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ABSTRACT 

How People Make Things is an exhibition that helps families talk together and learn about the making of everyday objects. The goal of the project was to create a learning environment that mediates difficult manufacturing concepts for parents, and scaffolds the development of family conversations about the processes of making both inside and outside the museum. A visit to the exhibition would be deemed successful if visitors demonstrated changes in what they knew and how they talked about objects and manufacturing processes. 
 
A model of change describing how families might build such an understanding was developed to assess whether the exhibition met these objectives. The model provides markers of what family conversations around objects look like before, during, and after families visit the exhibition. We examined visitor process conversations during matched pre-post visit interviews, and analyzed a subset of visitor conversations during the exhibition experience itself.  If the majority of visitors demonstrated a shift towards more powerful conversations about manufacturing during and after the visit, this would be considered positive evidence that the exhibition was a productive learning environment, where families could talk together and cultivate a shared set of ideas around the processes through which everyday objects are made.
Evaluation data was collected from two locations: The Children’s Museum of Pittsburgh and the Omaha Children’s Museum. Evidence from family conversations at the two venues supports the model of change.  We found that the shared experience of How People Make Things significantly changes the way that families think and talk about objects, people, processes, and tools.  In addition, comparisons of pre and post-visit interview responses indicate that the exhibition succeeds in enriching parents and children’s understanding of manufacturing.  Although there are some differences between Pittsburgh and Omaha families with regard to their understanding of specific manufacturing processes like Cutting, Molding, Deforming, and Assembly, overall, families were able to positively transform how they talked about objects after visiting the exhibition.
CHAPTER 1: summary of evaluation model & findings
Designing opportunities for Family Learning

One important function of museums is to design environments that provide families with opportunities to engage with objects and activities that help them construct a way of doing, talking, and thinking about the world together. But what is not often thought about in terms of design is how to create exhibit activities that leverage family knowledge building in ways that extend the experience outside of the museum walls and into the home.  If we think of families as learning systems that move across different environments, then we can imagine that family talk and interaction around an idea does not have to stop once they exit the museum.  Families can continue to engage with ideas that interest them during the car ride home, around the dinner table, or any other place that the family shares a set of informal experiences.  

Museums are uniquely positioned to help support families in this transition because museum exhibitions are designed to communicate complex concepts, encourage collaboration, and mediate engagement with a variety of objects and activities. Museum exhibitions already function as rehearsal spaces for families to explore how, in addition to what, they learn together.  Therefore, if we design exhibitions that make it easier for families to have powerful learning experiences around a set of ideas, then families can potentially take those scaffolded ways of thinking about the world and transfer them to other places that they frequently interact and talk together like their homes.

So, how can museums teach scientific content in a way that helps families think and talk about science at home? One approach is to provide families with access to extraordinary objects that they cannot see anywhere else.  Collections-based museums use this approach to display one-of-a-kind or unusual artifacts that provoke visitors’ curiosity. Yet places like children’s museums and science centers are audience focused, rather than collections-based.  Science centers use ordinary objects to demonstrate unfamiliar principles, while children’s museums present ordinary objects in a way that lets visitors do something extraordinary with them.  This ordinary object approach not only mediates rich experiences around objects that are familiar to families in the museum, it also has potential to activate parents to engage in powerful learning conversations with their children when they come across similar objects at home. 
The current study focuses on a traveling museum exhibition about manufacturing called, How People Make Things (HPMT)*. The exhibition is an ideal test case to examine family learning using the “ordinary object” approach because both the topic of the exhibition and the designed activities within the experience center on how everyday objects are made. Manufacturing can be a difficult topic for families to discuss because it involves complex processes and machines that are foreign to many people. HPMT was designed to support opportunities for families to explore these challenging manufacturing concepts during their interactions with familiar objects.  The idea behind HPMT was to create a set of activities that helped visitors see the world through the eyes of an engineer (i.e. someone who focuses on the processes used to make objects), and downplay the viewpoint of the consumer (i.e. where objects are seen as finished products).  It was important to present families with this way of thinking about objects because in general, the processes and underlying mechanisms that govern scientific phenomena often go unnoticed, especially by children, in favor of surface features of objects. We hypothesized that by presenting these ordinary objects in a new process context, the exhibition would give families a powerful way to think about objects that could potentially change their understanding of and conversations about objects in the home.
building understanding: a model of change
The main goal of the exhibition was to help families build a process understanding of objects.  But how would we know if the exhibition successfully met this goal?  We hypothesized that a family’s encounter with familiar objects within the context of HPMT manufacturing activities would change how parents and kids thought about objects in general. Here, the expectation was not that families would learn more new manufacturing concepts, but rather that interacting with familiar objects in the exhibition would help families apply a new process lens to how they look at and talk about ordinary objects at home.  To test this hypothesis, we developed a model of change that would indicate the family’s potential to reason about objects outside of the museum (See Figure 1).  We devised a simulated home activity that gave families the opportunity to discuss a set of everyday objects both before and after their visit to the exhibition. Changes in how parents and children talked about how these objects were made would be taken as evidence that they were more familiar with the topic of manufacturing and that their understanding of the fundamental properties of objects had shifted towards process. 

Before visiting the exhibition, we expected that families would talk about objects in terms of familiar features like size, color, feel, type of material, and the function of the object.  Since the exhibition offers several well-supported opportunities for families to rehearse conversations around the manufacturing processes, we anticipated that families would be able to talk about objects in terms of the processes through which they were made after their visit.  Furthermore, parents and children who visited the exhibition should be able to differentiate between objects made through each of the four processes highlighted in the exhibition.  If families were able to describe objects as being cut, molded, deformed, or assembled after their visit, then we saw this as strong evidence that they would be able to talk about objects at home using a similar conceptual orientation.

Figure 1: Model of Potential for Change in Understanding*
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We also predicted that families would be less likely to address the role of people in the manufacturing process before their visit.  Because HPMT highlights the role of people using factory tour videos led by a beloved television icon, families should make more frequent mentions of people and their relationship to manufacturing both during and after their visit.  Similarly, we expect that visitors will be able to identify similarities and differences between the processes they do by hand and the manufacturing processes used by machines in greater detail after going through the exhibition. In sum, the model of potential for change in understanding culminates in visitors becoming more comfortable with the topic of manufacturing and more likely to talk about different aspects of making once they get home. The HPMT exhibition is successful if it provides visitors with a way of looking at the world in which they are able to make connections between familiar objects and foreign processes, compare everyday ways of doing to the actions of complex machines, and link their own experiences to the human aspect of making things. 

exhibit design as a collaborative process

The HPMT project team consisted of exhibit developers, museum educators, media partners, and informal learning researchers. This group met weekly to discuss overall exhibition themes, specific educational content, component design, and the types of mediation necessary for visitors to understand the exhibition.   The goal of these meetings was to create a successful traveling exhibition experience around the topic of manufacturing.   In order to reach this goal, the project team focused on how visitors would be experiencing and thinking about exhibit elements.

Each project partner had a different perspective on the visitor experience.  Exhibit designers were primarily concerned with the usability, travelability, and aesthetic of the experience.  Media partners had a responsibility to ensure that the video resources that they provided were used in a way that honored stories of real people in manufacturing jobs, and continued their company’s commitment to quality children’s programming.  Museum educators sought to translate difficult manufacturing content into interesting and understandable information.  Informal learning researchers focused on how connections could be made across designed exhibit experiences to help visitors make sense of the topic of manufacturing.  Thus, every team member had a set of questions that was of particular interest to them (See Table 1).



Table 1: Project Team Members’ Questions of Interest
	Project Team Member
	Questions of Interest

	Exhibit Designers
	How do visitors use the exhibition?

	Media Partners
	Do visitors recognize the importance of people in the manufacturing process?  Is the presence of Mister Rogers in the exhibition a positive experience?

	Museum Educators
	How can the museum communicate content to visitors through staff mediation and signage?

	Informal Learning Researchers
	How are visitors connecting to ideas around manufacturing?  What do visitor conversations around the four manufacturing processes sound like?


To help answer these questions, museum exhibit designers and education staff set up prototype versions of possible HPMT activities.  Informal learning researchers observed visitor use of and conversations around the prototypes.  The researchers also informally interviewed visitors about their interest in and understanding of the exhibit components.  The researchers reported findings from these prototyping sessions to the project team during follow-up meetings.  These findings, supplemented by other team members’ impressions of the success or failure of a particular prototype, helped the team make decisions that were rooted in visitor experience. 

Decision #1: Focus of the Exhibition
Initial prototypes revealed that visitors were not receiving a clear message regarding what they were supposed to take away from the exhibition. For example, one early prototyping session focused on the topic of molding.  In this prototype, visitors could make play putty and Superballs, design shapes on a computer program, watch a Mister Rogers’ Factory Tour video on ball-making, and manipulate playdough.  The prototype covered topics such as product testing, design, machinery, materials, object features, and the effort that goes into making things.  Visitors who attended this prototyping session rarely made the connection between the set of activities provided and the molding process.  In particular, children who made something during the prototype tended to focus on the material or surface features of the object they made with little understanding of the process that they used to make it. 

After reviewing interview and observation notes from this session, the project team decided to develop a cohesive set of core ideas that would guide the creation of subsequent prototypes and serve as a reference point for making decisions about what would and would not be included in the final exhibition (See Refining the Learning Objectives).  During these meetings, the team debated what part the title, How People Make Things, should be emphasized in the exhibition: the people, the processes, or the objects.  The group decided that what it really wanted visitors to walk away with from the aforementioned prototype was an understanding of molding, therefore the primary focus of the exhibition should be on the processes of making.  Any future prototyped activities from that point on highlighted an understanding of process for visitors.

Decision # 2: Situating Objects Within a Process Context

The project team tested several different ways of presenting manufacturing processes to visitors.  These prototypes included staffed interactions with real machines, simple arrangements of objects made using manufacturing processes, signage explaining scientific concepts behind manufacturing, and video clips of factory tours from the children’s television show, Mister Rogers’ Neighborhood. Visitor observations revealed that families frequently talked about processes while looking at or making familiar objects.  Simple object displays and activities were most effective in eliciting family conversation, especially when the prototype incorporated objects that both parents and children would recognize such as cups, dolls, and shoes as opposed to unique objects like golf tees, gears, or sculptural art.  In addition, adult visitor interviews indicated that when video narratives were used in conjunction with familiar objects, the nostalgic aspects of the videos drew parents in and made it easier for them to discuss manufacturing processes in kid-friendly language.

Taken together, these findings provided the project team with evidence that the manufacturing processes would be best understood by focusing on how recognizable objects are made.  As a result, the team adopted a three-pronged approach that positioned everyday objects as scaffolds to support family understanding both inside and outside of the museum:

a.) Situate objects within the context of an activity. 

In the exhibition, families work together to create familiar objects using several different manufacturing processes.  These objects can be taken home with the idea that they will function as leverage points between the museum context and the home (i.e. The objects’ meaning to the family is now linked to the activity of its making, so conversations and interactions around the object have a greater potential to support process-oriented concepts). 

b.) Present objects that are familiar to families. 

The exhibition contains several everyday objects that families are likely to encounter when they return home.  Objects in the exhibition are categorized by the process through which they were made.  By showcasing objects that are likely to be seen and used in multiple contexts, the designers hoped that families would see process similarities between those objects and other objects in their world.

c.) Activate adults by introducing disciplinary content in an accessible way.

HPMT includes rich process narratives about objects that incorporate a familiar television icon, Mister Rogers, in order to peak adults’ interest and engage them with process ideas using language that is accessible to their children. The videos were meant to increase parent comfort with manufacturing concepts and give them conversational tools to talk to their children about the complex processes through which everyday objects are made.

By presenting objects in these three ways, the project team hoped to support families’ process understanding of objects. HPMT could be viewed as successful if the exhibition helped visitors think about objects as made things.

Decision #3: Scope of the Exhibition
Initially, the project team considered two different process themes as organizers for HPMT.  The first theme explored all the different aspects of manufacturing including product design, product creation, finishing touches, product packaging, and product shipping.  The second theme focused on the transformative processes (i.e. addition, subtraction, and deformation) that change the shape of a material into a recognizable object.  The project team met with manufacturing experts in order to determine which of these organizers was more salient to their work.  The experts identified the transformative processes as core to their practice.  Therefore, a decision was made to prototype activities around the three transformative processes.  

During these prototypes, visitor interviews uncovered confusion about what the three terms stood for, while family observations indicated that these words were difficult to use in order to explain how everyday objects are made.  After further consultation with the content experts, the team decided to test out more easily understood synonyms.  The new prototyped vocabulary centered on the processes of molding, cutting, and deforming, and proved to be easier for parents and children to adopt into their conversations.  Furthermore, family interviews indicated that parents and children could use the simpler language to describe the making of everyday objects.

After the team found a common language to discuss the three transformative processes, we realized that we wanted a way to tie all of the processes together.  We again consulted our content experts, who suggested that assembly, a manufacturing technique that connects objects made by the three different processes together, would be a positive addition to the exhibition.  Unlike the three transformative areas, which received extensive prototyping and revision, the assembly area was never prototyped.  Therefore, we expect that the assembly area will be the least likely of all of the process areas to assist families in thinking about how everyday objects are made.  

Revising the learning objectives
In order to identify compelling exhibit experiences that would satisfy the goals of the project, the project team returned to the learning objectives outlined in the grant.  The grant objectives were used to assess the viability of initial exhibit prototypes.  As a direct result of the design decisions made from watching visitors interact with these prototypes, several learning objectives were revised to help the project team further define the ideas that visitors would encounter in the exhibition.  These objectives also served as a guide in the development of the model for change in understanding, allowing the evaluators to create interview questions and coding categories that were responsive to our project goal of helping visitors think about manufactured objects in new and more sophisticated ways.

Learning Objective #1: 

We want visitors to see objects as things that are made through a process.

Learning Objective #2: 

We want visitors to understand that all objects are the result of three transformative processes: molding, cutting, and deforming.


a.) Molding is about adding material to a mold to make a new shape


b.) Cutting is about removing to make a new shape


c.) Deforming is about forcing material into a new shape

Learning Objective #3:

We want visitors to be familiar with assembly because it is a common technique in manufacturing.


a.) Assembly: When two or more separately made pieces are put together

Learning Objective #4:

We want visitors to recognize the importance of people in the manufacturing process. 

Learning Objective #5: 

We want visitors to realize that they use these processes to make things by hand, and that machines use the same processes that they do. Where the processes differ is in relation to advances in design, engineering, and technology of tools.

Assessing the success of how people make things

One of the questions posed in the original NSF grant for this project was whether the exhibition, How People Make Things, would be equally successful in every venue at helping families build a shared understanding of how everyday objects are made.  Each museum that the exhibition traveled to would have a different spatial layout, capacity to hold various exhibit elements, and staff involvement.  In addition, one of the main strengths of the exhibition, exploring rich manufacturing process narratives using the familiar voice of Mister Rogers, might not resonate with adults and children living in other areas of the country. Thus, the exhibition could potentially have very different visitor outcomes from one location to the next.  

In order to assess whether the exhibition was successful outside of its original venue, we collected data from families at two different museum locations: The Children’s Museum of Pittsburgh and the Omaha Children’s Museum.  The model of potential for change in understanding was used to explore whether the exhibition was effective in helping families think and talk about objects and the processes of manufacturing.  If families at both venues were able to demonstrate shifts in how they talked about the making of objects, then the exhibition accomplished its learning objectives.

Summary of Findings

1.) Was the exhibition successful in helping families feel more comfortable with the topic of manufacturing?
 
One of the features of the model of change is that it predicts that families will become more comfortable with the topic of manufacturing as a result of visiting the exhibition.
·  Even though most adults in Pittsburgh (83%) and in Omaha (67%) reported having no experience in the area of manufacturing, 64% of Pittsburgh adults and 98% of Omaha adults reported feeling more comfortable with the topic of manufacturing after visiting the exhibition. 
· In Pittsburgh, more than half of adult visitors to the exhibition (59%) said that the 
exhibition had increased their interest in the topic of manufacturing, and 79% of 
adults believed that their children’s interest in the topic of manufacturing had 
increased.  
Thus, the exhibition accomplished its goal of helping families become more comfortable with and interested in the topic of manufacturing.

2.) Did family conversations around manufacturing during their visit change the way that they talked about objects after their visit?
The main claim in the model of change is that during-visit family conversations transform how parents and children talk about objects after their visit.  
·      Families talked about specific manufacturing processes an average of 52 times per visit.  Almost half of these conversational turns also involved a reference to an everyday object, meaning that families had several opportunities to talk together in order to develop a shared understanding of objects.

·      What families talk about together in the exhibition significantly predicts how they will talk about the processes through which everyday objects are made after their visit.  Time spent in the exhibition and prior process knowledge are not factors.
Families’ conversations within the exhibition reflect a rehearsal of the language of manufacturing that supports a view of objects in a process context.  Parents and children are able to use what they talk about together in the exhibition to transform how they talk about everyday objects after their visit.
3.) Do families show potential for being able to talk about how everyday objects are made once they leave the exhibition and return home?

Preliminary evidence suggests that families are interested in and equipped to talk about how everyday objects are made once they leave the museum and return home.
· In Omaha, adults and children were able to come up with several objects in their homes that connected to the processes of manufacturing after their visit (See Table below).  
Percentage of Omaha Adults and Children That Mentioned an Everyday Object Made Through a Specific Process*
	
	Adults
	Children

	Molding
	95%
	39%

	Cutting
	91%
	53%

	Deforming
	67%
	19%

	Assembly
	67%
	34%


* (n = 20)

· In Pittsburgh, many adults (75%) indicated that they would look for objects made using the specific processes viewed in the exhibition with their children when they returned home.
In the museum, families were able to talk about the processes through which ordinary objects are made.  By mediating family conversations around objects, the museum experience supports a view of objects as potential learning opportunities. Here, an encounter with an everyday object at home has the potential to scaffold family conversations about what the family saw, did, and talked about during their museum visit.  The data above suggest that families who visit the exhibition are ready and able to have learning conversations around how objects are made at home.

4.) How does the exhibition compare to other similarly-sized exhibitions designed for families?

One method of comparing exhibitions that focus on different content is to examine the amount of time that visitors spend there.

· The average time that families took for their entire visit to How People Make Things was 33 minutes 12 seconds, with a range of 13 minutes 11 seconds to 59 minutes 50 seconds.
· In an evaluation of a similarly sized (2600 sq. ft.) exhibition, Secrets of Circles, Sue Allen found that visitors came to the Circles exhibition for an average time of 17.4 minutes
.  She states that 17.4 minutes is over 50% longer than Serrell’s model predicts based on gallery size
.

If this is indeed the case, then visitors to How People Make Things stay in the exhibition for an exceptionally long time, when compared to other similarly sized exhibitions.
5.) Did the exhibition meet its learning objectives?

Learning Objective #1: Did the exhibition succeed in helping families think about objects as being made through a process?
Our model of change predicts that before visiting the exhibition, families will talk about objects mainly in terms of their functions, materials they are made from, or surface features.  After visiting the exhibition, families should be able to describe objects in terms of the processes through which they were made.

· In Pittsburgh, parents and children were significantly more likely to use process talk when describing an object after their visit than they had been before their visit (See Table below).
· In Omaha, parents and children talked about objects in the same way before the visit as they did after the visit. 

In Pittsburgh, families demonstrated a shift in how they thought about everyday objects, moving towards a more process-oriented understanding, as a result of their shared museum experience.  Why did families in Omaha talk about everyday objects differently?  

One reason may be that families in Pittsburgh had more access to resources for learning more about how everyday objects are made.  The Factory Tour videos featured in the exhibition show the manufacturing process step-by-step, and are narrated by television icon, Mister Rogers.  The show, Mister Rogers’ Neighborhood, was produced in Pittsburgh, so many of the city’s adult residents are very familiar with the show’s content, and still watch it on television with their own children.  Families who viewed the exhibition in Pittsburgh may have been more receptive to watching and talking about these videos during their visit because they recognized and felt comfortable with the information being displayed.  

Differences in the Percentage of Adult and Child Process Talk by Location*

	
	Percentage of Process Talk Before Visit
	Percentage of Process Talk After Visit
	Percent Increase in Process Talk About Objects

	Adult
	
	
	

	Omaha
	              42%
	              47%
	                   5%

	Pittsburgh
	52%
	62%
	10%*

	Child
	
	
	

	Omaha
	              12%
	              16%
	                   4%

	Pittsburgh
	10%
	35%
	25%*


* Indicates a significant difference at the .05 level; Pittsburgh (n = 59), Omaha (n = 21)

Another possible reason that adults and children in Omaha did not increase their process talk about objects is that perhaps the objects in the exhibition, being made mostly in factories on the East Coast, did not resonate with Omaha families in the same way as they might in locations like Pittsburgh, where those products are more well-known.  Omaha families may have missed opportunities to talk about certain objects because those objects were unfamiliar.  Intuitively, it is easier to connect prior personal experiences to museum objects if those objects are frequently encountered in everyday life.  It is more challenging to find ways to talk about unrecognizable objects. Thus, Omaha families may have limited their discussions about how objects are made to objects that they knew something about.
Learning Objective #2: Do visitors recognize specific processes that transform materials into everyday objects?
In accordance with our model of change, another indicator of the exhibition’s success is if families become better at recognizing features of objects that are cut, molded, or deformed after their visit.

· Children in both Omaha and Pittsburgh became significantly better at recognizing objects made through the specific manufacturing processes of Cutting, Molding, and Deforming (See Table below).

· Adults in both Omaha and Pittsburgh also showed significant increases in their ability to talk about objects made by Cutting and Deforming.

· Adults in Omaha discussed how everyday objects are molded significantly more after the visit than they had before the visit. 

· Adults in Pittsburgh already knew a lot about molded objects before coming to the exhibition, so their recognition of objects made by Molding was equally high after the visit.
Percent Change in Adult and Child Specific Process Mentions by Location*

	
	Molding
	Cutting
	Deforming

	Adult
	
	
	

	Omaha
	31%*
	    27%*
	34%*

	Pittsburgh
	6%
	    65%*
	44%*

	Child
	
	
	

	Omaha
	19%*
	    43%*
	19%*

	Pittsburgh
	47%*
	    34%*
	29%*


* Indicates a significant difference at the .05 level; Pittsburgh (n = 59), Omaha (n = 21)

Taken together, the results above indicate that the exhibition supported a positive change in families’ ability to reason about the specific manufacturing processes used to make everyday objects.

Learning Objective #3: Do visitors identify assembly as a part of manufacturing?
Our model of change hypothesizes that families will become better able to recognize features of objects that are assembled once they have viewed the exhibit.

·  Children in both Omaha and Pittsburgh became significantly better at identifying assembled objects after their visit (See Table below).

· Adults in Pittsburgh also significantly increased their understanding of objects made by Assembly.

· Adults in Omaha did talk more about Assembly after their visit than they had before their visit, but this result was not significant. 

The exhibition accomplished its objective of helping families connect the process of assembly to manufactured objects. 

Percent Change in Adult and Child Assembly Mentions by Location*

	
	Assembly

	Adult
	

	Omaha
	19%

	Pittsburgh
	  67%*

	Child
	

	Omaha
	19%*

	Pittsburgh
	35%*


* Indicates a significant difference at the .05 level; Pittsburgh (n = 59), Omaha (n = 21)
Learning Objective #4: Did families recognize the role of people in the manufacturing process?
Based upon the model of change, we expected that families would be able to articulate the role of people in the manufacturing process after visiting the exhibition.

· 91% of Omaha adults thought that the exhibition had showed them the importance of people in the manufacturing process.

· 32% of Pittsburgh adults felt that the Factory Tour videos, in particular, had helped them recognize the role of people in manufacturing.

The exhibition achieved its goal in highlighting peoples’ role in manufacturing.  In particular, the Factory Tour videos, which showed real workers making everyday objects, provided visitors with compelling visual imagery of people’s jobs.

Learning Objective #5: Did families think about similarities and differences between processes done by hand and processes done by machine?

The model of change predicts that families will be more likely to talk about the tools and machines used to make things after their visit.  In particular, the exhibition would be considered successful if families were able to link specific manufacturing processes to tools and machines used to make everyday objects.
· All Omaha adults (100%) and most children (74%) were able to talk about at least one tool used in a specific manufacturing process after their museum experience.
· Most Pittsburgh adults (80%) were able to identify specific tools used to cut, mold, or deform material after their visit.
Although we have limited evidence regarding which tools and machines families were familiar with before their visit, the conversational connections that they made between tools and specific processes during the visit support the claim that they developed a robust understanding of tools and machines after their visit by talking together during their museum experience.
Chapter 2: pittsburgh
summary of key pittsburgh findings

A model of change describing how families might build a process understanding of objects was developed to assess whether the How People Make Things met its learning objectives.  The model provides markers of what family conversations around objects might look like before, during, and after families visit the exhibition.  These markers include viewing objects as being made through processes, recognizing the four specific manufacturing processes used to make everyday objects (i.e. Cutting, Molding, Deforming, and Assembly), understanding the role of people in manufacturing, identifying the similarities and differences between objects made by hand and those made by machine, and becoming more comfortable with the topic of manufacturing.  If the majority of visitors were able to discuss the topics listed above after their museum experience, and were less skilled at doing so before they visited the exhibition, then this would suggest the exhibit was a productive learning environment, where families could talk together and cultivate a shared set of ideas.

Viewing objects as being made through processes
· Before visiting the exhibition, both parents and children thought about objects in terms of the material that they were made out of, the function that they carried out, and their visible appearance.  

· After visiting How People Make Things, parents and their children were significantly more likely to describe an object in terms of the process through which it was made.  

This finding suggests that the museum experience, which focused on the manufacturing processes used to make everyday objects, provided families with a different way of looking at objects that successfully shifted them away from thinking about objects as consisting of uses, surface features, and materials towards a process-oriented view.

Recognizing the four specific manufacturing processes

· Parents and children were significantly better at recognizing and talking about objects made through the specific manufacturing processes of Cutting, Deforming, and Assembly after their museum experience than they had been before visiting the exhibition. 

· Children demonstrated a significantly greater understanding of objects made using a Molding process, using more language associated with molding to describe made objects than they had before visiting the exhibition.  

· Adults were already highly skilled at talking about the process of molding before coming to the exhibition, so they showed no significant increase in their conversations around molded objects.

These findings provide additional evidence that adults and children who experienced the How People Make Things exhibition left the experience being able to think and talk about objects and specific processes in powerful ways.  

Understanding the role of people in the manufacturing process

· Over half of adult visitors (59%) said that the exhibition had provided them with opportunities to share their own personal experiences with their children.

· Many visitors (56%) reported watching at least of one the Factory Tour videos in the exhibition.  Over half of adult visitors (58%) believed that the videos had helped them to recognize the role of people in the manufacturing process.

Two of the design bets that the project team made when constructing this exhibition were that visitors would be able to tap into their own personal memories of making objects as a way of understanding the processes used in manufacturing, and that families would recognize the video tours given by factory workers and narrated by Mister Rogers and thus connect exhibit activities to people in manufacturing.  While some visitors were able to emphasize the idea that people are needed in order to make everyday objects during their visit, the design decision to channel most of visitors’ interactions with the people aspect of manufacturing into the exhibits’ video elements limited the impact of the exhibition to support a greater number of rich family conversations around people, making, and factories. 

Identifying the similarities and differences between objects made by hand and those made by machine

· Only 34% of children were able to talk about tools used in specific processes after their visit.  This result seems to be conflated with children’s understanding of the deforming process.

· Most adults could recognize similarities and differences in tools used for specific manufacturing processes both before (83%) and after the visit (80%).

· Most adults had either seen or used various tools and machines used in manufacturing before.  

· After their visit to the exhibition, many adults (80%) were able to brainstorm tools that they have at home that are used to cut, mold, and deform.

