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The Challenge of Just-in-time Science Learning for Museums

We live in the midst of two major revolutions. For the last century, we have lived in the midst of an accelerating revolution in the scientific understanding of our world. In the 20th century, science developed a comprehensive understanding of our physical world – the nature of energy, matter, and our universe. There is more to learn, but the advances of the 20th century in this area have been revolutionary. In the 21st century, science will come to understand the nature and structure of life and living systems as thoroughly as we now understand matter. And, as leaders in informal science learning, it is your task to help children, young adults, and adults understand and make sense of this emerging science and technology.

Parallel to this revolution in scientific discovery, we have witnessed in the last 50 years the beginning of a revolution in information and communication technologies. From the early technologies of radio, motion pictures, and television, we have moved rapidly into the Internet Era – characterized by high speed digital information systems that can be accessed through a growing range of wired and wireless devices. In the United States, we now have more households that use only a cell phone than households that use only a land-based telephone. The speed with which digital photography eliminated film photography is an indicator of the future pace of change. 

These two revolutions are not independent. The communication revolution is built on the fruits of science and engineering – from transistors to optical fiber – and the pace of modern science depends, in turn, on high-speed computing and information transfer. And, although they are both influencing our lives on a continuous basis, the impact of these revolutions are different and we need to learn to think about these impacts separately. 

Today, I want to talk about the impact of rapidly emerging information and communication technologies on young adult and adult science learning. I will begin with a brief discussion of two major models of science learning and then use a 22-year longitudinal data set to assess the magnitude of these changes in Generation X. I will conclude with a discussion of the implications of these changes on museums and other informal science learning resources. 

The emerging model of citizen learning about science in the 21st century
For at least the last hundred years, the warehouse has been the dominant metaphor for science learning in schools, museums, and many other institutions. The objective was to give learners – student and adult – facts to store in their mental warehouse until needed in the future. Schools encouraged and tested memorization; museums designed exhibits to convey memorable chunks of information. 

Warehouses are disappearing in commerce and are being replaced by a just-in-time (JIT) system. Personal computers and many other products are manufactured after they are ordered and shipped immediately after manufacture. A similar process is transforming the ways that adolescents and adults acquire information in a wide array of fields:
· Newly diagnosed cancer patients turn to the Internet in large numbers, seeking information from WebMD, PubMed, and numerous professional societies and advocacy groups.

· A majority of American adults report that they seek driving directions and maps from various Internet sources.

· Many American adults seek weather information online and an increasing number obtain weather information through their mobile phones.

We are in the early stages of this transformation. It will have profound consequences for informal learning in all areas, including adult science learning. 
In a recent article in Curator, I described this process and used a series of national surveys of American adults to test the general model (Miller, 2010a). That analysis was built on a series of national cross-sectional studies and it is an important data base for looking at the fit on this model to national data over a 20-year period. But it is also important to examine these processes in a developmental context – looking at changes in the same individuals over a period of years. This kind of analysis allows us to ask and answer a different set of questions.

The Longitudinal Study of American Youth
Over the last two decades, the Longitudinal Study of American Youth
 (LSAY) has tracked a group of approximately 5,000 students from the 7th and 10th grade into young adulthood. These young adults are now aged 35 to 39 and reflect Generation X in the current nomenclature for generations. Throughout the 22 years that the LSAY has followed these young adults, the study collected extensive information about both their formal schooling in science and mathematics (and other subjects) and about their use of informal science learning resources (see Figure 1). The LSAY is the only national longitudinal study in the United States that has captured this array of formal and informal learning activities. It provides a unique opportunity to explore the factors that lead to the use of museums and other informal science learning resources in the context of both traditional and online learning opportunities.

The 2009 cycle of the LSAY included a set of items that focused on the use of informal science learning resources generally. Specific follow-up questions were asked about the reasons for visiting museums and similar informal science learning facilities. In addition, two sets of items asked how the young adults in the LSAY obtained information about the then current influenza epidemic and about climate change. This analysis will utilize the 22-year record of the LSAY to identify the factors that predict the current use of various kinds of science learning resources.
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  Figure 1: Major Longitudinal Studies, 1972 to date.
A Demographic Profile of LSAY Participants

It may be useful to start with a brief demographic portrait of the young adults in the LSAY. Reflecting the original two cohort sample design, about half of LSAY students were born in 1971-2 and about half in 1974-5. These cohorts represent Generation X, which is generally defined as individuals born between 1961 and 1981.

By 2009, 45% of LSAY respondents had earned a baccalaureate and four percent had earned a doctorate or professional degree (see Table 1). Only three percent of LSAY respondents reported that they had not completed at least a GED. In general, this educational profile is slightly higher than Census reports for similar age cohorts and reflects a small bias in favor of better educated individuals, who tend to be more likely to respond to surveys. All of the responses used in this analysis have been weighted to reflect the original populations of middle school and high school students. 

Sixty-five percent of LSAY respondents are currently married or in a civil union or similar committed relationship. Individuals who are currently divorced or who were never married are shown as not married. Individuals who reported that they are married but separated are reported as married.

Sixty-seven percent of respondents report having one or more minor children at home and two-child families are the modal choice. Six percent of respondents have four or more minor children at home.

Eight percent of LSAY respondents are employed in a STEMM profession and six percent are employed in a STEMM support occupation. These characteristics are important in understanding the factors that lead some individuals to use informal science learning materials.

Approximately 37% of LSAY young adults live in metropolitan areas of one million or more, and two-thirds of these young adults live in suburban areas of these large metropolitan areas. Ten percent live in middle-sized metropolitan areas and 18% live in smaller metropolitan areas. Nearly 30% live in villages smaller than 20,000 or in rural areas. These patterns are consistent with Census data for adults in this age group and have important implications for access to informal science learning facilities.

Eight percent of LSAY participants are African-American and 8% are Hispanic-American. 

On balance, this distribution of demographic characteristics is similar to available Census benchmarks. There has been slightly higher sample erosion among young adults who dropped out of formal education prior to finishing high school. The LSAY has been funded to make additional efforts to locate and recruit these students and that work is currently underway.

Table 1: Demographic Profile of LSAY Respondents

	
	Percent

	Gender

	Female
	   50%

	Male
	50

	Education

	Less than high school graduation
	  3

	High school diploma or GED
	44

	Associate degree
	  8

	Baccalaureate
	28

	Master’s degree
	13

	Graduate or professional degree
	  4

	Marital status

	Married
	65

	Not Married
	35

	Minor children at home

	None
	33

	One
	19

	Two 
	30

	Three
	12

	Four or more
	  6

	Occupation

	STEMM Professional
	  8

	STEMM Support Occupation
	  6

	Non-STEMM occupation or no occupation
	86

	Residential location

	Central city of 1 million+ urban area
	13

	Suburb of 1 million+ urban area
	24

	Mid-sized metropolitan area (500,000 to 1 million)
	10

	Smaller metropolitan area (50,000 to 499,999)
	18

	Small towns (20,000 to 49,999)
	  6

	Villages and rural areas (less than 20,000)
	29

	Race/Ethnicity

	African-American
	  8

	Hispanic-American
	  8

	Other Americans
	79

	     Number of respondents
	2,481


Current Patterns of Informal Science Learning

To understand the use of informal learning resources by young adults, we begin by examining the rates of utilization reported by respondents in the 2009 cycle. Each respondent was asked to report the number of times that they visited each of a list of places or facilities – art museums, natural history museums, science and technology museums, zoos and aquariums, planetariums, and public libraries. Given the reported frequency of visits, we will report the number of visits per year per 100 adult respondents. This procedure will avoid the reporting of fractional visits for some facilities and some groups, but it will give a useful picture of the relative rates of use.

