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Authentic assessment of visitor learning in museum settings is a challenging 

endeavor. Evaluation literature includes very few studies that link adult visitors' behavior 

to their learning. Multiple data collection methods in a naturalistic environment hold 

great promise for increasing understanding of informal public education. 

In 1997, Oregon State University's Hatfield Marine Science Center (HMSC) in 

Newport, Oregon, opened a new visitor center. This unique science museum was 

designed with strong educational goals in mind. The first gallery, the Pattern Garden, 

was intended to provide a framework of understanding that visitors would build on 

during their journey through the museum. The three main exhibits in this gallery include 

a touch pool with live tidepool animals, a sound exhibit with listening stations, and a 

water wheel that demonstrates chaos theory. 

This study is a summative evaluation of these three exhibits and their educational 

effectiveness, both individually and as part of the overall gallery. Data on exhibit holding 

power and visitor behavior were collected for this evaluation. The touch pool and the 
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sound station were videotaped, while field notes were used to document holding power at 

the water wheel. In addition, a wireless microphone was mounted at the touch pool to 

document discussion between visitors and docents. Visitors who spent a minimum of ten 

seconds at each of the three exhibits were interviewed as they prepared to leave the 

museum. The interviewer asked the visitor to recall the Pattern Garden exhibits, with 

special attention to things they learned and associations they made to their daily lives. 

Both holding power and learning proved to be the greatest at the touch pool. 

Further investigations are indicated to isolate whether it was the content of the exhibit, 

the presence of a docent, or other factors that made it particularly effective. The water 

wheel's holding power was nearly as high as that of the touch pool, but visitor learning 

scores were lower. Interview data indicated that the complex, difficult nature of the 

chaos concept was partly responsible for the low educational results. The sound station 

resulted in moderate holding power and moderate learning. Difficulties and successes in 

the research design indicate important factors to consider for future evaluation studies at 

informal science learning centers. 
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A Multifaceted Assessment of Adult Informal Learning 
at the Hatfield Marine Science Center 

Chapter I  
The Problem  

Introduction 

The popularity of interactive exhibits in science museums has led to considerable 

discussion about their educational effectiveness. Informal learning environments can 

offer visitors the chance to learn about science while performing hands-on activities 

similar to those provided in inquiry-based classrooms. New evaluation methodologies for 

interactive exhibits need to be developed; they must address both the cognitive and 

affective aspects of the learning experience (Bitgood, Serrell, & Thompson, 1994). 

An effective exhibit must be appealing enough to both capture and hold the 

visitor's interest. This is reflected in the most commonly measured factors in an exhibit 

evaluation--attracting power and holding power. "Attracting power" reveals the 

effectiveness of an exhibit in getting visitors to stop at the display. "Holding power" is 

defined as the average time spent at an exhibit by those visitors who do stop. 

Assessments often investigate how well an exhibit communicated the information it was 

designed to explain. One aspect of this evaluation goal involves determining whether 

cognitive gains or subsequent processing of the information received were detected in the 

visitor's experience. 
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Several terms are commonly used in discussing museum exhibit and gallery 

evaluation. "Front-end evaluation" is the analysis of a proposed exhibit and its audience 

before construction is begun; this process assists designers in defining goals and 

strategies to achieve them. "Multimedia exhibits" present information in more than one 

medium (e.g., video presentations). "Multisensory exhibits" provide the visitor with 

sensory experiences beyond the visual. "Tracking" refers to the methodical and 

unobtrusive observation of visitor behavior in a museum. 

There is a moderate amount of research documenting the general appeal of 

interactive exhibits in science centers (Alt & Shaw, 1984; Diamond, Smith, & Bond, 

1988; Koran, Koran, & Longino, 1986; Koran, Morrison, Lehman, Koran & Gandara, 

1984; Peart, 1984). Most of the studies consist of tracking data or enjoyment surveys 

(asking people what they liked best) collected from a random sampling of visitors. A 

small amount of research has been done on the behavior of visitors in museums in 

relation to the environment of the gallery (e.g., Falk, Koran, Dierking, & Dreblow, 1985); 

such studies are more complex investigations of attraction and holding power. 

Information on educational effectiveness of an exhibit for public visitors is more 

difficult to obtain. Instruments that work well in school group research include pre-

test/post-test evaluations; using such instruments allows cognitive gain due to the 

museum visit to be isolated. School groups are visiting the museum as an extension of 

their classroom studies and as such, tests are a normal part of that environment. Public 

visitors, by contrast, are generally coming to the museum as a recreational activity. 

Administration of a pre-test would be a threat to internal validity of a study; the pre-test 

itself could easily affect the visitors' learning (producing a testing effect). Prior 
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knowledge and subsequent cognitive gain are difficult to ascertain in other ways, though. 

This makes determination of learning by public visitors problematic. 

Thus, the literature base for cognitive gain studies is much less developed than 

that for attraction and holding power research. A limited number of studies have 

included visitor misconceptions in their evaluation procedures (Borun, Massey, & Lutter, 

1993; Feher & Rice, 1985). Long-term cognitive gain studies (e.g., Stevenson, 1991) 

have been rare. Combined studies of behavior and cognitive gains (e.g., Snider, Eason, 

& Friedman, 1979) are also uncommon in the literature. 

Statement of the Problem 

Exhibit evaluation studies usually focus on either school groups or public 

visitors. The school field trip is a projection of formal education into an informal 

education environment. Some characteristics of a field trip, such as teacher expectations 

and a focus on learning, are not representative of the average visitor's experience. Most 

of the published research has been gathered from school groups and is limited in its 

applicability to the general visitor population. One result of this is that the role of science 

museums in public education has often been overlooked. 

In the current push for science education reform, the focus has been on K-12 

schools. Although science museums are essential parts of the national science education 

goals, scant attention has been paid to them. Both the National Research Council (1996) 

and the American Association for the Advancement of Science (1989, 1993) affirm that 

science education should extend beyond the classroom. Science centers (along with 
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natural history museums, aquaria, and zoos) are essential components of achieving the 

national goals. Authentic assessment is the evaluation of a subject's understandingby 

observing their application of knowledge on a real-world-based test item. This sort of 

evaluation is needed in informal learning centers to clarify their role in the national, state, 

and local education objectives. 

Although many education professionals acknowledge the value of science 

museums as adjuncts to traditional schools, few people consider the value of these 

organizations in providing lifelong learning opportunities for all Americans. In creating a 

society of scientifically literate citizens, high-quality educational facilities must be made 

available to all segments of the population. One such state-of-the-art science center has 

been built at Oregon State University's Hatfield Marine Science Center (HMSC). The 

purpose of this study was to conduct an authentic assessment of one gallery at this facility 

using an integrated approach incorporating both behavioral observations and cognitive 

gain analyses of the public visitor's experience. 

Significance of the Study 

In 1997, HMSC opened a new visitor center to the public. This museum was 

designed to showcase the scientific research being done at the marine science center. 

Throughout its history, HMSC has been one of the most popular destinations for school 

groups, local residents, and visitors to the Oregon coast. 

In the new public wing, the first area visitors enter is the Pattern Garden. This 

gallery sets the stage for the rest of the guests' experience. There are three large 
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multisensory exhibits located here, as well as a number of smaller exhibits. An 

evaluation of the visitor experience provided necessary feedback on the effectiveness of 

this section of the museum. Data analysis shed light on which aspects of a Pattern 

Garden visit were successful in achieving the goals for the gallery and what part this 

experience played in the visitors' overall perceptions of HMSC's new public wing. 

In the pool of literature that evaluate the visitor's experience in science museums, 

there are few studies that link behavioral observations, taped conversations at an exhibit, 

and exit interviews using the same visitors (Falk & Dierking, 1992). There is a need for 

this type of study in order to correlate observed behavior with self-reported learning. 

What do visitors believe they learn in a museum and how does that relate to their 

behavior in a gallery? Do visitors immediately incorporate new ideas into their 

perceptions of their lives? Can they relate this understanding to what scientists do? This 

research study provided a descriptive data set of behavioral variables, descriptive 

variables, and cognitive assessments that gave a multidimensional picture of adult visitors 

to the Pattern Garden. A study of this type had not been attempted before. 

A review of the literature reveals the design problems, reliability questions, 

validity issues, and over-generalizations throughout the published exhibit evaluation 

research base. The current study was designed with an eye to minimizing these types of 

problems. The strengths and weaknesses of studies found in the following literature 

review were instructive in designing the evaluation of the Pattern Garden at HMSC. 
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Chapter II  
Review of Relevant Literature  

Determining Factors in Visitor Behavior 

Florida State Museum of Natural History was the site for a study of the primary 

factors that determine visitor behavior in a science museum (Falk, Koran, Dierking, & 

Dreblow, 1985). Three different perspectives on visitor behavior were described. The 

goal of this study was to discover which of the three perspectives would best answer the 

question, "Can museum professionals in any way accurately predict the general behavior 

of visitors in their museums (Falk, Koran, Dierking, & Dreblow, 1985, p. 250)?" As 

background information for the study, the authors explain three different research 

perspectives on visitor behavior--the Exhibit Perspective, the Visitor Perspective, and the 

Setting Perspective. 

The Exhibit Perspective is based on the assumption that the most important factor 

in visitor behavior is found in the characteristics of the exhibit itself, including 

illumination, length of labels, and attractiveness. Exhibit quality in this framework is 

measured using attraction and holding power; the data were gathered by observing visitor 

behavior. This perspective and mode of research have dominated the literature for 

decades. 

In the Visitor Perspective, the interests and experiences of each visitor are seen as 

the most important factors in the visitor's behavior in a museum. This "visitor-as-

shopper" metaphor emphasizes the importance of knowing the audience's preferences and 
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designing exhibits to fit them. Visitor analysis is seen as the most valuable type of data 

collection in this perspective. 

The Setting Perspective is the least well-known of the three perspectives 

presented. It assumes that the main determinants of visitor behavior are social and 

environmental in nature. Exhibit characteristics and the personal interests of visitors are 

not seen as important factors contributing to what they do in a museum setting. This 

perspective suggests that people behave in predictable and precisely-defined ways of 

being as a result of their shared expectations, their awareness of proper behavior, and the 

physical layout of the facility. 

A random sample of 69 visitors was observed for the duration of their visit to the 

museum. The sample is adequately described. Two visitors who stayed less than three 

minutes were dropped, as were children under 16 (to reduce variability), leaving 58 adults 

in the sample used for final analysis. The sample is described by age group (12% age 16-

20, 28% age 21-30, 35% age 31-40, 17% age 41-60, 8% over 60). Approximately half 

the subjects were first-time visitors, 68% were part of family groups, and 22% were in 

peer groups. The authors do not mention how the age and group information was 

collected. Gender and other characteristics of the sample are not mentioned. 

The research design is clearly described in the article. Visitors were tracked 

during their entire visit to the museum. The observation was done by six graduate 

students who were trained in using an instrument based on instruments previously 

developed by one of the authors. At five-second intervals, the subject's locus of attention 

was selected from six categories (Attention to Exhibit, Attention to Setting, Attention to 

Own Social Group, Attention to Other People, Attention to Self, and Can't Tell) and 
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recorded. In a pilot study of the instrument, specific common behaviors were identified 

for each category. After training with the instrument, inter-observer agreement was an 

acceptable 93%. However, the inter-observer agreement does not seem to have been 

tested again in the middle and at the end of the research program; this would have 

enhanced the validity of the study. The authors cite a study where locus of attention 

correlates highly with cognition as justification for this type of instrument. 

One of the greatest threats to internal validity in a study of this kind is mortality 

(attrition); as visitors leave the museum, the sample becomes smaller and less 

representative of an average visitor. The authors state that attrition was minimal (15.5%) 

for the first 30 minutes of observation. At 45 minutes, 50% of the visitors remained in 

the museum; at one hour, only 20.7% were still in the facility. 

Since the research question deals with visitor behavior, a behavioral coding 

instrument is an appropriate data-gathering tool to use for this study. However, this data 

collection procedure would have been more appropriate for a research question that 

simply asked what visitors attend to during their visit. Using the results of this study, the 

researchers could then predict what visitor behavior would be and, using the same 

instrument, observe another sample to assess whether their predictions were accurate. 

Thus, although the instrument is appropriate, the research design seems only partially 

effective in searching for the answers to the research question. 

Visitors were asked for their permission to be tracked, so the observations were at 

least slightly obtrusive; this may have changed the behavior of some of the visitors and 

rendered the data less descriptive of natural activity. Therefore, this would be an 

additional threat to internal validity of the study. The authors acknowledge this possible 
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effect, although they emphasize that most visitors "seemed oblivious to the coder" (Falk, 

Koran, Dierking, & Dreblow, 1985, p. 255). 

For each visitor, the data were broken into three-minute intervals for analysis; the 

36 values in each interval were pooled and divided into percentages foreach of the five 

loci of attention. The data for all subjects were summed and averaged. This data set is 

presented in the article as a graph with six curves (one for each focus) drawn; time is 

plotted on the x-axis (the data points marked at the three-minute intervals) and the 

percentage of all categories is plotted on the y-axis. The graph clearly presents the 

information gathered. 

Attention to Exhibits ranged from 40% (at the start of the visit) to 68% (at 20 

minutes into the visit). The statistics used (probably a t test) are not explicitly described 

in the article (nor is the alpha level mentioned). However, the authors state that the 

values for the Attention to Exhibits category are significantly greater than all other 

categories (p < .01). Both Attention to Setting and Attention to Own Social Group 

ranged from 15% to 28%. Although not significantly different from each other (p > .10), 

they are significantly greater than the last two categories (p < .01). Attention to Other 

People and Attention to Self were very low, ranging from 0% to 6%; in addition, Can't 

Tell fell in this same range. The unit of analysis was the visitor. 

Certain aspects of the findings were noted in the article. The first few minutes in 

the museum have a higher incidence of Attention to Setting and Attention to Own Social 

Group, which is probably the time when visitors are becoming oriented and settling into a 

touring attitude. Subjects in the study encountered many different types of exhibits 

during the observation period, and no data from the study were available to distinguish 
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visitor behavior at exhibits by type. The authors point out a drop in Attention toExhibits 

that indicates when museum fatigue sets in (30 to 45 minutes into a visit). The authors 

stated that the data support a change in visitor behavior at this point, but the details of 

how their research supports this conclusion are not given. 

The levels of Attention to Own Social Group, Attention to Self, and Attention to 

Other People observed in this study are compared with other research projects. The 

relatively low rates of the latter two are not consistent with other studies, and may be 

explained by the low overall attendance rates at the Florida State Museum of Natural 

History. 

The authors acknowledged that the methodology might have affected the results 

of the study. In addition to the influence of the observer, they mention that the selection 

of categories of behavior may have influenced the outcome. It is argued that the 

instrument yielded similar results when used in two different types of museums, which 

the authors say reinforces the premise that visitors behave in predictable ways. Since 

these data were not yet available, such statements are difficult to evaluate. Although 

there might be some additional information on reliability available, it is not presented 

here. 