Although there are somewhat mixed results regarding children’s ability to talk about how tools are used to make everyday objects, adults seem to be able to talk about tools used for specific manufacturing processes.  Since these adults were also able to think of tools at home that are used to cut, mold, and deform, it seems that some tentative connections are being made between the tools and processes that families viewed in the exhibition and the items they have to make things at home.

Looking at everyday objects in a new way
· 75% of adults said they would look for objects made using specific processes once they returned home.

When we consider that a large percentage of adults stated that they would engage their children in an exploration of the manufacturing processes used to make objects at home, we see that the exhibition both prepares and encourages families to talk together in ways that support a rich organization and translation of the properties of everyday objects.  Here, family conversation around objects has the potential to extend outside of the museum to a learning context that the family shares on a daily basis.
Becoming more comfortable with the topic of manufacturing

· Most adults (83%) who visited HPMT reported having no experience in the area of manufacturing. Yet 64% of adults reported feeling more comfortable with the topic of manufacturing after visiting the exhibition. 

· More than half of the adult visitors to the exhibition (59%) said that HPMT had increased their interest in the topic of manufacturing. Seventy-nine percent of adults believed that their children’s interest in the topic of manufacturing had also increased.  

These visitor self-reports indicate that the exhibition was effective at reaching its core audience, families who were unfamiliar with many of the making processes.  Taken together, the above findings show that visitors did not need to be manufacturing content experts before visiting the exhibition in order to talk about, be interested in, and understand the ways in which everyday objects are made both during and after their visit.
collecting information on the visitor experience

Data collection took place at the Children’s Museum of Pittsburgh in Fall 2007. In all, sixty-six adult-child pairs answered interview questions before they entered the exhibition.  Seven of these pairs did not return to finish the evaluation after they had seen the exhibition, so they were excluded from the study.  A total of fifty-nine participating families completed both the pre and post visit interviews.  Fifty-eight adults completed the post-visit survey. Twelve people refused to participate in the HPMT evaluation.  Of these, eleven people were not interested in being interviewed, and one was the only adult in a large group of children.

UPCLOSE researchers initially approached visitors at the entrance to the exhibition. If the visiting group had a child between the ages of 5 and 12 with an adult relative, then those two family members were asked to participate in the evaluation
. The researchers explained the nature of the study, and told the pair that they would receive two free passes for a future Children’s Museum visit at the conclusion of the evaluation (i.e. after the post-visit interview).  Additional family members either waited for participants to finish the study or they entered the exhibition without them. 

Adult participants were led to a table by one researcher, while child participants were taken to a separate table by another researcher
. Adult family members were asked to sign a consent form indicating that they were willing to participate with the child in the evaluation.  Adults were then asked a series of demographic questions regarding their museum visitorship, prior familiarity with the exhibition, and their interest in the topic of manufacturing.

Researchers asked adult and child participants an identical set of questions about objects (See Appendix E: Pittsburgh Interview Protocol)
.  All interviews were audiotaped.  First, participants were given an object and asked to provide a narrative for how they thought that object was made.  Next, the researchers showed participants a set of three objects (either physical objects or pictures of objects) and asked them to identify which two of the three objects had been made in a similar way.  Participants were then prompted to provide reasons for their answers. 

After both the child and the adult completed the interview, the adult participant was given an index card with the family’s participant number and the time the family entered the exhibit on it, and told to return the card to the researchers when they had finished visiting the exhibition.  The pair was shown the exit to the exhibition (i.e. Assembly Area), and led to the Entry Area to begin their visit.

In addition, ten randomly selected families were asked if they would agree to be observed during their visit to the exhibition.  These families agreed to wear wireless microphones and be videotaped at a distance.  Researchers placed signs up in the exhibition to indicate that they would potentially be videotaping in each of the five exhibit areas that day.

When a participating family exited the exhibition, they were again led to separate tables for their individual interviews.  As before, researchers first asked the adult and child to provide a narrative regarding how a particular object was made.  Then, the researchers showed each family member a set of three objects (again, either physical objects or pictures).  However, this time the researchers asked participants to identify one object that was made by a particular process (i.e. Which of these objects do you think was molded?).  Participants were asked to justify their responses
.

Finally, adult participants were asked to fill out a survey with additional demographic information such as their prior familiarity with Mister Rogers and the machines featured in the exhibition, and any media resources they used as a family to learn more about manufacturing.  Adults were also asked to indicate how the exhibition compared to other activities addressing the topic of manufacturing.  After filling out a series of Likert-scale statements about the exhibition, the adult participant was given two free passes to the museum for a future visit.

did the exhibition succeed in helping families think about objects as being made through a process?

One of the goals of this exhibition was to help families view objects as items that are made through a process (See Learning Objective #1).    

We hypothesized that the reasons that visitors gave for picking particular objects would provide insight into how they were thinking about the objects themselves. If more visitors described objects as being made through a process after visiting the exhibition, then we could conclude that the exhibition had succeeded in its goal of moving visitors towards a process view of objects.

The reasons that visitors gave during the interviews were coded for the presence (+1) or absence (0) of different views of objects (see below).


Table 2: Definition of Visitors’ Views of Objects: Pittsburgh

	Reason Given
	Example

	Functional – Pertains to the use of the object
	“Because they're both tools.”

Pre-Visit Pitt Child #21

	Material –What the object is made out of
	“Because it's plastic.”

Post-Visit Pitt Adult #49

	Perceptual – A surface feature of the object such as look, weight, and feel
	“Because they’re straight.  They have a point.”
Post-Visit Pitt Child #32

	Process –Pertains to how the object was created; Not limited to cutting, molding, deforming, assembly
	“I think that was deformed.”

Post-Visit Pitt Adult #38



	Unknown – Participant is guessing or does not know the answer
	“Again, I have no idea.” 

Pre-Visit Pitt Child #4


Each participant could only get credit for a particular reason once per question.  But everyone had the opportunity to get up to four codes per question.  For example, a parent might give a Material and a Process explanation so they would receive 0’s for Functional, Perceptual, and Unknown, and 1’s for Material and Process.  The total number of reasons each person gave for all four sets of objects was added together.  Then, the percentage of each code in relation to the total number of reasons that a particular participant gave was calculated.  The average percentage of each type of reason is reported in the table below.


Table 3: Mean Changes in Visitors’ Views of Objects: Pittsburgh
	
	Material
	Function
	Perceptual
	Process
	Don't Know

	Adult
	
	
	
	
	

	Pre-Visit
	     .346
	      .006
	.113
	     .518
	.017

	Post-Visit
	.193**
	.023
	.144
	.618**
	.022

	Child
	
	
	
	
	

	Pre-Visit
	     .465
	     .065
	      .285
	     .099
	.086

	Post-Visit
	.294**
	.027**
	.211
	.348**
	0.12


** Significant Difference

For adults, the number of reasons that referenced Material significantly decreased (from 35% to only 19% of their answers) and the number of Process explanations significantly increased (from 52% to 62%).  This finding reveals that adults became less material-oriented and more process-oriented after visiting HPMT. 

For children, the number of references to Material (from 47% to 29%) and Function (7% to 3%) significantly decreased after visiting the exhibition.  The amount of children’s Process references (from 10% to 35%) significantly increased, providing strong evidence that children were shifting away from thinking about objects as consisting of uses, surface features, and materials, and were beginning to think about objects as being made by a process.

do visitors recognize specific processes that transform materials into everyday objects?

Another goal of this exhibition was to help visitors identify objects made using three specific transformative processes: cutting, molding, and deforming (See Learning Objective #2). To examine whether the exhibition successfully met this objective, we asked visitors to tell a story about how three different everyday objects were made. We asked adults and children to provide these detailed descriptions before and after they visited the exhibition. Out of the three chosen objects, one object was clearly made by a molding process, one was made by a cutting process, and one was made by a deforming process. If the visitor used specific process language to describe the correct corresponding object, then we saw this as an indication of the visitor’s potential to be able to recognize and talk about everyday objects in the home through a process framework.
The following examples demonstrate a lack of specific process language:
Cutting Object: “Some kind of machine.  I don't know, a printing machine.”    

Pre-Visit Pitt Adult #1 referring to a greeting card

Molding Object: “Plastic bag, but they just make it even harder.”
Post-Visit Pitt Child #32 referring to horseshoe

Deforming Object: “It was probably made of plastic, color, and cardboard.”

Pre-Visit Pitt Child #2 referring to packaging

The following examples provide evidence of specific process understanding:
Cutting Object: “With a lathe.  Turned the wood around quickly, and a blade cuts around to shape it.”
      

Post-Visit Pitt Adult #1 referring to a banister
Molding Object: “I think that it was just made started from melted plastic and just they molded it up and everything. Put red dye in it.”        

Pre-Visit Pitt Child #46 referring to a ketchup bottle

Deforming Object: “It was probably started out a flat piece of metal and pushed into the shape.”             

Post-Visit Pitt Parent #47 referring to a pan
Did Visitors Recognize and Talk About Objects Made by the Cutting Process After Visiting HPMT?

As expected, adults (47%) mentioned the cutting process more than children (17%) prior to their visit (see Figure 2).  Yet, less than half of adults and very few children were able to describe an object as being cut before they entered HPMT.  This low percentage may be due to the fact that while people are familiar with tools that have a cutting function (i.e. scissors, knives, saws), they are less likely to think about cutting as a process that is done to an object. After viewing the exhibition, both adults (91%) and children (76%) demonstrated significantly greater recognition of objects made through the cutting process.  

For the cutting process in particular, visitors were able to make direct connections between the objects they were being asked to describe and the objects that they saw in the exhibition.  The following quote is from an adult visitor who was describing how a wooden banister is made: 

“I think that was made like the baseball bat.  From a log that was trimmed off, then made into a cylinder, then carved from that.”

Post-Visit Pitt Adult #43

The display referred to above depicts how baseball bats are made in five different steps, from raw wooden material to finished bat.  Unlike other objects in the exhibition that are displayed as finished products, the baseball bat display is the only real object that is shown at multiple points in the process.  Many visitors were able to take the powerful example of the bat and successfully transfer their understanding of the cutting process to similarly made objects like the banister.  By linking the bat and the banister together, visitors demonstrated a more sophisticated understanding of objects as being connected together based on specific processes rather than other types of features.

Figure 2: Percentage of Visitors Who Used Cutting Process Language: Pittsburgh
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Adults (t(56) = -6.188, p <.05); Children (t(58) = -9.197, p <.05)

Did Visitors Recognize and Talk About Objects Made by the Molding Process After Visiting HPMT?

Adults came to the exhibition with a fair amount of understanding about the molding process (85%) (See Figure 3).  Since they were already close to ceiling, adults did not significantly increase their ability to talk about molded objects.
Children showed a significant increase in their level of understanding of the molding process after visiting the exhibition. Even so, less than half of children who visited the exhibition left being able to describe molded objects.  This discrepancy may be due to the fact that molding is a complex process that requires children to think about multiple steps in which a material is heated, melted from a sold to a liquid, poured into a mold, and cooled into a solid object. Children may require more mediation to successfully transfer their knowledge about the molding process to an understanding of objects in their everyday lives.

Figure 3: Percentage of Visitors Who Used Molding Process Language: Pittsburgh
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Did Visitors Recognize and Talk About Objects Made by the Deforming Process After Visiting HPMT?

Both adults (14%) and children (0%) spoke very little about the deforming process before they visited the exhibition (See Figure 4).  After they visited the exhibition, both adults (54%) and children (15%) were significantly better at being able to identify deformed objects and describe how objects are deformed. Since deforming is the most unfamiliar of the three processes, any gains in visitor understanding are most likely the result of new knowledge gain rather than a refinement of existing knowledge about deformation. 

Figure 4: Percentage of Visitors Who Used Deforming Process Language: Pittsburgh
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Were Visitors Able to Explain Similarities and Differences Among a Set of Objects Made by Each of the Three Transformative Processes?

While it was important for visitors to be able to recognize the specific processes used to make a single object, we were also interested in whether visitors would be able to categorize a set of objects by process and compare the similarities and differences between them. To explore this idea, we presented visitors with three sets of objects before and after their visit.  Each set contained two objects that were made using the same transformative process and one object that was made using a different transformative process.  Within the sets of objects presented to visitors before they entered the exhibition, one set contained two molded objects, another set had two deformed objects, and the last set had two cut objects.  For the sets of objects presented to visitors after the visit, the first set had one molded object, the next set contained one deformed object, and the last set contained one cut object.

Before the visit, we asked adults and children to identify which two objects in each set were made in a similar way.  We probed visitors’ choices for explanations of why they thought those objects were similar.  After the visit, we asked visitors to identify which object in the set was molded, which was cut, and which was deformed.  Again, visitors were asked to provide reasons for their choices.  We chose to ask questions more generally before the visit because we wanted to ensure that the exhibition, not the interview, was helping visitors view objects through a specific process lens.  In addition, we did not want to prime visitors with language they could use to understand and interpret the exhibition. Specific process language was used in our after-visit prompts in order to pinpoint how visitors thought about and related specific process terminology to objects.

If an adult or child used specific process language to explain the similarities and differences between objects before the visit, then we saw this as evidence that the visitor understood and could talk about a particular process.  After the visit, if the visitor was able to describe in detail the process used to make a particular object or talk about features indicating that an object was made using a particular process, then that visitor was credited as having an understanding of that specific process. 

The following examples demonstrate a lack of specific process comparisons:
Similar Objects Made By Cutting: 

“I haven’t a clue.  Because they’re both solid.”

Pre-Visit Pitt Adult #45 incorrectly referring to sign (cut) and figurine (molded)

“Because they’re metal, and you can’t cut metal.”

Post-Visit Pitt Child #66 referring to keys

Similar Objects Made By Molding: 

“Because the paperclip seems really out of place.”

Pre-Visit Pitt Adult #42

“Because they look like it.”

Post-Visit Pitt Child #41 incorrectly referring to stamps

Similar Objects Made By Deforming: 

“They feel the same.”

Pre-Visit Pitt Child #60 incorrectly pairing plastic bear (molded) and fire helmet (deformed)

“Because it’s sturdy, but it’s not hard.”

Post-Visit Pitt Adult #57 referring to packaging

The following examples provide evidence of specific process comparisons:
Similar Objects Made By Cutting: 

“Because they're flat and they could be cut as opposed to some kind of molding for that.”

Pre-Visit Pitt Adult #53 comparing cut sign and gloves to molded figurine

“Because it looks like they really didn't cut into anything. They probably cut this out of wood and they probably cut the holes inside the keys.”
Post-Visit Pitt Child #14 comparing molded mask to cut toothpick and keys

Similar Objects Made By Molding: 

“Because you use molds to make them because you wouldn't usually use a mold for metal. Yeah you'll probably just cut it and then bend it.”
Pre-Visit Pitt Child #29 referring to ball and candle made by molding, and paper clip

“Well, because this is just paper and it's stamped. This is just wire and some machine bending it. And this would just be poured in and molded.”
Post-Visit Pitt Adult #57 referring to cut stamp, deformed staples, and molded toy

Similar Objects Made By Deforming: 

“Again, a heated plastic that’s pressed or shaped to make the final shape.”

Pre-Visit Pitt Adult #40 referring to similarly made tray and fire helmet

“Because it looks like it was made by vacuum forming…when you use heat and vacuum to make something.  I know cause I just made the bowl and they use vacuum and heat to make it.”

Post-Visit Pitt Child #50 referring to packaging

The results in Table 4 indicate that both adults (93%) and children (34%) became significantly better at differentiating between cut objects and objects made another way after they had visited the exhibition.  In addition, after their visit adults (58%) and children  (29%) were significantly more adept at singling out deformed objects compared to objects made using a different process.  

Children (59%) also became considerably better at identifying and comparing molded objects to other made objects.  Adults (75%) were already skilled at recognizing and categorizing molded objects before they visited the exhibition.  Therefore, adults’ understanding of molding did not noticeably shift after their museum experience.

Table 4: Changes in Percentage of Visitors Who Gave Specific Process Explanations

	Pittsburgh
	Molding
	Cutting
	Deforming

	Adult
	
	
	

	Pre-Visit
	.75
	.28
	.14

	Post-Visit
	.81
	    .93**
	    .58**

	Child
	
	
	

	Pre-Visit
	.12
	.00
	.00

	Post-Visit
	    .59**
	    .34**
	    .29**


** Indicates a significant difference at the .01 level

These findings regarding object-process comparisons provide additional evidence that adults and children who experienced the How People Make Things exhibition left the activity being able to think and talk about objects in powerful ways.  This pattern of visitor understanding does not differ, regardless of whether visitors are talking about a single object or formulating comparisons between objects. 
The assertion that the exhibition equips families to participate in more sophisticated conversations about objects and related features of objects once they leave the museum is supported by the fact that visitors’ responses to questions about objects become much more focused on specific processes after their exploration of the exhibition.  These findings are encouraging, when we consider that 75% of adult interviewees stated that they would engage their children in an exploration of specific manufacturing processes at home as an extension of their visit to How People Make Things.  Thus, the exhibition both prepares and encourages families to talk productively together in ways that support a rich organization and translation of the properties of everyday objects.

do visitors identify assembly as a part of manufacturing?

While the main focus of the exhibition is the three transformative processes (cutting, molding, and deforming), it was also important that visitors understood that assembly was a technique common to manufacturing (See Learning Objective #3). In order to examine whether visitors could identify assembled objects, we asked visitors to choose two objects (out of a set of three objects) that were made in the same way before they visited the exhibition.  Visitors were told to provide a reason for their answers. After they visited the exhibition, we asked visitors to specifically pinpoint an assembled object and to justify picking that object. Visitor responses were coded for lack of understanding of assembly (0) or demonstrating understanding of assembly (+1).

Examples demonstrating a lack of understanding:
 Assembly: “Because they can break easily.”

Pre-Visit Pitt Child #6 referring to flyswatter (assembled) and flower pot (molded)

Examples demonstrating understanding:
Assembly: “Because that is a single part, where the other items have several parts put together.”

Post-Visit Pitt Adult #33 referring to spoon (molded) and scissors (assembled)

Did Visitors Recognize and Talk About Objects Made Using Assembly Techniques After Visiting HPMT?

Some adults (31%) and very few children (7%) described objects as being assembled before they visited the exhibition (see Figure 5).  After they viewed the exhibition, both adults (98%) and children (42%) became significantly better at referencing assembly when discussing how objects were made. 
Figure 5: Percentage of Visitors Who Used Assembly Process Language: Pittsburgh
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Before they visited the exhibition, children, in particular, seemed to focus on other features of objects like material, functional, and perceptual features of assembled objects: 

“Because they both have plastic. They both had to go through a processor.”

Pre-Visit Pitt Child #45: 8 year old boy
“Because they feel the same here and here.”

Pre-Visit Pitt Child #51:  6 year old girl
“Because they're both like spoons.”

Pre-Visit Pitt Child #67: 6 year old girl
After they viewed the exhibition, children became more focused in their answers:
“Because it didn't come in two pieces and the other is. That's what I'm guessing assembled means.”

Post-Visit Pitt Child #45: 8 year old boy

“Because it's just one whole entire piece of metal and the scissors have screws and lots of different things that made it, and the same with the pen.”

Post-Visit Pitt Child #51:  6 year old girl
“I don't think that has as many parts to put together.  I think a trolley was assembled, so they have to put more parts together than this one.” 
Post-Visit Pitt Child #67: 6 year old girl

did families think about the role of people in the manufacturing process?

One of the goals of the exhibition was to highlight the role of people in the manufacturing process (Learning Objective #4). Here, the definition of “people in manufacturing” can refer to factory workers or to visitors who want to share their own encounters with everyday objects and the processes of making with their children.  In fact, over half of adult visitors (59%) said that the exhibition had provided them with opportunities to share personal experiences with their family members.
 In order to further assist visitors in recognizing the importance of people in the manufacturing process, as well as to leverage parent interest in the topic, the exhibit designers included eight Factory Tour Videos from a beloved children’s television icon in the exhibition (see http://pbskids.org/rogers/R_house/picpic.htm for example videos).  These videos each highlight a specific manufacturing process (Molding, Cutting, Deforming and Assembly), but guide the viewer through the entire step-by-step process of how an object is made using tours given by factory workers and narrated by Mister Rogers.  It was assumed that adults would recognize these videos from their own childhood, and would emulate the child-friendly language used in the videos.  
Most adult visitors to the exhibition (80%) reported having watched Mister Rogers’ Neighborhood as children, while 59% of adults had also viewed the program with their own children.  Over half of adult visitors (56%) reported watching at least one of the Factory Tour Videos during their visit.  Of those adults, 58% believed that the videos had helped them to recognize the role of people in the manufacturing process, and 85% felt that they were able to connect the video’s content to other exhibit activities.  

did families think about similarities and differences between processes done by hand and processes done by machine?

Another goal of the exhibition was to help families recognize the similarities and differences between making things by hand and the processes used to manufacture objects using machines (Learning Objective #4). In order to examine whether visitors could identify tools and machines used to perform similar manufacturing processes, we asked visitors to identify two tools (out of a set of three) that were most like each other before they visited the exhibition.  Visitors were told to provide a reason for their answers. After they visited the exhibition, we asked visitors to specifically pinpoint a tool used in the deforming process and to justify picking that tool. We also asked them a question regarding tools that were “most like each other”.  Visitor responses were coded for explanations demonstrating a process understanding of tool similarities and differences (+1) or lack of process understanding of tool similarities or differences (0).  

Examples demonstrating a lack of understanding of process similarities or differences of tools:
 Tool: “Because they just look the same.”
Pre-Visit Pitt six year-old Child #41 referring to scissors and tea infuser

Tool: “They’re both used for wood.”
Pre-Visit Pitt twelve year-old Child #57 referring to saw and hammer

Examples demonstrating understanding of process similarities or differences of tools:
Tool: “Because they're still going to cut the metal, just in a different way.  That cuts a hole.  That cuts a line.”

Post-Visit Pitt Adult #32 referring to saw and drill

Tool: “Both for cutting or shaving or shaping wood.”

Pre-Visit Pitt Adult #1 referring to saw and chisel

Tool: “They look like you would pound on it - deform it.”
Post-Visit Pitt five year-old Child #54 referring to mallet
Did Visitors Identify and Talk About Tools Used For Similar Manufacturing Processes? 

Most adults (83%) and half of the child participants (51%) were able to identify and talk about tools used for similar manufacturing processes (see Figure 6).  Because most adults already had a process understanding of tools before their visit, their knowledge did not increase or decrease significantly.  
However, children’s process understanding of tools appeared to drop significantly after their visit.  When we examined this trend by question asked, we found no significant differences in how children explained “which of these two things are most like each other?”   Yet children were significantly less likely to correctly answer the question, “which of these tools would be best if you wanted to deform something?” after the visit compared to their answers to the question, “which of these tools does a similar job?” before the visit (t(56) = 3.420, p<.05). Here, the after-visit question asked children to tap into their tool knowledge as well as their process knowledge, conflating the measure of tool understanding.  Since very few children understood the process of deforming (15% as reported earlier), we believe that the results in Figure 6 represent adults and children’s recognition of the word, “deforming”, rather than their understanding of tool similarities and differences.
Figure 6: Percentage of Visitors Who Linked Tools to a Specific Process: Pittsburgh
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Were Visitors Familiar With Particular Tools or Machines Before Their Visit?
After their visit,, we asked adults whether they or their children use tools or machines to make things.  Sixty-nine percent of adults (n = 58) reported that they have previously used tools or machines.  Of these forty adults, eighty-eight percent went into more detail about specific tools they have used or objects that they have made using tools (See Table 5).

Table 5: Visitors’ Previous Use of Tools To Make Things: Pittsburgh*

	
	Percentage
	Examples

	Mentioned Tool Used
	37%
	Hammer, saw, scissors, screwdrivers, die cutters, drill, sanders, batter, wrench, easy bake oven, files, clamps, press, sewing machine, kitchenware

	Mentioned Made Object
	40%
	Birdhouse, swing set, crafts, model cars, playdough, LEGOS, snap circuits, armor, blocks, clubhouse, furniture, clothes, wooden items

	Mentioned Activity
	37%
	Putting things together, building home additions, plumbing, woodworking, carpentry, fixing things, fasten screws, make holes, used tools in other parts of museum, to create, cooking, sewing, knitting, cut concrete, play pretend


* (N = 35)  Some visitors mentioned a tool, object, and activity

We also asked adults if they had seen any of the machines in the exhibition before their visit (see Table 6).  Most adults had seen die cutters, robot arms and injection molders before.  However, 3-axis mills and vacuum formers were less familiar to adult visitors.

Table 6: Adult Familiarity With Machines Present in the Exhibition: Pittsburgh*
	Tool
	Percentage of Visitors

	Die Cutter
	56%

	3-Axis Mill
	15%

	Robot Arm
	56%

	Injection Molder
	48%

	Vacuum Former
	32%


* (N =  59)

Could Visitors Identify Tools They Had in Their Homes That Could Be Used To Cut, Mold, Or Deform Material?

Eighty percent of adult visitors (n = 59) identified specific tools used to cut, mold, or deform material (see Table 7).  Of these, most chose to talk about cutting tools.  

Here, adults were able to make many connections between tools that they have at home and the processes of manufacturing.  This result is encouraging, since we wanted visitors to be able to think about these manufacturing processes outside of the museum context and apply their understanding of tools to the home environment.

Table 7: Specific Process Tools Adult Visitors Identified From Home: Pittsburgh 

	
	Percentage
	Examples

	Cutting Tools
	62%
	Drill, saw, die cutter, scissors, cookie cutter, awl, lawnmower, sanders, knives, rotary cutter, router, table saw, chisel, hole punch, playdough cutter, files, metal cutter, kitchen utensils

	Deforming Tools
	23%
	Hammer, meat tenderizer, stampers, noodle machine, pliers, mallet, pottery wheel

	Molding Tools
	21%
	Cake pans, JELL-O mold, chocolate candy mold, clay molds, Crayola crayon maker, playdough mold, pie pan, wax, cupcake pan, Bundt pan,


* (N = 47).  Some visitors mentioned tools in more than one process category

did families look at everyday objects in a new way after their exhibition experience?

We wanted to know if families thought about objects differently as a result of their exhibition experience.  In particular, we were interested in how they might look at objects once they returned home.  In order to gain some insight into this question, we asked adults, whether they would look for cut, molded, or deformed objects around the house after their visit.  Seventy-five percent of adults (n = 59) reported that they believed that they would look for objects made using a particular process when they went home.  This high number of positive responses suggests that adults were potentially going to look at objects in a new way once they returned home as a result of their museum experience.
do families feel more comfortable with the topic of manufacturing?

The main purpose of the exhibition was to help families become more comfortable thinking and talking about various aspects of manufacturing.  Prior to visiting the exhibition, many adult participants (73%) expressed an interest in the topic of manufacturing.  Of these, most adults (25%) mentioned a fascination with figuring out how things are made as a reason that sparked their interest in manufacturing.
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Figure 7: Reasons for Adult Interest in Manufacturing: Pittsburgh

Adults were also asked to identify which resources they used to find out more about manufacturing topics.  Most adults listed television (61%) or books (59%) as information sources that they had previously explored (see Figure 8).
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Even though many adults were interested in the processes of making everyday objects, most adults (83%) who visited HPMT reported having no experience in the area of manufacturing. Yet 64% of adults reported feeling more comfortable with the topic of manufacturing after visiting the exhibition. Furthermore, more than half of the adult visitors to the exhibition (59%) said that the exhibition had increased their interest in the topic of manufacturing, and 79% of adults believed that their children’s interest in the topic of manufacturing had increased.  

chapter 3: Omaha
summary of key omaha findings

A model of change describing how families might build a process understanding of objects was developed to assess whether the How People Make Things met its learning objectives.  The model provides markers of what family conversations around objects might look like before, during, and after families visit the exhibition.  These markers include viewing objects as being made through processes, recognizing the four specific manufacturing processes used to make everyday objects (i.e. Cutting, Molding, Deforming, and Assembly), understanding the role of people in manufacturing, identifying the similarities and differences between objects made by hand and those made by machine, and becoming more comfortable with the topic of manufacturing.  If the majority of visitors were able to discuss the topics listed above after their museum experience, and were less skilled at doing so before they visited HPMT, then this would suggest the exhibition was a productive learning environment, where families could talk together and cultivate a shared set of ideas.