Looking first at the frequency of visits to traditional science learning facilities and resources, the results indicate that zoos and aquariums are the most frequently visited informal science learning resource (see Table 2). LSAY respondents reported an average of 174 zoo or aquarium visits per 100 young adults during the preceding year. Botanic gardens and arboretums were the second most visited facilities, with 74 visits per year per 100 adults. Using the same metric, LSAY young adults reported an average of 61 visits per 100 respondents to natural history museums and 54 visits per 100 adults to science and technology centers and museums. Planetariums (far fewer in number) were visited an average of 23 times per year per 100 LSAY respondents. 

The frequency of visits to all of these science learning facilities was strongly related to education. The best educated young adults were more than four times as likely to visit a science and technology museum or center as the least well educated young adults (see Table 2). The best educated LSAY respondents were three times more likely to visit a natural history museum than the least well educated and more than twice as likely to visit a planetarium or botanic garden as the least educated. 

Reflecting both formal education and informal learning, young adults who qualified as scientifically literate were significantly more likely to use all of the informal science learning resources (at the .01 level) except planetariums, for which the difference was not significant at the .05 level (see Table 2). Forty years ago, Tichenor and his colleagues described the influence of education and preparation on the use of information resources, referring to the differential as the knowledge gap (Tichenor, Donohue, & Olien, 1970; Donohue, Tichenor & Olien, 1975; Viswanath & Finnegan, 1996; Gaziano, 1997; Bonfadelli, 2002). This result suggests that the knowledge gap is alive and growing in Generation X (Ceci & Paperino, 2005).

Finally, the LSAY data indicate that young adults with minor children at home are significantly more likely to use all of these science learning resources except botanic gardens and arboretums. Compared to education, the impact of having minor children at home appears to be smaller, but it is statistically significant at the .05 level.

These comparisons provide a useful overview of the relative use of traditional informal science learning facilities and resources, but it is important to see the frequency of use of these facilities in the context of other traditional and emerging informal science resources – science television, books, magazines, and Internet sites. The 2009 cycle of the LSAY collected detailed measures of the use of all of the major informal science learning resources and allows us to explore the relative rates of use (see Table 3).

Table 2: The Use of Science Museums and Related Science Learning Resources by LSAY Participants, 2009.

	
	Number of visits per year per 100 adults
	N

	
	Sci/Tech Mus
	Nat Hist Mus
	Planetarium
	Zoo/Aquarium
	Garden/Arbor…
	

	  All LSAY Young Adults
	54
	  61
	23
	174
	  74
	2,481

	  Gender 

	  Females
	53
	  59
	25
	184
	  85
	1,234

	  Males
	55
	  63
	22
	165
	  64
	1,247

	  Education

	  Less than HS
	22
	  41
	14
	125
	  45
	     78

	  HS diploma or GED
	41
	  48
	22
	158
	  50
	1,074

	  AA-AS degree
	62
	  68
	27
	161
	  57
	   200

	  Baccalaureate
	63
	  69
	22
	201
	  83
	   699

	  Master’s
	71
	  64
	27
	180
	139
	   317

	  Doctorate/professional
	97
	132
	32
	214
	117
	   109

	  Civic Scientific Literacy

	  Not CSL
	40
	  43
	22
	155
	  48
	1,197

	  Scientifically literate
	76
	  90
	27
	210
	109
	   930

	  Family status

	  No Minor Children
	44
	  54
	17
	106
	  89
	   810

	  Minor Children in Home
	60
	  65
	27
	209
	  68
	1,642


Table 3: The Use of Selected Informal Science Learning Resources by LSAY Participants, 2009.

	
	Num ISE

Visits/yr
	Num Sci TV Shows/yr
	Num Sci/H Bks/yr
	Num Sci Mags/yr
	Num PubLib visits/yr*
	Num Internet hrs/yr (home)
	Num News-papers/yr
	N

	  All LSAY Young Adults
	3.3
	50
	1.4
	  6.5
	5.3
	435
	147
	2,481

	  Gender

	  Females
	3.4
	36
	1.6
	  6.0
	5.8
	402
	138
	1,234

	  Males
	3.2
	63
	1.3
	  7.1
	4.8
	468
	156
	1,247

	  Education

	  Less than HS
	2.3
	51
	1.0
	  1.5
	2.5
	324
	137
	     78

	  HS diploma or GED
	2.7
	57
	1.4
	  5.1
	5.2
	439
	138
	1,074

	  AA-AS degree
	3.3
	56
	1.8
	  7.8
	4.6
	487
	152
	   200

	  Baccalaureate
	3.8
	46
	1.3
	  6.6
	5.3
	431
	154
	   699

	  Master’s
	4.1
	36
	1.6
	  9.2
	6.6
	441
	143
	   317

	  Doctorate/professional
	4.7
	37
	2.6
	13.8
	6.2
	401
	199
	   109

	  Civic Scientific Literacy

	  Not CSL
	2.7
	42
	1.1
	  4.7
	4.3
	384
	142
	1,197

	  Scientifically literate
	4.2
	56
	1.9
	  9.3
	6.4
	496
	153
	   930

	  Family status

	  No Minor Children
	2.7
	58
	1.5
	  7.7
	5.2
	475
	153
	   810

	  Minor Children in Home
	3.6
	46
	1.4
	  6.0
	5.4
	418
	144
	1,642

	  *  The mean number of in-person and online library visits for respondents who reported that they checked out or used some science materials.


To provide a common metric, the frequency of use of each of several major informal science learning resources was computed in terms of uses per year. In some cases, such as museums, respondents were asked to report the number of visits to each of several kinds of institutions “during the preceding year.” In other cases, respondents were asked about the frequency of use n the previous week or month and these responses were converted into annual rates by multiplying monthly reports by 12 and weekly reports by 50. 

Using this common metric and summing all of the previous informal science facility use reports, the 2009 data indicate that LSAY young adults visited informal science facilities (museums, zoos, aquariums, planetariums, gardens, and arboretums) an average of 3.3 times during the preceding year. Comparatively, these same young adults watched 50 science television shows during the preceding year, read 1.4 science or health books and 6.5 science magazines (see Table 3). These respondents reported an average of 5.3 visits to the public library during the preceding year, and this computation included only the visits of respondents who indicated that they had used some science or health materials at the library or borrowed science or health materials from the library.

LSAY young adults also read an average of 147 newspapers during the preceding year and spent 435 hours on the Internet at home during the same period. Both newspaper reading and Internet use are general and may or may not include any science-related information or material. When we turn to information seeking in regard to specific issues, we will be able to refine these estimates, but they are useful in their aggregate form because they indicate the amount of time and effort allocated to using these resources. 