The authors concluded that if the quality of exhibits were a determining factor in 

the visitors' attention focus, there would be consistent peaks and valleys in the data to 

reflect that fact. This conclusion seems unwarranted, though, because other factors could 

effectively filter out such regular features in the data. For example, if visitors moved at 

different paces in different areas of the museum, what one visitor stopped at for five 

minutes might have come three minutes later into another subject's visit and thus appear 
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on a different section of the data curve. It seems ridiculous to assume that at each time-

point visitors will all be at the same exhibit. If the authors had further observation data 

that recorded the time when each visitor arrived at an exhibit, they do not mention it. The 

authors acknowledge that in a "fine grain" study, the quality of an exhibit may influence 

the behavior of the visitor. However, they maintain that this "course grain" study 

indicates that an exhibit's proximity to the visitors' entrance point is far more important. 

Returning to the three perspectives described at the beginning of the article, the 

authors conclude that their data support the viewpoint of the Setting Perspective. Since 

the placement of an exhibit overrules the quality of the exhibit, the Exhibit Perspective is 

a less accurate framework to describe visitor behavior. The authors explain that the 

Visitor Perspective does not seem to predict visitor behavior, since there was not a high 

variance in Attention to Exhibit which would have indicated visitors' personal 

preferences. 

The rejection of the Visitor Perspective and the Exhibit Perspective are perhaps 

too strong a reaction to the data presented in this study. There are many possible 

alternative explanations for the observed steadiness of the focus of attention. A 

"canceling out" of many additional variables is possible. Detailed studies that included 

the exhibit type and time-at-exhibit (data traditionally gathered from the Exhibit 

Perspective) could be combined with this sort of Setting Perspective data set to achieve a 

more holistic picture of how visitors behave. In addition, exit interviews with the 

subjects could add data from the Visitor Perspective. Perhaps the authors concluded that 

the Setting Perspective was the most valid perspective from which to analyze visitor 
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behavior because that was the framework they used to construct their study (i.e., they 

found what they were looking for because they were looking for it). 

The authors conclude by stating that their study indicates a predictable nature to 

visitors' behavior in museums, and suggest that future research on this behavior would be 

valuable for improving museum design. Certainly the study of visitor behavior is a 

promising area for studies at HMSC and other museums and may be of great practical 

value in planning effective museums. However, most research done today still focuses on 

the appeal and effectiveness of the exhibits themselves. 

Public Appeal of Interactive Exhibits 

The effectiveness of a museum exhibit depends in part on its appeal to visitors. 

Alt and Shaw (1984) conducted two studies at the Hall of Human Biology at the British 

Museum to determine what characteristics the "ideal" museum exhibit would have from 

the visitor's point of view. They began the first study with the purpose of creating an 

"exhaustive and salient list of attributes" (Alt & Shaw, 1984, p. 27) used by the public to 

describe exhibits. This list would give researchers an idea of how visitors perceive 

exhibits. The second study's purpose was to evaluate the success of each of the exhibits 

in the Hall using this attribute list and to compare each exhibit to an ideal exhibit. The 

research questions are not explicitly stated, although the purpose of each study is clearly 

presented. Many earlier research projects are cited as background for these 

investigations. 
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Of the 120 exhibits in the museum, 45 were chosen for the first study; they were 

selected as a representative cross section of the types of exhibits in the Hall. Twenty 

visitors (subjects), age 17 and up, were selected by a "systematic sampling method" (with 

a reference to another publication for further information on the sampling methodology). 

The only information given about this sample is the over-16 age criterion; it would have 

been interesting to see more demographics on the visitors who were interviewed. 

Assuming the sample was a good representation of the visitors to the Hall, the 

research design seems to be appropriate for the stated purpose and is well described. 

After leaving the Hall, each subject was taken to three exhibits; while at each one, the 

visitor was asked to describe the features that struck them particularly about it. The 500 

isolated verbatim responses were recorded. One of the authors later sorted the answers 

into eight descriptive categories: 

attractiveness/noticeability 

overall evaluation 

clarity and ease of comprehension 

evaluation of subject matter 

required visitor response 

emotional reactions 

visual effect 

appeal to different age groups (Alt & Shaw, 1984, p. 27) 

The 45 exhibits that visitors were taken to for the interviews were listed in a 

random order and then sequentially selected for the first 15 subjects (i.e., the first subject 

went to the first three exhibits on the list, the second to the next three, etc.). For the last 
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five subjects, 15 exhibits were randomly selected from the list of 45 and sequentially 

visited (three exhibits per visitor as before). 

A sublist of descriptive items was narrowed down to 48 attributes after 

discussions with another sample of 20 visitors and analysis by three members of the 

design team for the Hall. The list of 48 attributes is listed in a table in the article. 

Several validity issues are not addressed in the article. One unclear item is 

whether the interviews were recorded on audiotape or transcribed by hand. Since 

"verbatim" answers are mentioned repeatedly, it is to be assumed that the data were 

recorded correctly and subjective recording was not a problem. The training of the 

interviewers is not mentioned in the article. As with most interviews, a response effect 

may have been a problem. The "laddering technique" (Alt & Shaw, 1984, p. 27) used to 

encourage more complex comments from subjects probably minimized the danger of 

leading and threatening questions, however. 

The authors specify that each answer was transcribed to a card and the cards were 

then sorted into the seven categories by one of the authors. (The authors do not explain 

how they arrived at the seven categories used for the sort, however.) Inter-rater 

agreement was therefore not a problem in this step of the data processing. 

The use of multiple data sources (two groups of 20 subjects plus the three design 

team members), two different types of interviews (the first sample's set of questions and 

the second sample's discussion format), and the open-ended nature of the investigation 

(no a priori hypotheses about what would be the attributes) would indicate a fairly high 

validity standard in this study. Also, the entire procedure seems to have been exhaustive 

enough to minimize the chance of ambiguity in the final list of 48 descriptors. If the 
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sample was representative of the visitors to the Hall, the list of attributes was probably a 

fairly robust tool to use in the second research study. 

The purpose of the second study is clearly stated. The list of attributes created in 

the first study would be used to evaluate 45 exhibits and their similarity to an ideal 

exhibit. In addition, the relationship between this similarity and the exhibits' attracting 

and holding powers would be investigated. The focus of the research is on how visitors 

perceive particular features of exhibits and not about the overall effects. The authors 

discuss the literature base for such studies and the need for this type of tightly focused 

research. 

A total of 1980 volunteer subjects (age 17 and up) was interviewed. Participants 

were selected "systematically" in a manner similar to the first study, but the reader is 

given no more information on the characteristics of the sample or the exact method used 

for selection. 

The research design is clearly described in the article. Each subject was asked to 

use the list of 53 attributes to describe two exhibits in the museum as well as what an 

ideal exhibit would be like. Five extra attributes (three addressing staff concerns and two 

addressing reliability issues) were added to the list of 48 provided by the first study. By 

asking subjects to attend only to these specific attributes in their evaluation, the 

researchers are addressing their goal of exploring visitor perceptions of specific features 

in the displays instead of the overall presentation. The 53 attributes are listed in a table. 

No alpha level is mentioned in the article. 

The rather complex "balanced incomplete block design" (Alt & Shaw, 1984, p. 

29) that was used to distribute questions and exhibits among the subjects is explained; 



16 

however, the logic in the explanation is very difficult to follow. For an interview to be 

completed in 15 minutes, it was found that two exhibits and the subject's ideal exhibit 

could be evaluated within 15 minutes. A subject was taken to the first exhibit and handed 

a series of cards, each with five or six attributes on it. The interviewer asked which of the 

attributes applied to the exhibit, following with two prompt questions. The interviewer 

marked which attributes were named. Exactly the same procedure was used for all the 

cards and the second exhibit. Finally, the subject was asked to imagine an ideal exhibit 

for the Hall and the same procedure was followed with the cards. Each of the 990 

possible pairings of 45 exhibits was used twice (with the second treatment reversing the 

order of the exhibits observed). 

The standardization of the interview questions and the simple checklist for the 

interviewer to use in recording responses indicates that subjective recording and leading 

or threatening questions would not be threats to the validity of the study. No information 

was given on the training of the interviewers, but again the simplicity of the data 

collection implies that this might not have been an issue. Response effect is still a 

possible threat to the validity of the data gathering procedure, though. 

The authors state that the first step in data analysis was to compute the percentage 

of subjects who voted for each attribute for each exhibit. These data are not included in 

the article, probably because of space constraints (it would be a 45 x 53 cell table). 

Instead, the authors have drawn what they call a "biplot" in order to display the similarity 

between exhibits and the attributes' strength associated with specific exhibits. A 

psychological study is referenced as an example of the use of biplots. Later in the article, 

the biplot is described as "a psychological representation of the perceived similarities 
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between exhibits" (Alt & Shaw, 1984, p. 34). This explanation would have been more 

beneficial if it had been included before the first biplot was referenced. Since this article 

appeared in a psychology journal, the biplot may be common in that context. 

The first step in the data analysis was to reduce the list of attributes to 23 

categories. The more important attributes for discriminating between specific exhibits 

were preserved, and similar attributes were grouped together. The new list of 23 

categories was compared in biplot form to the full 53 attributes in biplot form; a positive 

correlation (Kendall's tau) of .85 was found, which was considered to be good agreement. 

The attraction and holding power data from an earlier unreported study were used to 

further analyze the reduced categories. Correlations between attracting power and the 

distance between an exhibit and an ideal exhibit were run for both the full list of 

attributes and the reduced list. The correlation (Kendall's) was reported to be -.63 for the 

former and .70 for the latter. On the table of 53 attributes, the 23 that were selected for 

the reduced list were indicated. Kendall's tau analysis is for correlation of ranked data; it 

is unclear from the article if the data are of this type. In any case, Kendall's tau is 

preferable to rho for numbers under 10, which does not apply here (Gall, Borg, & Gall, 

1996). It may be that rank-difference correlation (rho) would have been a more 

appropriate analysis. 

A second biplot figure shows the reduced list of attributes along with the positions 

of the exhibits. Information in the text explains how to read this confusing diagram. In 

addition to vectors radiating from an origin (indicating the 23 attributes), 45 circled 

numbers indicate the position of the exhibits with regard to the reported attributes. The 

ideal exhibit is also plotted and indicated by a star on the diagram. From the ideal point, 
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the angles of the other exhibits around the diagram determine their relationship to the 

ideal. Exhibits and attributes nearest the ideal are noted in the text, as are those most 

distant and those at right angles (orthogonal) to the ideal. Without previous familiarity 

with this sort of graphic representation, the biplot is extremely confusing even after 

careful study. The five attributes that are closest, the four farthest, and the four 

orthogonal to the ideal are summarized in text form in an adjacent table. This table 

would have been easier to understand if the corresponding numbers from the biplot were 

included with the text of the attributes. 

Inclusion of some of the descriptive statistical percentages for the strongest 

indicators would have been helpful in appreciating the research results. Although the 

highly-processed biplots may be the most efficient way to show a great deal of 

information in the small space available in a publication, inclusion of an intermediate step 

in the data analysis (even for a small portion of the data set) would have been helpful. 

Instead, the authors have presented the instrument items, the biplots, and a summary table 

that backs up their conclusions. 

The items considered strongly negative in relationship to the ideal are: 

It's badly placed- -you wouldn't notice it easily. 

It doesn't give enough information. 

Your attention is distracted from it by other displays. 

It's confusing. (Alt & Shaw, 1984, p. 33) 

The items considered orthogonal (not related to the ideal) are: 

It involves you. 

It deals with a subject better than textbooks do. 
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It's artistic. 

It makes a difficult subject easier. (Alt & Shaw, 1984, p. 33) 

The items considered to apply strongly to the ideal are: 

It makes the subject come to life. 

You can understand the point/s it is making quickly. 

There's something in it for all ages. 

It's a memorable exhibit. 

It's above the average standard of exhibit in this exhibition. (Alt & Shaw, 

1984, p. 33) 

The conclusions of the authors are that the level of interaction available in an 

exhibit is not an indicator of its appeal to visitors. Since they found that involvement is 

not related to the ideal exhibit and that getting the point quickly is strongly related to the 

ideal, the interactive exhibits that require more interaction time than others are not what 

visitors want. 

In describing the placement on the biplot of one attribute, the authors explain how 

even though the item appears to be far from the ideal, the data showed that 80% of the 

subjects applied the attribute to the ideal. However, because of the application of "best 

fit" associations, the placement on the diagram wound up distant from the ideal. Two 

attributes in the list of 23 were included to verify reliability of the test. One was a single 

duplication of one of the attributes, which wound up showing a small amount of 

measurement error. Another attribute was included that specifically defined an above-

average exhibit to see if it wound up near the ideal exhibit in the biplot. From the biplot, 

it seems that this attribute did not differ much in its report between exhibits. The authors 
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add that in reviewing the original data, two thirds of the exhibits had been evaluated as 

"above average," indicating reluctance by subjects to be critical. 

Another correlation was run on the distance between each exhibit and the ideal on 

the biplot with the attraction power (again from the earlier unreported study) of the 

exhibit. This was done with the goal of providing the biplot analysis with a measure of 

external validity. The biplot analysis is a type of factor analysis and is only briefly 

described; the authors include a reference to other publications that describe the 

procedure. The authors mention that previous uses of the biplot included plotting where 

psychiatric patients scored with regard to six psychiatric syndromes. It was expected that 

good quality exhibits would have a high attraction power but that both good and bad 

quality exhibits would have a low holding power (the logic being that good exhibits make 

their points quickly and bad exhibits lose their audience quickly). Pearson's r was found 

to be significant at p < 0.01 for attraction (r = -.70) but not for holding (r = -.03) which is 

the results the authors expected to indicate validity for the biplot. Since no information 

on the attraction power or holding power raw data used in this analysis was given, it is 

difficult to assess the importance of this validity check. For correlating two variables that 

are presented as continuous scores, Pearson would be a reasonable test. 

The authors' conclusions are that the use of formal education techniques in 

designing museum exhibits is an invalid idea. The emphasis on participatory exhibits, in 

particular, is a policy that should be reevaluated. The authors propose that the most 

important aspect of an exhibit is that it gives "immediate meaning" to the public, with a 

short, clear message presented in a vivid manner. 
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The most important practical advice to exhibit designers is that each display must 

make the subject come to life. There should be a very short, clear message presented in 

any type of exhibit, and designers of participatory exhibits should bear in mind that most 

visitors will not be willing to invest much time in reading instructions to learn how to use 

it. 
... 