Viewing objects as being made through processes

· In Omaha, adults and children did not show a significant increase in their ability to talk about objects as being made by some sort of general process.  They continued to talk about objects in terms of their material, functional, and surface features.

Since families in Omaha were able to talk about objects being made using specific processes, this finding may simply be an artifact of the way in which this interview question was asked (i.e. what are the clues from this object that make you think so?”).

Recognizing the four specific manufacturing processes

· After visiting the exhibition, parents and children were significantly better at recognizing and talking about objects made through the specific manufacturing processes of Cutting, Deforming, and Molding after the museum experience than they had been before visiting the exhibition. 

· Children demonstrated a significantly greater understanding of objects made using an Assembly process, using more language associated with Assembly to talk about made objects after their visit than they had before visiting the exhibition. 
· After their visit, adults did not significantly increase the amount of process descriptions they gave regarding assembled objects.

These findings provide additional evidence that adults and children who experienced the How People Make Things exhibition left the experience being able to think and talk about objects and specific processes in sophisticated ways. 
Understanding the role of people in the manufacturing process

· After their visit, almost all adults (91%) felt that people play a vital role in making objects and the machines that manufacture products.
Identifying the similarities and differences between objects made by hand and those made by machine

· All adults and most children (74%) were able to talk about at least one tool used in a specific manufacturing process after their museum experience.
By situating people and tools in a specific process context during the museum experience, families were able to rehearse ways of talking about manufacturing that carried over to how they talked about people and tools after the visit.

Looking at everyday objects in a new way

· Many adults (82%) said that they looked at everyday objects in a new way after visiting the exhibition.
· Most adults could name at least one cut (91%), molded (95%), deformed (87%), or assembled object (57%) after their visit.
· Some children could name at least one cut (53%), molded (39%), deformed (87%), or assembled object (34%) after their visit.
After their museum experience, families were able to talk about objects in a process context.  This makes it more likely that they will continue to view objects in a different way than they had before once they exit the museum.

Becoming more comfortable with the topic of manufacturing

· Most adults (67%) who visited HPMT reported having no experience in the area of manufacturing. Yet 98% of adults reported feeling more comfortable with the topic of manufacturing after visiting the exhibition. 

· Seventy-two percent of adults said that the Factory Tour videos within the exhibition made it easier to talk to their children about manufacturing.  

These visitor self-reports indicate that the exhibition was effective at reaching its core audience, families who were unfamiliar with many of the making processes.  Taken together, the above findings show that visitors did not have to be manufacturing content experts in order to talk about, be interested in, and understand the ways in which everyday objects are made both during and after their visit.

collecting information on the visitor experience

Data collection took place at the Omaha Children’s Museum in Winter 2007. In all, twenty-three adult-child pairs answered interview questions before they entered the exhibition.  Two of these pairs did not return to finish the evaluation after they had seen the exhibition, so they were excluded from the study.  A total of twenty-one participating families completed both the pre and post visit interviews. Nine people refused to participate in the HPMT evaluation.  Of these, three people felt that they had too many children to keep track of, two did not feel that they had enough time to devote to the study, two had children that the parents identified as “extremely shy”, and two had no interest in the study. 

UPCLOSE researchers initially approached visitors at the exhibition entrance. If the visiting group had a child between the ages of 5 and 12 with an adult relative, then those two family members were asked to participate in the evaluation. The researchers explained the nature of the study, and told the pair that they would receive two free passes for a future Children’s Museum visit at the conclusion of the evaluation (i.e. after the post-visit interview).  Additional family members either waited for participants to finish the study or they entered the exhibition without them. 

Before entering the exhibition, adult and child participants were led to the same table by one of the researchers, where the adult family member was asked to sign a consent form indicating that they were willing to participate with the child in the evaluation.  Adults were then asked a series of demographic questions regarding their museum visitorship, prior familiarity with the exhibition, their experience with making objects, and their child’s interest in the topic of manufacturing.  Next, the researcher showed the pair an object and asked them to talk together about how they thought that object was made.  After the pair discussed three different objects, the researcher asked the child member of the pair to go to a separate table to answer individual interview questions with another researcher (See Appendix F: Omaha Interview Protocol).

During the individual interviews, researchers showed participants pictures of a pair of objects, and asked adults and children to identify whether the objects had been made in a similar way or a different way.  Participants were then prompted to provide reasons for their answers.  

After both the child and the adult completed the interview, the adult participant was given an index card with the family’s participant number and the time the family entered the exhibition written on it.  The adult was told to return the card to the researchers when they had finished visiting the exhibition.  Next, the pair was shown the exit to the exhibition (i.e. Assembly Area), and led to the Entry Area to begin their visit.

In addition, ten randomly selected families were asked if they would agree to be observed during their visit to the exhibition.  These families agreed to wear wireless microphones and be videotaped at a distance.  Researchers placed signs up in the exhibition to indicate that they would potentially be videotaping in each of the five exhibit areas that day.

When the family exited the exhibition, they were again initially led to the same table to complete the joint interview.  As before, the researcher first asked the adult and child to talk together regarding how they thought a particular object was made.  Then, a different researcher led the child to a separate table for individual interviews.  Again, each family member was shown pictures of two objects, and asked to identify whether those objects were made in a similar way or a different way.  Participants were probed to provide reasons for their responses.  Next, the researcher singled out one of the two objects being shown, and asked participants to describe what kinds of tools or machines might have been used to make that object.  Participants were also asked if they could think of another object that was made in a similar way to the one that was being focused upon.  Finally, adults and children were asked to talk about their favorite exhibit element from How People Make Things.

In addition, adult family members were asked a series of interview questions regarding their comfort level with the topic of manufacturing, their prior familiarity with Mister Rogers and their thoughts regarding the videos in the exhibition.  Adult participants were also asked about their understanding of the role of people in the manufacturing process, and their perceptions of the presence or absence of science and technology within the exhibition. 

All adult, child, and joint before-and-after-visit interviews were audio taped.  The objects shown in the before-and-after-visit interviews were counterbalanced to ensure that the individual and joint interviews were not reflecting a bias in visitor familiarity with the objects.  During the individual interviews, each of the four manufacturing processes (i.e. Cutting, Molding, Deforming, Assembly) was represented.  The materials that the everyday objects were made of was also varied to determine whether visitors held the assumption that objects that were made using the same material were made in the same way (See APPENDIX B: Omaha Individual Interview Counterbalancing). 

did the exhibition succeed in helping families think about objects as being made through a process?

One of the goals of this exhibition was to help families view objects as items that are made through a process (See Learning Objective #1). In order to explore whether families did adopt a more process-oriented view of objects, we questioned adults and children individually about four different pairs of objects before and after their visit.  We asked adults and children to decide whether each pair of objects was made in a similar way or a different way.  Then we prompted them to provide a reason for their answer. 

We hypothesized that the reasons that visitors gave for identifying particular objects’ similarities and differences would provide insight into how they were thinking about the objects themselves. If more visitors described objects as being made through a process after visiting the exhibition, then we could conclude that the exhibition had succeeded in its goal of moving visitors towards a process view of objects.

The reasons that visitors gave during the interviews were coded for the presence (+1) or absence (0) of different views of objects (see below).
           Table 8: Definition of Visitors’ Views of Objects: Omaha
	Reason Given
	Example

	Functional – Pertains to the use of the object
	“Because the Frisbee you can throw, and the frog you wouldn't want to throw because it's kind of an inside toy.”    Pre-Visit Omaha Child #19

	Material –What the object is made out of
	“I think that one's made out of metal.  And I think that one's made out of some, I don't know, but I think they're different.” 

Post-Visit Omaha Child #9 

	Perceptual – A surface feature of the object such as look, weight, and feel
	“Trumpet is kind of complex.” 

Post-Visit Omaha Adult #9 

	Process –Pertains to how the object was created; Not limited to cutting, molding, deforming, assembly
	“They're made by machinery, I guess, and at a large factory maybe.” 

Pre-Visit Omaha Adult #2 

	Unknown – Participant is guessing or does not know the answer
	“I forgot.” 

Pre-Visit Omaha Child #8 


Each participant could only get credit for a particular reason once per question.  But everyone had the opportunity to get up to four codes per question.  For example, a parent might give a Material and a Process explanation so they would receive 0’s for Functional, Perceptual, and Unknown, and 1’s for Material and Process.  The total number of reasons each person gave for all four sets of objects was added together.  Then, the percentage of each code in relation to the total number of reasons that a particular participant gave was calculated.  The average percentage of each type of reason is reported in the table below.
Table 9: Mean Changes in Visitors’ Views of Objects: Omaha
	
	Material
	Function
	Perceptual
	Process
	Don't Know

	Adult
	
	
	
	
	

	Pre-Visit
	.377
	.043
	.157
	.423
	0

	Post-Visit
	.356
	.027
	.150
	.467
	0

	Child
	
	
	
	
	

	Pre-Visit
	.396
	.125
	.313
	.122
	.042

	Post-Visit
	.426
	.157
	.227
	.160
	0.29


 ** Indicates a Significant Difference

In Omaha, adults and children did not show a significant increase in their ability to talk about objects as being made by a process during their individual interviews.  This could be due to the nature of the interview question asked as a probe (i.e. what are the clues from these objects that make you think so?), which may have led visitors to focus on the material, functional, and perceptual aspects of the objects.  In addition, the follow-up prompt to this question asked visitors to describe the tools or machines used to make a particular object.  Since the follow-up question was clearly about process, interviewees may have felt that it was unnecessary to mention processes until they were asked to do so.  An alternative explanation is that perhaps the objects in the exhibit, being made mostly in factories on the East Coast, did not resonate with families in the same way as they might in the locations where those products were more well- known.
Regardless, these results indicate a small increase in Omaha families’ process talk after they visited the exhibition.  Yet the individual interviews were only one way to investigate visitors’ process understanding of objects.  We next turn to parent-child shared conversations around three different objects before and after they visited the exhibition to see if they were able to have rich discussions around specific manufacturing processes.

do visitors recognize specific processes that transform materials into everyday objects?

Another goal of this exhibition was to help visitors identify objects made using three specific transformative processes: cutting, molding, and deforming (See Learning Objective #2). To examine whether the exhibition successfully met this objective, we asked visitors to talk together and tell a story about how three different everyday objects were made. We asked adults and children to discuss these detailed descriptions with one another before and after they visited the exhibition. Out of the three chosen objects, one object was clearly made by a molding process, one was made by a cutting process, and one was made by a deforming process. If the visitors used specific process language to describe the correct corresponding object, then we saw this as proof that the family could recognize and talk together about everyday objects in the home through a process framework.

The following examples demonstrate conversations about objects that lacked specific process descriptions:
Cutting Object: 
Adult (A): “How do you think that was made?  What's it made out of?  Hmm. Paper.  And the graphics?  You don't think that it was painted or drawn and designed and then printed up with the material?  Do you think a computer was used to make that?  You need to talk.  Anything else about this card?”
Pre-Visit Family #23 referring to a greeting card

Molding Object: 
Child (C):  It's kind of made by red glass something and--

Adult (A):  You think they used glass? 

C:  No.

A:  I think it's plastic, don't you?

C:  It's made out of plastic with a whole kind of machine, and then they put sprinkles on it.

A:  And you think that's how they did it?

C:  I don't know.

A:  You think they did it with a machine?

C:  Yes.

Pre-Visit Family #13 referring to the horseshoe

Deforming Object: 
Adult (A):  What do you think, Savannah*?

Child (C):  I don't know.

A:  You think someone made it with their hands or with a machine?

C:  A machine.

A:  A machine.  Wow.  A big strong machine?

C:  I don't know.  I think it was made of a machine or something.  I don't really know.

A:  Me neither.

Pre-Visit Family #2 referring to pie tin

The following examples provide evidence of rich specific process conversations around objects:
Cutting Object: 
Example #1

Adult (A):  How do you think that was made, bud?

Child (C):  I have no idea.

A:  You have no idea.  What's it made out of?

C:  Paper.

A:  Well what did we make out of paper in the display?  What did you make?

C:  Die cuts.

A:  Die cuts.  You think that that's a die cut?

C:  Yes.

A:  And then they put some pretty paper on the front and painted on the front?  

C:  Yes.  Die cuts.

A:  Die cuts.

Post-Visit Family #20 referring to a greeting card

Example #2

Child (C):  It was carved.

Adult (A):  It was carved, yeah.  With tools like? 

C:  Like?

A:  Like we saw the drill type thing that carved in things.  Like when it spins around it carves the grooves.  Did you see that?

C:  Yeah.

Post-Visit Family #21 referring to a banister 

Molding Object:

Example #1

Adult (A):  Cool.  What's this like?

Child (C):  Plastic.

A:  It's made out of plastic.  So what kind of things did we make out of plastic over there?  What did we make out of plastic?  What the guy that was making the hard hats?  Remember?

C:  Oh, yeah.

A:  Yeah.

C:  Beads.

A:  Beads.  Plastic beads and then it's what?

C:  Hard hat.

A:  Well, yeah.

C:  This was an injection mold.

A:  Injection mold.  Or remember when you made the forks and the hangers?  Yep, it could be like that too.  Yeah, plastic beads.  Good job.

Post-Visit Family #20 referring to a mustard bottle
Example #2

Adult (A):  Did you see that over there?  How they make this kind of stuff.

Child (C): They put it in a molder.

A:  Yeah.

C:  They put it in a molder.

A:  Okay, yeah.  You think?  They probably squirted it in there with liquid plastic and made that that shape don't you think?  Looks like it since it has seams on the side maybe they were where the mold came together.  The mold came off where the two pieces were.  You think so?

C: [nods]

Post-Visit Family #19 referring to a mustard bottle
Deforming Object: 

Example #1

Adult (A):  Got any ideas?

Child (C):  Oh, yes.  I remember when we were at that one over there.

A:  Yes.

C:  And there's objects we could've put under that sheet

A:  Yes.

C:  And it would go into this.

A:  The die, right?

C:  No.  The one where we put the stuff under the red sheet.

A:  Oh, yeah. Vacuum.

C:  Yeah, I think this might be vacuumed.

Post-Visit Family #4 referring to a plastic egg carton

Example #2

Child (C):  Plastic.

Adult (A):  Made from plastic, yeah.  How did they get it into that shape?

C:  They had it in a machine and sort of like a machine making the shape.

A:  That very well could be, Susie.

C:  Like how they made a wagon. Like those little wagon wheels, but only different, and not metal.

A:  That's not metal.  Maybe they used the vacuum thing?

Post –Visit Family #2 referring to a plastic egg carton
Did Visitors Recognize and Talk About Objects Made by the Cutting Process After Visiting HPMT?

As expected, adults (57%) mentioned the cutting process more than children (29%) prior to their visit (see Figure 9).  While over half of adults discussed cutting with their children, very few kids were able to describe an object as being cut before they entered HPMT
.  This low percentage may be due to the fact that while people are familiar with tools that have a cutting function (i.e. scissors, knives, saws), they are less likely to think about cutting as a process that is done to an object.
 

After viewing the exhibition, children (71%) demonstrated significantly greater recognition of objects made through the cutting process.  Adults (86%) also fostered cutting process discussions, but this increase in talk was not significant.

Figure 9: Percentage of Visitors Who Used Cutting Process Language: Omaha
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Did Visitors Recognize and Talk About Objects Made by the Molding Process After Visiting HPMT?

Adults came to the exhibition with a fair amount of understanding about the molding process (76%) (see Figure 10).  Since they were already close to ceiling, adults did not significantly increase their ability to talk about molded objects.  Children (62%) showed a significant increase in their level of understanding of the molding process after visiting the exhibition.

Figure 10: Percentage of Visitors Who Used Molding Process Language: Omaha
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Did Visitors Recognize and Talk About Objects Made by the Deforming Process After Visiting HPMT?

Both adults (24%) and children (19%) spoke very little about the deforming process before they visited the exhibition (see Figure 11).  After they visited the exhibition, adults (62%) were significantly better at describing how objects are deformed.  Children (38%) also increased their ability to identify deformed objects, but this change was not significant.  Since deforming is the most unfamiliar of the three processes, any gains in visitor understanding are most likely the result of new knowledge gain rather than a refinement of existing knowledge about deformation. 

Figure 11: Percentage of Visitors Who Used Deforming Process Language: Omaha
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The following quote supports the idea that the exhibition helped adults think about the process of deforming an object:

“I guess I never really thought of the deformed.  You know, about taking one material and stretching it, pulling it, twisting it to make something new.  I sort of always think of pieces and welding them together, instead of stretching it to make what they want.”

-Omaha Adult #20 in answer to the question, “Were there any familiar objects that you looked at in a new way?”
Were Visitors Able to Explain Similarities and Differences Among Objects Made by Each of the Three Transformative Processes?

While it was important for visitors to be able to recognize and talk about the specific processes used to make a single object together, we were also interested in whether visitors would be able to individually categorize a pair of objects by process and compare the similarities and differences between them. To explore this idea, we conducted separate interviews of adults and children using objects made by cutting, molding, or deforming before and after their visit (See Appendix F: Omaha Interview Protocol).  Each pair either contained objects that were made using the same transformative process or objects that were made using a different transformative process (See Appendix B: Omaha Individual Interview Counterbalancing).  

Before the visit, we asked adults and children to identify whether the two objects were made in a similar way or a different way.  We probed visitors’ choices for explanations of why they thought those objects were similar.  After the visit, we again asked visitors to identify similarly and differently made objects, and provide reasons for their choices.  We also asked visitors to focus on one object in the set (each object chosen targeted a particular manufacturing process), and describe the tools or machines that they thought had been used to make that object.  

We chose to ask questions more generally before the visit because we wanted to ensure that the exhibition, not the interview, was helping visitors view objects through a specific process lens.  In addition, we did not want to prime visitors with language they could use to understand and interpret the exhibition. Specific process language was used in our after-visit prompts in order to pinpoint how visitors thought about and related specific process terminology to objects.

If an adult or child used specific process language to explain the similarities and differences between objects before the visit, then we saw this as evidence that the visitor understood and could talk about a particular process.  After the visit, if the visitor was able to describe in detail the process used to make a particular object or talk about features, tools, or machines indicating that an object was made using a particular process, then the visitor was credited as having an understanding of that specific process. Visitor responses were coded for lack of a specific process comparison (0) or demonstrating an ability to make a specific process comparison (+1).  Answers to the object explanation question and the tool/machine question were combine for the post-visit coding.

The following examples demonstrate a lack of specific process comparisons:
Similar Objects Made By Cutting: 

“I guess because they're completely different.  They're just way different.”

Pre-Visit Omaha Adult #2 discussing gloves (cut) & plane (cut)

“One is shinier.”

Post-Visit Omaha Child #3 comparing a golf club (deformed) to a ruler (cut)

Similar Objects Made By Molding: 

“I don't know how they're made.  I would say that they are made differently.  I don't know why.  My guess is that they're made of different [material].  This is like a sponge where this is plastic.  That's the only difference that I'm seeing.”

Pre-Visit Omaha Adult #11 comparing Frisbee (deformed) to bath toy (molded)

“They both have the circle, and then they have the thing to like hold it with.”

Post-Visit Omaha Child #5 comparing measuring cup (molded) to saucepan (deformed)

Similar Objects Made By Deforming: 

“This one doesn't make a sound like this one.”

Pre-Visit Omaha Child #1 referring to trumpet (deformed) & road sign (cut)
“Some cheap plasticy material.  Another mold.”

Post-Visit Omaha Adult #9 incorrectly identifying the process of making an ice cube tray and packaging (both deformed)
The following examples provide evidence of specific process comparisons:
Similar Objects Made By Cutting: 

“Probably if you consider the removal of materials as they start out as a larger object and then are made into a detailed smaller one. Again, just because you have a larger mass that starts out as a key, and then you cut the notches in it.  And again, toothpicks come from a larger mass and then you cut away material to produce what you're making.”

Pre-Visit Omaha Adult #22 comparing cut toothpick and keys

“Carved out.”

Post-Visit Omaha Child #3 referring to cut toothpick and keys

Similar Objects Made By Molding: 

“I believe the plastic cup probably comes from a molding.  And then I guess the metal piece, I guess they are all created differently.  And this one has like attachments put together. I would think that your handle is screwed on to your base there, whereas this is all one piece.”
Pre-Visit Omaha Parent #11 referring to measuring cup (molded), and saucepan (deformed & assembled) 

“The rubber bath tub toy is made from plastic, and it should have seams like I have on my rubber duck. The Frisbee has a very detailed pattern.  The bathroom toy is rubber, and the Frisbee is metal...[The bath toy was] probably [made in] like a mold with two parts.”
Post-Visit Omaha Child #23 referring to deformed Frisbee and molded bath toy

Similar Objects Made By Deforming: 

“They're probably both vacuum molded. I think probably both that you just created voids in the material so that you can fill them with something.”

Pre-Visit Adult #22 referring to ice cube tray and packaging (vacuumformed-a type of deformation)

“They might be kind of pushed down too, so that's what I would think.”

Post-Visit Omaha Child #4 referring to garbage can (deformed)

The results in Table 10 indicate that both adults and children became significantly better at differentiating between molded, cut, and deformed objects after their visit to the exhibition.  After their visit, almost all adults (95%) and some children (29%) could reason about molded objects.  Following their exhibition experience, most of the adults (79%) and almost half of the children (48%) interviewed were able to identify objects that had been cut.  At the conclusion of the family’s visit, over half of the adults (55%) and some children (24%) could articulate aspects of the deforming process in relation to objects.

Table 10: Changes in Percentage of Visitors Who Gave Correct Specific Process Explanations: Omaha

	
	Molding
	Cutting
	Deforming

	Adult
	
	
	

	Pre-Visit
	              .64
	.52
	.21

	Post-Visit
	    .95**
	    .79**
	    .55**

	Child
	
	
	

	Pre-Visit
	.10
	.05
	.05

	Post-Visit
	    .29**
	    .48**
	    .24**


** Indicates a significant difference at the .01 level

The assertion that the exhibition equips families to potentially participate in more sophisticated conversations about objects and related features of objects once they leave the museum is supported by the fact that visitors’ responses to questions about objects become much more focused on specific processes after their exploration of the exhibition. 
do visitors identify assembly as a part of manufacturing?

While the main focus of the exhibition is the three transformative processes (cutting, molding, and deforming), it was also important that visitors understood that assembly was a technique common to manufacturing (See Learning Objective #3). In order to examine whether visitors could identify assembled objects, we asked adults and children individually to compare the similarities and differences between pairs of objects before they visited the exhibition.  Visitors were told to provide a reason for their answers. After they visited the exhibition, we asked visitors to again compare the ways in which pairs of objects were made, and to explain their choices.  In addition, we focused on one object (always an assembled object), and asked visitors to identify the tools or machines that they thought were used to make that object.  Visitor responses were coded for lack of understanding of assembly (0) or demonstrating understanding of assembly (+1).  Answers to the object explanation question and the tool/machine questions were combined for the post-visit coding.

Examples demonstrating a lack of assembly process discussion:
 Assembly: “I think that this flower pot was probably plastic, and this is made out of glass.”

Pre-Visit Omaha Child #1 referring to salt shaker (assembled) and flower pot (molded)

Examples demonstrating the use of assembly process language:
Assembly: “They were, I would say they were assembled.  Like this piece was made in one place and so were these.  All these pieces were made and put together.” 

Post-Visit Omaha Adult #20 referring to plastic ice cream scoop (molded) and scissors (assembled)

Did Visitors Recognize and Talk About Objects Made Using Assembly Techniques After Visiting HPMT?

Some adults (36%) and very few children (10%) described objects as being assembled before they visited the exhibition (see Figure 12).  After they viewed the exhibition, children (29%) became significantly better at referencing assembly when discussing how objects were made.  Adults (55%) also were better able to talk about assembled objects, but this improvement did not approach significance.

Figure 12: Percentage of Visitors Who Used Assembly Process Language: Omaha
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Children (t(21) = -2.609, p <.05)

Even though adults did not significantly improve their understanding of assembly, some adults recognized that assembly takes a lot of effort and that it is a culminating process that brings together parts made from molding, cutting, and deforming.  For example, when one adult was asked if there was a familiar object from the exhibition that they looked at in a new way after their visit, she said the following:

“Actually the cars.  Like I know I've always looked at the cars, but there's all this little stuff that you-even that bike just taking it apart like that, how many things are involved in making something.  It's not just one thing that you need to do.  It's all these separate things that come together to make the product.”

-Omaha Adult #14

This response seems to indicate that even though adults did not improve in their ability to recognize assembled objects, they still were able to use information from the Assembly Area to inform their understanding of manufacturing as a series of steps.

did families think about the role of people in the manufacturing process?

One of the goals of the exhibition was to highlight the role of people in the manufacturing process (Learning Objective #4).  After visiting the exhibition, we asked parents to reflect upon their experiences and pinpoint the role that they thought people play in manufacturing.  

The following represent the majority of the responses that adults gave, emphasizing the importance of people as idea generators and machine operators:

“That first of all the idea has to come from the people.  I guess the mind behind the computer, the mind behind the robot, or the mind behind whatever it is still has to be the idea started with the people.  But then some of the things can be done by people, but others will be done by like the robot.”

-Omaha Adult #20
“I guess I learned that people can do a lot of things.  Or that people came up with the idea to originally do things and then they've come up with better ways to make the products.”












–Omaha Adult #11
“That people need to design and run the equipment that's used to make things.  People have to be trained to do it.”







-Omaha Adult #1
Some adults who visited the exhibition had prior experience as factory workers, so their visit served as a positive reminder of their former occupation:

“Walking through the area with the different manufacturing clothes and the people in there.  Just for me personally, it brought back memories.”

-Omaha Adult #12

Only two out of twenty-one adults felt that people are not a vital part of making products, and that machines manufacture products:

“That they don't play a huge part.  That it's more done by machines rather than people.  You need less people.” 

-Omaha Adult #3

Thus, the majority of adults were able to identify a role for people in the manufacturing process.

did families think about similarities and differences between processes done by hand and processes done by machine?

Another goal of the exhibition was to help families recognize that the similarities and differences between the processes of making things by hand and the processes used to manufacture objects using machines (Learning Objective #4). In order to examine whether visitors could identify tools and machines used to perform similar manufacturing processes, we asked visitors after their visit what tools or machines they thought had been used to make eight different objects (each of the four manufacturing processes was used to make two objects).  Visitor responses were coded for explanations demonstrating a process understanding of tool similarities and differences (+1) or lack of process understanding of tool similarities or differences (0).  

Examples demonstrating a lack of understanding of process similarities or differences of tools:
 Tool: “A plastic machine.”
Post-Visit Omaha Child #12 referring to how a measuring cup is made

Tool: “A factory tool.”
Post-Visit Omaha Child #17 referring to how a garbage can is made

Examples demonstrating understanding of process similarities or differences of tools:
Tool: “I would probably go to a machine that would press it into the form when it's closed. And then probably they would make this form and then this form, and they would put this rubber thing around it, and put a little screw in it, so it would be able to move like that.”

Post-Visit Omaha Child #6 referring to how scissors are made

Tool: “The garbage can?  I think it's going to be a metal stamper to stamp out. Well, first to cut the roll of metal, then a stamper to actually put the ridges in it, and then a machine to roll it, and then maybe weld the two together - a robotic arm to weld the two.”