Better educated young adults were more likely to use all of these science learning resources than less-well-educated young adults, except for science television (see Table 3). Less well-educated adults were more likely to watch science television than better-educated young adults, but educational attainment was positively related to reading (books, newspapers, magazines, and the Internet), visiting science and technology centers and museums, and visiting public libraries. 

Scientifically literate young adults were more likely to use all of these sciences learning resources than non-scientifically literate young adults, including science television. 

The presence of minor children in the home had a mixed effect on the use of these informal science learning resources. LSAY respondents with minor children at home were more likely to visit museums and public libraries than young adults without minor children at home, but in all of the other categories, there was either no difference in use rates or young adults without minor children at home were more likely to use those resources (see Table 3).

These results suggest that museums and similar informal science learning resources represent a small portion of the total science learning activity reported by these LSAY young adults. A smörgasbörd is the appropriate metaphor. It is clear that few of these young adults learn about science and technology from a single source or from only one or two sources. It is likely that many of these young adults intentionally seek information from numerous sources on a single topic or issue because they want to understand the different views or approaches to a specific subject or question. It is essential for museums to recognize that they are a part of a smörgasbörd of information sources and to think about how to make optimal use of their resources in this learning environment.

Information Acquisition related to Influenza and Climate Change

To provide a more focused portrait of information acquisition by LSAY young adults, the 2009 cycle asked a series of targeted questions about the then current influenza epidemic and about climate change. These two subjects were selected because they provide contrasting circumstances in which some level of scientific understanding is useful. The influenza epidemic represented a potentially serious personal health issue for the respondent and his or her family that required some scientific understanding to assess the risks and make informed personal and family decisions. Individuals who do not understand the nature of a virus or the vectors of transmission would be at a substantial disadvantage in understanding and coping with this challenge. The climate change issue also requires a good deal of scientific understanding to make sense of the competing arguments about the seriousness of the problem, although the time frame in which it is likely to occur is less immediate than the influenza epidemic. Both issues commanded a good deal of media discussion during the period that the 2009 study was conducted.

It is also important to recognize that no issue is of equal concern to all adults – young or old. Issue salience is an important pre-condition for examining individual attitudes toward and knowledge about specific issues. In the 2009 LSAY cycle, each respondent was asked to rate their level of concern about “the flu” and about “climate change” on a zero-to-ten scale, with zero reflecting no concern about the issue and 10 reflecting a high level of concern. Using these scales, 19% of young adults expressed a high level of concern about the influenza epidemic and 22% reported a high level of concern about climate change (see Table 4). Approximately 60% of LSAY respondents indicated a low level of concern about influenza and 55% indicated a low 

Table 4: Concern and Sense of Understanding Two Science-based Issues, 2009.

	
	Influenza

Epidemic
	Climate 

Change

	Level of concern
	High concern (8-10)
	   19%
	   22%

	
	Moderate concern (6-7)
	20
	23

	
	Less concern (0-4)
	61
	55

	Level of Issue Understanding
	Well informed (8-10)
	47
	16

	
	Moderately informed (6-7)
	28
	23

	
	Less well informed (0-4)
	25
	61

	How closely do you follow … ?
	Very closely
	18
	  4

	
	Moderately closely
	40
	18

	
	Not closely
	42
	78

	     N = 2,481


level of concern about climate change. This pattern is typical of adult populations and sets important parameters for thinking about information acquisition activities. Individuals that do not think a problem or issue is important are less likely to devote time and resources to seeking information about it or trying to make sense of complex arguments related to it.

Although only 19% of LSAY respondents reported a high level of concern about the influenza epidemic, 47% of these young adults indicated that they were relatively well informed about the issue. Only one in four LSAY young adults thought that they were poorly informed about the influenza epidemic (see Table 4). In contrast, only 16% of LSAY young adults felt well informed about climate change and fully 61% said that they were relatively poorly informed about the issue. Many of those individuals who felt less well informed were also unconcerned about the issue.

The result of these attitudes is that different young adults behave differently in seeking news or information about these subjects. When asked how closely they were following each of these issues, only 18% of young adults claimed to be following the influenza issue very closely and only four percent indicated that they were following the climate change issue very closely (see Table 4). Three out of four LSAY young adults reported that they paid little attention to the climate change issue.

In the context of these differential patterns of concern and interest, it is important to examine how those young adults who are interested in these issues seek to acquire information or understanding about it. The 2009 cycle of the LSAY asked each respondent to report the number of times in the preceding month that he or she had engaged in specific information seeking activities related to each issue. The shorter recall period increases the accuracy of the reported activities, and each respondent was specifically reminded to enter a zero in each field in which they had not done an activity. 

Looking first at information acquisition in regard to influenza, LSAY respondents reported approximately 10 conversations with friends and family during the preceding month about the influenza epidemic (see Table 5). During the same month, LSAY respondents reported six online information seeking or sharing activities, three broadcast activities, three reading activities, two physician conversations, and less than one visit per month to a museum or library. Although the actual pattern and combination of information acquisition vary by individual, the general pattern suggests that most of these young adults use a variety of information resources and that many of these resources are reinforcing. For more than 50 years, communication scholars have pointed to the integrative and reinforcing nature of interpersonal conservation in the use and interpretation of media and other information sources (Katz and Lazarsfeld, 1955; Klapper, 1960; Berger and Luckmann, 1966; Hardy and Scheufele, 2009). It appears that the growing use of the Internet has not reduced the role of conversation as an integrative force.

Comparatively, LSAY young adults reported a lower level of information acquisition activity related to climate change (see Table 5). LSAY respondents indicated that they turned to the Internet for climate information an average of three times during the preceding month and engaged in three conversations with family and friends on the subject. They reported three broadcast activities and two reading activities during the same period, and less than one visit per month to a museum or library to seek information about climate change. As with influenza, the overall pattern suggests that interpersonal conversation plays an important integrative role, but the relative frequency of Internet use reflects a need for scientific and technical information that is less likely to be available through conversations with family and friends. There is no local expert on climate change comparable to a physician in regard to influenza.

The communication literature indicates that individuals are exposed to a wide array of information of various topics. Sometimes, an individual overtly seeks the information by reading a magazine article or visiting an Internet site, and other times the exposure in inadvertent – a story on a television news show. Parallel to these information acquisition activities, it is important to inquire about the level of trust that individuals have in various information sources. The 2009 cycle of the LSAY included extensive batteries of information trust items related to the influenza epidemic and climate change. Each respondent was asked to rate the level of trust that they would have information from each of 21 information sources about influenza and about climate change, using a zero-to-ten scale. Respondents were instructed to indicate that they were “Not Sure” about information sources that they had not used or with which they were less familiar.

Table 5: Information Acquisition Activities related to Two Issues, 2009.

	Information Acquisition Activity
	Influenza Epidemic
	Climate Change

	Talk
	Talk to friends or co-workers
	5.0
	9.5
	1.6
	3.2

	
	Talk to other family members
	4.3
	
	1.5
	

	
	Attend lecture about …
	0.2
	
	0.1
	

	Expert
	Talk to physician
	1.6
	1.6
	--
	--

	Read
	Read newspaper/magazine
	2.6
	2.7
	1.5
	1.6

	
	Read book about …
	0.1
	
	0.1
	

	Broadcast
	Watch television show about 
	1.7
	3.3
	1.5
	2.7

	
	Listen to radio show about …
	1.6
	
	1.2
	

	Online
	Found info on the Internet
	3.0
	5.5
	1.7
	2.8

	
	Searched Google, Yahoo, …
	1.1
	
	0.6
	

	
	Read blog about …
	0.4
	
	0.2
	

	
	Posted on blog about …
	0.6
	
	0.1
	

	
	Printed/downloaded info
	0.4
	
	0.2
	

	Special
	Learned about … at museum
	0.1
	0.3
	0.1
	0.2

	
	Found info at public library
	0.2
	
	0.1
	

	Cell entries are the mean number of times each activity occurred in the previous month.