The results of the research presented in this paper have a few indicators that 

would support such conclusions, but there may be alternate explanations for the 

indications of the data presented here. The entire premise of constructing a study in this 

way, comparing details of exhibits to a mythical ideal in the perceptions of the visitor has 

questionable value. The authors' conclusions are presented in broad generalizations for 

the analysis and planning of museum exhibits when their research was a case study not 

generalizable to other situations. They make good points that the field of exhibit 

effectiveness research may include new methods of investigation, including experimental 

procedures in natural settings. They are emphatic about including the psychology of the 

visitor in future research. Their strongest point--and the one most applicable to research 

in the HMSC Pattern Garden--is that future research should include correlating behavioral 

observations of visitors with analysis of exhibit effectiveness. If their attraction and 

holding data had been more clearly presented, this argument would have been stronger. 

The next study is a more typical analysis of an interactive gallery in a science museum. 

The California Academy of Sciences Discovery Room was designed to give 

visitors an opportunity for hands-on exploration of natural history objects. The stated 

goal of a research study by Diamond, Smith, and Bond (1988) was to discover how 

visitors reacted to the room. The results were to be used in the development of future 
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projects at the museum. In other words, it is a summative evaluation study that is 

intended to be used to set up general guidelines for interactive exhibit planning. 

The first table includes a brief description of the exhibits on display in the gallery. 

This provides the only information on the physical characteristics of the Discovery Room. 

A diagram of the facility would have been helpful, especially if more of the tracking data 

had been provided. 

Five different types of data were gathered from August 20 to November 1, 1986; 

they are listed as behavioral observations, tracings, counts, interviews, and surveys. This 

means that five different instruments were used in data acquisition. Selection techniques 

for the samples are not discussed. The reader knows very little about the visitors who 

were observed and/or interviewed as a part of this study. Time of day, days of the week, 

and other sampling information can be important when interpreting visitor observations, 

and should have been included. The data gathered in this study are reported mainly as 

statements of percentages within the text (e.g., "Touching objects was the favorite activity 

in the room for many visitors (58%)" Diamond, Smith, & Bond, 1988, p. 159). This type 

of data presentation, buried in conclusions, is inadequate; the reader wonders what the 

data looked like. Only one data table is included; it deals with a subset of the data 

describing seven types of child behavior. 

The first section of reported results deals with visitor perceptions. The data are 

presented as percentages and deal only with visitor preferences and opinions. These data 

were probably summarized from the exit interviews and surveys, but no mention is made 

of this fact. The interview and survey questions are not discussed; without this 

information, it is difficult to perceive the importance of the data summarized here. There 



23 

are two indented comments included in this section, but they are not prefaced by any 

information about their source. No validity or reliability information is provided for 

whatever instruments were used. 

The statistics included in the text show that the most popular items in the room 

were the discovery boxes (77%), followed by costumes (26%), puzzles (16%), a human 

skeleton (11%), moon phases exhibit (11%), and a stuffed badger(8%). The most 

favored activity was touching the exhibits (58%). The quiet atmosphere was mentioned 

by 10% of the visitors, and 32% said they liked the entire experience. A total of 65% of 

the visitors said there were no comparable facilities to the Discovery Room, while 9% 

compared it to the Exploratorium, 8% to the Lawrence Hall of Science, 33% to other 

public science institutions, and 3% to a Montessori school. 

The next section of data is the behavioral information. The behavioral 

observations were conducted on 62 groups of visitors (all of which included a child) 

following "established techniques used in biological investigations of behavior, including 

construction of an ethogram" (Diamond, Smith, & Bond, 1988, p. 160). One data 

collector recorded behavior frequency data for each group during the period when the 

child in the group was in the room. The observation technique used is not described, but 

the reader is referred to another publication by the study's author for further information 

about this instrument. Perhaps validity and reliability information for this instrument is 

included in this reference; it is not given in the current article. The ethogram is not 

defined or mentioned in the article. 

The parent-child groups stayed in the gallery for an average of 18 minutes and 

children were observed interacting with an average of 19 objects during their time in the 
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room. A table presents seven types of child behavior (i.e., handle or make object work, 

comment about object, look at object [only], question about object, touch object [only], 

read label, read book). The table lists the frequencies of each behavior noted for two 

categories of children--on their own and with other people. The unit of analysis in this 

table appears to be the child observed instead of the group previously referred to as the 

unit of analysis. However, data from only 24 children are included in the table, whereas 

64 groups containing children (some groups perhaps containing more than one child) 

were cited as being observed for the behavioral data. Given the non-comprehensive 

nature of the table, it is not clear whether the in-text descriptive statistics and conclusions 

are based on the entire data collection or on subsets of it. 

The in-text statistics include six references to statistically significant observations, 

although the test used to determine significance is not specified. (For frequency data, one 

would expect a chi square test for statistical significance.) The first observation is that if 

a child was on its own, it was more likely to look but not touch and more likely to touch 

but not manipulate an object; these results are reported to be significant at p < .02. The 

next significant finding was that children stayed with an object three times as long if they 

were with other people; when alone, the average time at an object was 30 seconds, 

compared to 1.4 minutes if the child was with others. This was stated to be significant at 

p < .001. It was found that children with other people were significantly (p < .001) more 

likely to manipulate objects or discuss objects than those alone. (Common sense might 

argue that children would be less likely to discuss an object with no one else there to talk 

to, but this is not mentioned in the article.) Finally, children were more likely to read if 

they were in a group (p < .001). Alpha levels are not specified for any of these analyses. 
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The second type of data collected were tracings, more commonly known as 

tracking data. The movements of 68 visitors were tracked while they were in the gallery. 

These data are nowhere to be found in this article unless-they are incorporated into some 

of the percentage statements. The only clear example of this in the text is the observation 

that 68% of the social interactions were initiated by children. The tracking information 

should have been described and presented in some coherent form. 

A third type of data appears to have been the most numerous. During 75 half-

hour periods, 2,417 visitors were counted and classified by age, sex, ethnic background, 

and social group type. In the section of the article titled "Demographics" (Diamond, 

Smith, & Bond, 1988, p. 162), some references to attendance figures are included. Again, 

the text seems to combine data from other instruments with the demographic data and 

present them as conclusions and percentages. A table of the demographic data would 

help clarify the findings. Also in the demographic section, it is stated that "A total of 

14,691 visitors was counted over three months" (Diamond, Smith, & Bond, 1988, p. 

163). This number is quite different from the 2,417 visitors mentioned in the 

introduction; probably one is observation data and the other is from attendance figures, 

but this mismatch further confuses to what data the percentages and conclusions refer. 

A fourth data collection procedure was exit interviews with 100 groups of visitors. 

The fifth method of data collection was the receipt of 24 written surveys from teachers 

who brought classes to the Discovery Room. Again, some of these data seem to be 

incorporated into the conclusion statements in the text, but there is no clear summary or 

presentation of what was asked in the surveys and interviews and what the responses (and 
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response rate) were. The quotations included in the text may be from the interviews, 

surveys, or from other sources; it is unclear. 

The last section describing the results focuses on the demographic data. Again, 

the actual data are not presented, nor is the method of data collection. First-time visitors 

comprised 68% of those sampled. Most (60%) people discovered the gallery by accident. 

In a breakdown of regular gallery visitors, 53% came yearly and 44% came more often. 

Only 2% of visitors were at the Academy specifically to visit this gallery. Attendance 

rates are stated to have peaked during August, with an average of 41 visitors to the room 

every half-hour. Informal groups of adults with children comprised 79% of the visitors, 

with adult-only groups totally 16%. All other types of groups totaled only 5% of the 

visitors. The adult groups with children were comprised equally of adult females (28%), 

female children (27%), and male children (26%), while adult males comprised only 19% 

of the groups. In an analysis of the ages of children visiting, 53% were under age 6, 38% 

were in the 6 to 10 range, and 9% were older than 10. In a summary count of all visitors, 

half were adults, 23% were under age 6, 20% were in the 6 to 10 range, and 8% were 

between 11 and 21. 

Examples from the qualitative data collection are interspersed with the behavioral 

data. Anecdotes apparently from observers' logs are entertaining but do not provide 

much clarification of the results. Without information about the instruments and actual 

data collected (except the second table's subset of the data), it is difficult to assess the 

value of this study. 

There is not enough information about the research design of this project to 

evaluate whether the data gathered will be useful for answering the research question. 
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Sample selection, sample description, research design, instrument information (including 

validity and reliability), and raw data gathered are inadequately described. The statistics 

used are mainly descriptive (percentages based on unclear counts of the data). There are 

a few references to statistical significance and p values in the case of the only data table 

provided (frequency information from a subset of the data). 

In the conclusions section, the authors make broad statements about the design of 

museum exhibits. They appear to be generalizing their conclusions to all science 

museums when it is doubtful their results are even generalizable to their own institution 

based on the research design and results presented in this article. However, multiple data 

collection methods like those used in this study have the potential to supply a rich visitor 

data set. The next article reviewed is a report on a study with much clearer focus, 

although still dealing with attraction and holding power. 

A study by Koran, Morrison, Lehman, Koran, and Gandara (1984) evaluated the 

attraction and holding power of interactive exhibits compared with passive exhibits of 

identical content. The importance of initial attraction to an exhibit is well documented by 

the literature and by common sense. In order for a visitor to learn something from an 

exhibit, they must first be interested enough in it to stop and pay attention to it. The 

purpose of this study at the Florida State Museum was to discover whether museum 

visitors were more attracted to a hands-on exhibit or an otherwise identical hands-off 

exhibit. If so, the researchers wanted to know who it was that was attracted by the hands-

on version of the display. The authors state their a priori hypotheses that manipulable 

objects would attract more visitors and that there would be age and sex differences in 

who was attracted. 
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The total number of visitors observed in the sample was 234. The research design 

is clearly described and is appropriate for answering the research questions. Two 

observers watched the Object Gallery, noting estimated age, sex, and whether the subjects 

entered the special exhibit area. In the baseline set of observations, the objects in the 

special area were under glass and not available for touching. In the intervention 

observations, manipulable exhibits were set up on tables in the exhibit area. 

In estimating ages and whether or not the visitor entered the special area, the 

observers agreed 80% of the time; this was cited as a "rough estimate of reliability" or 

inter-rater agreement. Observations were made at randomly selected days and times. The 

numbers of subjects observed for the baseline group and the "intervention" group were 

not given; only the total number of visitors observed was included in the article. Another 

table giving exact numbers would have been helpful. There is no N available for any of 

the subgroups of subjects. No alpha level is given for the study. 

An 80% agreement between the two observers is too low for reliability. No 

information is given on the obtrusiveness or the training of the observers, which are also 

possible areas for validity problems. 

To discover what effects the manipulable objects, age, and sex had on visitor 

behavior, x2 analysis was used in the processing of the data. Three main points about the 

data were noted in the text of the article. In the baseline data, 58.5% of the visitors who 

entered the gallery visited the special exhibit area; when the objects were added, 82.3% of 

the subjects visited the area. A x2 analysis showed this to be significant at the p < 0.001 

level. In a x2 analysis of age and sex, it was discovered that significantly more females 
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(adult and child) than males and more children than adults entered the special exhibit 

area, both at the p < 0.05 level. The unit of analysis is the visitor. 

Two tables summarize the other 2 analyses. The first table includes the 

percentages of visitors who entered the object gallery by age and sex for both the baseline 

group and the intervention group. This table gives the X2 values for each category of 

visitor (total visitors, total females, total males, total adults, adult females, adult males, 

total children, female children, and male children) and the attained significance levels for 

each x2 value. Those significance levels of p < 0.05 are marked as significant. From the 

table, there was a significant increase in the attendance of the special exhibit area by all 

intervention groups of visitors (over the baseline groups) except in the case of adult males 

and male children. The unit of analysis is the visitor. 

The second table gives the 7c2 values and significance levels comparing males and 

females and adults and children for the baseline and intervention groups separately. The 

only significant results (p < 0.05) are for the intervention groups in comparing the4otal 

adults with the total children and in comparing the male adults with the male children. 

The authors cite many studies that address sex and age in curiosity, exploration, 

and attraction to manipulable objects; the findings appear consistent with the research 

results reported in this article. The literature is reported to show that children are more 

likely to be attracted by manipulable exhibits because such activities are fairly common in 

school. Other museum studies have noted that females are more likely to be attracted to 

multisensory exhibits and the unknown than males. 

The practical implication of this research is that manipulable exhibits may be 

more successful than static exhibits in attracting children and females. However, there 
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are possible alternative explanations for the results of this study that should be 

investigated. It is possible the subject matter, the design (not just the manipulable 

feature), obtrusive observers, or other factors might have been responsible for the 

observed results. Alternative theories should be tested to double-check the conclusions of 

this research project. In addition, the generalizability of the study is limited. Similar 

research in other institutions would contribute to the larger body of information on the 

roles of the age and sex of visitors and interactive exhibits in the success of museum 

galleries. 

This study does not address the question of knowledge or skill gained from the 

exhibit, only curiosity and attention. The authors suggest this as an area for future 

research. The next article reviewed describes another study at the Florida Science 

Museum. 

Koran, Koran, and Longino (1986) conducted a second study on the attraction 

and holding power of interactive compared to passive exhibits at the Object Gallery. This 

research program was performed under different conditions than the research reported in 

the previous article (Koran, Morrison, Lehman, Koran, & Gandara, 1984). The study had 

its roots in the research that has shown an increase in the attention level and interest of 

visitors with an increased complexity and novelty of the stimulus. 

Four research questions were clearly presented in the article, as follows: Are 

visitors more attracted to exhibits they can manipulate? Is more or less time spent at an 

exhibit when visitors have an opportunity to manipulate objects? Do these exhibits 

attract children more than they attract adults? Is the attraction to one or other of the 

exhibits sex-related? 



31 

An exhibit was presented in three different formats with increasing opportunity 

for object manipulation. In the first (Condition I), a display of shells was visible under a 

plexiglass cover; in the second (Condition II), the cover was removed; in the third 

(Condition HI), a microscope was provided to permit closer investigation of the shells in 

the case. 
... 

Time spent at the exhibit, age group, and gender of each subject were recorded by 

two observers. Additionally, the number of visitors to the gallery was recorded during 

each observation period. 

During this study, 131 visitors were observed. The number of visitors to each of 

the three formats of exhibit is recorded in the article--N = 39 for Condition I, N = 40 for 

Condition II, and N = 52 for Condition III. No information is given on how the sample 

was chosen. Other than the size, sex, and age groupings of the subjects, nothing more is 

known about the samples. 

The "unobtrusive" observers were a schoolteacher and a docent; subjects were not 

informed that they were being observed. No information is provided on the observers' 

training, nor is any measurement of inter-rater agreement. The observers recorded age, 

sex, and time spent at the exhibit. The article states that behavioral observations were 

collected randomly during the three exhibit conditions. The length of the data collection 

period and exact manner of this "random" collection is not indicated. However, the data 

collected would be appropriate for answering the research questions if the sample and 

data gathering conditions were adequate. 