Post-Visit Omaha Adult #7 referring to how a garbage can is made

Tool: “I think you would need little beads, and you would melt the beads in that kind of shape, and then like, you need a tool that carves it when it's done melting.  I remember like this little cube of wax at a station that we saw over there, and I remember having this little bar thing and a little circle right there, and I think you'd need that to do it around.”
Post-Visit Omaha Child #2 referring to how a measuring cup is made

Tool: “The ruler?  I would just use that die cut, that machine that cuts things out because it's probably just a huge sheet of metal, and it just rolls down and cuts everything out.”

Post-Visit Omaha Adult #17 referring to how a ruler is made

Were Visitors Able To Talk About Tools Used in Specific Manufacturing Processes?

Most adults were able to name at least one tool that was used in each of the four manufacturing processes (See Table 11).  Of these, adults most frequently talked about Molding and Cutting tools.  Adults talked the least about Assembly tools, respectively.  Of the eight questions asked about tools and machines used to make everyday objects, adults talked about the correct corresponding tools an average of five times.  Every adult (100%) was able to mention at least one tool used in a specific process.

Only some children were able to name at least one tool used in each of the four manufacturing processes.  Most children could talk about the tools used to cut everyday objects.  However, tools used to mold, deform, and assemble were not often discussed by children.  Of the eight questions asked about tools and machines used to make everyday objects, children talked about the correct corresponding tools an average of two times.  Most children (74%) were able to mention at least one tool used in a specific process.
Table 11: Percentage of Visitors Who Linked Tools to a Specific Process: Omaha
	
	Adult (n = 21)
	Child (n =20)

	Molding Tools
	100%
	35%

	Cutting Tools
	95%
	65%

	Deforming Tools
	71%
	35%

	Assembly Tools
	67%
	40%


Based on the above information, adults seem to have an excellent understanding of tools used to cut, mold, deform, and assemble, while children have a moderate process understanding of tools.  For children, it may be that thinking about objects in a new process context is such a novel and exciting idea that descriptions of the tools used to make those objects are of secondary importance.

Were Visitors Familiar With Particular Tools or Machines Before Their Visit?

Before their visit, we asked adults whether they had any manufacturing experience.  Thirty-three percent of adults reported (n = 21) using tools or machines to make things for their job.  The following are some examples of visitors’ prior experiences:


“I used to make soap, I guess, if that's manufacturing. I worked in a factory. Almost 
every tool there is…. In manufacturing, I used an amalgamator, a belt, what's the line 
belt?  [I did] not really mess around with the forklift, but we used the forklift. We 
used a bunch of assembly line kind of things, and I can't think of what the paper rolls 
are called anymore.  So, a couple different kinds.”



- Omaha Parent #17


“I work in a manufacturing plant, but we manufacture pet products...Oh, grinding 
machines, Formax machines, multivac machines.



- Omaha Parent #8


“I’ve worked for food companies and manufacturing plants. I worked under 
different…machines, drills, anything you use for metal fabrication.”


















- Omaha Parent #12


“Press, then you have the lathe.  Just trying to understand some of the stuff that's out 
there, and then you have the actual printing press.”







- Omaha Parent #21 talking about his job at a printing company
Eighty-one percent of adults (n = 21) reported that they have previously used tools or machines to make things.  Of these seventeen adults, eighty-two percent went into more detail about specific tools they or their children have used or objects that they have made. 

Table 12: Adult Visitors’ Previous Use of Tools To Make Things: Omaha*

	
	Percentage
	Examples

	Mentioned Tool Used
	21%
	Assembly line, drills, screws, hands

	Mentioned Made Object
	64%
	Playdough, shelves, tables, computer, crafts, carbon masks, benches, wooden chairs, merchandising panels, clothes, swingset, fire truck, electronics, fast food

	Mentioned Activity
	64%
	Cooking, art projects, knitting, needlework, sewing, dry wall, put together things, home repairs, building, tighten parts


* (N = 14)  Some visitors mentioned a tool, an object, and an activity

Eighty-one percent of adults (N = 21) reported that their children were interested in building, tools and making things.  Of these, 82% of adults provided specific examples.
Table 13: Child Visitors’ Previous Use of Tools To Make Things: Omaha*

	
	Percentage
	Examples

	Mentioned Tool Used
	43%
	Hammer, screwdriver, ruler, drill, saw, nails

	Mentioned Made Object
	64%
	Art, bench, blocks, paper crafts, car, LEGOS, flower, electronics, robot scorpion, birdhouse, treasure chest

	Mentioned Activity
	71%
	Cut, paste, design, repairs, building, put things together, scrapbooking


* (N = 14)  Some visitors mentioned a tool an object, and an activity

did adults look at everyday objects in a new way after their exhibition experience?

One of the tenants of this exhibition is that families will be able to look at objects differently after they have visited the exhibition.  In order to test this idea, we asked adult visitors to identify any objects in the exhibition that were familiar to them, but they now looked at with a different lens.  Eighty-two percent of adult visitors (n=21) said that they now viewed certain objects differently (see Figure 13). Of these, almost half mentioned objects in the Molding Area.  Objects in the Deformational Area were the next most likely to be called out by adult visitors.  
Figure 13: Percentage of Adults Who Looked at Everyday Objects Differently After Their Visit to the Exhibition: Omaha*
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*( N = 21)
The following are some examples of objects or areas that adult visitors thought looked different after visiting the exhibition:
“I like how hangers are made.  That was interesting.  I don’t think I'll look at a hanger the same way.  I think that was my favorite part, how they made the LEGOs, and the hangers, and the flyswatter.” 




–Omaha Adult #3

“The crayons, the trolley, and the footballs.  Those were Nerf footballs.  And the rubber ones are probably made a little differently. Those ones were made of Styrofoam or hard plastic. I would have thought they were made differently than in that mold, differently in that material.”  





-Omaha Adult #8

“I do think it made me look at things in a different context.  I mean, as a consumer, I don't think about,  ‘Oh, well how is this produced?’.  So I think being a non-engineering mind, it gets you to go, ‘Hmm?’.”


–Omaha Adult #4
Another indicator that families were viewing objects in a different way would be if they were able to look at an everyday object and identify another object that was made using a similar process. During their post-visit interviews, adults and children were asked to name at least one object that was made in the same way as a target object. Visitors had two opportunities per manufacturing process to list everyday objects.

Almost all adults (90%) were able to name at least two molded objects.  An additional five percent of adults were able to name at least one everyday object that is molded. Adults came up with 20 different everyday objects that were molded.  Of these, fourteen objects could be found in the Molding Area of the exhibition.  The following is a list of everyday objects and the frequency with which they were mentioned by adults:

	Molded Objects Mentioned by Adults

	Plastic toys (9), Balls/Basketball (8), Soda bottle (4), Container/Tupperware (3), Milk/Juice Jug (2), Crayons (2), Football (2), Action Figure (2), Plastic Cup (2), Candle (1), Toothbrush (1), Plastic plate (1), Hanger (1), Spoon (1), Flyswatter (1), LEGOs (1), Rubber Duck (1), Cereal bowl (1), Shoe sole (1), Measuring cup (1)


Some children (29%) were able to name at least one molded object.  An additional 10% of children were able to name two molded objects.  Children came up with 5 different everyday objects that were molded.  Of these, three objects could be found in the Molding Area of the exhibition and one object had been part of the pre-visit interview.  The following is a list of everyday objects and the frequency with which they were mentioned by children:

	Molded Objects Mentioned by Kids

	Plastic cup (3), Rubber duck (2), Barbie (1), Ball (1), Horseshoe (1)


Some adults (43%) were able to name at least one everyday deformed object.  An additional 24% of adults were able to name two deformed objects.  The remainder of adults (33%) incorrectly believed that the original objects had been molded, so they did not identify any deformed objects. Adults came up with 12 different everyday objects that were deformed.  Of these, four objects could be seen in the exhibition and one had been part of the pre-visit interview. The following is a list of everyday objects and the frequency with which they were mentioned by adults:

	Deformed Objects Mentioned by Adults

	Egg carton (4), Trombone/Tuba (3), Commercial-sized trash cans (1), Canned food (1), Vacuum cleaner (1), Pots/pans (1), Ice cream cups (1), Fireplace poker (1), Tin roofing (1), Ice cube tray (1), Tray (1), Plastic packaging (1)


A few children (14%) were able to name at least one deformed object.  An additional 5% of children were able to name two deformed objects.  Children came up with 4 different everyday objects that were deformed.  Of these, one object had been part of the pre-visit interview.  The following is a list of everyday objects and the frequency with which they were mentioned by children:

	Deformed Objects Mentioned by Kids

	Tuba (1), Egg carton (1), Cookie cutter (1), Toys (1)


Almost half of adults interviewed (48%) were able to name two everyday objects that were cut.  An additional 43% of adults were able to name at least one cut object.  Adults came up with 19 different everyday objects that were cut.  Of these, five objects could be seen in the exhibition, and four had been part of the pre-visit interview. The following is a list of everyday objects and the frequency with which they were mentioned by adults:

	Cut Objects Mentioned by Adults

	Baseball bat (4), Cardboard box (4), Paper horse (3), Bannister (2), Spatula (2), Broomstick (1), Pencil (1), Backscratcher (1), Chopsticks (1), Building materials (1), Matchsticks (1), Tongue depressor, Table leg (1), Metal cars (1), Gloves (1), Metal pie pan (1), Garbage can (1), 2-D to 3-D models (2), Finishing on a plastic product (1)


Almost half of children interviewed (48%) were able to name at least one cut object.  An additional 5% of children were able to name two cut objects.  Children came up with 12 different everyday objects that were cut.  Of these, 4 objects could be seen in the Cutting Area of the exhibition, and one object had been part of the pre-visit interview.  The following is a list of everyday objects and the frequency with which they were mentioned by children:

	Cut Objects Mentioned by Kids

	Baseball bat (2), Wooden ruler (1), Horse (1), Arrowhead (1), Box (1), Wooden blocks (1), Bicycle chain (1), Wooden dog toy (1), Guitar pick (1), Paper house (1), Rock with holes (1), Plastic object (1)


Some adults (24%) were able to name two everyday objects that were assembled.  An additional 33% of adults were able to name at least one assembled object.  Adults came up with 9 different everyday objects that were made using multiple processes.  Of these, two objects could be seen in the exhibition, and one had been part of the pre-visit interview.

	Assembled Objects Mentioned by Adults

	Knife (7), Hammer (4), Pruning shears/Garden tools (3), Watch (2), Pliers (2), Flashlight (1), Tools-general (1), Ice cream scoop (1), Art supplies (1)


Some children (29%) were able to name at least one assembled object.  An additional 5% of children were able to name two assembled objects.  Children came up with 5 different everyday objects that were assembled.  Of these, one object had been part of the pre-visit interview.  The following is a list of everyday objects and the frequency with which they were mentioned by children:

	Assembled Objects Mentioned by Kids

	Pepper shaker (2), Stapler (1), Canteen (1), Onion chopper (1), Cup with lid (1)


Thus, 95% of adults and 39% of children were able to think of an everyday object that was molded.  Sixty-seven percent of adults and nineteen percent of children were able to come up with a familiar object made through deforming.  Most adults (91%) and over half of children (53%) could name a cut object.  Many adults (67%) and some children (34%) successfully brainstormed an object that was assembled.  These percentages indicate that families were able to make connections between objects out in the world and the specific processes used to make them.  Hence, families could potentially use interactions with everyday objects at home as an opportunity to talk about and refine their process understanding.

do families feel more comfortable with the topic of manufacturing?

In Omaha, adult visitors seemed to have a varied set of experiences with manufacturing and making objects.  Thirty-three percent of adult visitors (n=21) who were interviewed had previous manufacturing experience.  These prior experiences included factories that make clothes, masks, telecommunications, pet products, food, soap, and printing, working on assembly lines, product testing, research and development, grinding, vacuum forming, drilling, metal fabrication, lathes, presses, printing, amalgamators, and forklifts.  An additional 10% of adults knew a family member with manufacturing experience. These experiences included engineering, the manufacturing of control panels, working on trains, assembling filters, making credit cards and manufacturing toilet paper.  Forty-eight of adults had been on a factory tour before.  These tours included breweries, food processing plants, printers, candy makers, bottling companies, newspapers, plastics manufacturers, car companies, cabinetmakers, and tile companies. Almost all adults (95%) reported watching television shows about manufacturing.  Of these, most viewed the show, How Its Made. 

Outside of manufacturing, 81% of adults (n=17) liked to work with their hands to make things.  Of these, most had experience in building an object (35%), home repairs (24%), or making craft items (24%).  Other making activities that were identified by visitors were cooking (18%), knitting and sewing (18%), fixing or building electronics (12%), operating a specific tool or machine (6%), and creating art (6%).

Eighty-one percent of parents (n=17) said that their children were interested in building/making things.  Of these, most parents (41%) mentioned using specific tools like hammers and screwdrivers, and participating in crafts (29%) as activities where their children had opportunities to make things.  Other activities that were mentioned by parents were building an object or assembling a kit (24%), building blocks (24%), creating art (18%), home or car repairs (12%), working with electronics (6%), or science-related actions (6%).

Exhibit Elements that Contributed to Feelings of Comfort 

The main purpose of the entire exhibition was to help families become more comfortable thinking and talking about various aspects of manufacturing.  After visiting the exhibition, 98% of adults reported being more comfortable with the topic of manufacturing.  As a follow-up question, visitors were asked which parts of the exhibition had added to their feelings of comfort.  The following is a selection of visitor responses regarding comfort-inducing exhibit elements:

“Seeing the molds of the balls and the plastic things makes you realize it's just a process.  Instead of wondering how things are made, you know. You can actually see it.” 














–Omaha Adult #1
 “The fact that the video demonstrations were showing how things were made, and written descriptions showing you how a crayon is melted into wax into the color and then the wrapper.  People get a good idea. I know the environment of the people. I think that it shows manufacturing is safe.  You have them blowing up the balls.”   












–Omaha Adult #8

“Just how everything is made and the way you brought kid-friendly objects.  It kind of gives them an easier way to understand things they play with on a daily basis, how things are made.”








 –Omaha Adult #11
 “The ease of how to manufacture something.  The exhibit showed that it's pretty easy to put something together.   Going through and being able to cut out a pattern and then having that pattern, or knowing how to deform something or even, you know, learning how people cut holes or designs.  All of that just kind of showed that this is really easy to do, and even I can do it.


 –Omaha Adult #17
“Well, it was very interactive and a lot of the kids could not only understand how things were made, but take them home.  Even though maybe it's kind of something silly like the fork.  But you could take it home and understood that's how the fork was made.  We took the box and the horse, you know, so we've had the stuff at home too.  They not only punch the box out, but then they have to follow the instructions on how to assemble the box.  Crush the penny.  We have a bunch of those at home.  So there's a lot of interactive stuff with the exhibit.  The thing with the bike is pretty cool.  You kind of understand how the bike is assembled and all the pieces and parts that go with that.         




–Omaha Adult #21

Of the 2% of adults who did not report increased comfort, one indicated that she felt the same level of comfort that she had entered the exhibition with, and the other reported that he did feel more comfortable overall, but felt some frustration with exhibit components that were not functioning correctly or were not operational that day.

Exhibit Elements That Helped Adults Understand the Science & Technology Behind Manufacturing

Another way to determine whether the exhibition was successful at helping adults be more comfortable with the complex topic of manufacturing is to identify the exhibit elements that adults felt helped them better understand the science and technology behind specific manufacturing processes.  The following examples highlight the exhibit components that adult interviewees identified as helping them understand the science behind manufacturing:


“I would say the movie clips showing in detail how every thing was done because it explains well how did they do that.  And they show it in each step how it's done.  There's different processes and then it answers the questions right there.”


-Omaha Adult #5

“I would say the molding.  Just the hands-on.  Putting things together.  Giving younger kids the idea of this is how things start out.  This is what it starts, this is what it looks like when it starts, and this is what it looks like at home.”

-Omaha Adult #8

“Well, I think all of it.  Because I think the videos kind of show step-by-step how it pulls together.  But then you could actually have the tools to see what the men and women do when they actually make those pieces and parts.”

-Omaha Adult #21

 
“Well, when we first came in and we started looking at the cars and how they're put together like a puzzle, just trying to see how they stay together.  Then you see how different materials react in different ways, like the wax interacts and how the best way to mold it and use that.  The force used to smash the penny was explained, and the tools that you could cut with were clear, the die cuts and the drill machine.”

-Omaha Adult #23

The following examples highlight the exhibit components that adult interviewees identified as helping them understand the technology behind manufacturing:

“Being able to use the dies, the presses, or seeing how to use the deform tools kind of showed the more technological aspect of it.”

-Omaha Adult #17

“Well, I think the one that shows the injection molding is the best.   And then I think, although the technology is simple, just running it through that little press that stamps out those shoes and die cutting of clothes and actually get[ting] a box and horse.”

-Omaha Adult #21

“The videos.  Just so you can watch the whole process with the full size machines.”

-Omaha Adult #22

“The assembly of the trolley and making springs.”

-Omaha Adult #3

The Use of Factory Tour Videos in the Exhibition
One exhibit element that the exhibit designers felt would contribute to visitors’ feelings of comfort was the inclusion of eight Factory Tour Videos from Mister Rogers’ Neighborhood (see http://pbskids.org/rogers/R_house/picpic.htm for example videos).  These videos each highlight a specific manufacturing process (Molding, Cutting, Deforming and Assembly), and guide the viewer through the entire step-by-step process of how an object is made using tours given by factory workers and narrated by Mister Rogers.  It was assumed that adults would recognize these videos from their own childhood, have positive feelings about the videos’ presentation of manufacturing content, and would emulate the child-friendly language used in the videos. 

In fact, most adults (85%; n=20) who participated in our study had watched Mister Rogers’ Neighborhood as children (see Figure 14).  Some adults (39%; n=18) watched reruns of the show with their own children.  Of the adults who watched the show with their own children, 71% had also watched the show when they were young.

Sixty-three percent of adults (n=19) reported viewing at least one of the Factory Tour Videos during their visit to the exhibition.  Of these, 59% had watched the show as children, 86% had viewed the show as an adult, and 24% remembered a specific Factory Tour Video present in the exhibition from the television show.
Figure 14: Adults’ Familiarity With Mister Rogers’ Neighborhood Videos: Omaha
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In order to determine the effect of the videos on visitors’ understanding of and feelings about manufacturing, we asked adults a series of interview questions targeting the exhibition’s video elements.  First, we asked adult visitors to identify how the presence of Mister Rogers in the exhibition made them feel.  The following are some of the responses that adults gave to this question:
“It was kind of nice because he's so familiar.  He's been around a long time.  He always had interesting videos.”







-Omaha Adult #1

“More comfortable with it. He's laid back about it, so it puts the viewer at ease.”

-Omaha Adult #3

“Good because he was basically a learning tool because he explained everything, and how he takes you into the place and then he shows you, ‘Well this is how they do this and that’, and it's broken down in detail how everything is made. That way it's easier to understand.  Like if you look at a project and say, ‘Well, I wonder how they made that’.  Well, remember watching it on TV.” 
-Omaha Adult #5

Here, the Factory Tour videos were seen as comforting, interesting, nice, and explanatory.

We also asked visitors to reflect on why they thought the museum had included the videos in the exhibition.  The following are some examples of what adults said:

“Because they are interesting, and they make it more presentable.  You know, sometimes factories can seem kind of foreign to people, and it makes it more presentable to have Mister Rogers in it.”





-Omaha Adult #1
“To show how it is in real life on a bigger scale, and maybe getting children interested in that line of work.  It basically brought real life to this museum.”


-Omaha Adult #3
“Well, I would say that that's the main key of understanding is to give the person the insight.  Like if they were standing in the factory where everything was made, he gives them the total concept and idea of how exactly anything is made.  All the steps from the beginning to the middle to the end of the process, exactly how many detailed things it takes to make even the smallest object.  It answers all the questions that come to mind.”








-Omaha Adult #5
“It's nostalgic as something for the adults.  I mean, this process has been going on for a long time, so a lot has changed and a lot hasn't changed.”
-Omaha Adult #23

The quotes above indicate that adults felt that the purpose of the videos was to present new concepts in a real, yet familiar context, engage children’s interests, present manufacturing as a series of steps, and to reveal similarities and differences in how the making processes have been carried out over time.

Since one of the goals of the exhibition was to help families rehearse ways of talking about the processes used to make everyday objects, we also wanted to determine if the videos, which provided step-by-step process narratives, helped parents talk to their children about how everyday objects are made.   Most adult visitors (72%) agreed that the videos had assisted them during their conversations with their children (see Figure 15).  
Figure 15: Percentage of Visitors Who Used Factory Tour Videos To Talk To Their Children About Manufacturing: Omaha

These adults were asked to identify the ways in which the video had supported them.  The following are examples of visitors’ responses:

“Well, the visual.  Kids understand things visually.  I mean, you could show them the different machines, but the video kind of pulled it together and put it into a frame of reference that they could understand: Making a ball or making a crayon.  Everyone's had one of those balls and every kid has obviously played with crayons before.” 











–Omaha Adult #21
“Because he had questions and that's when we sat down and watched it, and him watching the video answered basically all his questions for me.  ‘Well, here this is.’  ‘Oh, wow, Dad.’  And then the next question they ended up answering right on the movie video, which is neat.  Because it's showing everything like, ‘Wow!  How'd they do that, Dad?’  He's like, ‘Let's watch it again and see.’  Like with the balls they had this paint mixture that they poured in just enough little blue or poured in just enough little pink, and they poured it out. ‘Like wow, Dad.’    They come out swirled, and then the people they got the ball and then they have to throw it in the air.  Then the ball comes out and then they have to fill it with air, and then test it.  Some were bad, so they had to throw the balls away.  But some were good, and they had to keep those.”






 –Omaha Adult #5

“Because it's already showing on the screen…Well, it's hard to explain everything when you are not working with those things, so the video helps explain things that you can't quite explain yourself.”








-Omaha Adult #1

The quotes above illustrate that parents thought that the videos helped answer questions, aided adults in giving explanations to their children, and provided visual, salient examples of the steps that are required to make familiar objects.

CHAPTER 4: Family conversations at how people make things
summary of Key family conversation Findings

One of the key components in our model of change in family understanding focuses on what adults and children talk about during their museum visit. If families are indeed moving towards being able to talk together about the making of everyday objects at home, then their dialogue within the exhibition should reflect a rehearsal of the language of manufacturing that supports a view of objects in a process context.

· When the total number of conversational turns that involve a mention of Cutting, Molding, Deforming, Assembly, and Other Processes are added up, we find that families talked about specific processes an average of 52 times per visit.

· Families referenced the role of people during their museum visit an average of eight times. Many of the conversations around people and factories had to do with visitors’ prior experiences or knowledge about family history.  Most of these conversations happened in the Entry Area.

· During their visit to the exhibition, families referenced tools or machines an average of ten conversational turns.  Most of these mentions involved simply naming the tool or machine being used to make an object.  However, some families generated in-depth comparisons of the different ways to cut, mold, deform, and assemble using one’s hands, tools, or machines.  Most conversations about tools and machines happened in the Cutting Area.

Each area of the exhibition that focused on a specific process was designed to include one simple example of the process that could be done by hand or using simple tools, and one complex example of the process being done by machine.  The simple and complex versions of specific processes were juxtaposed because the project team felt that the contrast would help visitors realize that machines do things quicker, more accurately, and more efficiently than people do.  Conversational excerpts from the family visits show that families sometimes used the simple and complex activities to make deep comparative statements.  Thus, there is some preliminary evidence that the exhibit activities scaffold families’ understanding of the processes being done by hand versus being completed by machines.

One of the big claims that we wanted to address in this analysis was whether family process talk within the exhibition could predict how adults and children talked about objects after their visit. We ran regressions that included family talk during the museum visit, time spent within the exhibition, and family members’ pre-visit talk about objects to see which factor or combination of factors could best explain how successful families were in discussing the specific processes through which objects are made after their visit. 

· 56% of the variability in family’s total process talk after their visit can be explained by the total amount that they talked about specific processes during their museum experience.  Time spent and pre-visit conversations were not significant factors.

· Children’s ability to talk about deforming before their visit significantly predicted the degree to which they talked about the deforming process after their visit.

· 44% of the variability in adult’s talk about deformed objects after their visit can be explained by the amount that the family talked together about deforming during their visit.

· The total time that the family spent within the exhibition significantly predicted the degree to which adults talked about the molding process after their visit.
In general, what families talked about during their museum experience affected what they talked about after the experience, regardless of their prior knowledge and how long they spent in the experience itself.  This seems to be the strongest evidence for family conversation as a mechanism for change in process understanding.

did families have rich conversations about Specific manufacturing Processes during their museum experience?

One of the key components in our model of change in family understanding focuses on what adults and children talk about during their museum visit. If families are indeed moving towards being able to talk together about the making of everyday objects at home, then their dialogue within the exhibition should reflect a rehearsal of the language of manufacturing that supports a view of objects in a process context.

In order to determine if rich family conversations about specific manufacturing processes were indeed taking place within HPMT, we videotaped twenty families (ten in Pittsburgh, ten in Omaha during their entire visit to the 2500 sq. ft. exhibition
.  The average time that families took for their entire visit was 33 minutes 12 seconds, with a range of 13 minutes 11 seconds to 59 minutes 50 seconds.  In an evaluation of a similarly sized (2600 sq. ft.) exhibition, Secrets of Circles, Sue Allen found that visitors came to the Circles exhibition for an average time of 17.4 minutes
.  She states that 17.4 minutes is over 50% longer than Serrell’s model predicts based on gallery size
.  If this is indeed the case, then visitors to How People Make Things stay in the exhibition for an exceptionally long time, when compared to other similarly sized exhibitions.  This finding is even more impressive when we consider that five out of the twenty families did not visit all five rooms of the exhibition. 
Specific Process Language Coding Scheme
Adult and child talk was coded by conversational turn (i.e. each code could only be assigned once per conversational turn).  Family members’ talk was coded for mentions of Cutting, Molding, Deforming, Assembly, Making, and Other Processes.  Brief descriptions of each code and some examples can be found below.
Cutting: A visitor received a CUTTING code if they used words like: Cut, chip, carve, shave, scrap, remove, chop, rip, trim, etc.  If words like chisel and drill were used as verbs, then they were also coded.


Example: “Remember Grandpa told you he was a die cutter for Continental Can?”


-Pitt Adult #1V at Die Cut a Box-


Example: “If you want to like dig in, you’d need a different tool.”


-Pitt Adult #10V at Cutting with Wax-


Example: “Do you want to get your punch-out thing?”


-Omaha Adult #3V at Die Cut a Horse-


Example: “Can you make a hole too?”


-Omaha Adult #3V at Cutting with Wax-

Molding: A visitor received a MOLDING code if they used words like: Mold, inject, fill, sprue, melt, harden into a solid, getting cold/getting hot/getting warm, etc.  Visitors also received this code if they talked about the two sides of the mold closing, opening, or rotating.

Example: “Flyswatter. A plastic flyswatter.  See how they poured like the liquid in there?  The melted plastic?

-Pitt Adult #4V at Fill-A-Mold-

Example: “When it flips over, there’s one on the smooth part, and there’s other types.”

-Pitt Adult #4V at Mold Matching-

Example: “Oh, these are cool.  So it has to harden and then we can take it off.”

-Omaha Adult #1V at Molding with Wax-

Example: “They put a bunch of plastic in here and they put these cast things over it, and afterwards it takes the shape of a little ball.”

-Omaha Adult #7V at Rotational Ball Mold-

Deforming: A visitor received a DEFORMING code if they used words like: Deform, vacuum, bash, bend, suck, twist, straighten, press, flatten, force, stamp, crush, smash, etc.