N = 2,481


An examination of the level of trust in information on both issues points to a general differentiation by level of expertise (see Table 6). In regard to information about influenza, LSAY young adults indicated the highest level of trust in information from their doctor (7.9) and from the National Institutes of Health (7.5). A pharmacist in a local drug store received a trust rating of 6.9 and information from a county health department received a rating of 6.5. At the other end of the spectrum, LSAY respondents gave lower ratings to information from Wikipedia (4.5), a pharmaceutical company television advertisement (3.0), and a video on YouTube (1.7). 

Table 6: Trust in Selected Information Sources on Two Issues, 2009.

	Influenza Epidemic
	Climate Change

	Information source
	Mean(se)
	% NS
	Information source
	Mean(se)
	% NS

	Your doctor
	7.9(.04)
	  3.4
	NASA-NOAA
	6.1(.06)
	13.7

	NIH report
	7.5(.05)
	  9.3
	NOVA/Discovery TV
	6.0(.06)
	11.2

	Your pharmacist 
	6.9(.05)
	  6.5
	Science museum
	5.5(.06)
	14.8

	County health dept
	6.5(.05)
	  8.2
	Weather Channel
	5.5(.06)
	11.7

	NOVA/Discovery TV
	6.3(.05)
	12.0
	IPCC
	5.4(.07)
	14.6

	WEB-MD
	6.1(.05)
	12.6
	News magazine
	5.3(.06)
	11.2

	Science museum
	6.0(.06)
	18.5
	State environ agency
	5.3(.06)
	13.2

	News magazine
	6.0(.05)
	  8.3
	NYT or Wash. Post
	5.2(.06)
	15.3

	Network TV news
	5.9(.05)
	  4.5
	CNN or MSNBC 
	5.2(.06)
	  9.4

	CNN or MSNBC
	5.9(.06)
	  6.2
	Network TV news 
	5.2(.06)
	  9.3

	NYT or Wash. Post
	5.8(.06)
	13.6
	Natl. Public Radio
	4.8(.07)
	20.1

	Natl. Public Radio
	5.8(.06)
	16.2
	Fox cable news 
	4.8(.06)
	10.3

	Local TV news
	5.6(.05)
	  6.0
	Local TV news 
	4.7(.06)
	10.9

	Fox cable news
	5.6(.06)
	  7.4
	A family member
	4.3(.05)
	14.5

	A family member
	5.4(.05)
	  9.0
	A close friend
	4.2(.05)
	14.7

	A close friend
	4.9(.05)
	  9.9
	Local newspaper 
	4.2(.05)
	12.4

	Local newspaper
	4.9(.05)
	  7.7
	Obama speech
	4.1(.07)
	11.8

	Obama speech
	4.6(.07)
	  9.5
	Wikipedia
	4.0(.06)
	16.4

	Wikipedia
	4.5(.06)
	15.0
	Sierra Club website
	3.8(.08)
	36.1

	Pharmaceutical co.
	3.0(.05)
	10.7
	Energy co. TV ad
	2.7(.06)
	14.7

	YouTube video
	1.7(.04)
	12.9
	YouTube video
	1.5(.04)
	15.7

	Cell entries are the mean scores on a zero-to-10 scale with the standard error in parentheses.

NS = Not Sure. N = 2,481


These young adults reported a relatively high level of trust in information from a science museum (6.0), which ranked 7th among 21 sources, tied with weekly news magazines such as Time or Newsweek. Although these young adult reported frequent conversations with friends and family about influenza, they reported lower levels of trust in information from those individuals – 5.4 for a family member and 4.9 for information from a close friend. These rankings suggest that interpersonal conversations may play more of a vetting role than serving as a source of original information (Slater, 2007). 

In regard to trust in climate change information, information from NASA or NOAA was the most trusted (6.1) by LSAY young adults (see Table 6). A NOVA or Discovery Channel science television show was the second most trusted source (6.0), followed by information from a science museum (5.5). Information from the Weather Channel received a trust rating of 5.5, and information from the Inter-governmental Panel on Climate Change (IPCC) was rated at 5.4. All of these sources have a high level of credibility and represent expertise in regard to climate change. 

At the other end of the spectrum, LSAY gave low trust ratings to Wikipedia (4.0), the Sierra Club (3.8), an energy company television advertisement (2.7), and a YouTube video (1.5). It appears that both the Sierra Club and an energy company were viewed as advocates for a point of view and information from those sources was discounted. Similarly, a speech on climate change by President Obama received a trust rating of 4.1, indicating that political leaders are not viewed a genuine experts on issues such as climate change. 

As with influenza, climate change information from a family member (4.3) or a close friend (4.2) received relatively low trust ratings. This pattern suggests that interpersonal conversation is used for vetting other information and perhaps seeking to integrate inconsistent information, but that these personal and conversational sources are not valued as resources for original information.

A Summary Measure of Young Adult Informal Science Learning
The patterns of informal science learning described in the preceding sections suggest that many young adults utilize a diverse set of information resources to weave their understanding of science and technology broadly and to make sense of specific issues or controversies that involve science. Most psychologists describe this process as schema building (Pick, van den Broek, & Knill, 1992; Sternberg & Ben-Zeev, 2001), suggesting that individuals acquire information, experiences, and insights about an attitude object or issue and mentally combine these pieces into a more general framework that they subsequently use to filter incoming information or make sense of new information about that subject. A full discussion of schema formation, maintenance, and use is beyond the scope of this paper, but it is important to recognize that schema theory provides an important framework for understanding the integration of cognitive information and emotive experiences into a single mental entity.

Many communication theorists would describe the same process as a spiral of communication and learning activity (Slater, 2007; Hardy & Scheufele, 2009). These scholars see the overt or inadvertent acquisition of information from media or other sources as stimulating conversations with other adults that may, in turn, expand or integrate that individual’s understanding or thinking about the issue. And increased interest, understanding, or even confusion may stimulate an individual to overtly seek more information by reading additional material in print or online, watching a science television show that he or she may not have watched without the earlier conversational stimulus, or visiting an online site that is trusted. This new information may then stimulate additional conversation and the spiral of communication and learning continues. 

Both of these mental models provide useful insights into adult science learning, and it is not necessary that we resolve the different approaches to make sense of the LSAY science learning data or to explore its impact and implications. It is important that we see these experiences as cumulative and ongoing rather than as single separable events – a single museum visit, the reading of a specific magazine article, and a visit to a specific Web site. This perspective has important implications for our analysis and for our thinking about efforts to influence adult science learning.