The following statement was included in the methods description: "Age was 

estimated roughly by the observer, who, in previous research was able to reliably 
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discriminate the age groups of 1 through 6 years, 7 through 14 years, and over 15" 

(Koran, Koran, & Longino, 1986, p. 229). This comment implies that one of the 

observers had been tested for reliability in age categorization but no further information is 

given. It is unclear if two observers were present all the time and only one made the age 

assessments or if the two observers took turns recording data and only one of them had 

been tested for reliability in age estimation. The authors provided no other information 

on reliability or validity. 

Another question about the research design comes up later in the article. In the 

results section, several qualitative observations are discussed that were not included in the 

description of the research protocol. The description of the data collection procedures is a 

quantitative design, but the other observations are qualitative in nature. There must have 

been provisions for the observers to record additional notes, but this is not explained in 

the article. 

The authors state that the "diversity within museum visitor populations could 

generate problems for data analysis using conventional methods" (Koran, Koran, & 

Longino, 1986, p. 229) and therefore only descriptive statistics--means, standard 

deviations, bar graphs, and percentages--were used to describe the data trends observed. 

Three main trends in the quantitative data are noted in the text. First, the 

percentage of visitors who stopped at the display increased when the cover was removed 

and they were allowed to touch the objects. Second, across all age groups the amount of 

time subjects spent at the display increased with the increased opportunity to manipulate 

and investigate objects; there were sex differences in this data, however. Third, adults 

did not spend as much time with the exhibit as did children and young adults. 
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The first table lists the mean amount of time spent at the three types of exhibit for 

each age group and sex. The rows in the table are Female, Male, Age 1-6, Age 7-14, Age 

15+, and Combined Visitors. The columns in the table are N, Percentage, and Standard 

Deviation for each of the three exhibits. This is essentially a table of holding power data. 

The values for Standard Deviation in this table are very large (in most cases, they are 

larger than the mean values for each category). It is likely that the data are not normally 

distributed, and some other basic statistics would have been more useful in describing the 

data collected. Perhaps one or two measurements skewed the mean data in most cases 

and a median or mode value would carry more meaning than the mean values in this 

table. 

Instead of a table of mean time spent at each exhibit for each age/sex category of 

subjects, it would have been interesting to see a frequency count of the raw data (or a 

percentage for each age/sex category) depicting the amount of time spent at each exhibit 

type. For example, three tables (one for each type of exhibit) could show the frequency 

count in increments of ten seconds for each category of visitor (e.g., 6 females stopped at 

the covered exhibit for 0 to 10 seconds, 8 stopped for 11 to 20 seconds, etc.). As it is, the 

large standard deviations cast doubt on the real-world meaning of the means presented in 

the table. 

There is an adjacent bar graph that presents data from three of the rows and 

columns in this table. Although bar graphs are easy to read at a glance, this one gives no 

additional information over what is presented in the table. If limited space was an issue 

in the illustrations for this article, a table with a different breakdown of the data might 

have been more useful than this bar graph. 
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There is an additional row in the first table that indicates the percentage of visitors 

to the gallery who stopped at each type of exhibit. The covered exhibit had the lowest 

figure (22.81%). Interestingly, nearly the same percentage of visitors stopped at both the 

uncovered exhibit (33.90%) and the uncovered exhibit with the microscope (32.53%). 

No mention of this is made in the text. It would be interesting to do further studies to 

ascertain if the presence of instruments like microscopes were attracting factors for 

exhibits and, if so, for which visitors. If this research design was used in several different 

subject areas, the results would be more indicative of what effect the different conditions 

were having. With several test sites were used, alternative explanations involving 

attractiveness of subject matter and setting might seem less likely. 

The authors point out that not all the visitors to the uncovered exhibits 

manipulated the objects. A second table in the article lists the percentage of visitors, 

divided by age, who stopped at the exhibit and manipulated the shells under exhibit 

conditions II and III. For age 1-6, 58% manipulated the uncovered objects (Condition I), 

while 83.33% manipulated the objects at the exhibit with the microscope (Condition II) . 

For age 7-15, the figures are 65.2% and 71.43%, respectively. For visitors over age 15, 

the numbers were lower, being 15% and 51.85%. This table also gives the total 

percentage of subjects who manipulated the objects in the two types of exhibits (37.5% 

and 66.66%). As is mentioned earlier, no statistical analyses were used to determine the 

significance in these findings. 

Four behavioral observations not included in the quantitative study were 

mentioned in the article. For the uncovered exhibit conditions, subjects often returned to 

the exhibit up to five times during their visit to the gallery; this was never observed with 
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the closed exhibit. Young children stopping at the uncovered exhibit would often be 

joined by one or more adults (assumed to be parents by the authors). Most of the visitors 

took good care of the objects when they were allowed to handle them. Under Condition 

II (no microscope), mainly large shells and those near the edges of the tray were selected 

for inspection; under Condition III (with the microscope), smaller and more unique shells 

were chosen for inspection. 

In their discussion of the research, the authors state that if their results can be 

generalized, the practical implications for exhibit designers are important. Affordable 

unstaffed manipulable exhibits may be created that will increase both visitor attraction 

and engagement time. It is also interesting to note that having an open exhibit attracted 

more visitors even if they did not choose to handle the objects available. The authors 

suggest that in some cases a compromise exhibit can be developed that offers viewing 

and perhaps touching of objects without their being movable; this might increase the 

attracting power of an exhibit without risking the destruction of the objects displayed. 

The authors discuss the fact that, from the data collected, young children appear 

more interested than older visitors in touching objects. This corresponds to the results of 

other studies in the field, two of which are cited here. The authors note that the 

microscope appears to have been an important tool in increasing the engagement time 

with the age 7-14 age group. 

The breakdown of age groups for this study did not differentiate at all between 

different subsets of adults. It would be interesting to see whether behaviors varied among 

older visitors in different age groups. The observation of visitors returning to exhibits 
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multiple times also deserves further investigation. Which visitors are returning, with 

whom, and what are they doing on each trip? 

This research study did not address the issue of knowledge gain in visitors. 

However, the authors explain their belief that the increased manipulation of the objects in 

the exhibit could lead to learning. They discuss information processing and curiosity 

behavior theories, pointing out the how manipulable exhibits in museums allow the 

behaviors involved in these frameworks. The authors state that in the current study, these 

curiosity behaviors were observed in museum visitors; they emphasize the need for 

further research in this area. 

The authors' summary statements regarding this study are straightforward and 

appropriate, but they link the results to learning theory in their explanation of the data's 

importance in the field. The associations with curiosity behavior and learning are more 

generalized than is warranted by the data presented in this study. Certainly any 

generalization to museum visitors as a whole is not justified with so little information 

being given about the sample and population. Instead of the three conditions presented in 

Koran's research, the next article uses five different conditions plus a control group in the 

study. 

In a study of five different exhibit types at the British Columbia Provincial 

Museum, Peart (1984) researched knowledge gain, attraction power, attitudinal change, 

interaction level, and holding power for first-time visitors. The purpose of the study was 

to analyze these factors in association with five types of exhibit (label-only, object-only, 

picture-with-label, object- with-label, and object-with-label-and-sound). 
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The research questions are clearly stated as the following: 

Do exhibits increase significantly knowledge gain, and if so, which of the 

five experimental types has the most significant effect? 

Do exhibits significantly modify attitudes and if so, which of the five 

experimental exhibit types has the most significant effect? 

Which type most significantly enhances attracting power? 

Which type most significantly enhances holding power? 

Which type most significantly enhances interaction? 

What, if any, correlation exists among knowledge gain, attitudinal change, 

attracting power, holding power, and interaction? (Peart, 1984, p. 228) 

Two methods of gathering data were used. A survey was created to assess 

cognitive gains and attitudinal change. The research design chosen for this part of the 

study was Campbell and Stanley's Post-test Only Control Group Design (Campbell & 

Stanley, 1963). Five different formats of the exhibit were used as the treatments. A 

control group was given the questionnaire before they saw the exhibit. The five treatment 

groups were given the questionnaire after they had seen one version of the exhibit. 

The samples were selected on 24 random days during a five-week period during 

late summer. Only first-time visitors were chosen for the study, although the author does 

not mention how this factor was ascertained. For each treatment group and the control 

group 56 visitors were randomly selected. The selection procedure is not described. No 

information is given on the demographics or characteristics of the sample groups or how 

representative they were of the population of all visitors to the museum. No alpha level is 

mentioned for the study. 
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The author states that an analysis of variance was run on the sample groups and 

showed no significant differences at p < 05 (the author probably intended to write p < 

.05). It is unclear what data were used to run the ANOVA. If it was the knowledge gain 

data described in the article, this would mean that no statistically significant results were 

discovered in the research study. Instead of this conclusion, the author states that the 

ANOVA demonstrates that the control groups and sample groups were equivalent 

samples of the population of museum visitors. Although this implies the groups were 

random samples that may be representative of the visitor population, it also indicates 

none of the treatments had any significant effect if the knowledge gain and attitudinal 

change data were what was used to run the ANOVA. It is unclear why the author did not 

choose to run an analysis of covariance to control for the effects of a covariate. The unit 

of analysis is the visitor. 

In the following paragraphs in the article, the author discusses which of the 

treatment groups demonstrated statistically significant knowledge gain compared to the 

control group. It is not mentioned what types of tests (for example, t-tests) were done to 

discover this significance. Thus, it seems that the researcher ignored the ANOVA results 

that indicated there were no significant differences in the data collected, then went on to 

run t-tests on every possible pair of samples to find which came up significant. Since 

there is no mention of the type of tests run to find significance, it is also unknown if 

proper corrections were made for the multiple tests being performed. 

The author presents in a table the mean percentages of correct responses from the 

knowledge questions in the survey, as well as N and standard deviation, for each of the 

treatment groups and the control group. He points out in the text that significant 
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differences were found between the control group and four of the five experimental 

groups (all but the object-only treatment). In addition, a significant difference was noted 

between the sound exhibit and the word exhibit. No p values are given for any of these 

statistical tests. The control group scored a mean of 38.4% correct responses (SD 17.40); 

the object-only treatment group, 39.0% (SD 18.76); label-only group, 59.5% (SD 25.67); 

object-with-label group, 63.4% (SD 29.23); picture-with-label group, 68.6% (SD 23.58); 

object-with-label-and-sound group, 71.4% (SD 26.33). 

The author concludes that the inclusion of a label is a critical component of 

cognitive gain at exhibits, that exhibits do increase knowledge gain, and that three-

dimensional exhibits with objects were the most successful of the exhibit types. 

The questionnaire is the instrument used to answer the first two research 

questions--those of knowledge gain and attitude change. No information about the 

questionnaire is given; no validity or reliability tests are mentioned for the instrument. 

The use of the term "knowledge gain" is not strictly appropriate for a research 

design in which there is no pre-test. Although random selection of subjects makes this an 

experimental design, the treatment effect is what is being measured rather than the 

increase in knowledge of individual subjects. The researcher may have avoided a pre-test 

because of the possible testing effect that would be a threat to internal validity. 

A table is included that summarizes the attitude of visitors towards the subject 

matter of the exhibit. Percentages of visitors indicating favorable, neutral, or unfavorable 

attitudes were listed for both the control group and the combined treatment groups. The 

control group was composed of the following: 71% favorable to leaving bird colonies 

undisturbed, 17% neutral, and 11% unfavorable. The treatment group was composed of 
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78% favorable, 13% neutral, and 9% unfavorable. In the text, the author states that no 

significant change between the treatment group attitudes and the control group were 

found. The type of statistical test used to determine this is not given. The conclusion 

given for the attitudinal research question was that exhibits did not significantly improve 

attitudes. The choice of the word "improve" implies the researcher was looking for a 

particular direction in the shift of attitude; it seems odd that he selected that word instead 

of "modify" (which was used in the research question). It appears from the table that only 

one question about attitudes was addressed in the data analysis; perhaps that is the only 

attitude item on the questionnaire. 

Attracting power, holding power, and interaction level data were gathered by 

tracking. No information is given regarding the training of observers, the number of 

observers, or any inter-observer agreement tests. Thus, no validity information is 

presented for this part of the study. The author states that the observation was 

unobtrusive, but no details on this issue are mentioned. The sample size for this section 

of the research was the same as for the questionnaire section. For each type of exhibit, 56 

randomly selected visitors were monitored to see whether or not they stopped at the 

exhibit; if they did stop, they were observed to see how long they remained and how 

many interactions took place. 

The percentage of visitors stopping at each exhibit type is summarized in the text 

and in a table, including both counts and percentages. For the label-only exhibit, 13 

(23%) stopped; for the picture-with-label exhibit, 13 (23%); for the object-only exhibit, 

31 (55%); for object-with-label, 34 (61%), and for object-with-label-and-sound, 51 

(91%). No information on the type of statistical test is given, but significant differences 
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are mentioned in the text between the first two and the last three exhibit types. It is 

unclear if these treatment types were grouped before analysis or were tested each against 

the other individually. No p values are given. It is impossible to determine from the 

article exactly what analysis the author performed to arrive at his conclusions. He 

concludes that the results indicate that exhibits with three-dimensional objects and sound 

attract more visitors than silent and two-dimensional exhibits. 

Holding power is presented in a table with the mean length of stop in seconds for 

each type of exhibit in the first column. The second column gives a value for holding 

power in a decimal format which is actually the stop time in seconds compared to a base 

value of 23 seconds arrived at in an earlier pilot study. In other words, the first column 

gives the values of 9.8, 11.2, 15.9, 17.8, and 18.1 seconds for the mean length of stop at 

the label-only, object-only, picture-with-label, object-with-label, and object-with-label-

and-sound exhibits, respectively. In the second column are the numbers .43, .47, .69, .77, 

and .79 indicating that the mean stop time for each type of exhibit was that percentage of 

the 23-second base value. The origin of this base value is described earlier in the article, 

where the author mentions that 15 randomly selected visitors were timed while they 

"viewed and studied the exhibit thoroughly" (Peart, 1984, p. 228). The mean time spent 

at the exhibit was 23 seconds, and this value was used as the base for the holding power 

values listed in the table. 

No information is given on which type of exhibit was used to develop this base 

value or anything about the sample characteristics or observation methodology used to 

gather this data. The logic behind presenting the data in this way is not explained. 

Perhaps the point was to demonstrate that many of those in the study did not stay at any 
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of the exhibits long enough to "thoroughly" study it. Without standard deviation 

information, it is impossible to know if any of the visitors did stay through the 23 

seconds. Even if that information was provided, it is difficult to see what meaning the 

23-second value has. The author concludes that exhibits with objects held the visitors' 

attention the longest. 

