engineering Education had recommended 
to both Gina and Monica on numerous occasions that we might connect to discuss mutual 
research interests, we did not actually connect until we met at the International Conference on 
the Learning Sciences (ICLS) in 2010. 
 
Given that our colleague had endeavored to connect us on multiple occasions, we made a point 



of meeting to talk about our research interests at ICLS (we did not randomly bump into each 
other at the conference). When we did meet, we shared our own individual research interests as 
well as previous research findings. After learning about our individual research interests we 
began to identify opportunities for future research collaboration. Specifically, in the study 
Monica had conducted on engineering parents’ activities with their children, many parents 
reported that they took their children to museums (children’s museums and science museums) to 
help them learn about engineering and also provided access to blocks and Legos and other toys 
that allow for designing and building (Zhang and Cardella 2010; Dorie and Cardella 2012b); 
hence Monica was already interested in conducting follow-up research to observe these types of 
interactions. Gina was also interested in conducting follow up studies to her own work focusing 
on gender research on informal engineering learning environments, particularly to build on prior 
results that suggested the importance of narrative context and authenticity in effectively engaging 
girls in engineering activity. While we certainly did not begin drafting a proposal during that first 
meeting, we did leave that meeting with some specific ideas for continued collaboration. With 
some common ground to begin with, we returned to our prospective homes to continue to think 
about a future project that we could work together on.  
 
Early in January 2011 we began exchanging emails to begin working on our grant proposal. We 
also scheduled phone meetings to first determine which ideas to focus on in the grant proposal, 
and which program to focus on (we considered Engineering Education Research and also 
Research on Gender in Science and Engineering Education). We began exchanging Word 
documents via email with our initial proposal ideas, but quickly moved to google docs to be able 
to work collaboratively on the proposal (when we approached the final proposal deadline, 
however, we moved back to Word to add in more sophisticated formatting of the document). 
While working together on the proposal, we each independently worked with the different 
groups at our respective institutions to work out logistics such as the budget and to ensure that 
we met our institutions’ requirements. Overall, progress on the proposal between Jan 3 when we 
started and Feb 9 when we submitted a letter of intent was slow but steady. After Feb 10, a 
combination of two factors led to faster progress on the proposal: 1) the proposal deadline 
became increasingly close (March 23) and 2) Monica spent a day at the Science Museum 
devoted to making progress on the proposal. 
 
On Feb 28, Monica flew to St. Paul to be able to devote the day on March 1 to the proposal. 
Spending the day at the Science Museum was immensely valuable to the proposal writing 
process for a variety of reasons: 1) Monica and Gina were co-located and could easily share their 
ideas for the project as well their questions (“I’m not quite sure I know what you mean by...”), 2) 
the full day was devoted to the proposal -- an almost uninterrupted day-long brainstorming 
session (with a few breaks to check on email) where we were able to plan out specific activities, 
a timeline for the project, finalize the specific research questions, and share literature sources, 3) 
Monica was able to understand the context of the Science Museum in terms of the space, the 



programs, and the people working there. By the end of the day, the majority of the ideas were in 
place -- although there was much more writing to be done. 
 
Between March 1 and March 23, we continued to collaborate using google docs, email each 
other questions and ideas, check-in via phone, and eventually moved the proposal to Word 
documents that were emailed back and forth. We identified an external evaluator and began 
including her in emails and phone meetings as well. As the March 23 deadline approached, we 
finalized details with our respective budget offices and our email exchanges began to take the 
form of to-do lists: “Here’s what I will do tonight: 1) send you my CV, 2) send my current & 
pending, 3) review the timeline...” At Purdue, Monica worked with her “Pre-Award” office to 
prepare a proposal to submit to the Science Museum (when the proposal was submitted to the 
NSF, the Science Museum was the lead organization and Purdue was included as a sub-award). 
 
A week after the proposal was submitted, Gina was able to visit Purdue. During this visit she was 
able to gain a better sense of the Purdue context, and meet the graduate student (the amazing 
Brianna Dorie) who would eventually work on the project. Several months later we received 
word that the NSF was considering our proposal, but needed additional information. We began to 
draft responses, but fortunately we already had plans to connect at the Visitor Studies 
Association conference in Chicago and therefore were able to further discuss our responses to the 
panel concerns in person. Responses to the panel concerns submitted, we patiently waited until 
September when we received official word that the project would be funded. We raised a virtual 
toast to each other and began plans for launching the project, including a project launch meeting 
at the Science Museum so that: 1) Brianna (the amazing graduate student) could also learn the 
museum context, 2) Monica and Brianna could meet the other museum staff who would 
officially work on the project, 3) we could check in with our project advisory board (our “critical 
friends”) and 4) we could spend another focused day on the details of the project. However, we 
also spent time enjoying each other’s company by playing on the musical stairs at the Science 
Museum, going out for delicious middle eastern food, eating delicious pastries, eating amazing 
Japanese food, and searching St. Paul for the best desserts. While all of this food might seem 
silly or superfluous, we think that the time we spent enjoying each other’s company while 
enjoying good food was essential for us to build trust and good communication patterns with 
each other so that we could then go forth to accomplish the work of the project in two different 
states (and time zones) despite a range of speed bumps along the way (for example, Monica 
leading the project, including the work done at the Science Museum, while Gina is on maternity 
leave and the usual challenge of IRB reviews).  
 
Implications 
We believe that collaborating on this project has been extremely valuable for us as researchers, 
as we have been able to learn and grow through the experience -- we have each become better 
researchers through our exchange of ideas as well as what we have learned from each other 



methodologically in how we normally go about research, and what we have learned by 
interacting with each other’s communities. We also believe that other universities and 
museums can mutually benefit from similar research collaborations. 
 
We have also continued to learn how to work with other people, as we have put together a 
successful proposal and have also successfully launched the project. This required good 
communication skills, including an ability to express our own ideas (and concerns) and ask 
questions. However, we also believe that having a few, key, strategic face-to-face meetings 
catalyzed the proposal writing and the project launch. The face-to-face meetings allowed us 
to learn how to work with each other (how to understand/ interpret our specific personalities), 
gave us time to concentrate on this project, and allowed us to understand the broader context of 
each others’ organizations. Having shared values and interests was also key to our success. 
 
For others who may pursue similar collaborations, we have the following advice: 

1. Be strategic in choosing partners, looking for partners (esp. universities looking for 
museums) 

• Become aware of the different organizations around you. Geographic proximity can 
be very advantageous. However, it may be even more important to: 

• look for synergistic overlaps and to: 
• look for alignment between institutional goals, cultures, personalities.  

2. Be prepared to work through logistics through your communication 
• begin by getting to know each other’s communication styles and patterns and how 

these may impact communication both one-on-one and within a larger group 
• be	  open	  with	  each	  other	  and	  communicate	  ideas	  as	  well	  as	  questions	  and	  concerns 
• set timelines and clear expectations 
• keep a record of who’s doing what (meeting minutes, online docs) 

3. Help the larger teams to get to know each other (beyond just the PIs having a relationship)  
4. Find pockets of time where you are co-located and focused solely on the project (the initial 

brainstorming session & the “project launch” may be the most important times for this). 
 

Ultimately, we believe that pursuing these kinds of relationships will benefit each of the 
individual researchers involved, each of the individual institutions involved, and ultimately the 
P-12 engineering and design education research community. There is tremendous opportunity for 
engineering and design learning to occur in designed settings such as science museums, and 
tremendous opportunity for us to understand pre-college engineering and design learning by 
examining what children and parents do together in these spaces. 
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