Analytically, this approach suggests that it is useful to construct a measure of young adult science learning that includes all of the major forms of activity rather than seeking to distinguish between the separate impact of a museum visit or a science television show. Although there are strong institutional and funding pressures to make this kind of distinction, a careful look at the structure of these behaviors indicates that they are threads in a common cloth and that any differences we might attribute to a single activity would be more illusionary than instructive. A series of confirmatory factor analyses found that visits to the major kinds of informal science learning facilities – science museums and centers, natural history museums, planetariums, zoos and aquariums, gardens and arboretums – loaded on a single factor, but this factor was only weakly related to internet use of science or health purposes or reading books or magazines about science. And neither of these factors was related to the frequency of science television viewing. Although it is tempting to think that these results suggest various kinds of specialized science learning behaviors, a careful examination of a sample of individual cases demonstrates that almost all of the young adults in this study used a mixture of sources and that only the relative frequency of the use of specific learning resources varied. Our original metaphor of a smörgasbörd was appropriate.

The procedure for constructing a single measure of informal science learning is complex because the units of original measurement that we have differ by the kind of activity – number of visits, number of books or articles read, number of Web sites visited, or number of science television shows watched over some period of time. There is, however, a substantial literature on the measurement of complex social behaviors and it is a soluble problem. The task requires (1) the development of a common time frame for the aggregation of unit measures, and (2) the development of a metric to weight the relative value of each kind of science learning activity. 

For this purpose, a period of the preceding year (12 months) was adopted as a common time period and all of the measures were converted to that metric, as noted earlier. In some cases, the LSAY questionnaire asked the respondent to report the number of museum visits or books read in the preceding year. In several other cases, respondents were asked to report the number of times that they engaged in selected activities in the preceding month and these monthly responses were multiplied by 12 to obtain an annual estimate. Information that was collected in response to questions about the number of times that an event happened in a typical week was multiplied by 50 to obtain an annual estimate. The data shown in Table 3 reflect this common metric.

The second measurement task is to find a metric to equate various kinds of informal science learning. At the simplest level, it is apparent that the level of time and effort involving in reading a book about a scientific topic or issue is substantially greater than the time and effort that it would take to read a newspaper article about a scientific topic or to visit a Web site to read an entry about a specific scientific issue or question. And the level of time and effort involved in visiting a science museum or center or a zoo might be expected to fall somewhere between reading a book or reading a newspaper article. It would be possible to engage in detailed time studies of the average number of minutes developed to reading a newspaper article or visiting a museum or zoo or planetarium, but that level of detail would place too much emphasis on the time component alone. Many informal science educators argue that there are important qualitative differences in various kinds of science learning, but when one listens carefully to the claims to qualitative uniqueness made by science television producers, science museum educators and exhibit developers, science magazine and newspaper editors, science Web site developers and online educators, one begins to realize that each kind of science learning involves important qualitative aspects, but that none of these activities is devoid of value or content. The metaphor of the smörgasbörd again emerges as a useful way to think about the relative contribution of various forms of informal science learning. 

In this context, our task is to assess relative levels of effort involved in various kinds of informal science learning. As a baseline, it is useful to think of reading a newspaper or magazine article about science as having a value of 1.0. In practice, the level of effort required would vary depending on whether an individual is reading an article in the Tuesday New York Times science section, an article in Scientific American, or a short report on climate change in U.S.A. Today. But, if we think of the average reading and thinking time and effort required across 20 different articles over the course of a year, we can envision a 10 to 20 minute activity with a certain amount of variation around the mean. Using this as a baseline measure, a typical visit to a Web site might be expected to be shorter on the average, but possibly ranging from a few minutes to nearly an hour, especially if links take the visitor to a series of information sources. On balance, we envision a somewhat shorter visit and a more limited level of effort per Web site visit than reading a magazine article or a longer newspaper article, thus a value of 0.5 was assigned to each reported Internet or Web visit looking for information about a scientific or health subject. Using a similar logic, a value of 1.5 was assigned for each television show. A value of 2.0 was assigned to viewing or Nova show or visiting a science center or other informal science learning facility. A value of 5.0 was assigned to each science or health book read during the preceding year. 

This simple metric produced a summary measure of informal science learning that ranges from zero to 1000, with a mean score of 166 (see Table 7). It is important to recognize that minor variations in the weights assigned to each kind of informal science learning makes only a minimal difference in the mean scale score across groups of individuals. Several alternative weighting schemes were examined (weighting Web visits at 0.75 or a book at 10.0, for example), but all of the resulting scales were correlated at .95 or higher, indicating that the overall shape and distribution of scales score do not vary significantly with minor changes in the weighting algorithm. 

Table 7: Mean Score on the Index of Informal Science Learning, 2009.
	
	Mean (se)
	Composition of Index Score (as percentage of total)
	N

	
	
	Visit ISF
	Read np/sci mag
	Read s-h book
	Find info on Web
	Watch PBS
	Watch oth sci TV
	

	  All LSAY young adults
	166(3.1)
	     4%
	   34%
	   4%
	   21%
	     8%
	   29%
	2,481

	  Gender

	  Female
	144(4.1)
	  5
	36
	  6
	23
	  5
	25
	1,234

	  Male
	187(4.5)
	  4
	30
	  3
	20
	10
	33
	1,247

	  Education

	  Less than high school graduation
	 166(19.2)
	  3
	45
	  3
	13
	  5
	30
	     78

	  High school diploma or GED
	162(4.7)
	  3
	31
	  4
	19
	  9
	34
	1,074

	  Associate degree
	 181(12.5)
	  4
	30
	  5
	22
	  8
	31
	   200

	  Baccalaureate
	164(5.4)
	  5
	32
	  4
	24
	  7
	28
	   699

	  Master’s degree
	160(5.4)
	  5
	38
	  5
	24
	  6
	22
	   317

	  Graduate or professional degree
	  196(12.8)
	  5
	37
	  7
	23
	  8
	20
	   109

	  Minor children at home

	  None
	177(5.6)
	  3
	33
	  4
	18
	12
	30
	   810

	  One or more
	160(3.7)
	  5
	34
	  4
	23
	  5
	29
	1,642

	  Residential location

	  Central city of 1 million+ urban area
	173(9.6)
	  5
	35
	  5
	23
	  6
	26
	   260

	  Suburb of 1 million+ urban area
	179(6.7)
	  4
	30
	  4
	21
	10
	31
	   519

	  Mid-sized metropolitan area 
  (500,000 to 1 million)
	 158(11.0)
	  4
	33
	  6
	24
	10
	23
	   519

	  Smaller metropolitan area 
  (50,000 to 499,999)
	153(7.2)
	  4
	32
	  5
	22
	  6
	31
	   378

	  Small towns (20,000 to 49,999)
	 149(13.4)
	  4
	39
	  4
	22
	  7
	24
	   112

	  Villages and rural areas (less than 20,000)
	162(6.0)
	  4
	35
	  4
	20
	  7
	30
	   643


Looking at the Index of Informal Science Learning for the LSAY young adult population, the largest single component of the index reflects reading science-related articles in newspapers and magazines, which accounted for 34% of the total science learning activities (see Table 7). Reading science or health books accounted for another four percent, bring the reading total to nearly 40%. Finding science and health information on the Internet accounted for an additional 21% of science learning activities. If Web and Internet reading activities are thought of as another form of reading, these results indicate that roughly 60% of young adult science learning activities come through reading. Science television viewing accounted for 37% of science learning activities, with 78% of this activity going to Discovery and other non-PBS channels. 