The next segment of data described in the article is the interaction data. From a 

definition early in the text, the author describes an interaction as "any movement 

associated with gaining better comprehension of an exhibit--stepping closer, touching, 

discussion, and use of the senses" (Peart, 1984, p. 222). A table presents the number of 

interactions observed for each type of exhibit and the percentages of the sample that those 

counts represent. For label-only exhibits, 1 interaction was recorded (2%); for label-with-

picture, 1 (2%); for object-only, 5 (11%); for object-with-label, 8 (14%); and for object-

with-label-and-sound, 16 (29%). One set of the numbers in the table is incorrect, 

however. The object-only value of 5 should be 6 according to the repetitions of the 

values in the text; it seems the text (not the table) is correct because the 11% comparison 

to N fits with 6 and not 5. The author states there is a significant difference in interaction 

between the last three types of exhibit and the first two. Again, no information is given 

on the type of statistical tests used to arrive at this conclusion, nor are the p values 

included. There is no discussion of the fact that availability and detail level are 

undoubtedly important elements in the types of interactions observed in visitors in this 

study. Only the sound exhibit offered the opportunity to explore with other senses (one 

type of interaction). Only the object exhibits offered something that might be better 

viewed from close-up (the step-forward type of interaction). If the interactions had been 
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classified and presented in a more comprehensive manner, this section of the research 

might have had more practical significance. As it is, the results are relatively meaningless 

because there are many possible causes for the data observed. 

The author reiterates his conclusion that having an object in the exhibit increases 

attracting power, holding power, and interaction levels with exhibits. 

The researcher presents a Spearman rank correlation coefficient matrix for 

attracting power, holding power, interaction, knowledge gain, and attitudinal change. 

Only two of the 10 values are significant at p < .05; interaction and attracting power show 

a correlation of rs = .975, while interaction and holding power show a correlation of rs = 

.900. The author discusses other high and low values that were not statistically 

significant but may be of practical significance. He points out a high (rs = .821) 

correlation between holding power and attracting power as well as holding power and 

knowledge gain. He also noted a negative correlation between attitudinal change and 

both attracting power and interaction (rs = -.667 and -.600, respectively), which he 

mentions is similar to results from other studies. The author explains that the correlation 

data should be interpreted with caution because explanations may be somewhat 

complicated. 

In his conclusions, the researcher makes statements that are not restricted in the 

text to any particular museum or environment. They appear to be overgeneralized and 

overstated based on the data from this study. He says that exhibits are more effective 

with objects in them, that knowledge gain occurs especially with object-oriented exhibits, 

that exhibit labels and objects affect interaction and attraction and holding power, that the 

label quality determines the effectiveness of the exhibit once a visitor has stopped, and 
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that exhibits should support attitudinal reinforcement rather than pursue attitudinal 

changes in visitors. 

Overall, the ideas behind the methodology of this study are interesting. Inclusion 

of both questionnaire data gathering and behavioral observations could provide for a 

more holistic analysis of the effectiveness of a museum exhibit. The lack of detailed 

information on the instruments and data gathering procedures used weaken the impact of 

this article, as does the limited scope of the behavioral observations. More detailed 

behavioral coding might have yielded more interesting results. There could be alternative 

explanations for the behavioral data that were collected, such as the type of object used 

and the connection of the object and sounds to visitors' prior experience. One factor in 

exhibit design that is rarely addressed is the issue of the audience's misconceptions about 

the subject matter; two articles that explore this area are reviewed next. 

Scientific Misconceptions and Interactive Exhibit Design 

The Naive Knowledge Study (Borun, Massey, & Lutter, 1993) conducted at the 

Franklin Institute Science Museum in Philadelphia, included a series of research studies 

that were used to identify visitors' misconceptions (called naive notions) about gravity 

and air pressure. This investigation, spanning over three and a half years, was intended to 

aid in the design of hands-on exhibits that would be effective in correcting 

misinformation about these scientific principles. This purpose is clearly stated in the 

article. 
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Although the literature has shown that people maintain belief in naive notions 

until they become aware of the erroneous nature of their ideas, few studies of 

misconceptions in the museum environment have been conducted before this 

investigation. 

The first phase of the research was an exploratory study using open-ended 

interviews to discover what scientific misconceptions visitors held about the concept of 

gravity. Based on this information, an exhibit that addressed a common misconception 

(that gravity worked because of air pressure) was developed and visitor reactions to the 

new exhibit were collected. A second new exhibit was designed around another 

misconception (where the spinning of the earth was essential for gravity to work) and 

visitor reactions were collected here as well. The last phase of the research addressed 

what sort of labels would be the most effective in dispelling naive notions at the latter of 

the two new exhibits. No alpha level is given in the article. 

The researchers began the study by holding open-ended interviews. Five topics 

(covered by four exhibit areas in the museum) subject to widespread misconceptions were 

discussed in the interviews. No information is given about the sample or methodology of 

these exploratory interviews. However, the study showed that there are widespread 

misconceptions among museum visitors about the cause and effects of gravity; based on 

this information, a questionnaire was developed to be used with a baseline sample in the 

next phase of the research. 

The sample for the next phase of interviews was composed of 122 people 

stratified by age group (9-11, 12-14, 15-18, and over 19) and balanced by sex. Subjects 

were selected from those visitors who used one particular gravity exhibit in the museum. 
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No other information about the sample is given. As in the previous study, no resolution 

for different age groups of adults was used. Education level, profession, and previous 

exposure to the subject matter were not included in the sample description and could have 

been important factors in the results of this phase of the study. 

The interview questionnaire involved eight questions about gravity based on the 

questions used in the exploratory study. The questions themselves are not included in the 

article. The interviews were videotaped for analysis. Fourteen sample answers from 

subjects are given in the article but it is unclear whether these quotations are taken from 

this set of interviews or those of the next phase of the study. The presence or absence of 

misconceptions was recorded for each concept discussed in the interviews. Aside from 

the sample answers, no information is given about the data obtained from the interviews. 

The next phase was an in-depth baseline study conducted with 88 visitors. 

Again, the sample was balanced for sex and stratified over the same age groups as before. 

The interview instrument evolved as the research progressed. The order in which the 

topics were mentioned in the interview was randomized. Interviews averaged 20 minutes 

in length, were videotaped, and were transcribed verbatim. The transcripts of all 

interviews were reviewed and then coded by two researchers using a coding handbook 

developed for the study. No information is given about the reliability of the coding 

methodology. Where there was a disagreement in the coding of an interview, the 

principle investigator coded the entire interview. This check of consistency (inter-rater 

agreement) adds to the validity of the study. Threats to the validity of this part of the 

study include a response effect, training of interviewers, and the variation in the interview 

instrument itself and the amount of time taken by the interview. 
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The data from this set of interviews are summarized in the article. Five areas of 

discussion relating to the workings of gravity were addressed during the interviews--air, 

rotation, orbit, magnetism, and the Sun. Misconceptions were recorded by category when 

the data were analyzed. One table in the article presents the percentages of visitors who 

expressed a misconception about each of the five categories during their interviews (air--

51%; rotation--51%; orbit--45%; magnetism--41%; Sun--10%). Some of the qualitative 

analysis involved in the study is briefly described. For example, some of the naive 

notions were based on logically-related concepts that the visitors had thought out 

carefully, while others were based on illogical assumptions. 

It appears that the data set gathered in this initial set of interviews was used as the 

baseline group with which later treatment groups were compared. This indicates that 

selection may be a threat to the internal validity of the studies. There is no way of 

knowing the baseline group is equivalent to the treatment groups that were selected in the 

prototype evaluations. The authors do not provide enough demographic information to 

assure us that the samples are comparable. The authors do provide the "final baseline 

protocol" in an appendix to the article. This appears to be the list of interview questions 

that was used to develop the baseline data set. 

The idea that misconceptions are common among children but are less common in 

adults (with their additional education) was tested by the study. After running a chi 

squared frequency correlation of misconceptions by age group, no correlation was found 

(x2 = 1.32, p < .73). On the other hand, the frequency of correct scientific information 

known by visitors did significantly increase with age (x2 = 11.70, p < .009). A table 

gives the percentages of visitors in each age group who expressed misconceptions and 
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"expert" answers. The use of X2 and percentages for this frequency data is appropriate. 

The N used is the number of visitors interviewed. 

The conclusions drawn by the authors from these data are that learning increases 

over time, but misconceptions are maintained and not dispersed with the increased 

knowledge. These statements are not qualified in the article as applying only to visitors at 

this set of exhibits, and thus seem to be over-generalized conclusions. Alternative 

explanations are certainly possible. If any analysis was run correlating age group and 

subject matter of misconceptions, it is not mentioned in the article. However, the 

practical application of the results led to the testing of prototype exhibits in the next phase 

of the study. 

Prototypes of two exhibits were developed to alter naive notions about the 

involvement of air and rotation in the action of gravity. The air prototype was designed 

with four different headings. For each heading, four samples of 25 visitors were asked to 

read the label and interact with the exhibit; they were then interviewed to assess their 

understanding of the subject matter presented in the exhibit. Percentages of visitors 

responding with two specific answers to two of the interview questions are presented in 

the text to demonstrate the ineffectiveness of one of the headings. No validity or 

reliability information was provided for this part of the study. The authors come to three 

conclusions that are not warranted by the data presented. These conclusions are that 

simply informing visitors that a naive notion is not true does not modify their opinions, 

that negative phrases in labels are easily misread, and that formative assessment of labels 

is needed to ensure they explain an exhibit well. The label selected for testing the 
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prototype exhibit in the next step of the research was the one associated with the fewest 

statements of misconceptions about the effect of air on gravity. 

A sample of 72 subjects was interviewed after using the air prototype exhibit. The 

authors state that the sample was balanced for gender and found within the four age 

groups. It is questionable whether this means there were equal numbers of subjects in 

each age group. This is not specifically stated for the earlier studies, either, although the 

term "stratified" (Borun, Massey, & Lutter, 1993, p. 204) may be intended to carry this 

meaning. The responses from the sample visitors were compared to data collected from a 

separate sample of visitors (not specifically explained to be a baseline group who were 

not exposed to the prototype, but this is probably what was meant). The authors report on 

the most impressive results from this comparison, which was that only 13% of the treated 

visitors expected a ball in a vacuum tube to float, whereas 29% of the baseline visitors 

expected it to do so. A X2 was run on this frequency data and is included in the text (x2 = 

4.86, p < .05). Again, the authors follow up this one statistical analysis by a 

generalization that there are important implications for science teaching in the procedure 

of investigating misconceptions and addressing them directly. 

Two more frequency statistics are given for this set of interviews. Both the belief 

that gravity could operate without air and the understanding that there is a relationship 

between gravity and mass were more common in the treatment group than in the baseline 

group. Again, percentages and X2 data are given with p values. The authors report that 

43% of the baseline group and 23% of the treatment group said that gravity needed air (x2 

= 5.96, p < .02). In the baseline group, 36% mentioned the relationship between gravity 

and mass, while 57% of the treatment group did (x2 = 5.96, p < .02). In addition, the 
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authors make several general comments about the apparent increase in understanding of 

the relationship of air and gravity among the treatment group. 

The next phase of the study was the development of a prototype exhibit. It was 

designed to use a model to show that the rotation of the earth does not generate gravity. 

The development of the prototype is described briefly, with a short comment about other 

testing that was done in the process of creating an effective display. 

The rotation prototype was tested on a sample of 48 subjects (again stratified for 

age and sex). Improvement in perceptions over the baseline group was reported for three 

responses. Again, percentages and x2 statistics were presented in the text. In the 

baseline group, 45% believed spinning caused gravity, 55% believed gravity would 

vanish if Earth did not spin, and 36% saw a relationship between gravity and mass. This 

is compared to 11%, 25%, and 52% respectively for the treatment sample. The 

corresponding x2 data were 13.66 (p < .001), 9.78 (p < .01, and 4.20 (p < .05) 

respectively. The authors conclude that the prototype exhibit was successful in both 

dispelling naive notions and generating correct understanding. 

In their conclusions, the authors emphasize the importance of audience analysis in 

the design of effective exhibits. They summarize four misconceptions in a table, giving 

the percentage of the baseline sample that adhered to the belief as well as the percentages 

of the two treatment groups that adhere to them after exposure to the prototype exhibits. 

The authors point out that visitors can learn that some ideas they hold are incorrect; they 

can then replace the faulty notion with a more accurate concept. 

Instead of combining the results from so many studies into one article, it would 

have been more impressive to see one of the studies presented with sufficient statistical 
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information to give more weight to the conclusions. Reporting only the segments of the 

data that led to each formative step in the next study makes it seem that a great deal of the 

information gathered was passed over too lightly. Without the clear descriptions of the 

samples, interview methodology, validity, and (in the quantitative analyses) reliability, 

the authors should not generalize into such wide-ranging conclusions. 

It may be, however, that analysis of misconceptions should be integrated into the 

formative evaluation process for the development of any interactive exhibit. This field of 

research has not been much studied and is worth exploring further. This study is of 

significant practical value for exhibit designers and those performing front-end and 

formative evaluations of exhibit areas. It is also interesting information for summative 

evaluations that reveal misunderstandings based on existing exhibit presentations. 

These studies indicate that, in developing exhibits, some information should be 

gathered regarding common misconceptions about the subject matter. If the 

misconceptions are quite common and diverge strongly from scientific facts, exhibits 

should be designed with two goals in mind. First, the exhibit must dispel the 

misconceptions; second, it must present the correct scientific information. It may be that 

only after clearing away incorrect information will visitors be open to learning new 

information. Another study that addressed audience misconceptions dealt with 

preconceived notions about light and vision. 

In a study at the Reuben H. Fleet Science Center in San Diego, Feher and Rice 

(1985) investigated how preconceptions and misconceptions affected the learning 

acquired from interactive exhibits. 
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This research consisted of 64 interviews with upper-grade children visiting the 

science center on field trips. The authors defended their choice of an interview as the 

most appropriate instrument for investigating the thought processes of visitors as they 

interact with the exhibits. Feher and Rice emphasized that in a museum setting, 

interviews are more effective than they would be in a formal education setting; the 

psychological stresses found in a school are not present. 

Two exhibits dealing with light and vision were selected for the research. The 

authors explained why these exhibits were chosen. One reason was the existing research 

on learning in these subject areas. Since this previous research was done in formal 

education settings, it provided resources for comparison with the learning in the informal 

museum environment. (It would have been interesting if some details of this information 

had been provided by the authors.) In addition, the Fleet Science Center uses light and 

vision as the themes in half their exhibits, so an analysis of the effectiveness of these two 

stations might provide valuable information for other exhibits in the gallery. 

The research questions are listed quite clearly as follows: 

How do visitors think about light and seeing? 

How do they explain to themselves, if at all, what is occurring in the exhibit? 

Are [visitors] aware that, in order to interpret what they see, it is necessary to 

understand the part played by the light source, the light receptor, and the 

peculiarities of light propagation? 