Example: “I want to squish a penny.”

-Pitt Child #3V at Rolling Mill-

Example: “This is the same as this…but this makes it even skinnier, and then this puts ridges on it.”

-Pitt Adult #7V at Rolling Mill-

Example: “When you’re finished, it says pull this thing off the rod and then straighten it.”

-Omaha Child #5V at Deform a Wire-

Example: “So, it’s sucking around your hand.”

-Omaha Adult #5V at Vacuum Forces-

Assembly: A visitor received an ASSEMBLY code if they used words like: Assemble, sew it together, put together/put into/put on/put onto/put the pieces, take it apart/take off, screw on, build, etc.

Example: “Listen. When it’s in the factory, these two pieces are put together.”

-Pitt Adult #2V at Robot Arm-

Example: “That fits on there.  Then what?”

-Pitt Adult #1V at Assemble a Trolley-

Example: “Here.  Do you want to build a car?”

-Omaha Adult #5V at Assemble a Vehicle-

Example: “People make the parts.  Then other people put the parts together, and then you get a horse.”

-Omaha Adult #2V at Die Cut a Horse-

Make: A visitor received a MAKE code if they used words like make, create, or produce in reference to an object’s creation.  Other uses of these words were not coded.

Example: “What do you think she makes?  Look over here, and see what she thinks she makes.”

-Pitt Adult #9V at People Game-

Example: “Let me show you what I made.”

-Pitt Child #8V at Deform a Wire-

Example: “I bet those are to design these.”

-Omaha Child #9V at Office Area-

Other Process: A visitor received the PROCESS code if they used general words like process and shape without describing a specific process.  They also could receive this code if they talked about the steps of a process (i.e. starts with, ends with, go in order, etc.), or if they discussed the time it takes to make things.

Example: “It starts with that, to that, to that, to that, and it made a perfect baseball bat.”

-Pitt Child #1V at Baseball Bat Display-


Example: “That would take a long time.”


-Pitt Child #9V at Cutting With Wax-

Example: “They’re going through and putting each of the crayons on the boxes, and then you get them in that big box.”

-Omaha Adult #8V at Mister Rogers’ Factory Tour Crayon Video-

Example: “This is how the wood starts, and then they turn it into this, and then they turn it into this, and then finally it turns into this.  Isn’t it neat how it starts out looking like that and then ends up looking like that?”


-Omaha Adult #10V at Baseball Bat Display-

On average, adults made more comments about processes than children did during their visit.  Both adults and children frequently used the word, “make”, to describe the general process that they, another person, or a machine had used to create an object.  

Families tended to talk most about the process of Molding, followed closely by Assembly.  This finding is not surprising, since many adults demonstrated that they could discuss aspects of molded objects before their visit to the exhibition. Families talked about Deforming the least compared to other specific processes. Again, this might be expected because adults and children displayed the least amount of process understanding regarding the Deformation of objects during their pre-visit interviews. 

Table 14: Average Number of Conversational Turns that Included a Specific Process Mention

	
	Adult
	Child
	Family

	Cutting
	6.95
	1.85
	8.80

	Molding
	8.75
	2.70
	11.45

	Deforming
	5.85
	2.10
	7.95

	Assembly
	7.85
	2.70
	10.55

	Make
	17.05
	9.95
	27

	Other Process
	3.75
	1.75
	5.40


If we add up the average number of Cutting, Molding, and Deforming comments from adults and children, we see that families discussed the three transformative processes an average of 36 conversational turns per visit.  When Assembly and Other Process talk are added to that number, we find that families talked about specific processes an average of 52 conversational turns per visit.  With so many opportunities to discuss the processes through which everyday objects are made, it is not surprising that families were able to talk about process features of objects after their visit.

Did Certain Exhibition Areas Elicit More Specific Process Conversations?

The above coding counts refer to the average number of specific and general manufacturing process mentions per conversational turn throughout the entire visit.  When we look at the amount that families talked about specific processes by exhibition area, it is not surprising that more Cutting process mentions happen in the Cutting Area, etc.  However, it is interesting to note that families in the Molding Area were significantly more likely to mention Making than in any other area (F(1, 4) = 6.719, p<.05).  In addition, families tended to talk significantly more about Other Processes in the Entry and Deforming Areas than they did in the Cutting and Assembly Areas (F(1, 4) = 5.646, p<.05).  These findings makes sense, since the most visited exhibit elements in both the Entry and Deforming Areas highlight step-by-step processes (i.e. the Baseball Bat Display and the Rolling Mill, respectively).

Did Particular Exhibit Elements Elicit More Specific Process Conversations? 

We wanted to know how talk about specific processes fit into family discussions at particular exhibit elements.  We used family specific process talk (i.e. adult plus child talk) at each exhibit element as our unit of analysis and conducted Multivariate ANOVAS.  The table below identifies exhibit components where families engaged in a significantly greater amount of specific process talk when compared to other exhibit elements in that area (See Appendix A: Exhibit Components for a description of exhibit elements).  A blank box indicates no significant differences between exhibit elements with regards to families’ specific process talk.
Table 15: Exhibit Elements That Produced Significantly More Specific Process Talk*
	
	Entry Area
	Molding Area
	Cutting Area
	Deforming Area
	Assembly Area

	Cutting
	Baseball Bat Display
	
	Cutting with Wax
	
	

	Molding
	Definition Wall
	Molding With Wax
	
	
	

	Deforming
	Definition Wall
	
	
	Rolling Mill
	

	Assembly
	Office Area; Exploded Bicycle
	
	Die Cut-Horse
	
	Assemble A Trolley

	Make
	
	Molding With Wax
	Die Cut-Horse; Die Cut-Box
	
	Assemble A Trolley

	Other Process
	Baseball Bat Display
	Crayon Display
	Baseball Glove Display
	Rolling Mill
	


* Exhibit elements listed were significant at the .05 level

One thing to notice about the majority of exhibit elements listed above is that they are the simple instantiations of specific processes or supportive elements.  The only machines that elicited significant amounts of specific process talk were the Die Cutters and the Rolling Mill.  This trend supports the idea that visitors will learn about process not from complex machinery, but from simple activities that can be used to link to disciplinary content. 

What do Rich Conversations Around the Processes of Manufacturing Sound Like?

In order to explore this question, we next look at five different examples (one from each Exhibit Area) of families using the exhibition to talk about how things are made.

Example #1: Molding

A mother and her four children are exploring the Molding Area (Pittsburgh Family #7V).  This is the first time that the family has visited the HPMT exhibition, and the mother has no prior manufacturing experience.  Her son, Joshua*, who participated in the interview portion of the evaluation, is six years old.  He has three older female siblings, Rebecca, Jessica, and Julie, who are accompanying the pair through the exhibition.

The family has been in the Molding Area for 7 minutes, having already looked at the Crayon Display, the Rotational Ball Mold, and placed wax on their hands at Molding with Wax.  However, they have yet to see the molding process in action.  

The conversation below begins at Mold Matching, an exhibit in which visitors place molded objects into the industrial molds that they came from.  After briefly picking up a football, Joshua notices the rubber sole of a shoe.  His mother sees an opportunity to lead him over to the Injection Molder, an industrial machine that molds plastic spoons.  Initially, her daughter, Julie, is still over at Mold Matching, but quickly joins the family at the Injection Molder.  Next, the group goes over to the Molding with Wax station. The entire exchange takes 2 minutes and 25 seconds.

	Actions and Dialogue
	Evaluator Notes

	Joshua and his mother are at the Mold Matching Station.
	

	Joshua:  Mom, it’s a shoe.
	Joshua recognizes an object.

	
Mom: They made shoes?
	The mother introduces the idea that the shoes were made by someone.

	Joshua: This is the bottom of a shoe.
	Joshua clarifies the portion of the shoe on display.

	
Mom:  That’s right.  Is that how they make them?  What are they making over there, guys? 
	The mother again asks her son about how the shoes are made, and then draws all of the children’s attention to the Injection Molding machine by referencing that an object is being produced in a similar way to the shoe.

	The mother points to the Injection Molder, and then walks over to the machine with Joshua.  
	

	Mom: Look, guys. Look what they’re making over here.
	

	
Joshua:  Mom, can I-
	

	
Mom:  They just made that, yeah.  It’s a spoon.
	The mother links the new object, a spoon, to the machine that made it.

	Joshua grabs the spoon from the bin, but it is hot to the touch.
	

	
Joshua:  Oh, my god!
	

	
Mom:  They said to pick it up from here though.
	The mother references signage above the bin.

	While Joshua and his mother remain at the Injection Molder, Julie explores the Mold Matching Station.
	

	
Julie:  Here’s the bottom of a shoe.
	Julie names an everyday object.

	
Mom:   That’s how they mold it.  They use the heat.  Oh, beautiful!  They use the heat to make the shape like you just used the heat.
	The mother links the making of the shoe to the making of the spoon.  She also introduces the idea that heat is part of the process of creating a molded shape.

	
Joshua:  You could keep it, right?
	Joshua is interested in the take-home aspect of the objects in the exhibit.

	Julie joins the family at the Injection Molder.
	

	
Mom:  You can probably keep it, yeah.  You want one?  But don’t- show her what to pick it up on.  Because one part is really hot.
	The mother instructs Joshua to teach his sister, Julie, about how to handle the spoon.

	
Julie:  What do you do?
	

	
Joshua:  You can’t- don’t pick it up by here.  It’s burning.
	

	
Mom:  Watch, the machine is making them.
	The mother again encourages her children to watch molding in-action.

	
Joshua:  Don’t pick it up by where?  [Examining spoon]
	

	
Mom:  This part was really hot on Joshua’s.  This one cooled off.  But that was really- because the use of the heat to help you mold it into shape like that one did, right?  
	The mother reiterates the role of heat in the molding process.

	Rebecca joins the family at the Injection Molder.
	

	
Rebecca:  Wait.  How do I make a spoon?
	Rebecca realizes that the family is making an everyday object.

	
Mom:  Well, the machine is doing it by itself, okay?  They use plastic.  They make the plastic really hot, and then they mold it.  Oh, Jessica.
	The mother now introduces the material being used to mold the spoon shape.

	After being called over by her mother, Jessica joins the family at the Injection Molder.
	

	
Jessica: Where do you find this spoon?
	Jessica is not aware that the family is making an everyday object.

	Mom:  They’re in here because this machine is making it. 
It makes the plastic really hot and then it shapes it.  Careful try not to get-
	The mother again emphasizes that the plastic material must be heated in order to be shaped.

	
Jessica: Whoa, what is this? What is this? What is this?
	Jessica is referring to the sprue, which is a piece of excess plastic created in the location that the melted material is poured into the spoon mold.

	
Mom:  You know I think this comes off. I think it just helped to make it.
	

	The family leaves the Injection Molder and goes to the Molding with Wax station.
	

	
Mom:  Are all these things made the same way guys?  
	The mother encourages her children to compare how different items in the room were made.

	Jessica:  Yeah.  Molding plastic.
	Jessica recognizes that everything in the room is made by molding.

	
Joshua:  They go like this.
	

	
Mom:  Molding plastic?  Is yours still hot?
	The mother repeats Jessica’s assertion.

	
Joshua:  It doesn’t hurt.  Oh, it doesn’t hurt, doesn’t hurt, doesn’t hurt.  
	

	
Jessica:  Can you hold this?
	Jessica hands her mother a wax object.

	
Mom:  Sure, I’ll put it in your box, ok?
	The mother uses the box that Jessica made in the Cutting Area to hold her molded items.

	The family leaves the Molding with Wax Station and goes over to the Fill-a-Mold Machine.
	


Pitt Family #7V

In the excerpt above, Joshua’s mother uses her son’s interest in the shoe to transition to a discussion of the making of another object, a spoon.  She introduces the term, molding, and then the idea that heat is used in the molding process.  The mother also mentions repeatedly that the machine is making the spoon.  Finally, she asks her children to compare the process of making a spoon to how other objects in the Molding Area are made.  This mother uses the exhibit activities as an opportunity to rehearse molding language with her children and build a shared understanding of the molding process.  At the Fill-a-Mold Machine, she later introduces the idea of melting plastic to form the shape.  Thus, this mother is able to break down the vital components of the molding process for her children over the course of the visit.

Example #2: Entry Area

A mother and her six year-old daughter, Rachel, are in the Entry Area examining the Baseball Bat display. In this display, five different baseball bats are shown at various stages in the manufacturing process. The entire exchange takes 51 seconds, highlighting the fact that deep process conversations can happen in a short amount of time.

	Actions and Dialogue
	Evaluator Notes

	The family exits the People Game, and approaches the Baseball Bat display.
	

	Mom:  This is how they make the, start a baseball bat.  "This display shows the process of making a wooden baseball bat.  Baseball bats, spindles, and chair legs are made by cutting wood with machines called lathes.  This bat is a Louisville Slugger made in Louisville, Kentucky." 
	The mother introduces the idea that there is a beginning to the process of making an object.  Then, she uses the signage provided to introduce other objects that are made by cutting.

	The mother begins spinning the second bat in the display around.
	

	Mom: So, what they do is spin it like that, and then they come along with a special tool -
	The mother utilizes the motion of the display to begin to explain how a lathe cuts wood.

	Rachel also begins spinning the bats.
	

	
Rachel: Okay, so they probably chop off (3x).  And then get this, and then make it into a circle.
	Rachel interrupts, understanding that the wood is cut into different shapes.

	
Mom:  And then they put --
	

	
Rachel:  Then start undoing the top of the baseball bat, and then probably the bottom and the very bottom.  And then when they're all done with that, they probably dye it black.
	Rachel moves down the line of bats, working out what steps had to occur to get from one section of bat to the other.

	Mom:  Mm hmm.
	Rachel’s mother simply agrees with her daughter.


Pitt Family # 5V 

Rachel’s mother was visiting the exhibition for the first time and has no previous manufacturing experience, but she was able to use the exhibit signage and the affordances of the baseball bat display (i.e. multiple bats shown at different steps and the spinning ability of the bats on display) to begin to describe how the bats were made to her daughter.  In fact, 83% of adults who visited How People Make Things felt that the exhibition had provided them with sufficient support to explain manufacturing content to their children.  This finding is encouraging since 69% of adults felt that they would be more likely to discuss the manufacturing processes at home after visiting the exhibition.

Example #3: Deforming Area

A mother and her eight year-old son, Mark, have just entered the Deforming Area. The pair both walk up to the Rolling Mill, a device that changes the shape of a penny using force.  The entire exchange takes 2 minutes and 43 seconds.
	Actions and Dialogue
	Evaluator Notes

	Mark and his mother approach the Rolling Mill.
	

	Mom:  “Deform a penny.”
	Mark’s mother names the manufacturing process that will take place.

	
Mark:  Deform a penny?
	Mark is not sure what the term means.

	
Mom:  “Please use one penny per person.  Start with Rolling Mill Number One. “  
	Mark’s mother identifies that machine that they will use to deform the penny.  

	Mark’s mother turns the crank on the Rolling Mill.
	

	Mom: Whoa, look at it!  What happened to it?
	Mark’s mother tries to define deformation by asking her son what happened to the penny.

	
Mark:  This is the bottom.
	

	
Mom:  What happened to my penny?
	

	
Mark:  That makes it go like different like that.
	Mark informs his mother that the machine changed the penny somehow.

	
Mom:  Well, it’s like it flattened it.  It made it flat.  It made it so the rough part is all smooth now.
	Mark’s mother identifies the new features of the penny that were created by the machine.

	
Mark:  Cool.
	

	
Mom:  You do your penny.
	Mark’s mother wants him to experience the activity for himself.

	
Mark:  What do I do?
	

	
Mom:  Put it in here.
	

	
Mark:  Can you do it?
	

	
Mom:  Okay, spin the wheel forward.  
	

	Mark turns the crank.
	

	Mom: Go to Number Two.  
	

	The family moves to the second Rolling Mill.
	

	Mom: “Place your deformed penny in the coin slot.  Turn the crank to further flatten the penny.”  
	Mark’s mother reads the sign, which includes language about deformation.

	Mark’s mother turns the crank.
	

	
Mark:  Cool.
	

	
Mom:  What happened to my penny now?
	Mark’s mother again asks her son to identify changes in the shape of the penny.

	
Mark:  Now it’s a little bumpy and smooth.  Because, look.
	

	
Mom:  Do yours?
	

	
Mark:  It won’t open!
	Mark cannot remember where the penny goes into the machine.

	
Mom:  Here. Okay.  
	

	Mark’s mother puts the penny in the slot.
	

	
Mark:  Oh, I forgot.  
	

	Mark turns the crank.
	

	Mark: Now, mine is!
	Mark is referring back to his earlier statement regarding the appearance of his mother’s penny.

	
Mom:  Oh, cool.  You get to keep that too, honey.
	

	
Mark:  Yay!
	Mark is excited about getting to take his deformed penny home.





















Omaha Family # 8V 
Mark’s mother was visiting the exhibition for the first time and has no manufacturing experience, but she was able to use the exhibit signage to guide the family’s conversation around Rolling Mill activity.  She focused on the changing appearance of the penny to help her son see how the different machines altered its shape.


Example #4 Cutting Area
A mother and her 9 year-old son, Robert, are visiting the Die Cutters in the Cutting Area.  Robert’s father and two sisters are also in the exhibit area, but do not interact with the pair during the conversation below.  Robert’s mother has no manufacturing experience and the pair are visiting the exhibition for the first time.  The entire exchange takes 4 minutes and 43 seconds.

	Actions and Dialogue
	Evaluator Notes

	The family walks over to Die Cut a Box.
	

	Mom:  This is a die cut machine.  Okay, now roll it. 
	Robert’s mother identifies the machine.

	
Robert turns the crank.
	

	
Mom: Does it go through there?  Maybe you've got to go on the other side?  I don't know.  "Lift the cover and place cardboard piece on the die cut.  Close the cover and push the die cut onto the rollers."  It's not working.  
	Robert’s mother is now focused on making the activity work correctly.

	Robert’s mother pushes the die towards the rollers, while Robert turns the crank.  They try various ways to make the die cutter work such as changing the direction of the crank, switching who does what job, and placing the die on the other side of the rollers.  However, the pair is unsuccessful, so they decide to try Die Cut a Horse. Robert turns the crank, while his mother pushes the die into the rollers.
	

	Mom:  There you go. Woohoo!  Way to go.  Look. It cut it out.
	Now that the activity has worked successfully, Robert’s mother turns back to what the machine did to the paper.

	Robert:  Yeah! 
	

	
Mom:  Isn't that cool?
	

	
Robert:  Yeah.  
	

	
Mom:  Now you can make your own horse.  See the pictures on the other side?
	Robert’s mother identifies the object being created.

	The family talks together about where the different pieces go in order to put together the horse.  They finish assembling the horse.
	

	
Mom: There.  Ta da!
	

	
Robert:  Wow.  Yeah.  I made an actual thing now.  
	Robert is excited that he made an object.

	
Mom:  Pretty cool huh?
	

	
Robert:  Yeah.
	

	
Mom: You can take that home.
	The mother links the object to home.

	
Robert:  Yeah.
	

	
Mom:  Show your dad.
	

	
Robert:  I was just going to ask someone if I could take this home.
	Robert is interested in the possibility of taking his creation home.

	Robert and his mother see the part of the display showing the inside of a die.
	

	
Mom:  See, and here is what the thing looks like. See?  Under that foam, there's all these, this sharp . . .
	Robert’s mother introduces the idea that cutting tools are often sharp.

	
Robert:  Yeah.
	

	
Mom:  And then it pushes down so hard that it cuts the paper.  And that's how they make boxes and all kind of different things.
	Robert’s mother talks about the process of die cutting, and then links that process to an everyday object.

	Robert: Wow.
	

	

Mom:  Pretty exciting, huh?  Pretty cool.
	

	

Robert: Mm hmm… Wow, I actually made something today.
	Robert feels a sense of accomplishment because he created something.





















Omaha Family # 10V

In the example above, Robert and his mother’s conversation is initially focused around getting the activity to work properly.  Once the pair find a machine that is easy to use, they both become excited about creating a horse.  Robert, especially, seems excited to make something that he can take home with him.  After the activity is completed, Robert’s mother is able to reinforce the language of manufacturing by discussing how a die works. 
Example #5: Assembly Area

A mother and her 11 year-old daughter, Lisa have just finished building a trolley, and are looking at the Artifact Wall in the Assembly Area.  The wall presents several everyday objects that have been taken apart to show all of the pieces used to make each product.  Lisa’s mother works in a factory that makes soap, so she has extensive manufacturing experience. It is the family’s first time in the exhibition.  The entire conversation takes 1 minute and 8 seconds.

	Actions and Dialogue
	Evaluator Notes

	Lisa and her mother approach the Assembly Artifact Wall.
	

	Mom:  In everything that has a bunch of pieces to it, it has to go through an assembly, you know what I mean?
	Lisa’s mother introduces the idea that assembled objects have many parts.

	
Lisa & Mom:  Whoa.
	

	
Lisa:  So --
	

	
Mom:  Who would take apart a Cannon [camera] like that?
	Lisa’s mother identifies an assembled object.

	
Lisa:  Let's do yours.
	Lisa suggests taking apart her mother’s camera.

	
Mom:  So, after it was cut, check this out.  Now it's assembled but those plastic things over there, those vacuum, cuts legs.
	Lisa’s mother attempts to explain how each of the different pieces on the object were made.

	
Lisa:  I have two pairs.
	

	
Mom:  Yeah, because he has back legs and front legs.
	Lisa and her mother are referring to the Die Cut Horse they made earlier

	
Lisa:  Oh, oh my God! That's yours.  This one's just like yours.
	Lisa recognizes one of the objects.

	
Mom:  It is just like my drill, isn't it?  Take it apart.  It's disassembled.
	Lisa’s mother introduces the definition of a process term.

	
Lisa:  That's a shoe.
	

	
Mom:  But it's a disassembled shoe.  You know what I mean?  It had to go through that process of being cut like we did way back over there.  And then, this thing over here was made by a mold.  And then-
	Lisa’s mother synthesizes the other processes that the family saw in the exhibit by describing how the shoes were made.

	
Lisa:  We got it.
	

	
Mom:  But now it's got to be assembled in order for Mister Rogers to wear it.
	Lisa’s mother recognizes the shoes from the Factory Tour video in the Cutting Area.

	
Lisa:  Okay.
	

	Mom:  But I'll think of it more than anything.
	Lisa’s mother seems to remember the fact that Mister Rogers had similar shoes to those shown in the exhibit.



-Omaha Family #9-

Lisa’s mother was able to use the objects in the Artifact Wall to talk about the process of assembly and its opposite, disassembly.  She also used the area as a space to talk to her daughter about how all of the different processes work together to form a single object.  Lisa was most interested in how the objects were similar to things that the family had at home.  Thus, the family was able to think about the objects as things that could be found in the world and things that were created using multiple processes.

did families talk about the role of people in the manufacturing process during their visit?

One of the goals of the exhibition was to highlight the role of people in the manufacturing process (Learning Objective #4).  In order to examine how families talked about people and factories during their visit to the exhibition, we developed a code to tally conversational mentions of the topic. 

People/Factory: A visitor received the PEOPLE/FACTORY code during their conversations if they used words like: Office worker, company, people, he makes/she makes/they make, referenced the name of the exhibition,  or a specific factory (ex. Diamond Wire Spring Company) or department (ex. Receiving Department).  

Visitors did not receive a PEOPLE/FACTORY code if they referenced each other, unless they were comparing their performance to that of a machine’s. Adult and child talk was coded by conversational turn (i.e. the PEOPLE/FACTORY code could only be assigned once per conversational turn). 

Examples:

“Okay.  He said he makes things with yellow beads.”

-Pitt Adult #2V at People Game-

“Would you like to work in manufacturing like that?”

-Pitt Adult #2V at Molding Factory Tour Video-

“That’s how a lot of factories work now.  That’s why grandpa retired.”

-Pitt Adult #1V at Robot Arm-

“No, I think that was actually made by somebody.”

-Pitt Adult #8V at Die Cut a Box-

“This is that soft rubber Daddy used to make.”

-Pitt Adult #10V at Mold Matching-

“See, instead of using hands, they use a robot to assemble the trolley.  See you did it by yourself with just your fingers and hands.  Look.  This is how they build them in the factory though because they didn’t need an awful lot of people to make all of those toys by hand.  Look how it spins and moves.”

-Pitt Adult #4V at Robot Arm-


“Your strength combine with the power of the rollers is the force used to deform 
your penny.”


-Omaha Adult #4V at Rolling Mill-


“You know when you’re on a construction site and you’re making buildings, and 
something should fall down?  Your head would be protected.”


-Omaha Adult #7V at Locker Area-


“You’ve probably got a scraping tool.  Shave some plastic.  I just saw a guy in 
Alaska. He was making totem poles.”


-Omaha Adult #7V at Cutting with Wax-

Most families referenced people or factories an average of eight times during their visit.  As expected, adults tended to be the ones who made most of these references.  Families in the Entry Area were significantly more likely to talk about people or factories than when they visited other areas of the exhibition (F(1,4) = 15.131, p<.05).  This result is encouraging, since the project team intentionally set up the Entry Area activities to focus on the people aspect of manufacturing.

Table 16: Average Number of Conversational Turns That Included a Mention of People or Factories

	
	Adult
	Child
	Family

	People/Factory Mention
	7.0
	1.5
	8.5


Did Particular Exhibit Elements Elicit More Talk About People In Manufacturing? 

We wanted to know how talk about people and factories fit into family discussions at particular exhibit elements.  We used families’ total people/factory mentions (i.e. adult plus child talk) at each exhibit element as our unit of analysis and conducted Multivariate ANOVAS.  The table below identifies exhibit components where families engaged in a significantly greater amount of people or factory talk when compared to other exhibit elements in that area (See Appendix A: Exhibit Components for a description of exhibit elements).  A blank box indicates no significant differences between exhibit elements with regards to families’ people/factory talk.
Table 17: Exhibit Elements That Produced Significantly More People/Factory Talk*
	
	Entry Area
	Molding Area
	Cutting Area
	Deforming Area
	Assembly Area

	People Factory Mention
	
	
	
	
	Robot Arm


* Exhibit elements listed were significant at the .05 level

In general, families did not significantly differ in their amount of people/factory talk at exhibits within each area (i.e. they were equally likely to talk about the role of people in the manufacturing process at each exhibit activity).  The exception is the Robot Arm in the Assembly Area.  The signage at this exhibit explicitly asks visitors to make comparisons between the Assemble a Trolley activity they do by hand and the efficiency of a machine’s assembly process.  Thus, the Robot Arm signage provides families with a way to talk about people and their relationship to manufacturing..

What do Rich Conversations About People in Manufacturing Sound Like?
Many of the conversations around people and factories in the exhibition had to do with visitors’ prior experiences or knowledge about family history.  In fact, over half of adult visitors in Pittsburgh (59%) said that the exhibition had provided them with opportunities to share their own personal experiences with their children.   Four such conversations can be found below.

Example #1: Cutting Area
A mother in the Cutting Area talks with her 7 year-old son, Samuel, as one works at the Die Cut a Box station and the other visits the Die Cut a Horse station.  The mother has no manufacturing experience and it is her first time in the exhibition.  However, she uses her prior knowledge of her family’s occupational history to help her son become interested in using the die cut machine.

	Actions and Dialogue
	Evaluator Notes

	The mother approaches Die Cut a Box, while Samuel goes over to the Die Cut a Horse Station.
	

	Mom:  Remember Grandpa told you he was a die cutter for Continental Can?  
	The mother makes a personal connection to the current activity.

	Samuel:  Cool.
	The mother knew that the reference to someone that Samuel knows using this machine in real life would attract his interest.