The use of informal science learning facilities – museums, science centers, zoos, aquariums, planetariums, and gardens – accounted for about four percent of total informal science learning activities. Although this is a relatively small proportion of total young adult science learning, it is important for museums to think about their place in the current informal science learning market and to think strategically about how to expand their market involvement. The final section of this paper will return to this issue and suggest strategies for partnering and online activities that could potentially expand this segment of activity substantially.

Apart from the composition of the Index for all young adults, it is useful to look briefly at some of the variations in the mixture of science learning resources used by various segments of this population. Young men, for example, reported approximately 40 more science learning activities than young women in 2009. As examination of the composition of these scale scores indicates that young women were more likely to read print materials and to use the Internet than were young men, but that young men reported higher rates of science television viewing than young women (see Table 7). 

Better educated young adults engaged in more science learning activities than less-well-educated young adults, but the magnitude of this differential was smaller than might have been expected in the context of the knowledge gap literature. The 2009 LSAY study intentionally sought to measure both an issue that demands some scientific understanding (climate change) and an issue that involved almost all segments of the public (influenza). Given this mixture of subject matters, the overall pattern is less differentiated than would be found in regard to stem cell research or nanotechnology. The similarity of the composition of young adult science learning activities is encouraging. For example, the proportion of science learning that involved the Internet was 19% of high school graduates with no post-secondary degrees and 23% for young adults with a doctorate or professional degree. 

Young adults without minor children in their home reported a slightly higher level of informal science learning activities than young adults with one or more minor children at home (see Table 7). This result challenges a stereotype long held by many informal science educators.

Historically, it was expected that residents of major urban areas would have greater access to museums and similar informal learning facilities than rural residents and that their use patterns would reflect their residential location. Various communication scholars have predicted that the expansion of the Internet would narrow this differential. The LSAY collected address and location information from all of its respondents throughout the last 20 years and has geo-coded many of the points. An examination of informal science learning activities by current geographic location found only minor variations in use and in the mix of resources used. Young adults living in metropolitan areas of more than a million residents reported slightly higher rates of informal science learning activities than residents of smaller cities or rural areas, but the magnitude of the difference was relatively small. 

On balance, the Index of Informal Science Learning is a useful summary measure of the level of informal science learning activities among young adults and captures a wide array of possible learning venues. Individuals who work in specific institutions or media may wish to argue for a different weight for their own activity, but minor tweaks in the weighting algorithm will not make a significant change in the general Index. For the purpose of this analysis, this is a serviceable summary measure of informal science learning.
The Impact of Informal Science Learning on Specific Outcomes

From the preceding discussion of young adult use of informal science learning resources, it is apparent that there is a broad distribution in the frequency of informal science learning reported by LSAY young adults. The Index of Informal Science Learning ranges from zero to 1000 and some individuals actually scored zero and some scored 1000. There is a distribution around the mean of 166; the median value is 124, indicating that half of the respondents score 124 or lower on the Index. Given this distribution, it is useful to inquire about the impact of informal science learning on the level of public understanding of science among these young adults.

There are several useful and important measures of scientific understanding, ranging from understanding of specific diseases (cancer, diabetes, etc.) or specific issues (climate change, stem cell research, or energy sources) to broader indicators of the ability to read and understand moderately sophisticated lay explanations in the media and popular discourse. Shen’s conceptualization is a useful starting point for assessing public understanding of science. Shen (1975) suggested that we differentiate scientific literacy as consumer, civic, and cultural scientific literacy. Consumer scientific literacy would be the ability to understand and choose among contemporary consumer choices involving foods, medicines, computers, and similar products. Cultural scientific literacy would focus on understanding the role of science in society and its relationship to other ways of knowing. And civic scientific literacy would encompass the level of understanding necessary to follow and make sense of public policy issues involving science or technology. 

The conceptualization of civic scientific literacy as the acquisition of a set of foundation constructs is not a pedantic issue. Properly understood, it should provide valuable curricular guidance for formal educators at the high school and college levels as well as for informal science educators who work in museums or other informal settings. Over the last two decades, my colleagues and I have developed a set of items that measure adult understanding of basic scientific constructs ranging from the definition of a molecule to an elementary grasp of probability to a basic understanding of the role of DNA. A full description of the development of the Index of Civic Scientific Literacy (CSL) has been provided elsewhere (Miller, 1983, 1987, 1995, 1998, 2000, 2001, 2004, 2010a, 2010b, 2010c), but it is useful to provide a summary description for readers of this essay. The basic principle is to measure the constructs that an individual would need to make sense of current and emerging science policy issues. An individual with a strong grasp of these constructs could be expected to read and understand most of the material in a typical Tuesday New York Times science section. Using a core set of approximately 25 items that have been used in more than 40 countries, this CSL Index uses Item-Response-Theory (IRT) to convert individual scores on the items into a scale ranging from zero to 100 (Zimowski et.al., 1996). Individuals who score 70 or higher on this index are classified as being civic scientific literate (CSL).
Over the last 20 years, the percentage of American adults who are civic scientific literate has increased from 10% in 1988 to 28% in 2008 (Miller, 2010a). This is an impressive rate of growth by any standard. The 2008 cycle of the LSAY collected the items necessary to construct this Index and the results indicate that 44% of these young adults qualified as scientifically literate on the CSL Index. This is a promising result and indicates that American education – secondary and post-secondary – can produce scientifically literate young adults. 
Using the CSL Index as one important measure of science learning and understanding, it is useful to try to assess the relative contribution of informal science learning activities to this result. Previous analyses of national samples of American adults have found that the number of college-level science courses was a strong predictor to adult CSL, but that informal science learning made a smaller but significant contribution to the total outcome (Miller, 2010a, 2010b, 2010c). This analysis of the LSAY sample of young adults allows us to examine the relative importance of formal schooling, informal learning, and various other factors on the level of scientific understanding obtained by these young adults in the middle to late 30’s.

For this purpose, a structural equation model
 was developed. Although this technique may be unfamiliar to many in the informal science education community, it is a widely used method in the social and behavioral sciences to assess the relative influence of competing sources that contribute to complex behaviors or attitudes. 
The path model shown in Figure 2 illustrates how a set of variables can be ordered in relation to the development of civic scientific literacy. This model will allow us to develop estimates of the relative impact of gender; formal education; the number of college science courses completed; the presence of minor children at home; religious beliefs; interest in science and technology related issues; and the use of informal science learning resources on the acquisition of CSL. The model also includes the level of educational attainment of the parents of each of the LSAY participants which provides a useful measure of generational continuity. We know from the literature that each of these variables is related to CSL, but in real life, these variables occur simultaneously. Each individual has a gender, some level of educational attainment, and may engage (or not) in various informal science learning activities. The important analytic questions are how these variables interact and what is the relative impact of each of these variables on the attainment of CSL?
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Figure 2: A Path Model to Predict Civic Scientific Literacy, 2008.

Table 8: Total Effect of Selected Variables on Civic Scientific Literacy, 2008.