Are there stages in the development of awareness of the need for these three 

elements in an explanation? (Feher & Rice, 1985, p. 37) 
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The two exhibits are well described, and diagrams of each (showing the main 

components of the displays) are included. The principles being demonstrated center 

around the persistence of images on the retina. The stroboscopic (wagon wheel) exhibit 

includes a painted wagon wheel on a vertical turntable, illuminated by a stroboscopic 

light. Visitors may vary the rotation of the wheel and the activation of the light to 

observe the effects on the way the spokes appear to move. The phenakistascope (cartoon) 

exhibit is composed of a rotating disk with viewing slits cut in its edge, mounted opposite 

a stationary mirror. The mirror reflects the back of the rotating disk, which is printed 

with a sequence of drawings. If the back of the disk is observed directly, the images 

blurred together; however, if the reflected images are viewed through the slits, the 

drawings produce an animated sequence. 

Three sets of one-on-one interviews were conducted with 64 upper-grade children 

(mostly 11- to 13-year-olds) who were visiting the Science Center on school field trips. 

The scenario for the interviews is described for each set. No mention is made of any tests 

for inter-observer agreement in the categorization of the data; this could indicate a 

problem with the validity of the study. In addition, there is no mention of the training of 

interviewers or a test for the validity of the interview instrument. 

In the first set, the interviewer demonstrated the wagon wheel exhibit with three 

combinations of conditions--wheel spinning and no strobe, strobe but no spinning, and 

both strobe and spinning wheel. For each combination, the child was asked what they 

saw and how they explained it. The answers from the 14 children interviewed were 

divided into three categories: a description and no explanation (two responses); an 

explanation that includes the light but not the observer (six responses); and an 
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explanation that includes the light and the eye or brain of the observer (six responses). A 

table shows the interview protocol with sample answers. Three samples are given for the 

first combination (spinning only), four for the second (strobe only), and 14 for the third 

(spinning and strobe). Of the 14 answers given for the third option, it is difficult to see 

how the authors arrived at their counts for the three categories; they appear to divide into 

two, seven, and five instead of two, six, and six. 

In the second set of interviews, the students were questioned after the interviewer 

presented them with an experience that was set up to convey the idea of the role of the 

observer in the display phenomena. Two examples of this type of demonstration 

followed by an interview are described. Six children were taken through the first 

demonstration and eight through the second. 

In the first demonstration, the students were shown the cartoon exhibit and asked 

for their explanation of what they observed. Then they were taken to the wagon wheel 

and asked to explain that display. Responses from the cartoon exhibit are summarized, 

noting that light was not mentioned by any. All six comments at the wagon wheel exhibit 

are included in a table. The authors point out that all but one include the observer in the 

explanation, although all but one also include the light. 

The second demonstration involved eight children who were given a cardboard 

wheel with slits in it (like the cartoon exhibit's) to use with the wagon wheel. Both the 

wheel with slits and the strobe light have the effect of slowing down the spokes on the 

wheel, and the students were asked why this was so. All eight explanations are included 

in a table. Again, the answers are categorized by the authors but it is difficult to see how 

they arrived at their decisions. They state that six students included the observer in their 
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statements, but only four of the quotations in the table include the observer. They also 

say that three children mentioned the eye in theirexplanations, but four of the statements 

in the table include the eye. 

It may be that there were many other students who went through this second set of 

interviews following a presentation. However, no mention is made of whether this is so. 

In the three sets of interviews, only 52 children are accounted for and the authors state 

that 64 children were interviewed for the study. Since the exact numbers for the first and 

third set of interviews are mentioned, perhaps the other 12 were part of this second set of 

interviews, but were not mentioned in the article. 

The third set of interviews involved 24 children. The context for this part of the 

data collection is not included (for example, it is not stated whether the children visited 

the cartoon exhibit before the wheel exhibit). For this set of interviews, 24 students at the 

wheel exhibit were asked why they could not see the spokes when the wheel turned and 

there was no strobe. Once again, the results reported do not total correctly. The authors 

report that 15 of the students merely described their experience, while the remaining 

seven mentioned the eye. That leaves two unaccounted-for responses. Nine sample 

answers are included in a table. The authors note a common perception that eye 

movement is involved in the effect observed. 

The research design does not address all of the research questions. It only 

includes a sample of one subset of the entire population of visitors. The research 

questions dealt with all visitors to a science museum, while only children 11 through 13 

years of age were selected for the study. The interviews described do not seem to be in-

depth enough to gauge the information sought by the research questions. Only a few 
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questions appear to have been asked of each child. In the case of the third set of 

interviews, only one question was asked. The reader is not informed how the responses 

to the questions were recorded. It seems that one of the authors was the interviewer, 

although that is not completely clear. The authors acknowledge (and even value) the 

"leading question" effect in "cueing" the students to include the eye in their explanation 

of the phenomena. 

It is difficult to understand how the authors' descriptions of the data could differ 

in so many details when they have presented the actual data (the direct quotations) in 

adjacent tables. Also, the fact that 12 of the 64 interviews are completely ignored is odd. 

The reader is not given any information on how the students were selected for interviews 

or why so many interviews were ignored. Although the general age of the subjects is 

known, very little other information about the sample is presented. 

In the discussion of their results, the authors identify four types of explanations 

used by the students to describe the phenomena they observed in the exhibits. In the first, 

the properties of the objects create the effects. The second type of description includes 

the object and the observer. These explanations seem to be largely a result of the 

interviewer including the observer in the question (e.g., "What do you see?" Feher & 

Rice, 1985, p. 41); the students are taking the cue and responding in kind. In the third 

type of explanation, the light combined with the object creates the effect. The fourth 

description category includes all three--the light, the object, and the receptor. 

The more complex fourth-category explanations were seen by the authors as the 

result of guiding students carefully through each stage of the demonstrations, asking them 

to describe their experience at each point. From the data presented in the tables and in the 
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text, 14 of the 28 students described in the first and second sets of interviews offered 

explanations in this fourth category. These 14 were spread nearly equally (five, five, and 

four, respectively) among the three different interview groups, so it is hard to see how the 

authors arrive at their conclusion that a certain treatment enabled students to explain the 

exhibits in greater complexity. It seems to depend more on the student than on the way 

the information was presented. 

Another conclusion the authors present is that a three-body understanding of 

vision as a function of light, object, and receptor may be achieved by offering visitors 

many different experiences with similar themes. The study may support this, but it is not 

a clear conclusion from their data. The four different interview scenarios were not 

parallel enough to combine into a single conclusion such as this. If interviews had been 

conducted with students who visited only one of the two exhibits and if these results were 

compared to interviews with students who had visited both exhibits, then this conclusion 

might have been more logical. 

The authors point out that the two exhibits examined are typical of those found in 

many science centers. The data may be of particular interest to museums with similar 

displays. Generalizability of the results to adult visitors is claimed. Based on "sporadic 

interviewing" (Feher & Rice, 1985, p. 37) of adults, preconceptions and understandings 

were found to be consistent with those of the children sampled for the study. The authors 

state that these were the results they expected, which calls into question whether this 

limited piece of investigation is at all valuable. Interviewer and data analyst bias, as well 

as the very small (but unknown) sample size, could easily account for the results they 
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found. Inclusion of this information detracts from the primary focus of the study (the 

interviews with the children). 

The recommendations for exhibit design based on this study include allowing 

many different manipulations of each exhibit to expand the experience of the visitor. 

Attention to the interrelated features of nearby exhibits is also recommended. A 

description of the modifications to the copy at the wagon wheel exhibit at the Science 

Center is included. 

In a section on general conclusions, the authors summarize that they analyzed 

verbal descriptions of exhibits by children to gauge the quality of their understanding of 

the two exhibit themes. The most common misconceptions were of light as a force acting 

on an object and the absence of the eye (receptor) in the students' descriptions of what 

was happening. The use of exhibits as tools to examine the learning processes of visitors 

is emphasized, both to expand learning theory and to enhance exhibit design. The 

learning process is the focus of the following two studies that deal with measuring 

cognitive gains in a science museum setting. 

Measuring Cognitive and Affective Gains 

At the Lawrence Hall of Science, the Star Games exhibit provides a setting where 

visitors may use telescopes in hands-on realistic simulations of astronomical research. 

This exhibit hall was evaluated by Sneider, Eason, and Friedman (1979). 
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The authors state that the purpose of the study was to evaluate the following three 

educational goals: 

(1) To increase visitors' knowledge about how astronomers use several 

kinds of scientific instruments. 

(2) To develop visitors' psychomotor skills that will enable them to use 

telescopes successfully. 

(3) To increase visitors' interest in learning more about telescopes and 

astronomy. (Sneider, Eason, & Friedman, 1979, p. 25) 

A posttest-only control group design was employed in this study. This is an 

appropriate design for most museum research because of the importance of avoiding a 

testing effect (a threat to internal validity). The methodology of the study is well 

described in the article. Visitors selected for the evaluation were 138 high school 

students who were randomly selected from a population of students scheduled to visit the 

gallery on a school field trip. They were considered by the authors to be representative of 

the thousands of students who visit the museum every year and differed only in that they 

were told they would be helping out in an exhibit evaluation on their visit. No other 

demographic or descriptive information is given on the sample group. The students were 

randomly divided into two groups--a treatment group and a control group. 

All students on the field trip were free to explore the whole museum except for 

the Star Games gallery. Students in the treatment group were called one at a time and 

asked to explore the Star Games exhibit hall, spending as much time as they liked there. 

While there, they were unobtrusively observed to record how long they spent at each of 
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the five activity stations. Upon leaving the hall, they were to return to the interviewer to 

answer some questions about the exhibits. The interviewer recorded the student's age, 

sex, and previous experience with telescopes or astronomy. Next, an astronomy quiz was 

administered that asked four questions based on activities presented at the activity 

stations. 

The activity stations featured real 10-cm diameter telescopes that could be used to 

focus on objects in a large "window" that shows stars against a dark background. The 

first telescope challenged visitors to count the stars visible in a certain section of the 

"sky" both with their naked eye and with the telescope using two different apertures fitted 

over the main lense. This showed that the brightness of the stars changes with the 

aperture, but the field of view does not. The second station offered different levels of 

magnification in the telescope. This demonstrated that while the detail on the planets is 

better, the diffuse objects seen become dimmer. The third station is designed to help 

visitors find four of the planets in the sky with the telescope. The fourth station 

introduces the visitor to the spectra of various gases, and includes a prism box to be used 

with the telescope to examine the spectra of the stars. A fifth telescope has a radio 

detector connected that allows the visitor to find the radio source in the sky. 

Training of the interviewers is not mentioned, nor is training of the observers. 

The number of interviewers and observers is not mentioned, nor is any measure of inter-

observer agreement tests for validity. Subjective recording, response effect, and leading 

and threatening questions could have been factors during the interview segment regarding 

background experience in astronomy. 
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The entire astronomy quiz is presented in the article, along with captions that 

described the scoring procedure used by the researchers. The researchers mention that the 

quiz was developed after_pilot testing and multiple revisions. Reliability and validity for 

this instrument were not mentioned by the authors. The four questions on the quiz are 

presented in pictorial format, with simple drawings depicting the question and multiple-

choice drawings as the answers. The authors state that this type of instrument was chosen 

to minimize the effects of the variable verbal abilities of the students involved in the 

study. This would minimize the problem of readability found in paper and pencil tests. 

Leading and threatening questions would also not be a problem with this instrument. The 

quiz was followed by a hands-on activity for the subjects to perform. 

Students were instructed to point and focus a telescope identical to the ones found 

in the activity stations. Next, they were asked to identify items on the target. Using a 

stopwatch, the interviewer measured how long it took the subject to point and focus the 

telescope. 

The final instrument in the study was a raffle ticket on which the students marked 

their preference of one of four books to receive in a raffle. The tickets were coded so that 

the subject's preference could be correlated with their interview data. The students were 

left alone to select which book they desired and deposit the ticket in the raffle box. Two 

of the book choices dealt with astronomy, and two did not. 

The statistical analyses of the data are clearly explained in the article and are 

appropriate for the research questions. No raw data are presented. A Welch-Aspin (t*) 

test was performed to analyze scores on the astronomy quiz and focus time instruments. 

The authors explain that they selected this test to test for equal variances (i.e., equal 
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variances are not assumed as in a regular t-test). For groups of four or more groups, the 

K-sample analog (F*) to the Welch-Aspin test was used. In the last instrument, the raffle 

ticket, frequency counts were made and the K-sample form of the f test was used. 

Before data analysis was begun, the researchers decided on an alpha level of .05. 

The sum of squares (0)2) was computed to indicate the strength of the significant 

relationships. A reference is provided to a publication that more thoroughly describes the 

statistical tests used. 

The data analysis is presented in color-coded bar graphs that show the results for 

treatment subjects in black, control subjects in white, and the overlap of the results in 

gray. Results for the total responses from the astronomy quiz are shown in one graph; 

results from questions 2 and 4 are presented in adjacent graphs. The timed results of the 

second instrument are displayed in a fourth bar graph. Each graph includes a bar for all 

subjects in one bar, subjects divided by sex in two more bars, and subjects divided by age 

(into the two categories 0 and Y, presumably Old and Young although it is not defined in 

the article until later that Old is 15 and over, Young is younger than 15). The captions for 

the figures explain that if there is any overlap in the bars (gray area), then no significant 

difference could be predicted for the two populations. This is an innovative but very 

clear way of presenting this type of information. It requires only a quick glance to see 

that the significant results came only from comparing the control and treatment groups for 

the quiz totals in the entire sample group and in the subset of just the girls. For question 

number 2 ("How many stars can you count?" Sneider, Eason, & Friedman, 1979, p. 28), 

the subset of older students and the entire sample group showed a significant difference. 

For question number 4 ("What are stars made of?" Sneider, Eason, & Friedman, 1979, p. 
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30), only the subset of girls showed a significant difference. In the focus time, only the 

entire sample group showed a significant difference. 

In comparing the summary scores from the astronomy quiz for the whole 

treatment and control groups, a significant difference was found (t* = 3.54, dr = 131, p < 

0.005, 01 = 0.08) and is listed in the text. A 95% confidence interval is indicated, 

predicting a difference of 12 ± 8% of the maximum score in favor of those exposed to the 

treatment. For the girls-only subset, the treatment group performed significantly better 

than the control group (F* = 6.02, dp= 73, p < 0.005, 01= 0.12) with a magnitude of 20 

± 13%. The total answers to the second question indicated a significant difference in 

favor of the treatment group (t* = 3.66, cr. 110, p < 0.001, 01 = 0.09) with a margin of 

24 ± 14%. In addition, the older treatment group was found to score significantly higher 

on the second question than the control group (F* = 8.26, dp= 64, p < 0.005, 01 = 0.14). 

For the fourth question, girls in the treatment group answered more accurately (F* = 3.58, 

dp= 74, p < 0.05, of = 0.07) by a margin of 37 ± 31% than the girls in the control group. 

The time scores from the second instrument showed significantly better 

performance from the entire treatment group (t* = 2.62, dp= 133, p < 0.025, co2 = 0.05) 

by a margin of 27 ± 23%; the 95% confidence interval predicts that those who visit the 

exhibit would require 16 ± 14 seconds less time to complete the task of the second 

instrument than those who did not visit the exhibit. 