	The mother turns the crank of the die cutter.
	

	
Mom:  Hey, watch.  Look at this.
	The mother attempts to hold her son’s attention.

	
Samuel:  Here’s the cutting thing over here.
	Samuel is referring to the die cutter he is standing in front of.

	
Mom:  Samuel, come here.  Follow me.  I’m going to show you how a crank-up works.  Stay right there.
	The mother succeeds in getting her son to focus on what she is doing.

	Samuel:  You’re cutting.  
	Samuel recognizes that the machine uses the cutting process.






















-Pitt Family #1V-
In the example above, Samuel’s mother was able to reposition the pair’s shared family history in order to get her son to focus on the actions of a machine.  By activating her son’s interest, Samuel’s mother was able to help her son realize that die cutters cut material.
Example #2: Deforming Area
A mother uses a shared experience with her daughter, Veronica, to connect a recognizable object to the unfamiliar process by which it was made.

	Actions and Dialogue
	Evaluator Notes

	The family walks over to the Cup Wall in the Deforming Area.
	

	Mom:  Can I explain something to you?  What this is? Do those look familiar?
	The mother recognizes an opportunity to talk about how a recognizable object is made.

	The mother points to the cups on display.
	

	Veronica:  Yes.
	

	Mom:  Where did you get one of those?  Do you remember?
	

	Veronica:  At the ice cream shop.
	Veronica remembers seeing the ice cream cups before.

	Mom:  At the ice cream store.  And you know what it says?
	The mother utilizes information from the signage to help describe the object.

	Veronica:  No.  
	

	
Mom: “These ice cream cups were made by forced vacuuming”.  That means that they get a sheet of warm plastic, and put it over a mold and use the suction to that cup.
	The mother links the process of vacuum forming (a deformational process) to the familiar object.  


-Pitt Family #4V at the Cup Wall-

In both examples, the adult member of the group recognized a familiar object or machine and found a way to connect those exhibit elements to their children’s prior experiences. For the first parent, a grandfather who was a die cutter sparked her son’s interest in a machine.  For the second parent, a shared visit to the ice cream store gave her an opening to discuss the process through which the cups that her daughter used were made. This strategy helped adults reference the role of people and factories in an organic way in which their children could relate.

In the next two examples, adults emphasize the fact that each person does a part of the manufacturing process when talking about factories to their children.
Example #3: Cutting Area
A mother and her  daughter, Stephanie, are in the Cutting Area at the Die Cut a Horse station.  At this exhibit, visitors turn a crank while pushing a die through a set of rollers.  When the die exits the rollers, paper placed on top of the die is cut into a pair of legs, ears, and the head and torso of a horse.  The family has just finished attaching the pieces of the horse.  The mother asks Stephanie about life in a factory.
	Actions and Dialogue
	Evaluator Notes

	The family finishes putting together the paper horse.
	

	Mom:  So, if you worked in a big factory, this is what it would be like, huh?  What do you    think?
	The mother attempts to link the activity that they have just completed to the activities that a factory worker might complete in his or her job.

	Stephanie:  Yeah.
	

	Mom:  People make the parts then other people put the parts together and then you get a horse.
	The mother introduces the idea that people do different jobs in order to make a finished product.

	Stephanie:  Cool.
	


-Omaha Family #2


Example #4: Assembly Area
A mother and her daughter, Amber, visit Vehicle Assembly, an exhibit element where visitors can place dials, license plates, tires, and body panels onto the frame of a vehicle.  In this excerpt, Amber’s mother links the role of people to a familiar manufacturing concept, assembly lines.

	Actions and Dialogue
	Evaluator Notes

	The mother and her daughter, Amber, enter the Assembly Area and approach the Vehicle Assembly station.
	

	Mom:  What’s this?  Assemble.
	The mother names the process that the family is going to investigate.

	Amber:  What’s this?
	Amber wants her mother to identify the activity.

	
Mom:  This is how they put cars together.
	The mother defines the assembly process and links it to the object that the pair is viewing.

	
Amber:  Wow.
	

	
Mom:  Everybody in the assembly lines, everybody puts their piece on, and then it goes down a line.  And so one person might put this on, and then it goes down the line, and then somebody might put this on, and then they go down the line. 
	The mother defines the concept of an assembly line and introduces the idea that each person adds a different piece to the product being created.


-Omaha Family
#4

In the four examples above, each family talks about people in contrasting ways.  In the first two examples, the families focus on personal experiences and position their identity as a family that makes things.  In the last two examples, the role of people during different steps of the manufacturing process is emphasized.  Thus, there are many ways for families to address the role of people during their conversations within the exhibition.

did families talk about similarities and differences between processes done by hand and processes done by machine?

In order to examine how families talked about tools and machines during their visit to the exhibition, we developed a conversational coding scheme.  Family members’ talk was coded for mentions of tools or machines.  Adult and child talk was coded by conversational turn (i.e. the TOOL/MACHINE code could only be assigned once per conversational turn). 

Tool/Machine: A visitor received a TOOL/MACHINE code if they used words like: laser, die, injection molder, vacuum former, rolling mill, robot, lathe, drill, mill, scissors, saw, tool, or machine.  Visitors’ conversations were not coded as TOOL/MACHINE if the visitor referenced things in the exhibition like buttons, levers, clamps, cranks, or dippers.  Visitors also did not receive a TOOL/MACHINE code if the word was being used as a verb (i.e. drill, mill, chisel).  The exception was the term, “die cut”.  



Example: “Now, you’re going to make a spoon. This is an injector mold.  This is

called, I think, a PLC.  It like controls a piece of equipment.”



-Pitt Adult #10V at Injection Molder-



Example: “I don’t have any more pennies to do it now.  Hey, a vacuum!”



-Pitt Adult #5V noticing the Vacuum Former-



Example: “You think that machine cuts it faster?”



-Pitt Adult #7V referring to the 3-Axis Mill-


Example: “Lift the cover and place a cardboard sheet on the surface of the die.  I 
think this is the die.”



-Omaha Adult #4 at Die Cut a Box-



Example: “Come take a look at the drill.”



-Omaha Adult #7 drawing attention the 3-Axis Mill-

Most families referenced tools or machines an average of ten times during their visit.  As expected, adults tended to be the ones who made most of these references.  Families in the Cutting Area were significantly more likely to talk about tools or machines than when they visited other areas of the exhibition (F(1,4) = 11.283, p<.05).  This result may be indicative of the amount of signage in the Cutting Area devoted to tools and tool comparisons.

Table 18: Average Number of Conversational Turns That Included a Mention of Tools or Machines
	
	Adult
	Child
	Family

	Tool/Machine
	8.3
	1.9
	10.2


Did Particular Exhibit Elements Elicit More Talk About Manufacturing Tools and Machines? 

We wanted to know how talk about tools and machines fit into family discussions at particular exhibit elements.  We used family tool/machine mentions (i.e. adult plus child talk) at each exhibit element as our unit of analysis and conducted Multivariate ANOVAS.  The table below identifies exhibit components where families engaged in a significantly greater amount of talk about tools when compared to other exhibit elements in that area (See Appendix A: Exhibit Components for a description of exhibit elements).  A blank box indicates no significant differences between exhibit elements with regards to families’ tool/machine talk.
Table 19: Exhibit Elements That Produced Significantly More Tool/Machine Talk*
	
	Entry Area
	Molding Area
	Cutting Area
	Deforming Area
	Assembly Area

	Tool/Machine Mention
	Baseball Bat Display 
	Injection Molder
	Cutting with Wax
	
	Robot Arm


* Exhibit elements listed were significant at the .05 level

Unsurprisingly families talked about tools and machines while viewing authentic industrial machines like the Injection Molder and Robot Arm.  They also talked about tools at Cutting With Wax, an exhibit whose signage explicitly lists different types of tools that cut.  Although the Baseball Ball display is an object and contains no tools, many families recognized the process through which a bat is made and identified the tool (a lathe) used to cut wood.

What Do Rich Conversations Around Tools and Machines Sound Like?

Most family conversations about tools involved simply naming the machine or tool that could be used for a particular manufacturing process.  However, the following examples illustrate that some of the conversations went deeper, exploring how humans and machines can perform the same process differently.

Example #1: Assembly Area
A mother and her seven year-old son, Samuel, have just finished building a trolley by hand.  They notice an example of a completed trolley in a case and go to investigate.

	Actions and Dialogue
	Evaluator Notes

	Samuel and his mother approach the Robot Arm.
	

	Samuel:  You have to make it like this.
	Samuel is referring to the trolley inside the case, comparing it to the one that he and his mother just made.

	
Mom:   Just like that.  Yeah.  That’s Mister Rogers’ trolley there.  Look at this over here.  You see this?  Press this button.
	The mother references the television show.

	Samuel:  Okay, I will.
	

	Mom:  Press it.  See what happens.
	

	Samuel presses the button.  Both watch the Robot Arm begin to dissemble the trolley.
	

	Mom{laughing}: It’s taking it apart, Samuel, piece by piece.  That’s a robot arm.
	The mother describes the action in front of them and in doing so, defines disassembly.  She also lists the name of the machine for her son.

	Samuel:  Cool.
	

	Mom:  That’s how a lot of factories work now.  That’s why grandpa retired.
	The mother makes a personal reference and introduces the idea that machines sometimes replace people in factories.

	Samuel:  Is it making the trolley?
	Samuel is beginning to grapple with the idea that a machine can make an object.

	Mom:  It’s taking it apart.  Look at that.  It’s like it knows right where all the pieces are, huh?  You think it’s done?  No, no, no.   Not yet. 
	The mother clarifies to her son that the Robot Arm is not currently making anything.  She also begins to explore the idea that the Robot Arm is programmed to put the pieces down in a particular order.

	Samuel:  Are we almost done?  
	

	Mom:  One last piece.
	

	Samuel:  Wheels.
	Samuel identifies the last piece of the trolley taken apart by the Robot Arm.

	Mom:  But do you think it would put it back together too?
	The mother grabs her son’s interest, by asking him a question about the Robot Arm’s capabilities.

	Samuel:  I think.
	

	Mom:  Or does it just take it apart?  Press the button and see if it puts it together.  
	The mother defines assembly.

	Samuel presses the button, and the Robot Arm begins to assemble the trolley.
	

	Mom{laughing}: Cool.
	

	Samuel:  It’s going to put it together.
	Samuel understands that the machine is making an object.

	Mom:  Let’s watch how it puts it together.  It’s the wheels.  See, this is the way we should’ve done it, but this Robot Arm is better than we are in putting it together.
	The mother uses this as an opportunity to compare the Robot Arm’s assembly of the trolley to her and Samuel’s assembly process.

	Samuel:  Look what you have to do?  You have to like -
	

	Mom:  But that goes on the, I put that on the top.  {both laugh}.  The robot’s smarter than mom.  It’s smarter than mom.
	The mother realizes that she had assembled the trolley incorrectly, and assumes that the Robot Arm is using the correct sequence of steps.

	
The family continues to watch the Robot Arm’s assembly.  Samuel teases his mother about the robot being smarter than she is, and she responds.
	

	Mom:  Okay. Be nice.  Now, how come we couldn’t put it together this easy?  That’s easy.  Watch he’s going to put the “Neighborhood Trolley” [sign] on there too. 
Where’s that guy go?  Put it up top.  Well, that is too cool.
	The mother lets her son know that the Robot Arm had an easier time assembling the trolley than they did.

	Samuel{Gasp}: That’s how we should’ve done it.
	Samuel now also realizes that the Robot Arm assembled the trolley correctly, but the family did not.

	Mom:   That’s how it should’ve looked, huh?  
	


-Pitt Family  #1V at the Robot Arm-

In the above example, the mother is able to focus her son on the process being displayed in the Assembly Area.  She also helps him realize that the Robot Arm is making the same object that the family tried to create.  In doing so, both the mother and her son, Samuel, realize that the Robot Arm was more accurate and had an easier time completing the task than they did.  By having an opportunity to first attempt the assembly of the trolley themselves, and then watch the same process being done by a machine, the family was able to begin thinking about the similarities and differences in how objects are made by hand versus by technological tools.

Example #2: Cutting Area
A mother and her daughter, Jessica, are scraping wax at the Cutting with Wax table.  Initially, the woman’s son, Joshua, comes over to try the hand tools, but his mother encourages him to let his sister try using the table by herself.

	Actions and Dialogue
	Evaluator Notes

	Jessica approaches the Cutting with Wax table and begins to scrape a block of wax with one of the tools provided.
	

	
Jessica:  What’s this?  
	

	Mom:  Those are hand tools.  
	The mother identifies that the tools are to be used by hand.

	Joshua begins to scrape wax from a nearby block.
	

	Mom: Wait, Joshua, let Jessica do this.
	

	Joshua leaves the table.
	

	Jessica:  What do you do?
	

	Mom:  You’re cutting wax with a hand tool.  The other thing is a drill, like an electronic drill.  It’s a machine, but these are tools.
	The mother describes the activity to her daughter, including the process, material, and means to complete the activity.  She then identifies the 3-Axis Mill and what it does.  
The mother clearly sets up the difference between a tool and a machine here.

	Jessica:  Cool.
	

	Mom:  It says,  “You can even use a laser or a jet of water to cut wax”.  See?  That’s cool, huh?
	The mother mentions other tools that can be used to complete the same cutting process.

	Jessica:  Yeah, it is. 
	

	Mom:  Thank you.
	Jessica hands her mother a tool.

	Jessica finds a hand tool that looks different than the one she had previously been using, and shows her mother.
	

	Jessica:  Look at this.
	

	Mom:  It’s a different type of chisel. 
	The mother names the new tool more specifically.

	Jessica: These chisels are cool.
	The daughter appropriates the tool language.

	Mom:  It’s just different types of hand tools.  This is what people would’ve used a long, long time ago before they had machines.
	The mother introduces the idea that people use different tools to make things as technology advances.

	Jessica:  Like wood?
	Jessica is referencing the material that she thinks tools from the past might be made out of.

	Mom: They used hand tools.  You can ask Papie.  Maybe he remembers hand tools.  Remember we saw that Mister Rogers’ show?  I think they still use, um, hand tools and chisels.  They were making guitars that day.  Do you remember that one? 
	The mother encourages her daughter to ask her father or grandfather about the use of hand tools when the family returns home.  Then she references a Factory Tour video that the family had viewed in the past to introduce the idea that hand tools may still be used by some manufacturers.  She also mentions the everyday object that was being made that day as a memory aid.

	
Jessica:  That is so cool.
	The mother has captured her daughter’s interest.
















-Pitt Family #4V at Cutting with Wax-

In the above example, the mother is able to compare different ways to cut using hand tools and machines.  She is able to tap into the family’s shared experience watching a Factory Tour video to introduce the idea that some ways of making things may still be the same today.  This conversation shows a level of sophistication on the part of the mother to help her daughter recognize the variety of methods that can be used to cut a material.

Example #3: Cutting Area
A mother and her 8 year-old daughter, Amber, have just finished making a horse at the Die Cutter, and become involved with Simple Wax Cutting, an exhibit where visitors use looped tools to remove material from a wax block.  The family stays at the exhibit for one minute, then moves to the 3-Axis Mill, an exhibit in which visitors turn three different cranks to make a drill go up and down, and a wax block go back and forth or left and right.  The family attempts to cut wax using the machine for one minute twenty-three seconds, but they are unable to get the machine to work properly.  The pair returns to Simple Wax Cutting, and engages with the activity for fifty seconds.  The entire exchange takes three minutes and thirteen seconds.
	Actions and Dialogue
	Evaluator Notes

	Amber and her mother approach Simple Wax Cutting, and sit down at the table.
	

	Mom:  What’s this?
	


	
Amber:  Wow!  What can we do with this?
	Amber expresses interest in the activity.

	
Mom:  I don’t know. Let’s read it and see.  It says, “How is the same with cutting with a machine- 
	
The mother uses the signage to support her description of the activity.

	Amber is poking at the wax block with her fingers.
	

	Mom: No! Use your tool. Look.  Look.
	
 Amber’s mother encourages her daughter to incorporate tools into the activity.

	Amber’s mother demonstrates how to create wax shavings using the looped tool.
	

	
Amber:  Oh. wow.
	

	
Mom:  It’s kind of like carving, isn’t it?
	
Amber’s mother introduces the idea that the activity is a form of cutting.

	
Amber:  Mm hmm. This is cool.  I would like to come here again.  
	
Amber indicates that the family might return to the exhibition in the future.

	
Mom:  It says, “In manufacturing, many sharp-edged tools are used to cut like scissors and drills.  It says, “Now-
	
Amber’s mother returns to the signage to help mediate the conversation.  She reintroduces the idea of cutting tools.

	
Amber:  It looks like wax.  
	
Amber identifies the material being cut.

	
Mom:  I know, doesn’t it?  I thought it was soap, but it’s definitely wax, I think.  So you could probably carve it into something, right?
	
The mother mentions a property of the material that allows it to be cut.

	
Amber:  Yeah.  
	


	Mom:  I wonder if that has something to do with this.
	
Amber’s mother attempts to make a connection between the simple and complex versions of cutting.

	
Amber’s mother points to the 3-Axis Mill, and the pair walk over to the machine. 
	


	
Mom:  I think this is the same thing, Make it go down.  
	
Amber’s mother links the activity done by the machine to what the family had done by hand.

	Amber begins turning one of the cranks.
	

	Mom: Whoa, here she goes. Hello.  Okay, where are we going to drill at?
	Amber’s mother uses cutting language to situate the activity in a process context.

	The family attempts to turn all three of the cranks, but quickly realize that the machine is not working properly.  They return to Simple Wax Cutting.  Amber sits down and uses the looped tool on the block of wax.
	


	Amber:  This is cool.  I wish I could-


	

	
 Mom:  You know, when I was in school we actually made stamps this way.  A rubber stamp.


	
Amber’s mother connects the exhibit activity to a personal experience she had with making a cut object.

	
Amber:  Wow!  
	


	
 Mom:  An old piece of linoleum, and we got to use tools like this.  And we carved out the negative of the image and we actually printed something with it.  You know, like a rubber stamp like we use at home.  Oh, it makes your hands smell funky.  So if I gave you a big piece of wax would you carve something?
	
Amber’s mother is able to link her own prior experiences with the tools that are present in the exhibit.  She uses the example of rubber stamps to help her daughter see the connection to cut objects at home.  Amber’s mother then invites her daughter to cut wax material in their own home.

	
Amber:  Yeah, I would.  
	
Amber is interested in doing the cutting activity at home.

	
Mom: You think so?
	


	
Amber: Okay.  Let’s go on to the next.  
	


	Mom: Okay.
	


	The family leaves the Cutting Area.  
	



-Omaha Family #4 at Simple Wax Cutting & the 3-Axis Mill

In the above example, the mother is able to engage her daughter in the cutting process by focusing on the tools being used.  By positioning the activity as an example of cutting using hand tools, the mother is then able to transition to an example of cutting with a machine.  Because the machine is not functioning properly, it did not afford Amber’s mother a platform to talk about the cutting process.  However, once the family returns back to Simple Wax Cutting, the mother is again able to hold her daughter’s attention by talking about an object that the family has in the home that Amber’s mother also had experience creating using the cutting process.  The mother’s ability to link the two exhibit components together as well as link everyday objects to the cutting process being displayed was supported by the tools, material, and signage present in the activity itself.

did families talk about everyday objects during their museum experience?

One reason that families may have reported being so comfortable talking about the processes of manufacturing after their visit is because they were able to interact with and talk about everyday objects made from recognizable materials during their visit.  Over the course of their visit, the average family made 46 references to familiar objects.
Table 20: Average Number of Conversational Turns That Included a Mention of Objects 

	
	Adult
	Child
	Family

	Everyday Object
	29.35
	16.90
	46.25


In fact, the average number of times that a family’s conversation included an everyday object in reference to a specific process (i.e. the co-occurrence of the Everyday Object & Specific Process codes) was 27 mentions. This means that families had several opportunities to link familiar objects to the more unfamiliar ways in which those objects were made.  Interestingly, most of those conversational co-occurrences happened while families were in the Molding Area, a room devoted to the complex idea of a material changing state from a solid to a liquid in order to be shaped within a mold (F(1,4) = 9.652, p<.05).  The Molding Area also happens to be the space that contains the most everyday objects compared to other rooms in the exhibition.  This finding provides compelling evidence that recognizable objects can be utilized to help visitors become more at ease in discussing the hard scientific concepts that surround various manufacturing processes.

Did Particular Exhibit Elements Elicit More Talk About Everyday Objects?

We wanted to know how talk about everyday objects fit into family discussions at particular exhibit elements.  We used family object mentions (i.e. adult plus child talk) at each exhibit element as our unit of analysis and conducted Multivariate ANOVAS.  Table 21 identifies exhibit components, where families engaged in a significantly greater amount of talk about everyday objects when compared to other exhibit elements in that area (See Appendix A: Exhibit Components for a description of exhibit elements).  A blank box indicates no significant differences between exhibit elements with regards to families’ object talk.
Table 21: Exhibit Elements That Produced Significantly More Object Talk*
	
	Entry Area
	Molding Area
	Cutting Area
	Deforming Area
	Assembly Area

	Object Mention
	
	Fill-A-Mold
	Die Cut-Box; Die Cut-Horse
	Rolling Mill
	Assemble a Trolley


* Exhibit elements listed were significant at the .05 level

Interestingly, three out of the four exhibit elements at which families talked significantly more about everyday objects were locations where visitors had the opportunity to use a specific manufacturing process to make an everyday object.  The exceptions are the Entry Area, where visitors talked about objects similarly throughout the space and the Molding Area.  In the Fill-A-Mold exhibit, visitors are instructed to pull levers “to reveal an everyday object that is molded”.  Thus, visitors tend to identify the object that is revealed when the liquid fills the mold cavity. 

What Do Rich Conversations Around Everyday Objects Sound Like?
Most family conversations about objects involved simply naming the everyday object on display.  Many parents and children were also able to link the object to the manufacturing process through which it was made, while engaging with exhibit activities. The following two examples illustrate what a rehearsal of manufacturing language around objects in the exhibition sounded like.
Example #1: Deforming Area
A father and his five year-old daughter, Erica, have arrived at Vacuum Forces, an exhibit in which visitors place their hand under a sheet and watch as a vacuum sucks the air out from beneath the sheet, which tightens over their hands.

	Actions and Dialogue
	Evaluator Notes

	The family are in the Deforming Area, and approach Vacuum Forces.
	

	Father:  "Feel the force of vacuum.  This activity helps to show what happens in a vacuum former.  A machine that uses heat and the force of suction to deform materials.”
	The father uses the signage to explain the activity to his daughter.  He also identifies that the deforming process is the focus of this activity.

	Erica: What?
	

	Father:  “Cover your hand with the sheet."  Okay, put your hand in there.  Put your other hand in there.  I’m going to press the button.
	

	Erica’s father presses the button to turn on the vacuum.  The sheet tightens around Erica’s hand.
	

	Father: What does that feel like?
	The father is trying to capture his daughter’s experience with force focusing on her hand as an object.

	Erica:  Aw, I don't know.
	

	Father:  Is it like sucking your hand up?
	The father reintroduces the idea of suction.

	Erica:  Yeah.
	

	Father:  All right.
	

	Erica:  Do it too.
	Erica encourages her father to experience the activity.

	Father:  You going to do it to me?
	The father gives his daughter control over the activity.

	Erica:  Uh-huh.
	

	The father places his hands under the sheet.  
	

	
Father:  Okay, do it.
	

	Erica presses the button to turn on the vacuum.
	

	Erica:  What does it feel like?
	

	Father:  Eww, it's weird isn't it?
	

	Erica: Do it again.
	

	Erica places her hand under the sheet.
	

	Father:  Well, here. Let's take your hand out of there.  Then we press the button.  Watch, we'll probably see the forms.
	Erica’s father introduces the idea that the vacuum will suck down around a set of letters that are also under the sheet.

	The father presses the button, and the sheet is sucked down around the forms.
	

	Father: Do you see the shapes?  Is that pretty neat?  So we can probably use the shape to maybe make something?
	The father refers to making an object.

	Erica: Make a thing?  What thing would we make?  I don't know. Daddy?  
	Erica grapples with the idea that they are making objects.

	Erica arranges the shapes under the sheet.
	

	Father: Oh, what do think that looks like?
	The father encourages his daughter to identify familiar shapes.

	Erica: Um, a dinosaur and half of a banana.
	

	Father:  Does that look kind of like a fish?
	

	Erica: Where's the other half of the banana?  The banana's dead! Found it.  Now, let's-
	

	Father: See, okay.
	

	Erica: Pick it up.
	

	Father: Press the buttons.  
	

	
Erica presses the button, and the sheet is sucked down around the forms.  
	

	Father: That makes your shapes.  Look at it.  It looks like a flower.
	Erica’s father draws her attention to the fact that the vacuum sucks down the sheet to reveal the forms.

	Erica: 

What is it made out of? 
	Erica may be beginning to understand that the deformational activity requires certain materials in order to be successful.

	
Erica lifts the sheet to explore the material.  Erica’s father notices the Cup Wall adjacent to the activity and points it out to his daughter.
	

	Father: Look. It says, "These ice cream cups were made by vacuum forming.  To make these cups, a sheet of warm, soften plastic is placed on top of a cup form.  
A vacuum sucks the plastic onto the form making the cup shape.  Coffee cup lids, toy packaging and plastic masks are vacuum formed."  Is that pretty neat?
	Erica’s father synthesizes the activity that they have just completed, using the language of the sign to explain the process of vacuum forming to his daughter.  
He also mentions everyday objects that are made using the deforming process.













-Omaha Family #11 at Vacuum Forces and Cup Wall

In the above example, the father is able to use the Vacuum Forces activity to introduce the idea that a vacuum’s suction can deform shapes.  He is able to use signage in the Deforming Area to connect the activity to the larger context of manufacturing familiar objects using vacuum forming.  Here, a discussion of everyday objects is woven into the family’s process conversations.

Example #2: Molding Area
A mother and her eight year-old son, Anthony, have arrived in the Molding Area and are trying to decide what activity to do first.  The Family approaches Molding With Wax, but the mother says it is too “messy”.  She recognizes the Mister Rogers’ Factory Tour Video on crayons, and the family walks over to watch it.
	Actions and Dialogue
	Evaluator Notes

	Mother: Oh, I love this one! Do you remember this one with the crayons?  How they make the crayons on this episode?  Do you remember watching that on TV?  See?  They’re going through and putting each of the crayons on the boxes, and then you get them in that big box.  Look at all of these crayons.  There’s so many!
	The mother references the object being made and reminds her son of a prior shared experience where the family had watched the video.

	Anthony:  How do they put it in here?
	Anthony is asking about the crayons in plastic cylinders beside the video display.

	Mother:  That’s just for show for today.
	His mother explains that those crayons are part of the exhibit.

	Anthony looks down at the Rotational Ball Mold.
	

	:Anthony:  Where are the basketballs?
	Someone has removed the balls from the exhibit.

	Mother:  I don’t know.
	

	The mother walks over to Fill-a-Mold, and pulls one of the levers on the exhibit.
	

	Mother: Oh, look! Do you see that? 
	Anthony’s mother gets his attention.

	Anthony pulls down on another lever.
	

	Mother:  It’s filling it up.
	Anthony’s mother explains the effect of pulling the lever.

	Anthony: I’m doing another one.  That rectangle thing.
	Anthony is referring to the LEGO mold.

	Mother:  Which one?
	

	Anthony:  That.  I’ve done that.
	Anthony references the LEGO mold again.

	The family pulls various levers.
	

	Mother:  Oh, look! I’ve made a flyswatter.  You made a coat hanger.  That’s a model airplane wing.
	The mother begins naming the objects that they are making by name.