	
	Total Effect

	Parent Education
	 .33

	Gender (F)
	-.23

	Educational attainment
	 .55

	College science courses
	 .66

	Minor children at home
	-.09

	Religious fundamentalism
	-.34

	Interest in science, technology, medical, or environmental issues
	 .03

	Informal science learning
	 .14

	     R2 =
	 .64

	Chi-squares = 176.3; degrees of freedom = 14; Root Mean Square Error of Approximation (RMSEA) = .032; Upper confidence limit (90%) of RMSEA = .043; N =2,086. 


It may be useful to discuss briefly the rationale for the selection of each of the variables included in this model. The literature demonstrates that differences in gender, parent education, and respondent education are important factors in American life and these measures provide an essential context for looking at the relative role of informal science learning activities (Hyman, Wright & Reed, 1975). Other analyses have demonstrated that college science courses are important predictors of the development of CSL (Miller, 2010a, 2010b, 2010c). The presence of minor children in a household is a widely recognized predictor of museum visits and informal learning activities in the United States. Throughout the 20th century, there were religious challenges to science and the continuing series of evolution resistance events from the Scopes Trial to the debates in the 2008 Republican presidential primary elections illustrate the importance of understanding religious attitudes as a component of adult thinking about science and technology. Although science-related issues have become a prominent part of the public policy agenda in the U.S. and other industrial nations, it is clear that some adults pay close attention to these issues and other adults pay little attention to them, and this differentiation is important in understanding both informal learning activities and the development of CSL. 

The model includes the Index of Informal Science Learning discussed above as a summary measure of informal science learning. Although some recent analyses of national U.S. data series have examined separate components, our earlier examination of the structure of these activities argued strongly for a single summary measure rather than separate measures. Returning to our smörgasbörd metaphor, this is a measure of total consumption rather than an analysis of the components of each individual’s diet.

The outcome variable is a dichotomous measure of CSL, with individuals scoring 70 or higher in the Index receiving a value of one and all others receiving a value of zero. This variable is entered into the model as a continuous variable.

In a path model, causation or influence flows from left to right (see Figure 2). Each path
  represents a statistically significant relationship between two variables and the direction of the relationship is shown by the arrow. In this model, there is a path from parent education to the education of the respondent (.60), indicating that the level of education attained by young adults is closely related to the level of education attained by their parents. This pattern has persisted in the United States and most industrial countries throughout the 20th century and suggests that education is the primary indicator of social class. The absence of a path from gender to current education means that young men and young women acquire essentially the same levels of education, controlling for the education of their parents. 

Although a careful reading of all of the paths and their coefficients tells many interesting stories, one of the advantages of a path model is that it allows the estimation of the total effect
 of each variable in the model on the outcome – CSL in this case. The total effect of each variable is an indicator of the relative influence of that variable on CSL. Looking at the total effects in Table 8, it is clear that formal educational attainment and the number of college level science courses are the major predictors of CSL, with total effects of .55 and .66, respectively. This result does not diminish the importance of informal learning, but it indicates that some level of prior formal education is an important tool for the effective use of informal science learning resources. More importantly, it should provide a clear signal to informal science educators that collaboration with formal educational institutions is essential to their long-term success.

The frequency of informal science education activities had a total effect of 0.14 on the attainment of CSL among LSAY young adults. Although this effect is smaller than the effects of formal education, it is important to recognize that all of these effects are cumulative for each individual. In this sense, there is a measureable value added for informal science learning. The task (as addressed in the final Discussion section) is to increase the relative value added from informal science activities.

Informal science learning does not occur in a vacuum and it is useful to understand the relative impact of other life factors on the attainment of scientific literacy. Several of the other factors included in the model merit discussion.

The model indicates that parent education is a good predictor of CSL in young adulthood (0.33). This result reminds us that socialization is a powerful process and one of the values of parents bringing their children to museums and similar institutions is that they instill a sense of curiosity or even a love of learning in their children. Many informal science institutions and programs seek to encourage this kind of influence and this result should be read as an indicator that this is a worthwhile objective. It is also true that better educated parents read to their children more often than less educated parents, buy them more books, and talk to them about science-related topics and issues. The cumulative advantage of better educated parents is substantial.

In this model, young women were significantly less likely to become scientifically literate than young men (-0.23), holding constant all of the other variables in the model. This is a troubling result because the same model indicates that young women are likely to complete more formal education than young men (0.08), reflecting the trend in recent decades for a higher proportion of young women to enter and graduate from college than young men. In all previous adult models for the United States, gender has been unrelated to educational attainment for the full adult population, but this model signals a long term change in that pattern. Given this result, the finding that young women are less likely to be scientifically literate is even more troubling.

Religious conservatism and fundamentalism are negatively related to the attainment of scientific literacy in the U.S. (-0.33). There is a higher proportion of religious conservatives and fundamentalists in the U.S. than any other major industrial country and this trend persisted throughout the 20th century. A full examination of this pattern is beyond the scope of this analysis, but it is an important parameter in understanding the development of public understanding of and attitudes toward science and technology.

The number of minor children in a household was negatively related to the development of CSL in their parents (-0.09). The number of minor children at home is negatively related to the educational attainment of their parents (-0.15) and positively related to religious fundamentalism (0.26). LSAY young adults with minor children at home were less likely to report strong interest in science-related public policy issues (-0.11). 

In this population of young adults, the level of interest in science-related public policy issues was a weak predictor of CSL (0.03). Young adults with a high level of interest in science-related issues were more likely to engage in informal science learning (0.19), but, as noted, the level of informal science learning was only modestly related to the attainment of CSL (0.14).
The fit of the model is very good (see note on bottom of Table 8). It is a good empirical description of the structure of informal science learning among young adults in the United States in 2009. 

Discussion

What lessons should we draw from this analysis of informal science learning among young adults? What does this analysis tell us about how museums should seek to participate in the emerging just-in-time system of learning and information acquisition? Several points merit discussion.

First, the results of the 2009 and earlier cycles of the LSAY document that young Americans do obtain a good deal of information about science, both generally and in response to specify issues or challenges such as an influenza epidemic or climate change. At the same time, it is clear that some young adults obtain a substantial amount of information about science and science-related issues while other young adults appear to have little interest in science or science-related issues and acquire little information about these matters. Compared to all adults aged 18 and older, this cohort of young adults (now in their middle to late 30’s) demonstrated a significantly higher level of CSL than the full adult population. This should be viewed as good news for educators – formal and informal – and for the country as a whole.

Second, careful analyses of the patterns of informal science learning by these young adults found a mixture of sources and styles that resembles a smörgasbörd. Numerous confirmatory factor analyses failed to find a suitable linear solution that described the patterns of informal science learning reported by LSAY respondents. At the same time, it is clear that almost all of the young adults in the LSAY utilize a variety of science learning resources and approaches – reading, viewing, experiencing, and talking about – to learn about and making sense of emerging scientific ideas and concepts. There is no single dominant mode of informal science learning. To the contrary, it appears that this combination of sources and modes may be a strength and may facilitate informal learning. 