The results from the third instrument, the raffle tickets, did not show a significant 

difference at the p < 0.05 level between the treatment group and the control group. In 

their discussion of these results, the authors mention a pilot study in which visitors to the 
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gallery demonstrated a significantly greater preference for astronomy posters instead of 

non-astronomy posters (x2 = 5.72, p < 0.025). No details are given on this pilot study, so 

there is no way of assessing the value of this information. The authors include it as 

justification for a recommendation for further studies on the attitudinal change in visitors 

to Star Games. It seems likely that alternative explanations could well beresponsible for 

the data gathered in this study as well as the pilot study they mention (for example, how 

attractive were the books and posters offered in the raffle?). 

The results from the interview data revealed that 1% of the subjects had been to 

the exhibit hall before, 18% had attended astronomy courses, 24% had possessed a 

telescope, and 85% had attended a planetarium show. The researchers found no 

significant differences for any of these groups in the instrument data collected. The 

average time spent at the stations in the exhibit hall was two minutes and the average time 

spent in the gallery was ten minutes. These numbers were considered comparable to 

similar interactive exhibits elsewhere in the museum. 

In a discussion of the age difference noted in the second question, the researchers 

pointed out that it was the most difficult of the questions. They stated that it would be 

logical for older students to score better on that item. 

In a X2 test of the data about previous ownership of a telescope, it was found that 

boys were more likely to have had experience with a telescope than girls (x2 = 6.86, p < 

0.05). A moderately strong correlation coefficient of rs = 0.58 was calculated for the 

relationship between sex and telescope experience. 

The sex differences in the correct answers to the fourth question are difficult for 

the authors to explain. They did point out that the mean time spent by girls at the station 
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related to this quiz question was about twice as long as the mean time spent by the boys. 

It was also equal to about twice the time girls spent at the other stations, so there seems to 

have been some extra persistence by girls at this particular station. The authors mention 

that there was too much variance in the time-at-station data to allow significant 

predictions; they suggest that this is an area for future research. 

In a validity test of the study, 81 randomly sampled visitors from the general 

public (of about the same age and sex profile as the study samples) were observed 

unobtrusively as they visited the gallery. In order to find out if this comparable group of 

the public (i.e., not in a school group) would spend the same amount of time at the 

stations as the study group, multiple t* tests were run. They revealed no difference at p < 

0.1. The authors state that this provides basis for the generalizability from the study 

groups to the population of visitors to the gallery. 

To investigate whether the interviewer or school attended were a factor in the 

performance on the instruments, F* tests were performed. The results indicated that the 

instrument scores were independent of these two indices. 

In their conclusions, the researchers state that their research shows that visiting 

Star Games increases a visitor's knowledge of how astronomers use scientific 

instruments. They also report that the use of the instruments in the gallery increases 

visitors' psychomotor skills in using telescopes. The book raffle, however, led 

researchers to believe that even if there is a positive attitude change resulting from a visit 

to Star Games, this is not necessarily expressed as a desire to read about astronomy. 

In other information, the authors conclude that older subjects performed better on 

the hardest question of the quiz than younger subjects. Girls demonstrated more 
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improvement on one quiz question than boys did. Boys were more likely to have had 

experience with a telescope than girls were. 

It is questionable whether the results of this study are generalizable to a non-

school population of visitors to the museum. Implementation of a similar study with the 

general public would be very interesting. Alternative explanations of the success of the 

gallery with the school group could involve the educational atmosphere of the field trip. 

Other studies would help clarify the generalizability of the researchers' conclusions. 

The practical significance of this study is the indication that hands-on simulations 

with scientific instruments can lead to verifiable cognitive and psychomotor skill gain. 

This information could be applicable to the use of other types of instruments and other 

scientific disciplines in museums and science centers. Researching cognitive gain is a 

time-intensive task, especially when long-term gains are investigated, as in the following 

article. 

In one of the few research studies on long-term effectiveness of exhibits at a 

science museum, Stevenson (1991) collected data six months after the subjects visited 

Launch Pad at the London Science Museum. The study focused on family groups and 

included four steps of data acquisition--tracking their behavior while in the gallery, 

interviewing the group immediately after the visit, sending a written questionnaire to 

members of the groups a few weeks after the visit, and conducting an in-depth interview 

six months after the visit. 

The author begins with pointing out the scarcity of research literature that deals 

with interactive science and technology centers. His purpose in this study was to discover 

what visitors remember six months after a visit to Launch Pad and whether there was any 



67 

evidence of subsequent cognitive processing of the information presented to themduring 

their museum visit. In the introductory pages of this article, the author cites studies in 

psychology, memory research, learning theory, and museum studies to support his 

methodology. 

To assist the author in his research design, a pilot study was conducted in which 

20 visitors were tracked unobtrusively during their entire visit to the exhibit hall. 

Analysis of their behavior led to the development of activity categories to be used for 

coding the data in the study. The four main categories were interaction, observation, 

moving, and absence. Subcategories were also created. 

The methodology for the study was comprised of four steps. First, one member in 

a group would be tracked through their visit to the gallery. Next, the entire group would 

be interviewed as they left. Several weeks later, each member of the group would be sent 

a written questionnaire. Six months after the visit, the entire group would be interviewed 

about their visit. 

No information is given about the training of observers who tracked visitors 

through the gallery. There is also no information given about inter-observer agreement. 

These issues may indicate problems with validity. Only the pilot study group tracking 

was explicitly described as unobtrusive; it would have been appropriate for the author to 

provide assurance of this for the main study as well. 

The author states that 383 visitors in 109 groups were interviewed as they left the 

exhibit hall. No information is given on the sampling or selection procedure. Neither are 

any characteristics of the sample groups given (other than the total head count). The 

author states that one group was tracked and not interviewed, but no reason for this is 
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given. Each member of each group was asked all the questions on the survey. Three of 

the nine questions in the exit interview are given in the text. These questions asked 

which exhibit impressed the visitor the most, what about it impressed them, and what 

other things it brought to the visitor's mind. No information is given on whether the 

interviews were taped; if not, subjective recording of responses may have been a problem 

in the data gathering. There may also have been a response effect and a problem with 

leading questions. No information is given on the training of interviewers. 

A questionnaire was sent to each member of the group a few weeks later. Three 

questions (of an unspecified total number) on this instrument are included in the article. 

They included asking which exhibit the visitor remembered the best, what about it they 

remembered, and whether they discussed the exhibit with the others in the group or with 

family and friends. The instrument is not provided in the article, so it is difficult to assess 

the possible impact of leading questions or readability in the questionnaire. No 

information is given on validity or reliability checks done on this instrument. 

The final step of the data collection procedure was a follow-up interview about six 

months after the subjects' visit to the science center. As far as possible, the original 

group was reassembled for a lengthy interview lasting approximately one hour. These 

interviews were recorded and later transcribed. The structure of the interviews consisted 

of eight sections, which the author lists as "preamble, practical information, spontaneous 

recall, prompted recall, further exhibit recollections, feelings, miscellaneous, and 

conclusion" (Stevenson, 1991, p. 525). Several example questions are included in the 

text to illustrate the type of questions used. Fifteen photographs of Launch Pad were 

available to stimulate memories. Some questions were open-ended, such as "What do 
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you think you got out of your visit?" (Stevenson, 1991, p. 525) In order to discover if 

there were any further activities, interviewers asked "Did your visit prompt you to follow 

it up in any way? If so, how?" (Stevenson, 1991, p. 525) In the miscellaneous portion of 

the interview, visitors were asked to recall other memories of events that occurred about 

the time of their visit to the museum; this information was to be used to discover how 

memorable their visit to Launch Pad was compared to other things. No information is 

given about the training of interviewers. There may have been leading questions, 

response effect, and a discrepancy between self-report and behavior in this type of 

interview. The availability of data from four different instruments allows for consistency 

checks, which strengthens the results of the study. 

A total of 79 visitors participated in all stages of the study. This high mortality 

rate of 80% could be considered a serious threat to internal validity if this study were 

viewed as primarily quantitative. However, the emphasis in the article is on the results of 

the final interviews. 

The author briefly discusses the data collected in the first three parts of the study. 

The tracking data are presented as percentages of time spent in certain types of behavior 

for adults and children. The children spent 53% of their time interacting with exhibits, 

29% observing, and 15% moving. Adults spent 24% of their time observing, 27% 

moving, and an unspecified amount of time (described as less than half the children's 

53%) interacting with the exhibits. These data are not complete; over 20% of the adult 

tracking time is not mentioned. 

The only data presented from the exit interviews were the statements that all 

visitors reported that they had enjoyed their visit to the gallery and were able to describe 
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an exhibit they especially enjoyed. The author notes that 80% of the exhibits in the 

gallery were mentioned by at least one visitor. 

The third data collection instrument, the questionnaire, is also given little attention 

in the article. Only one of those who returned the questionnaire reported being "greatly" 

or "somewhat" impressed by the gallery. In addition, 99% stated that they had discussed 

their visit with family or friends. 

Most of the results dealt with the interviews held six months after the visit. The 

researcher uses only descriptive statistics (percentages, means, and N) in discussing the 

results of the study. He reports that the interview transcripts were between 5,000 and 

16,000 words in length. A visitor description of a single exhibit was designated as one 

exhibit memory. A descriptive tree diagram (called a "network" by the author) was used 

to classify visitors' memories. A total of 1699 such memories were coded in this way; 

one of these exhibit memories was the unit of analysis for this data set. The first tier of 

classification had to do with whether the memory was spontaneous or prompted by an 

external source. If prompted, the coding included whether the prompt was a photograph 

or another person in the group. Another series of classification categories is whether 

something was not remembered by the visitor, mentioned only, clearly elaborated upon in 

the interview, or only hazily elaborated upon. The percentages of responses encoded as 

the three recall quality categories (spontaneous recall, prompted from photograph, 

prompted from person) are included along one axis in a table, while information on the 

level of recollection is on the other axis. In addition to the percentages, the Nvalue is 

included for each of the cells in the table. The adjoining text points out that 26.6% of the 

exhibit memories were spontaneous and 24.1% of those were elaborated andclear. The 
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author states that this indicates that each visitor remembered an average of five different 

exhibits from their visit (derived from 1699 total memories divided by 410 clear exhibit 

memories). The data showed that 48.1% of the total memories were elaborated and clear 

while only 2.3% were coded as unclear or confused. 

The interview data were also encoded by a method which classifies all 1436 

"elaborated" statements (encoded in the first step of interview analysis) as either a 

description (pragmatic account) of the exhibit, feelings about the exhibit, or thoughts 

(reflections) about the exhibit. Summary percentages and raw counts for these three 

classifications are presented in a table. The breakdown showed that 60% of the 

elaborated exhibit memories were descriptions, 14% were feelings, and 26% were 

thoughts. The author alludes to some further breakdown of the descriptions, feelings, and 

thoughts into subcategories. For example, he discusses that half the descriptions dealt 

with the manner in which the subject interacted with the exhibit while only 15% 

discussed how other people interacted with the exhibit. The most common (23%) 

feelings expressed dealt with fascination for the subject matter of an exhibit, while only 

14% of the feelings comments referred to enjoyment. In the thought analysis, 30% dealt 

with the effects of the exhibit while 23% associated the exhibit with something relevant, 

14% were accurate thoughts expressing understanding of concepts, and 17% were reports 

of lack of understanding. However, no general information on the coding of comments is 

given. 

The bulk of the author's attention in this article is focused on the analysis of the 

interview data. It would have been beneficial to have a more complete description of 

how the transcripts were coded into the network design, who did the encoding, what 
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validity or reliability checks were in place for the coding, and perhaps a more complete 

tabular presentation of the raw counts at each "node" of the network schema. 

The totals in the table indicate that the use of a photograph in prompting visitors 

for memories resulted in a 61% response rate. Most of the spontaneous recall memories 

were those that were elaborated on clearly. 

In his conclusions, the author states that visitors spend a considerable part of their 

time in the gallery paying attention to the exhibits; he did not notice the phenomenon of 

museum fatigue nor was there any difference between the sexes in visitor behavior. The 

first of these conclusions is supported by the minimal amount of data presented earlier in 

the article, but information on the tracking of men compared to women was not 

mentioned earlier. Another statistic is presented in which it is revealed that 81% of the 

time spent interacting with exhibits is time spent with others in the group. 

The author uses the conclusions section of the article to reiterate data results 

previously mentioned regarding the enjoyment expressed by the essentially all visitors in 

exit interviews as well as the feelings expressed six months later in the follow-up 

interviews. 

Another aspect of the interview encoding is mentioned briefly. Some visitors 

mentioned how their experiences at Launch Pad related to previous knowledge they had 

or to television programs they had seen. This cognitive integration of a museum 

experience into other areas of the visitor's life is an area worthy of future study. 

The author concludes that his study shows that many of the goals of the science 

center were being achieved, especially in the areas of generating interactions, interest, and 

enthusiasm. He closes with the statement that a visit to a science center "is highly 
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memorable and of lasting impact" (Stevenson, 1991, p. 530). This is certainly an over-

generalization based on the results of this study. It seems likely that the subjects who 

wound up in the sample for the final interview were those visitors who would provide 

exactly those data characteristics. However, the author does not mention this strong 

alternative explanation--that the most interested and enthusiastic visitors were those who 

made time for the follow-up interviews. The limited information presented in the article 

makes it difficult to see if the goals of the study were achieved, especially with regard to 

discovering what cognitive processing had occurred in visitors since their visit. It may be 

that the data set provides a great deal of information that is not mentioned in the article. 

A more complete overview of the data might have shown more relevance to the purpose 

of the research project. 

Apparently, no attempt was made to relate the four data sets with each other. It 

would be interesting to correlate some of the behavior data (stopping time at individual 

exhibits, for example) with the retention, self-report, and cognitive processing data from 

the interviews. The practical significance of this study is that it was one of the first 

attempts to bring together behavioral observation data, interview data, and a long-term 

follow up procedure into the field of science museum exhibit evaluation research. 

Further studies along these lines are needed in order to discover if there are any consistent 

correlations among the various factors involved in a science center presentation and the 

long-term effectiveness for the visitor. Of particular interest for research at HMSC were 

the characteristics of the interview and survey instruments (e.g., use of photographs to 

stimulate recall of an exhibit during an interview). 
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Summary 

Although there are only a limited number of studies available, the literature 

reveals several well-established factors that influence public learning in museums. In 

order for a visitor to learn, they must first be on task; their attention must be attracted and 

engaged. Interactive and multi-sensory exhibits are generally the most successful types of 

exhibit in attracting visitors; exhibits with genuine artifacts or striking relevance to 

visitors' lives also seem to be effective (Peart, 1984; Koran, Morrison, Lehman, Koran, & 

Gandara, 1984; Koran, Koran, & Longino 1986; Alt & Shaw, 1984). Research into 

commonly held misconceptions can enable exhibit content to clear up naive notions 

before offering new information to the visitor (Borun, Massey, & Lutter, 1993; Feher & 

Rice, 1985). Attracting the "student" and setting the stage for learning are two basic 

goals for exhibit design. Assessing the educational effectiveness of an exhibit remains a 

challenging task. For a valid evaluation to take place, a naturalistic setting is important. 