	Anthony:  I’m going to try…have you already pushed this?
	

	Mother:  I don’t think so.
	

	Anthony pulls a lever. 
	

	Mother: That’s a comb.  Do you see how the liquid fills it up?  Watch.  Pretend this is melted liquid.  Pretend it’s melted plastic and when you push it - and when you push that melted plastic, it fills up the item.  See how it fills it up?  That’s a LEGO block, and then when it gets hard…Boom! You have a Lego block.  The plastic gets hard, and then you can play with it.  That’s like a comb that I comb your hair with.  You just made a plastic roller.
	Anthony’s mother uses the familiar object of the comb, which is similar to a comb the family has at home, to explain the molding process to her son.  She mentions the material used, and even describes the state change that molded objects have to go through when talking about the LEGO block.

	The family leaves the display and walks over to Mold Matching.  Anthony sees a football.
	

	Anthony:  Oh, look it!
	

	Mother:  You know what they do?  They take that same liquid and they pour it in there.  And then they put the mold on, and then when it gets hard, you have a football.
	The mother connects what the family just experienced at Fill-A-Mold to explain how footballs are made.  She again walks her son through the process of molding and state change using a familiar object.







-Omaha Family #15 at Factory Tour Videos, Fill-A-Mold, and Mold Matching
In the above example, the mother uses a sequence of activities featuring everyday objects like crayons, combs, LEGOS, and footballs to talk to her son about molding.  Here, the everyday objects she references most are often items that the family has encountered at home, on television, or in other parts of their lives.  Thus, family conversations about everyday objects within the exhibition are full of rich opportunities to build personal connections and develop a deeper understanding of the processes through which everyday objects are made.

did conversations during the museum experience impact family talk about how everyday objects are made after their visit?
In order to test the claim that the exhibition itself supports families in having richer process conversations around objects, we needed to examine whether other variables were contributing to families’ talk during their exhibition experience.  We also had to determine whether the amount of family process talk within the exhibition was more predictive of visitors’ post-visit descriptions of objects than other variables.  Variables that we identified as being possible contributors both to family conversation and to visitors’ post-visit answers were time spent in the exhibition, adult and child gender, child age, adult manufacturing experience, and whether the adult and/or the child had viewed the exhibition on a previous visit.

We decided to focus on adult and child process conversations that involved Molding, Deforming, Cutting, and Assembly talk during the exhibition experience because these types of discussions are a crucial part of the model of potential for change in family knowledge building.  

Family process talk had already been coded using a previously constructed coding scheme that gave adults or children one point for each conversational turn that included a mention of that specific process.  For the purposes of the current analysis, in some instances talk served as a dependent variable, and in others it was an independent variable.  

In terms of visitors’ post-visit descriptions of objects, we examined individual interviews completed by adults and children in which each family member had to separately discuss whether they thought that certain everyday objects had been made in similar or different ways.  During these interviews, visitors also had to justify their answers.  Again, visitors’ responses were coded for instances of specific process talk regarding Molding, Deforming, Cutting, and Assembly.  In the current analysis, post-visit individual interview responses are always dependent variables.  In some cases, visitors’ pre-visit individual responses were used as independent variables.

Since we were interested in visitor conversations within the exhibition, the current analysis only includes participants who agreed to be videotaped as part of the evaluation. Visitor data from Pittsburgh (n=10) and Omaha (n=10) was combined to analyze the affect of certain variables on family conversation and post-visit interview responses (see Appendix C & Appendix D for visitor demographics from each venue). Independent sample t-tests comparing family conversational data and adult/child post-visit interviews revealed no significant differences between the two groups, regardless of whether we controlled for time spent at the exhibition.  Thus, the total n for the analyses below is 20 adult-child pairs.
Were There Any Variables That Affected Visitor Conversations?

Gender

Most of the adults (70%) in the sample were women.  While there were no differences between mothers and fathers in terms of their specific manufacturing process discussions, mothers did generate more talk about general process concepts (i.e. time spent for an object to undergo a process, the steps in a process, or simply using the word, process) than fathers did (t(18) =-2.159, p < .05). Mothers also elicited more talk about general process features from their children than fathers could (t(18) = -2.302, p < .05).  

Many of the children (60%) in the sample were girls.  During their visit to the exhibition, female children had significantly more conversations about the molding process than boys (t(18) = -2.585, p < .05).

Age

The average age of videotaped children at both venues was 7.5 years old
.  Most children in the sample (75%) were younger, between five and eight years of age.  The rest of the children in the sample (25%) were older, between nine and twelve years of age.  There were no significant differences between older and younger children regarding their parents’ or their own discussions of specific manufacturing processes.

Manufacturing Experience

Within the sample of 20 videotaped families, 15% of adults had prior manufacturing experience.  However, there were no significant differences in the amount of adult or child talk around Molding, Cutting, Deforming, and Assembly between adults with manufacturing backgrounds and those without any prior experience.  This result seems to indicate that the exhibition provided an equally effective rehearsal space for families to talk about manufacturing, regardless of their level of experience with the topic area.

Prior Visit

Most visitors in the sample (75%) were visiting the exhibition for the first time.  A quarter of the families who were videotaped had already been to the exhibition at least once.  Prior visits to the exhibition did not significantly affect adults’ specific process talk.  However, children who had been to the exhibition before tended to talk more about Assembly than visitors who had never been to the exhibition (t(18) = -3.064, p < .05).

Time Spent & Number of Exhibits in a Specific Process Area
In our sample, families spent between 13 minutes and 11 seconds and 59 minutes 46 seconds total in the exhibition, with an average of 33 minutes 7 seconds.  Families spent an average of seven minutes per area of the exhibit (n = 5 areas).Within the five areas of the exhibit, families engaged with between 1 to 9 exhibit activities per room, with an average of 4 activities. We ran a linear regression to determine whether Time Spent within an exhibition area and/or the number of exhibit activities visited by the group could predict a family’s Specific Process Talk during the museum experience.  For example could time spent and the number of activities a family visited in the Molding Area predict the amount of conversational turns they had regarding the Molding process.  

We found that the number of activities a family visited within the Molding Area significantly predicted the amount of Family Molding Talk during the exhibit experience (F = 46.542, p <.05), with the Number of Exhibit Activities accounting for 35% of the variance in Family Molding Talk.  The number of activities visited also significantly impacted the amount of Family Assembly Talk within the Assembly Area (F = 6.072; p<.05), with the Number of Exhibit Activities accounting for 5% of the variability in Family Assembly Talk.  Thus, the Number of Exhibit Activities Visited is a better predictor of Family Molding Talk than of Family Assembly Talk.  Time Spent in these areas was not a significant predictor.

The time that families spent within the Cutting Area of the exhibition significantly predicted the amount of Family Cutting Talk during the museum experience (F = 6.860, p <.05), with Time Spent accounting for 7% of the variance in Family Cutting Talk.  Time Spent within the Deforming Area was also found to significantly impact Family Deforming Talk during the visit (F = 4.954, p <.05), with Time Spent accounting for 4% or the variance in Family Deforming Talk.  Taken together, these results indicate that while Time Spent within the Cutting and Deforming Areas of the exhibition does significantly predict Family Cutting and Deforming Talk, Time Spent is not a very powerful predictor.

Were There Any Variables That Affected Visitor Post-Visit Process Descriptions?
In order to determine whether family process conversations within the exhibition could explain the variability in post-visit process descriptions, we created a variable, Total Family Post-Visit Process Talk.  This variable combined adult and child mentions of each of the four processes (Cutting, Molding, Deforming, and Assembly).  A similar variable was created for Total Family Pre-Visit Process Talk.  We also added all of the specific family talk that occurred within the exhibition itself (i.e. adult plus child talk using the four processes) together to create another variable, Total Family During-Visit Process Talk.  
We ran a regression model that included Total Time Spent in the Exhibition, Total Family Pre-Visit Process Talk, and Total Family During-Visit Process Talk to determine which variables or set of variables could best predict Total Family Post-Visit Process Talk.  We found that Total Family During-Visit Process Talk was a significant predictor  of Total Family Post-Visit Process Talk (Beta =.265 , p < .001).  Total Time Spent in Exhibition (Beta = -.043, n.s.) and Total Family Pre-Visit Process Talk (Beta = -.171, n.s.) were not significant predictors.  The overall model fit was R2 = 0.56.  This means that 56% of the variability in family’s specific process talk after their visit can be explained by the amount that they talked about specific processes during their exhibition experience. 

Post-Visit Deforming Process Descriptions

Adult males were significantly better at talking about deforming after their visit to the exhibition than adult females (t(18) = 2.687, p < .05).  Adults with manufacturing experience were also significantly better at talking about deforming after their visit to the exhibition compared to those without such experience (t(18) = -2.582, p < .05).  Interestingly, children of parents with manufacturing experience discussed deformation a significantly lower amount after their visit than children whose parents had no manufacturing experience (t(18) = 2.219, p < .05).  In addition, children who were visiting the exhibition for the first time described deformed objects with significantly greater accuracy than children who had been to the exhibition before (t(18) = 2.256, p < .05).

We also ran a regression model including Total Family Deforming Talk, Total Time Spent in the Exhibition, and Pre-Visit Adult & Child Deforming Process Talk to see if any of these variables could significantly predict the amount that parents and their children talked about Deforming after their visit. 

We found that children’s ability to talk about deforming before their visit significantly predicted the degree to which they talked about the deforming process after their visit (Beta = .842, p < .05).  Total Time Spent in Exhibition (Beta = .089, n.s.) and Total Family During-Visit Deforming Talk (Beta = -.187, n.s.) were not significant predictors.  The overall model fit was R2 = 0.21.  This means that 21% of the variability in children’s Post-Visit Deforming Talk can be explained by the amount that they talked about deforming before their visit.

We also found that family’s talk about deforming during their museum visit significantly predicted the degree to which adults talked about the deforming process after their visit (Beta = -.052, p < .05).  Total Time Spent in Exhibition (Beta = -.198, n.s.) and Adult Pre-Visit Deforming Talk (Beta = .271, n.s.) were not significant predictors.  The overall model fit was R2 = 0.44.  This means that 44% of the variability in adult’s Post-Visit Deforming Talk can be explained by the amount that the family talked together about deforming during their visit.

Post-Visit Molding Process Descriptions

Children who had been to the exhibition before were significantly better at describing molded objects after their visit than children who were visiting the exhibition for the first time (t(18) = -4.583, p < .05).  Girls talked about molded objects after their visit significantly more than boys (t(18) = -2.400, p < .05).

We also ran a regression model including Total Family Molding Talk, Total Time Spent in the Exhibition, and Pre-Visit Adult & Child Molding Process Talk to see if any of these variables could significantly predict the amount that parents and their children talked about Molding after their visit. 

We found that the time that the family spent within the exhibition significantly predicted the degree to which adults talked about the molding process after their visit (Beta = -.578, p < .05).  Adult Pre-Visit Molding Talk (Beta = -.285, n.s.) and Total Family During-Visit Molding Talk (Beta = -.136, n.s.) were not significant predictors.  The overall model fit was R2 = 0.30.  This means that 30% of the variability in adult’s Post-Visit Molding Talk can be explained by the amount if time that they spent in the exhibition.

Post-Visit Cutting Process Descriptions

Children who had been to the exhibition before were significantly better at describing cut objects after their visit than children who were visiting the exhibition for the first time (t(18) = -3.500, p < .05). Girls talked about cut objects after their visit significantly more than boys (t(18) = -2.264, p < .05).

Post-Visit Assembly Process Descriptions

Adult and child assembly process talk was not significantly affected by any visitor demographics such as gender, age, and manufacturing experience.
CHAPTER 5: implementing a model for evaluation certification
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This memo summarizes the external certification of the summative evaluation for How People Make Things. The external certification process provides a formal validity review of the evaluation process—in particular, a review of methods, findings, clarity, and significance. This external certification process began with a review of the project proposal, draft summative evaluation report, and instruments. The external certifier met with the evaluation team to discuss questions, concerns, and recommendations. 

This memo integrates the original draft of the evaluation review with updates from our meeting. The final summative evaluation report includes revisions that address the issues raised in the external certification memo. In this way, the external certification process functions like a review of a journal article: the external referee reviews, the author makes revisions, and then the final version of the manuscript is reviewed to make sure it addresses the referee’s concerns. 

This external certification process provides a review that is more in depth than a journal peer review process because it includes access to instruments and even data. In this way, the external certification process validates the entirety of the evaluation (theory, methods, data collection, analysis, findings) more effectively than a journal peer review process because there is more access to the evaluation materials. 

A weakness of this external certification process is a lack of anonymity (although many journal peer reviews are no longer officially anonymous and often were not anonymous in practice). It is possible to provide anonymity by using a mediator as a go between for the external certifier and the evaluation team. Another possible weakness is that only one person is serving as the external certifier, in contrast to 2-3 referees in a journal peer review process. This could be addressed by using more of a committee of visitors model where three people collaborate on the review of the evaluation. It could also be addressed by choosing an external certifier with credentials that perfectly match the project. This is often not possible in an journal review process where the editor is often limited to reviewers from an existing pool of referees. In an external certification process, however, there can be a careful match between the project and the external certifier.

Major issues
1. Look more at the differences between the Pittsburgh and Omaha data. There are differences in the pre-post interviews but no differences in their conversations. Why?? Also, you state that “71% of families in this study had been to the exhibit during a previous visit” for Omaha visitors. Can you still do a pre-port test with these visitors? Should you use the Omaha data?

The data collected in Omaha was not meant to serve as a comparison group to Pittsburgh.  Rather, the Omaha data was collected in order to answer whether the exhibition, in a different location, with a different demographic, and with a different floor plan, was successful outside of its original venue.  However, to address the concerns listed above, we did compare data from the pre-post interviews and parent-child conversations and found no significant differences between Pittsburgh and Omaha.  Although, families in Pittsburgh and Omaha appear to talk more about particular manufacturing processes after their visit, these trends are not statistically significant.  Therefore, in answer to the evaluation question being posed by the external evaluator, we found no differences in the pre-post interviews or the parent-child conversations between Pittsburgh and Omaha.
The external evaluator also raises the question of whether we should use the Omaha data, because 71% of the families who participated in the Omaha pre-post test had been to the exhibit before.  During data collection, we approached every family with a child between the ages of 5 and 12, whose parent had accompanied them to the Omaha Children’s Museum.  Thus, our sample is representative of the population visiting the Omaha Children’s Museum who agreed to be interviewed and videotaped at the time of the study.  Like many children’s museums, the Omaha Children’s museum gets a lot of repeat visitors because many families have museum memberships.  

2. Consider the differences between people’s intent to do an activity and actually doing the activity.  There is a lot of language related to this in the findings. Make sure that intent to do is not presented as doing something. Environmental education research discusses this issue extensively. What would it take to do follow up interviews in the home? Could you get a supplemental grant to do this additional study?


The external evaluator raises an excellent point.  Expressing the intent to talk about how everyday objects are made after the museum visit is not the same as actually engaging in learning conversations in home.  We plan to explore the question of whether a family museum visit can facilitate science conversations in the home in an upcoming research study. Future research will track changes in conversations around and learning about objects in the homes of families who visit the How People Make Things exhibition, and compare their understanding of and talk around objects to families who have not had the shared museum experience.  Findings from the proposed study will provide more information about how museum experiences with everyday objects influence family interactions in the home.

Background

3. The report includes clear documentation of the formative evaluation process. It is unusual for a summative report but a good model for connecting formative and summative work, showing interconnections and impact. 
Further description of the formative evaluation process can be found on www.informalscience.org/project/spotlight/hpmt.
4. The consistent commitment to focusing on the ‘materials versus process’ issue is impressive.

As mentioned above, we plan to continue our exploration of this issue in future studies.

5. You took a three-pronged approach that positioned everyday objects as scaffolds to support family understanding both inside and outside of the museum

a.) Situate objects within the context of an activity. 

b.) Present objects that are familiar to families. 

c.) Activate adults as knowledge-brokers. – Is increasing parent comfort the same as making them the knowledge brokers? 

We initially included language in the report in which adults were identified as “knowledge brokers”.  This term was meant to describe how the presence of Mister Rogers’ Factory Tour videos in the exhibition increased parents’ comfort level with the topic of manufacturing, and provided them with kid-friendly language to use with their children.  However, this term was confusing, and has since been removed from the report and replaced with a more fitting description (see pg. 9 of the report).
6. The knowledge broker claim requires more evidence. Can you track changes here through the videotapes? It may not work because of all the different processes and objects. Is there any sort of order effect from how people visited the exhibition? If you go into the deforming part of the exhibition before molding, for example, does that make a difference?
The idea of tracking changes in adult-child conversation throughout the exhibit is an interesting one.  We agree that this task would be challenging due to the fact that there are so many objects and activities in the exhibit, and families can visit the exhibit elements within each room in many different combinations.  Although tracking the order of family conversations throughout the exhibition may be difficult, we do think that the implicit question being asked (i.e. whether specific exhibit elements encourage more manufacturing process talk than others) is worth pursuing.  Therefore, we have included an additional analysis, looking at which exhibit elements yielded the most talk about specific processes, tools, and everyday objects beginning on pg. 72 of the evaluation report.
7. The proposal talked about students working as part of the design team. What was their role during the project? This is not part of the evaluation, but should be shared as a project approach to design partnership that makes a contribution to the field. Does it impact the project staff? The exhibition?

The role of students on the project was to generate and provide feedback on exhibit ideas and activities.  During prototyping sessions, students also observed and talked to visitors regarding their understanding of, interest in, and conversations about everyday objects, manufacturing processes, and the proposed activities.  Students would report this information back to the design team.  The group would use these discussions to refine the focus of exhibit activities and concepts, and brainstorm exhibit elements to better support visitors’ process understanding.

In order to study how the addition of students on the design team impacted the project staff and the exhibition, we would need to collect ethnographic data on the design process from initial idea conception to final exhibition.  Although we did not collect such information systematically, we were able to reflect on the partnership in a presentation at the 2007 Visitor Studies Association conference.  In the presentation, a graduate student reflected on her experiences participating in the design of the How People Make Things exhibition
.

Methodology

8. The theoretical approach - ordinary object theory – is compelling. But it should be considered in a broader context. Families make extraordinary objects ordinary. Parents do this all the time in an effort to make strange things familiar to their children. You found that the ordinariness of an object was critical if you wanted participants to focus on process not materials. Explain how you piloted this. Connect the theory to object-based learning research (such as Scott Paris’ edited book, Piscitelli & Anderson on long and short term memories about objects in museums, Routledge Object theory books). Consider the objects discussed in existing object-based learning publications. Are they discussing ordinary or extraordinary objects? Also, for the piloting, silly putty may have been perceived as a unique object (it is all about material). Consider developing 

the ordinary object theory more fully for publication. Or focus more on the object theory concept for follow up research.

During the prototyping phase of exhibition development, proposed activities focused on one manufacturing process at a time.   Each prototyping session included tools and machines that could be used to make several objects, and a table with already-made objects created through the specific process being focused on that day.  The design team piloted a variety of different objects during every prototyping session.  

We found that recognizable everyday objects like baseball bats, license plates, and cups were more effective than abstract shapes, patterns, materials (like putty), or machined parts in eliciting parent-child conversations about process.  Everyday objects also seemed to attract families to investigate them more than objects that were not easily identified.  Furthermore, we found that parents and children’s answers to pilot interview questions about manufacturing tended to incorporate everyday object examples, often including a personal connection to a prior experience with that object.  Therefore, we felt that exhibition would be more powerful if it focused on the ways in which everyday objects are made.


The ordinary object approach will be developed more fully in a future study.  We have examined the literature suggested by the external evaluator, and plan to incorporate it into a more refined theory of object-based learning.

9. The pre-post ordinary object interview is beautifully designed. Too frequently, summative evaluations do not include pre-tests. Discuss why you did not conduct the pre- and post-interviews with different families. Explain how you dealt with any cueing issues.

We used matched pre-post tests, rather than conducting pre and post interviews with different families because we were assessing a model of change in family knowledge-building.  Since change within the family group was the main focus, a matched pre-post test was the best methodology for answering our research questions.  


In order to avoid issues of cueing participants to the specific processes that they would view in the exhibition, we used general language on the pre-test questions.  The post-test questions used more specific manufacturing terminology.  The objects chosen for the assessments were also objects that could not be viewed in the exhibition to ensure that visitors were not simply recalling how a particular object was made, rather than developing a deep process understanding.  Finally, the questions being asked in both the pre and post interviews focused on objects, while the exhibition focuses explicitly on process.  We chose to focus the pre- and post- interviews on objects so that we could access visitors’ process understanding without cueing them to the specific manufacturing language and ideas within the exhibition.  We have added a paragraph outlining these choices on pg. 22 of the report.  

10. In the proposal you talk about activity, talk, and understanding. So this work, importantly, considers more than understanding. Note what findings you have in each of these. You studied activity for a subsample. Reflect more on this in the text. Providing more analysis of what the subsample did during their visit could address concerns with the pre-post-matched tests.
The version of the summative given to the external evaluator contained three separate reports that combined, rather than separated, activity and talk within the exhibition from visitors’ understanding of the exhibition.  The current report has been reorganized into three sections of findings: Pittsburgh, Omaha, and Family Conversations to differentiate the findings focused on visitors’ process understanding (i.e. the Pittsburgh & Omaha sections) from the findings focused on what visitors did and said during their visit to the exhibition (i.e. the Family Conversations section). 
Per the external evaluator’s suggestion, we have included more information in the Family Conversations section about the activities and dialogue that families engaged in during their visit.  This analysis is meant to explore the ways in which the shared exhibition experience changed the way that families thought about everyday objects.  Evidence from this section builds a case for the museum experience, rather than cueing from the pre-test interview, as the main influence accounting for visitors’ post-test responses.

11. There is a nice split of the demographic information on the pre- and post-tests. 

Demographic information was included to analyze whether children’s age, gender, or visitors’ prior experiences with manufacturing affected their answers on pre and post interviews. 

12. What is the difference between “discuss” and “articulate”? Include a definition.

The external evaluator’s request for a definition of the words “discuss” and “articulate” is in reference to those words’ use in the model of potential for change in understanding.   We believe that the distinction here is that groups show evidence of change in the model by discussing (i.e. talking together) manufacturing processes and ideas, whereas individuals show evidence of change in the model by articulating (i.e. verbally describing the specific processes, people, and tools through which everyday objects are made).  Thus, evidence of change during the joint activity would be parent or child discussion of specific processes.  Evidence for change in the individual interviews would be an articulation of process (See pg. 6). 

13. You contrasted parents and other adults in the family. Is it critical to interview only the parent (not another adult) in this study because of the follow up at home? What is your definition of parent? Explain how the IRB dictates some of the methods.

Most adult participants in this study were the parents of the child study participants.  Of those who were other relatives in the family, a parent was present to consent to the child being interviewed or videotaped.  This choice is not reflective of our definition of family.  Rather, the University IRB requires that a parent or guardian give consent in studies involving children interacting with researchers.  An explanation of this requirement is provided on pg. 21 of the report.

14. For the pre- and post interview protocols, discuss why it was important to interview the child and adult separately. Also explain the rationale for the 5-12 age choice. What were the differences between the adult and child protocols (for a 5 year old, for example)? What were differences between questions for a 5 and 12 year old? If you have evidence that 5 year old participated effectively in the interviews, note this. Many are hesitant to include children under 9, for example, in a museum summative evaluation.

We interviewed parents and children separately for the pre and post interviews because we wanted to determine whether their individual process understanding had changed as a result of their shared museum experience.  We have added text explaining this choice on pg. 21 of the document.

We chose to focus on children age 5 to 12 because this is the typical age range of young visitors at children’s museums.  The questions that we asked on the pre and post interviews for both adults and children were identical (i.e. five year olds received and answered the same questions as 12 year olds).  There were no differences in children’s ability to provide sophisticated process explanations based upon age.  
We have included information regarding children’s participation in the interviews with regards to age on pg. 21 of the evaluation.
15. Why did you use an index card instead a sticker? 

In this study, non-videotaped families were given an index card after they completed the pre-visit interview, and told to return the card when they completed their visit.   We chose to use an index card, rather than a sticker, as a more unobtrusive method of recording the time that non-videotaped participants’ spent in the exhibit.  This information was not used for analysis purposes.  Rather, it helped the data collectors determine approximately how long it took for a participating family to complete the study, and how many data collectors were needed each day to ensure that families were not left waiting to complete their post-visit interviews.

Findings

16. You state that a finding “approaches significance.” Is this really an appropriate characterization? I know there are different schools of thought on this. I am in the school of thought that says if it isn’t significant, there is nothing significant about it.
We have removed references to data “approaching significance”.  Only significant findings are reported in the document.
17. For this coding, were all reasons possible for every object? 

In the coding scheme outlined on pg. 23, participants could potentially list multiple reasons for their answers.  Due to the nature of the coding scheme, all reasons were possible for every object to which participants were asked to respond.
18. Talk more about the “perceptual” and the concept of a process explanation. How does this concept relate to research on conversations? In what ways (if any) do process explanations build upon the smaller mediation features of the exhibition.

Our current definition of process with regards to objects states that “process” pertains to how the object was created, and is not limited to the specific manufacturing processes of cutting, molding, deforming, assembly (see pg. 23 of the report).  A process explanation describes what a particular phenomenon is and the mechanism for how it came to be (Abrams & Southerland, 2001
; Eberbach & Crowley, 2005
). In our case, the phenomenon is the made object, and the mechanism for how it came to be is the manufacturing process.  
Process explanations can also involve a description of entities that act on mechanisms (in our case, tools or materials used to carry out processes) (Machamer, Darden, & Craver, 2000
). We plan on discussing the concept of a process explanation in more detail in future publications.
19. Did the average age of children in the survey match the museum’s general demographics? 
Yes, the average age of children in the survey matches the museum’s general demographics.  We have clarified this information in the evaluation on pg. 99.
20. Compare the time spent in exhibition with other exhibitions for families that are a similar size. Use the comparative charts in Beverly Serrell’s Paying Attention or reports from informal science.org. The summative evaluation of San Jose Children’s Museum exhibition Circles (conducted by Sue Allen) may make a good comparison (report is online). 

We have added a comparison of the time spent in the HPMT exhibition to other family exhibitions of similar size.  This information can be found on pgs. 68 and 69 of the evaluation.
21. Did you ask only if the adult had been there before or do you also know if the child had been there before? 

The question asked on the parent pre-survey, “have you been to the exhibition before?” was meant to determine whether the adult or the child had previously visited the exhibition.  This distinction has been clarified on pg. 99 of the report.

22. “Thus, the more time that visitors spend in the exhibit, the more likely they are to talk about Deforming or Cutting processes.  The amount of time spent in the exhibit does not affect the degree to which families talk about Molding or Assembly processes.” Why? Is this related to which exhibits they saw or which ones they spent the most time at?

Previous versions of the summative evaluation looked at visitors’ total time within the exhibition and its potential effect on Family’s Specific Process Talk.  In order to answer the external evaluator’s question regarding why we originally found differences between types of specific process talk with regard to time spent, we have updated our analysis to include two variables: Time Spent within a specific exhibition area as well as the Number of Exhibits Visited by a family group.  The results of these analyses can be found on pgs. 99-100.  
A further description of particular activities at which families engaged in significantly more specific process talk can be found on pgs. 72-73.

23. “We ran a regression model that included Total Time Spent in the Exhibit, Total Family Pre-Visit Process Talk, and Total Family During-Visit Process Talk to determine which variables or set of variables could best predict Total Family Post-Visit Process Talk.” “This means that 56% of the variability in family’s specific process talk after their visit can be explained by the amount that they talked about specific processes during their exhibit experience.” What about more specific issues – i.e., which exhibits they went to, or the content of pre visit interview?