Third, in a life cycle context, the dichotomy between formal and informal science learning is false, deceptive, and harmful. If there is a central theme that runs through these data, it is that science learning is progressive and cumulative and extends throughout the life cycle. Formal schooling – secondary and post-secondary – provides numerous opportunities for students to acquire an understanding of basic scientific constructs such as the structure of matter, the nature of energy, the sources and structure of life, and the identification and maintenance of systems (including ecological systems). A few adults may acquire or enrich their understanding of these constructs after the end of formal schooling, but the structure and sequence of learning found in the models in this analysis and other analyses suggest that the primary acquisition of these constructs occurs in college science courses. There are good reasons for identifying these courses as an important source of science learning and a book to be released this fall by the American Academy of Arts and Sciences (Hildebrand and Meinwald, 2010) makes a strong case for this conclusion. 

It is critical to see the process as continuous and cumulative. For college science courses to crystallize these constructs in the minds of young adults, it is imperative that they have good instruction in science and mathematics throughout the middle school and high school years. Data from the LSAY and other longitudinal studies have demonstrated that early and persistent parent support is important. The early development of a strong commitment to education by students and young adults is equally important and is often sustained by parents and teachers throughout the secondary school years. There are numerous important opportunities for science museums and centers and other informal science learning institutions to enrich this learning process, but it is absolutely critical that informal science learning not be viewed as competing with or replacing family and school influences, but rather supplementing and enriching these activities.  

Fourth, civic scientific literacy represents the conceptual tool box that an individual brings to the task of understanding basic and emerging scientific constructs and making sense of attitude objects and issues that involve science and technology. It is the cumulative result of the years of formal and informal science learning described by the LSAY data and displayed in this analysis. It does not reach the level of skill or competence needed for employment in a scientific field, but it is essential for citizens who wish to follow 21st century issues involving stem cells, climate change, infectious diseases, or the production of energy. Although many of the basic constructs may be acquired through formal schooling, especially at the post-secondary level, informal science learning during the adult years can expand and enrich this understanding and make these constructs more efficient and effective tools in making sense of new and emerging issues that could not have been studied in school. Few American adults ever heard of a stem cell during their years of secondary or post-secondary education because the basic scientific work had not been done at the time that they were students, but they are expected to follow the current debate over this issue and to make judgments about competing policy choices related to the issue. Civic scientific literacy is the conceptual tool set that allows an individual to read about stem cells in newspapers, magazines, and books and on Web sites and to listen to and talk with other adults about the issue in order to make sense of the issue and the policy choices. 

Some informal science educators think that this kind of learning is too difficult for institutions such as museums to tackle and prefer to focus on engagement as a device to interest individuals in science and its applications without obtaining a more definitive understanding of the basic constructs. I reject this view and argue that museums and similar informal science learning institutions have important resources to bring into this process and that they need to recognize the growth of the just-in-time system of information acquisition as an opportunity to become a more meaningful part of the larger process. I think that it is important to expand this argument and to make more concrete suggestions about the ways that museums and similar informal science learning institutions should approach the next decades of the 21st century.

From the preceding analysis, it should be clear that museums and similar institutions are a relatively small part of the total science learning activity in the United States at the present time. This is not meant as a negative judgment about the objectives or the quality of museum programming, but it is a simple conclusion that flows from the descriptive data reviewed in this analysis. Even at the most general level, the reported frequency of science television viewing and Internet use far exceeds visits to museum facilities in person or online. When information acquisition about specific subjects such as influenza or climate change is examined, the role of museums is even smaller. The first step in thinking about the future is to recognize where you are and what other institutions and providers are engaged in informal science learning. 

In my recent analysis of adult informal science learning over the last 20 years in Curator (Miller, 2010a), I provided graphic evidence that science museums, natural history museums, and similar institutions have been losing their market share gradually over the last two decades. Continuing to do the same things in the decades ahead is a formula for extinction. 

What should science museums and centers and similar institutions do to remain viable in the informal science learning market and to become a more vital part of the system? Let me make a few brief suggestions.

· Accept the emergence of a just-in-time model of science information acquisition. When a high school student is trying to write a paper about wooly mammoths at 10 o’clock at night and needs some information, she is not likely to try to visit a museum, but to look at a Web site. When a patient is newly diagnosed with cancer and wants to learn more about cell division and cell signaling, she may search for information and resources online. And when a person has heard competing arguments about climate change on the television news and wants to learn more about the issue, she is more likely to turn to the Internet for information and resources than to walk into a science museum or center. But, museums have substantial resources that could provide useful information in response to each of these three hypothetical situations and the LSAY data indicate that young adults have a relatively high level of trust in information provided by science museums. If you wait for someone to walk into your building and ask a question to someone on your floor, the game is over. 

· Embrace the Internet as a major tool for science learning. When an individual is looking for information about wooly mammoths, cancer, or climate change, they want specific information about that issue. But it is a teachable moment. Just as your floor explainers do numerous times daily, the original question can provide a springboard for a broader discussion of some of the basic scientific ideas that are needed to fully understand the original issue. But if the person seeking the information is unlikely to visit your facility, you need to see the Internet as your opportunity to engage in a relevant discussion about whatever issue they want to learn about at that time. 

· Measure your success by the number of people you help rather than by the number of tickets that you sell. I recognize that revenue is essential to continued operation and – as I suggested in my Curator article – it is essential to develop a new revenue model. This is not a simple process and there is a dearth of viable models, but the creation of viable long-term revenue models for the future will depend on the development of new products that provide information to individuals that need it at the time that they want it. As a part of the learning process, individuals may need and wish to visit your facility to further their learning (a newly diagnosed cancer patient might want to see cancer cells through a microscope, for example) and this could generate a visit to an informal science learning facility, and this visit may become a part of the revenue model. But the revenue model needs to follow the flow of service rather than vice versa.

· Remember that you are a part of a smörgasbörd of informal science learning resources and seek to build viable partnerships with other providers. Think creatively about ways to collaborate with libraries, community colleges, universities, hospitals, public television stations, and public school systems to bring your science learning resources into the process. Often, revenue models will evolve to reflect these collaborations, but they are unlikely to emerge prior to the collaborations.  

· Recognize and appreciate your assets. Science centers and museums usually have a staff that is knowledgeable about various sets of issues. In many cases, your institutions have useful collections of objects that may be helpful in understanding or thinking about a problem, but many of those objects can be seen just as well online as in person. Share your bibliographies and information archives online and many of these assets will become a magnet for interested individuals to visit you to talk with your staff. Over the years, science centers and museums have acquired a high level of public trust as a source of accurate information. It is important to protect your reputation for accuracy and to use it to become a more vital part of adult science learning.
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� A structural equation model is a set of regression equations that take into account the known order of certain variables and the logical order of other measures and examines the relative influence of each variable in the context of what we know precedes and follows it. A statistical program called LISREL was used to estimate this model. For more information about structural equation models or LISREL, see Hayduk (1987) and Jöreskog & Sörbom (1993).


� The path coefficient is essentially a partial correlation between the two variables, holding constant all prior or simultaneous variables (Hayduk, 1987; Jöreskog & Sörbom, 1993).


� For example, religious fundamentalism is negatively related to informal science learning (-0.11) and informal science learning is positively related to CSL (0.14) By multiplying these two paths (-0.11 * 0.14 = -.015), we can determine the contribution of this path to CSL. Religious fundamentalism also has a direct or residual path to CSL (-0.33), indicating that the previous path underestimated the true negative relationship between the two variables. The sum of these two paths produces a total effect of -0.34 for religious fundamentalism (see Table 8). 
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