The external evaluator raises the question of whether specific issues (such as which exhibits families went to or the content of the pre-visit interviews) influenced Total Family Post-Visit Process Talk.  As we mentioned before, the combination of exhibit elements visited by the twenty families was varied, complex, and not easily comparable. Therefore, we did not include particular exhibits visited in our regression model.  However, we did examine whether certain exhibit elements facilitated more process talk than others (see pgs. 72-73 of the report).  This information implicitly addresses the question of whether specific exhibits that families went to influenced their post-test scores.

The question of whether families’ participation in the pre-visit interviews influences their post-visit answers is a common one in evaluation.  In order to avoid cueing participants, every effort was made to include objects in the pre interviews that were different those seen in the exhibit and those used in the post-interviews.  In Omaha, we included an additional measure to ensure that the objects used in the study were equally easy for participants to discuss before and after the visit.  We counterbalanced the pre and post interviews to ensure that the objects that we used were not the reason for perceived changes in visitor understanding.  Furthermore, the questions that we asked during the pre-visit interviews were purposely devoid of specific process terminology to avoid cueing visitors to the nature of the exhibit.
appendix a: Exhibit components

How People Make Things (HPMT) is an NSF funded traveling exhibition created by the Children’s Museum of Pittsburgh in collaboration with Family Communications (FCI), and the University of Pittsburgh Center for Learning in Out-of-School Environments (UPCLOSE). 

HPMT was inspired by the Mister Rogers’ Factory Tour videos, which tell stories of how everyday objects are made from raw material to finished product. The 2500 sq. ft. exhibition explores the people, processes, tools, and machines used to manufacture objects that are familiar to children. The exhibition expands upon the Children’s Museum of Pittsburgh’s mission of providing children with the opportunity to engage with authentic activities and experiences. 

HPMT is comprised of an entry area and four manufacturing process areas: Molding, Cutting, Deforming, and Assembly. Each process area contains an artifact wall displaying manufactured products and two Mister Rogers’ Factory Tour videos.

The Molding Area includes processes in which a material is added to a mold to make a new shape. Exhibit components include:

Molding with Wax – Visitors ladle warm wax into several chilled molds including a chocolate bar, shoe, and tire track

Fill a Mold – Visitors pull levers to fill empty plastic shells with blue liquid and reveal everyday objects like a comb, a hanger, a model plane, and a LEGO

Artifact Wall – Display includes Gummy lights, a garden gnome, and a pink flamingo
Pellet Wall – Visitors can “touch” green and tan plastic pellets through a screen.  This exhibit element was updated in Omaha, replacing the pellets with LEGOs and including new signage explaining the process of injection molding
Mold Matching – Visitors match parts (objects like footballs, shoes, and Superballs) to the industrial molds that they came from

Injection Molder – Visitors press a button to activate a machine that injects melted plastic into a closed mold to make a spoon

Crayon Display – Crayon wax, pigment, and label paper are displayed. Visitors can spin the three sections of the display 

Rotational Ball Mold – A large, industrial ball mold in which visitors can place or remove balls into sections of the mold

Videos - How People Make Crayons and How People Make Balls

Special Program: Dental Casting – Visitors pour plaster into molds of shapes like stars, butterflies, and hearts
The Cutting Area involves processes in which material is cut away or removed using a sharp edged tool to make a new shape. Exhibit experiences in this area include: 

Cutting with Wax – Visitors use looped tools to cut six blocks of wax

Die Cut a Box – Visitors place paper onto the surface of a die, send the die through rollers, and follow directions to create a cut cardboard box

Die Cut a Cup/Horse - Visitors place paper onto the surface of a die, send the die through rollers, and follow directions to create a cut cardboard cup or horse

Baseball Glove Display – Cut pieces of a baseball glove are arranged on the wall; The sign tells the story of a factory
Scrap Wall – Metal scrap is displayed behind a wall

3-Axis Mill – Visitors turn one of three handles to make a drill bit move back and forth, left to right, and up and down, cutting into a block of wax
Artifact Wall – Display includes a pop-up book, cut metal figures, and kazoos
Videos – How People Make Shoes and How People Make Carousel Horses

The Deformational Area involves processes in which a material is changed using force to make a new shape. This third area includes:

Vacuum Former – Visitors watch as plastic is heated until it sags. Then the plastic is shaped using the force of suction to make a bowl shape; This machine was inoperable during the evaluation
Vacuum Forces – Visitors place their hand or various shapes under a plastic sheet, then press a button to feel the force of vacuum suction
Rolling Mills (3) – Visitors turn a crank to flatten a penny

Arbor Press – Visitors pull a lever to stamp textures onto a penny
Wire Deforming – Three cranks are attached to a table. Visitors place pipe cleaners or wire into a slot and turn the crank to twist the material



Cup Wall – Vacuum formed gelato cups are displayed behind a wall
Special Program: Vacuum forming – Visitors choose letters to place on a plastic sheet, and staff used a dental vacuum former to shape the plastic with heat and suction



Artifact Wall – Display includes curly straws, cooking utensils, and a violin
Videos – How People Make Quarters and How People Make Wagons

The Assembly Area focuses on joining, fastening, or connecting parts to make a finished product. This area includes:

Robot Arm – Visitors watch as a robot arm assembles and disassembles a small trolley
Assemble a Trolley – Visitors take trolley parts, assemble the small trolley, and test the trolley on a track. A lever at the end of the track allows the trolley to fall into a bin and be disassembled 

Assemble a Vehicle – Visitors can change body panels, wheels, dials, and license plates on a small vehicle. The headlights of the vehicle also turn on and off

Artifact Wall – Display includes parts of objects and completely assembled objects. Objects include a clock, a shoe, and a flashlight



Videos – How People Make Traffic Lights and How People Make Toy Cars

The Entry area was designed to create an opportunity for visitors to play the roles of factory workers, and highlight the importance of people in the manufacturing process. This area includes:


Resource Area – Visitors can explore the manufacturing process in greater detail 

using books, audio-narrative on the computer, material swatches, and toy cars

Locker Area – Visitors can put on lab coats, hard hats, goggles, and uniforms, using a mirror with images of real factory workers

Factories in Your Neighborhood – This display highlights four factories in Pittsburgh using artifacts made by the company, a photo of workers, and a description of the factory
People Game – Visitors match a factory workers’ description of a process to the object he or she is making

Baseball Bat Display – Five steps in the process of making a baseball bat are displayed. Visitors can touch and turn the bats on display

appendix B: omaha individual interview counterballancing

	Question
	Focus
	Material
	Process

	1A/B
	Assembly
	Same
	Same

	2A/B
	Molding
	Different
	Different

	3A/B
	Cutting
	Different
	Same

	4A/B
	Deforming
	Same
	Different

	5A/B
	Deforming
	Same
	Same

	6A/B
	Assembly
	Different
	Different

	7A/B
	Cutting
	Same
	Different

	8A/B
	Molding
	Different
	Same


appendix c: pittsburgh participant demographics

Family Group
Most families (90%) did not come to the museum specifically to see HPMT.

For many families (80%), it was the first time that they had viewed the exhibition.

A number of families who participated in our study were not museum members (71%).

Most adults came to the museum with two or more children (see graph below).  Forty-eight percent of those adults brought both children older and younger than six years of age with them to the museum, while 34% of adults brought only children older than six with them to the museum.

Many adult participants came to the museum with a spouse (37%), while 20% visited with an adult friend or relative.  Almost half (49%) of adults did not report coming to the museum with another adult, which could either mean that they came to the museum as the sole adult in their group, or that they neglected to self-report any adults in their party.


Child Participants

Slightly more children in our sample were female (53%) than male (47%).

Both older children aged 8-13 (51%) and younger children aged 5-7 (49%) participated in this study.

Adult Participants

Fifty-nine adults and fifty-nine children participated in this study.  The majority of the adults in our sample were female (73%).

appendix D: omaha participant demographics

Family Group
71% of families in this study had been to the exhibition during a previous visit.

Most adults came to the museum with 1-2 children (see graph below).  Thirty-three percent of those adults brought both children older and younger than six years of age with them to the museum, while 19% of adults brought only children older than six with them to the museum. 48% of adults brought only younger children with them to the museum.

Some adults (19%) came with their spouses, while others (10%) attended the museum with adult friends. Most adult participants came to the museum (71%) alone, which could either mean that they came to the museum without another adult present or they did not self-report bringing another adult.

Twenty-one adults and twenty-one children participated in this study.

Child Participants

More children in our sample were male (62%) than female (38%). 

Both older children aged 8-12 (48%) and younger children aged 5-7 (52%) participated in this study.

Adult Participants

57% of adults in this study were female. 43% of adults in this study were male.


appendix e: pittsburgh interview protocol
How People Make Things Pre-Interview








Parent Pre-Survey

Please fill out this survey in order to help us find out about you and your background.  This information will help the museum get information about who is visiting their exhibits.  If you have any questions, please ask the researcher.  Thanks!

1.) Gender (circle one):


M

F

2.) Who came with you to the museum today? (Please list all adults - ex. spouse, aunt, mother & children's ages and gender)

3.) Why did you come to the museum today?

4.)  Did you come specifically to see How People Make Things?
Yes

No

5.)  Have you been to How People Make Things before?


Yes

No

6.) Are you members of the Children’s Museum of Pittsburgh?

Yes

No

7.) What is the highest level of education that you have attained? (Check one)

Less than High School _____     High School _____                Some college _____

Technical Degree _____             Associates Degree _____      Bachelor’s Degree ____   

Master’s Degree _____
     Ph.D. or equivalent  _____

8.) What’s your profession? 

9.) Do you have any experience in manufacturing?

Y

N

If yes, what?

10.) Do you have any interest in the topic of manufacturing

Y

N

Why or why not?
Individual Pre-Interview

First, I’m going to show you some objects and ask you some questions about them.

[Place playing cards in front of the visitor]
Question 1: If you were to tell me the story of how this object was made, what would 
it sound like? How do you think these playing cards were made?

[Place packaging in front of the visitor]

Question 2: How do you think this object was made?

[Place plastic bottle in front of the visitor]

Question 3: How do you think this object was made?
Now I’m going to show you a set of three objects, and ask you some questions about 
them.  
Let’s practice.

 [place stuffed animal, fork, and tongs/whisk]

Question 4: Which of these objects is made of metal?  What makes you think so?
[place plastic ball, paper clip, candle]

Question 5: Now, I’d like you to look at these three objects. Which of these is made 
in the same way? What makes you think so?

[picture of gloves, yield sign, figure]

Question 6: Now, I’d like you to look at these three objects.  Which of these is made 
in the same way?  What makes you think so?

[place hanger, golf ball, and truck]

Question 7: Now, I’d like you to look at these three objects.  Which of these is made 
in the same way?  What makes you think so?

[change to picture of key, chessboard, and key]

Question 8: Now, I’d like you to look at these three objects.  Which of these is made 
in the same way?  What makes you think so?

[change to picture of tray, fire helmet, bears]

Question 9: Now, I’d like you to look at these three objects.  Which of these is made 
in the same way?  What makes you think so?

[change objects to fly swatter, plastic pot, and ice cream scoop]
Question 10: Now, I’d like you to look at these three objects.  Which of these is 
made in the same way?  What makes you think so?

[change to picture of hammer, saw, and chisels]

Question 11: Now, I’d like you to look at these three tools.  Which of these tools 
does a similar job?  What makes you think so?

[Picture of tea infuser, scissors, hole punch]

Question 12: Finally, I’d like you to look at these three objects.  Can you tell me 
which of these two things are most like each other?  What makes you think so?
How People Make Things Post-Interview






Individual Post-Interview



First, I’m going to show you some objects and ask you some questions about them.

[Place horseshoe in front of the visitor]
Question 1: If you were to tell me the story of how this object was made, what would 
it sound like? [Prompt: How do you think this object was made?]

[Place metal pan in front of the visitor]

Question 2: How do you think this object was made?

[Place banister in front of the visitor]

Question 3: How do you think this object was made?

Now I’m going to show you a set of three objects, and ask you some questions about 
them.  Let’s practice.

 [Change objects to measuring cup, bottle cap, cardboard box]
First Question: Which of these objects is made of plastic? 

After Answer: Why did you pick the 
_____?

[Change objects to army men, staples, stamps]
Second Question: Which of these objects do you think was made by molding?  

After Answer: Why did you pick the ____?

[Change to picture of key, toothpick, and mask]
Third Question: Which of these objects was not made by cutting?

After Answer: Why did you pick the ____?

[Change objects to model car parts, plastic bottle, saucepan]
Fourth Question: Which of these objects do you think was made by deforming?

After Answer: Why did you pick the ____?

[Change to picture of plane, plane, and motorcycle]
Fifth Question:  Which of these objects was not made using a closed mold?

After Answer: Why did you pick the ____?

[Change to picture of packaging, figures, and yo-yo]

Sixth Question: Which of these objects was vacuumformed?

After Answer: Why did you pick the ____?

[Change objects to spoon, scissors, and pen]

Seventh Question:  Which of these objects was not assembled?

After Answer: Why did you pick the ____?

[Change to picture of mallets, drill, and mold]
Eighth Question: Which of these tools would be best if you wanted to deform 
something?

After Answer: Why did you pick the ____?

Ninth Question: Now, I’d like you to look at these three groups of objects.

[Change to picture of Saw, gears, and drill]

Can you tell me which of these two things are most like each other?

After answered: What makes you think so?

Parent Post-Survey

1.)  Did you watch Mister Rogers’ Neighborhood as a child?
Y

N

2.) Do you or your child watch Mister Rogers’ Neighborhood now?
Y
N

3.) Do you or your children watch any television shows related to the topic of this exhibition? 
Y

N



If yes, please specify:
4.) Do you or your children ever read books about how everyday objects are made? 










5.) Do you or your children ever go on websites to find out about how everyday objects are made?







Y

N

6.) Do you or your children use tools or machines to make things?
Y

N
If yes, what?

7.) Were you previously familiar with any of the tools/machines you saw today?

	Tool
	Check (X) if familiar

	Die Cutter
	

	3-Axis Mill
	

	Robot Arm
	

	Injection Molder
	

	Vacuum Former
	


8.) Did you or your child make anything in the exhibition today?
Y

N

Please specify:

9.) Can you think of any objects that you have at home that you use to cut, mold, or deform material?

10.) Did you watch any of the Mister Rogers’ Factory tour videos today?
Y
N
Please rate your agreement with the following statements on a scale of 1-5.

1 = Not at all   2 = Less than other activities 3 = The same as other activities  

4 = Slightly more than other activities  5 = Much more than other activities

1.) Our visit to How People Make Things increased my interest in manufacturing.



1

2

3

4

5

2.) Our visit to How People Make Things increased my children’s interest in manufacturing.

1

2

3

4

5

3.) The exhibition gave me lots of opportunities to share my thoughts and experiences with my children.

1

2

3

4

5

4.) The exhibition had enough information to help me explain manufacturing concepts to my child.

1

2

3

4

5

5.) I was able to collaborate with my child at exhibit interactives.

1

2

3

4

5

6.) I feel more comfortable with the topic of manufacturing now that I have visited the exhibition.



1

2

3

4

5

7.) I am more likely to talk about cutting, molding, or deforming with my child at home now that I have visited the exhibition.  

1

2

3

4

5

8.) I am more likely to go on a factory tour now that I have visited the exhibition.

1

2

3

4

5

9.) I observed the making of a product from start to finish at this exhibition.

1

2

3

4

5

10.) I felt that the activities in this exhibition were age appropriate for my children.

1

2

3

4

5

11.) I learned something new about manufacturing today

1

2

3

4

5

12.) My child learned something new about manufacturing today.

1

2

3

4

5

13.) The presence of Mister Rogers’ videos in this exhibition made me feel comfortable.

1

2

3

4

5

14.) In particular, the Mister Rogers’ videos helped me recognize the importance of people in the manufacturing process.

1

2

3

4

5

15.) I was able to connect the information in the videos to the exhibitions’ hands-on activities.

1

2

3

4

5

When we go home, we will look around the house for cut, molded, or deformed objects

(Circle One)







Yes

No

Additional comments?

appendix F: omaha interview protocol
How People Make Things Pre-Interview









Parent Pre-Survey

Before we begin, I’m going to ask you a couple of questions to help the museum determine who its visitors are.

1.) Is this your first time coming to the exhibition, How People Make Things?                                            Circle One:    Y

N

If no: How many times have you been to the exhibition? (Check One)

1 time______       
2-3 times
______         4 or more times______

2.) Do you have any experience with manufacturing?
Y

N

If yes: Doing what?

What kinds of manufacturing tools and machines have you worked with?

3.) Does anyone in your family have experience with manufacturing? Y

N

If yes: Doing what?

4.) Have you ever worked with your hands to make things? 
Y
N     If yes: How?

(Examples: Carpentry/Woodworking, Sewing, Metalwork, etc)

5.) Do any of your child’s interests involve tools, building, or making things? Y
    N           Please specify:

6.) Have you ever been on a factory tour?

Y

N                       Please specify:

7.) Do you or your child watch any TV shows that describe how everyday objects are made?


Y

N                                                                             If so, what:

Pre Parent-Child Joint Activity

Now, I’m going to show you both an object.  I’d like you to look at the object and talk together about how you think this object was made.  When you have finished talking about the object, let me know, and I’ll show you the next object. 

Object 1: Greeting card

This is a greeting card.  I’d like you both to talk together about how you think this object was made.

Object 2: Ketchup bottle

This is a ketchup bottle.  I’d like you both to talk together about how you think this object was made.

Object 3: Pie plate

This is  a pie plate. I’d like you both to talk together about how you think this object was made.

Now, I’d like to talk to your mom/dad about some objects.  You can go with [Researcher’s Name] and answer some questions for her at the other table.  When you are both done, I’ll show you the entrance to the exhibition.  

Individual Pre- Interview

Next, I’m going to show you a set of objects and ask you some questions about them.

1A.) This is a stapler and this is a screwdriver. Do you think these objects were made in a similar way or a different way?

a.) What are the clues from these objects that make you think so?
2A.) This is a soda can and these are milk bottles. Do you think these objects were made in a similar way or a different way?

a.) What are the clues from these objects that make you think so?

3A.) These are gloves and this is a plane. Do you think these objects were made in a similar way or a different way?

a.) What are the clues from these objects that make you think so?

4A.) This is a road sign and this is a trumpet. Do you think these objects were made in a similar way or a different way?

a.) What are the clues from these objects that make you think so?

5A.) This is a coin tray and this is a fire helmet. Do you think these objects were made in a similar way or a different way?

a.) What are the clues from these objects that make you think so?

6A.) This is a saltshaker and this is a flowerpot. Do you think these objects were made in a similar way or a different way?

a.) What are the clues from these objects that make you think so?

7A.) This is a guitar pick and this is a ring. Do you think these objects were made in a similar way or a different way?

b.) What are the clues from these objects that make you think so?

8A.) This is a bar of soap and this is an army guy. Do you think these objects were made in a similar way or a different way?

c.) What are the clues from these objects that make you think so?
How People Make Things Post Interview

Post Parent-Child Post Joint Activity

Now, I’m going to show you both an object.  I’d like you to look at the object and talk together about how you think this object was made.  When you have finished talking about the object, let me know, and I’ll show you the next object. 

Object 1: Bannister

This is a banister.  I’d like you both to talk together about how you think this object was made.

Object 2: Horseshoe

This is a horseshoe.  I’d like you both to talk together about how you think this object was made.

Object 3: Egg Carton

This is an egg carton.  I’d like you both to talk together about how you think this object was made.

Now, I’d like to talk to your mom/dad about some objects.  You can go with [Researcher’s Name] and answer some questions for her at the other table.  When you are both done, I’ll give you your free passes for a future visit.








Individual Post- Interview
Next, I’m going to show you a set of objects and ask you some questions about them.

1B.) This is an ice cream scoop and these are scissors. Do you think these objects were made in a similar way or a different way?

b.) What are the clues from these objects that make you think so?
c.) What kind of tools or machines would you use to make the scissors?
d.) Can you think of another object that is made in a similar way to the scissors?
2B.) This is a pot and this is a measuring cup. Do you think these objects were made in a similar way or a different way?

a.) What are the clues from these objects that make you think so?
b.) What kind of tools or machines would you use to make the measuring cup?
c.) Can you think of another object that is made in a similar way to the measuring cup?
3B.) These are toothpicks and these are keys. Do you think these objects were made in a similar way or a different way?

a.) What are the clues from these objects that make you think so?
b.) What kind of tools or machines would you use to make the toothpicks?
c.) Can you think of another object that is made in a similar way to the toothpicks?
4B.) This is a garbage can and these are gears. Do you think these objects were made in a similar way or a different way?

a.)What are the clues from these objects that make you think so?
b.) What kind of tools or machines would you use to make the garbage can?
c.) Can you think of another object that is made in a similar way to the garbage can?
5B.) This is an ice cube tray and this is packaging. Do you think these objects were made in a similar way or a different way?

a.) What are the clues from these objects that make you think so?
b.) What kind of tools or machines would you use to make the ice cube tray?
c.) Can you think of another object that is made in a similar way to the ice cube tray?
6B.) This is a pen and this is a dinner knife. Do you think these objects were made in a similar way or a different way?

a.) What are the clues from these objects that make you think so?
b.) What kind of tools or machines would you use to make the pen?
c.) Can you think of another object that is made in a similar way to the pen?
7B.) This is a ruler and this is a golf club. Do you think these objects were made in a similar way or a different way?

a.) What are the clues from these objects that make you think so?
b.) What kind of tools or machines would you use to make the ruler?
c.) Can you think of another object that is made in a similar way to the ruler?
8B.) This is a Frisbee and this is a bath toy. Do you think these objects were made in a similar way or a different way?

a.) What are the clues from these objects that make you think so?
b.) What kind of tools or machines would you use to make the bath toy?
c.) Can you think of another object that is made in a similar way to the bath toy?






Parent Post-Survey

First, I’m going to ask you some questions about the exhibition.

1.) What was your favorite part of this exhibition? Why?
2.) The museum wanted to create an exhibition that helped people feel comfortable with the topic of manufacturing.  Do you think they succeeded? 
Y
N

If yes: What kinds of things in the exhibition do you think add to that feeling?

3.) Was there any (familiar) object you saw in the exhibition that you looked at in a new way?

4.) The museum wanted this exhibition to help people understand the science and technology behind manufacturing. Do you think they succeeded?    Y
    N

What parts of the exhibition (if any) helped you understand the science of manufacturing?  

Which parts of the exhibition helped you understand the technology behind manufacturing? 

5.) What did you learn from the exhibition about the role of people in the manufacturing process?

6.) Did you watch Mister Rogers’ Neighborhood as a child?   Y

  N

[Please circle if seen as an adult]: 

Seen as an Adult

7.) Did you watch any of the Mister Rogers’ Factory Tour videos today? Y

N

a.) If yes: Did you remember any of those videos from when you were younger? How did the presence of Mister Rogers in this exhibition make you feel?

b.) Why do you think the museum wanted to include the videos?

c.) One reason that the Mister Rogers Factory Tour videos were included in this exhibition was to provide visitors with a complete story of how an object is made.  Did the videos make it easier for you to talk to your child about the story of how an object is made?

Y

N       

If yes: In what ways did the video help you?



- Express interest or excitement regarding exhibit activities around manufacturing





- Discuss objects in terms of the process of their making











- Have rich conversations around objects about specific processes of cutting, molding, deforming, and assembly





- Talk about similarities between processes done by hand, with tools, and by machines








- Discuss the role of people in manufacturing

















- Unfamiliar with the topic of manufacturing











- Describes objects mainly in terms of their function, surface features, or materials of their making





- Less likely to link specific processes of cutting, molding, deforming, and assembly to corresponding objects





- Less likely to recognize similarities and differences between processes done by hand and processes done by machine





- Does not mention the role of people in manufacturing

















- Comfortable with the topic of manufacturing











- Describes objects mainly in terms of the process of their making








- More likely to recognize features of objects that are cut, molded, deformed, and assembled 








- Able to recognize similarities and differences between processes done by hand and processes done by machine





- Articulates the role of people manufacturing




















* See Appendix A for a description of the exhibition.


* The word, “discuss”, refers to families being able to talk together during the visit about manufacturing processes and ideas.  The word, “articulate”, refers to an individual’s ability to verbally describe the specific processes, people, and tools through which everyday objects are made after the visit.


� Allen, S. (2008). Secrets of Circles: Summative evaluation report.  On-line report at http://www.informalscience.org/evaluation/search


� Serrell, B. (1998).  Paying attention: Visitors and museum exhibitions.  Washington, DC: American Association of Museums.





� Almost all participating adults were the parents of the children in the study.  This was due to IRB consent form requirements, and should not be interpreted as our definition of family groups.  If a parent was present to sign the consent form, but wanted another adult relative, such as an aunt, to participate in the interview, we accommodated them, and had the parent sign the consent form. 





2 We interviewed parents and children separately for the pre and post interviews because we wanted to determine whether their individual process understanding had changed as a result of their shared museum experience.





� Some might argue that it is difficult to ask the same questions of young children (age 5 to 7) in comparison to older children or adults.  We did not find this to be the case.  While older children (age 8 and up) do seem to give more sophisticated answers to certain questions before their visit to the exhibition, the difference between older and younger children’s responses disappears after their visit.  Therefore, age does not seem to affect children’s ability to participate in this type of interview.


� We used a matched pre-post test because this method was the best way to assess our model of change in understanding.  Every effort was made to avoid cueing visitors to the terminology and objects that they would encounter in the exhibit (See Appendix E: Pittsburgh Interview Protocol).   We used general language on the pre-test, and more specific manufacturing language after visitors had exited the exhibit. We also purposely designed the measure asking visitors to compare objects, an activity that was not an explicit part of the exhibit experience.  Since visitors knew the title of the exhibition, this approach allowed us to explore how visitors talked about objects before and after the visit without cueing them to the specific manufacturing processes featured in the exhibit.  


* All names are pseudonyms.


� These results are calculated from a shared activity simulating the home environment.  Thus, adults or children may not have added any new information about a particular process because they felt that their conversational partner had already provided enough information about how that object was made.





� However, it should be noted that 70% of families who participated in this evaluation had already been to the exhibit before at least one time.


� We found no statistically significant differences in the amount of specific process talk across locations.  Therefore, the Pittsburgh and Omaha conversational data was combined.





� Allen, S. (2008). Secrets of Circles: Summative evaluation report.  On-line report at http://www.informalscience.org/evaluation/search


� Serrell, B. (1998).  Paying attention: Visitors and museum exhibitions.  Washington, DC: American Association of Museums.





*  All names used in this evaluation are pseudonyms.


� Only children between the ages of 5 and 12 were asked to participate in this evaluation.  The average age of children in this study is reflective of the museum’s general demographics.


( The following text was written by Kirsten Ellenbogen as part of the external certification for the evaluation of How People Make Things.  Her comments appear as black text.  Responses to her comments were made by the author of the summative evaluation, Camellia Sanford, and appear in blue text.





� Sanford, C. (2007, July). Listening to learn and learning to listen: A graduate student perspective on a university-museum partnership. In C. Sanford (Chair) Are We Hearing Each Other? How Researchers and Museum Practitioners Talk About Visitor Data. Session conducted at the annual meeting of the Visitors Studies Conference, Ottawa, ON, Canada.


� Abrams, E., & Southerland, S. (2001). The how’s and why’s of biological change: How 


	learners neglect physical mechanisms in their search for meaning. 


	International Journal of Science Education, 23(12), 1271-1281.





� Eberbach, C., & Crowley, K. (2005). From living to virtual: Learning through museum objects.


	Curator, 48(3), 317-338.





� Machamer, P., Darden, L., & Craver, C. (2000). Thinking about mechanisms. Philosophy 


	of Science, 67(1), 1-25.
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