Multiple sources of data collection enhance the richness of a study (Diamond, Smith, & 

Bond, 1988; Stevenson, 1991). There is a tradeoff between gathering a small amount of 

data for many subjects and gathering a rich data set for fewer subjects. The former allows 

for a better picture of the diverse audience at a museum, while the latter offers far better 

insight into visitor cognition and attitudes. 

Documentation of cognitive gain by non-school visitors to science museums is an 

under-represented field of assessment research. It has a potential for high visibility and 

widespread application. With the national mandates of educational goals for science 

literacy (American Association for the Advancement of Science, 1989, 1993; National 
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Research Council, 1996), knowledge transfer in science museums is a fertile area for 

investigation. 

There is an ongoing debate over whether science museums should curtail 

traditional presentations of scientific information and emphasize hands-on exhibits. The 

appeal of the interactive science centers is generally acknowledged, as is the effectiveness 

of multisensory, active learning by students. However, there is some concern that 

scientific principles and information are not sufficiently communicated in the science 

center setting. The entertainment value of the science centers does not seem to be in 

question; it is the educational value of interactive science exhibits that brings out 

conflicting opinions. 

This literature review shows that authentic evaluation of exhibits is one way to 

assess their value and their effectiveness. Visitor-based front-end evaluations should be 

used to evaluate the interests, preconceptions, and other characteristics of the visitors the 

museum designers intend to attract (Borun, Massey, & Lutter, 1993; Feher & Rice, 1985). 

Both front-end and summative evaluations can help assess whether the museum is 

offering scientific information that is appropriate and attractive to their audience. The 

layout of galleries should be considered as well, since flow studies have shown that 

visitors' paths may follow routes not entirely determined by the type or quality of exhibits 

they come across (Falk, Koran, Dierking, & Dreblow, 1985). 

Multisensory, manipulable exhibits are a form of interactive presentation that 

allows a wider audience to benefit from the experience (Peart, 1984). Touch pools at 

aquaria, object galleries for handling items, and sound stations are popular examples of 

this type of approach. 
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The explorations begun in these published studies offer insight into the many 

opportunities for research in science museums. Some of the most promising and 

necessary areas for research are educational evaluations of attractive (genuine, 

multisensory, interactive) exhibits, assessment of science learning by the public in a 

modern science museum setting, and exploration of visitor comprehension in a 

structured-pathway environment. These criteria were addressed in designing this 

evaluation project at HMSC. 

The original science museum at HMSC opened thirty years ago. The structure has 

been modified in accordance with goals based in part on a front-end analysis conducted 

by Falk and Holland (1994). In this document, the authors described the concerns and 

interests of HMSC's audience, based on questionnaire and interview data with 140 

visitors to the old HMSC public wing in the spring of 1994. Visitors expressed greatest 

interest in "real world" topics, especially those related to the Oregon coast. 

A one-way flow of traffic through the museum was in the original design plan; the 

pathway provided a semi-ordered sequence in which visitors would encounter exhibits. 

The Pattern Garden was supposed to introduce visitors to the themes and scientific 

concepts that other exhibits would augment (Aldrich Pears, 1995). Next in the visitor 

pathway was the Research Gallery; it was designed to build on the Pattern Garden's 

foundation, offering detailed information about many scientific research projects. 

Research on different age groups of adult visitors is rare in the literature. The 

practice of generalizing school group research results to adults is of doubtful use because 

the nature of the visitor experience is quite different. This evaluation at HMSC focused 

exclusively on adults. This evaluation of HMSC's Pattern Garden combined behavioral 
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observations of specific adult visitors with exit interviews. The interview instrument 

focused on cognitive processing of the scientific information presented. There are few 

research studies that compare a detailed behavioral analysis based on tracking data with 

learning-centered exit interviews of the same visitors. This was a rare opportunity to 

evaluate cognitive goals and objectives in an innovative informal science learning center. 
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Chapter III  
Design and Method  

Introduction 

In the planning documents for the new public wing at HMSC, the designers 

explained the goals of the Pattern Garden and the museum in general (Aldrich Pears, 

1995, 1996). The primary behavioral goals were to have visitors attend to and interact 

with the exhibits--manipulating them, reading text, and observing the visual information 

that is presented. The main cognitive goal for the museum as a whole was to introduce 

visitors to different types of pattern recognition in various scales and contexts. The 

exhibits were designed with the intent that visitors would understand that looking for 

patterns is something they do in daily life; pattern recognition is how people make sense 

out of the world around them. Another goal of the museum is to encourage visitors to 

integrate this awareness into their own lives and into their understanding of scientific 

research. 

Each of the three main exhibits in the Pattern Garden has educational goals that 

are derived from the content of the exhibit itself. The touch pool is intended to teach 

visitors about the identification and natural history of the animals found in tidepools 

along the Oregon Coast. The sound station illustrates how visual cues (i.e., the length of 

resonating pipes and patterns on an oscilloscope) are related to the auditory characteristics 

of sounds. The water wheel has two modes of operation--a chaotic state and a periodic 

state; this is intended to demonstrate how chaos theory may be used to perceive long-term 

vs. short-term predictability in natural systems. 
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The three exhibits offer different types of visitor experiences (see Table 1). The 

touch pool gives visitors a chance to explore a simulated tidepool (see Appendix E for 

illustrations), gently touching the animals under the guidance of a docent (also referred to 

as a volunteer or an interpreter). There are two levels in the exhibit--one pool rises about 

12 inches above the floor and another is at a height of about four feet. The pools are 

made of artificial rock. Animals at the touch pool vary, but generally include crabs, sea 

cucumbers, several types of anemone, flounders, sand dabs, sculpins, urchins, and a 

variety of sea stars. This is the only exhibit in the gallery that is consistently staffed by a 

volunteer; visitors have the opportunity to ask questions, to listen to discussions between 

the interpreter and other visitors, to observe demonstrations, and to handle educational 

artifacts provided by the docent. There is only one short text panel at this exhibit (see 

Appendix B). At the far west end of the touch pool, a stand holds a book with 

photographs and names of some tidepool animals. 

Table 1. Summary of exhibit characteristics. 

Touch Pool Sound Station Water Wheel 

Staffed Non-staffed Non-staffed 

Tactile/visual Auditory/visual Visual 

Interactive Interactive Non-interactive 

Live animals Two components Dynamic, noisy 

Common experience Less common Novel, complex 

associations subject matter 
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The sound station (see Appendix E for illustrations) is comprised of two 

sections--the resonating pipes and the oscilloscope. Both offer sounds for the visitor to 

hear. Three different text panels explain the resonating pipes, oscilloscope, and the theme 

of the sound exhibit (see Appendix B). The 10 resonating pipes of different lengths are 

positioned so that the open ends (where visitors may listen to them) are at a height of 

about four feet. The pipes are not interactive; visitors do not manipulate them. A sign 

directs visitors to detect the difference in tone between the pipes; to do this, the visitor 

must listen to more than one of them in rapid succession. 

The oscilloscope offers eight buttons that play different sounds on a telephone 

receiver while the visitor observes a visual display of the sound waves on a screen. The 

seven sounds are a blue whale (speeded up 40 times), bats, thunder, waves at Agate 

Beach, a stellar sea lion, a cormorant, and a trawler engine. The eighth button offers the 

option of speaking into the handset and observing one's voice on the screen. There are 

three identical oscilloscope modules at the sound station. 

Although the large water wheel (see Appendix E for illustrations) is not 

interactive, it is the largest, noisiest exhibit in the gallery. The loud splashing and 

constantly-moving parts attract a lot of attention. It is enclosed by clear acrylic walls, so 

is viewable from all angles. A constantly flowing stream of water empties into an 8-foot-

tall wheel that is divided into four quadrants. As the wheel operates, the quadrant below 

the stream of water fills up and dumps, either to the right or to the left; the wheel then 

spins a little until it stops at a new filling position. The angles where the wheel stops can 

be measured by reading the degree marks on the wheel itself. 
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The exhibit switches from chaos mode to periodic mode every ten minutes. A 

computer monitor mounted on the front of the exhibit plots the stopping angles. There 

are two graphs on the screen at all times, showing the current sequence of angles and the 

previous sequence; thus, a sequence of chaos mode angles and a sequence of periodic 

mode angles are shown at all times. The switch between chaos mode and periodic mode 

is connected to the water level in a tank in the back of the exhibit. In this tank is a paddle 

wheel (attached to the front wheel) that provides the braking force to stop the spinning of 

the front wheel. When the level of the braking tank is high, there is a lot of resistance and 

the wheel will not spin far after dumping. It will flip back and forth regularly (emptying 

to the right, then the left, then the right, etc). When the water level is low in the braking 

tank, the wheel is in "chaos" mode and will turn and fill irregularly. 

An evaluation of this gallery offered a unique opportunity to assess the 

effectiveness of three very different exhibit designs (see Table 1). The results provide 

information on the educational effectiveness of these exhibits, their holding power, and 

visitor use profiles. 

Research questions for this study were the following: 

1. What cognitive and affective indicators are noted in visitors' 

descriptions of their visit to the Pattern Garden? 

2. How do adults of various ages and different genders compare in their 

learning in the gallery? 

3. Are the stated cognitive gain and affective goals being met by the 

gallery and exhibit presentations? 
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4. Which of the exhibits is the most effective in communicating the theme 

of the Pattern Garden? 

5. What is the nature of visitors' discourse on their experience while 

visiting the Hatfield Marine Science Center? 

6. What elements of the gallery were the most noted by visitors? 

7. Which of the exhibits is the most effective in communicating its 

content goals? 

One unusual feature of this study was the use of a staffed exhibit as a comparative 

type. Presence of interpreters is common in museums of all types. However, the 

effectiveness of having an informal educator at exhibits is rarely covered in the research 

literature (Rennie & McClafferty, 1996). 

Subjects and Procedures 

The subjects of this study were 40 adult visitors to the HMSC public wing during 

January 1998. Twenty-one men and 19 women made up the sample. Ages of subjects 

were well distributed; 18 were in the 20-40 age range (10 women and 8 men), 15 were in 

the 40-60 age range (7 women and 8 men), and 7 were in the 60-80 age range (2 women 

and 5 men). For additional information about the subjects, refer to Table G4 (Appendix 

G). Only adults with no children in their visitor group were considered for this study. 

Observations of visitors during the design stage of this study revealed that adult behavior 

changed if there were children in the visitor group. Analysis of adult-child interaction fell 

outside the scope of this study. 
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Purposive sampling was used. The intent of this study is to see how much 

"interested" adults learned from a visit to the Pattern Garden. In order to gauge interest 

level, time-on-task (time spent at the three primary exhibits) was chosen as the selective 

indicator. Ten seconds on task at each of the three main exhibits was chosen as the 

selective factor to indicate that the visitor had been engaged long enough to experience 

some of the affective and cognitive intent of all the stations. Adults read at an average 

rate of five words per second (Neal, 1976). Ten seconds at an exhibit may indicate that 

the visitor had read the first six lines or so of the text panel. The basic theme of two 

exhibits is presented within the first six lines of text in the introductory signs. Even if the 

visitor did not read a text panel, ten seconds would be enough time to observe the visual 

and interactive features of each exhibit. 

The Pattern Garden was videotaped unobtrusively to monitor adult visitor 

interaction with each of the three main exhibits. A sign at the museum entrance informed 

visitors that videotaping was in progress for the purpose of exhibit evaluation. One 

camera included a remote microphone that was positioned to obtain audio footage of 

conversation between visitors and docents at the touch pool. Cameras were located 

behind a glass wall near the ceiling. 

During hours of videotaping, the interviewer monitored the gallery and identified 

visitors for possible exit interviews. Adult guests (alone or in a group without a child) 

who spent at least ten seconds looking at each of the three main stations (touch pool, 

sound station, water wheel) were noted as candidates for interviews. Identifying 

characteristics of the guests were recorded for later identification on the videotape. The 

interviewer waited for the guests to exit the last gallery of the museum and approached 
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them, asking if they would be willing to take ten minutes to provide some feedback on the 

new visitor center. The interviews took place in the adjoining Resource Room and were 

audio taped with the visitors' permission. Both individual adults and pairs of adults were 

interviewed. 

The study was limited to January 1998 due to repair schedules in the gallery; this 

was the only month available when all three main exhibits were operational. The visitor 

count is low in January due to fewer tourists, poor weather, and mid-week closure of the 

museum. Visitor count for the month was approximately 5000, averaging about 200 

visitors per day. See Table 2 for visitor count and subject count for the days of the study. 

Many visitors to the museum were in groups that included children so were not eligible 

for selection. The subjects for this study were drawn from a visitor pool that is probably 

not representative of the audience during high-volume (summer) periods, but is 

representative of the off-season months (October through April). 

Table 2. Visitor and subject count for days of study. 

Date Visitor Count Subject Count 

1/3/98 428 3 

1/4/98 218 5 

1/5/98 62 1 

1/16/98 272 3 
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Table 2. Continued. 

Date Visitor Count Subject Count  

1/17/98 206 3  

1/18/98 330 7  

1/19/98 225 3  

1/22/98 130 3  

1/23/98 89 1  

1/24/98 318 2  

1/25/98 135 2  

1/26/98 106 2  

1/31/98 447 3  

2/1/98 349 2  

Mean 237 2.9 

SD 125 1.6 
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The researcher gathered videotape and interview data for a total of 14 days. Time 

of data collection varied from 11:00 A.M. to 3:00 P.M. There were very few visitors in 

the museum during the first and last hours of business (10:00 A.M. - 11:00 A.M. and 3:00 

P.M. 4:00 P.M.), making data collection during that time unproductive. Interviews were 

obtained on every day of the week that the museum was open (Thursday through 

Monday); however, the higher visitor count on weekends resulted in the majority of 

subjects being weekend visitors (13 on Saturdays and 16 on Sundays). No sampling was 

done of the visitors beyond their meeting the demographic and behavior characteristics 

(spending a minimum of 10 seconds at each of the three main Pattern Garden exhibits 

followed by a trip through the Research Gallery; no children in group). 

Only one visitor declined to be interviewed. This potential subject was a male, 

age 20-40, who had spent a short amount of time in the museum (a total of about 20 

minutes). This was the latest attempt at an interview during the study (after 3:00 P.M.). 

From experience during an earlier study in this museum, the researcher had noted an 

increase in survey refusals late in the day. Thus, a refusal at this time of day was not 

surprising. The visitor who refused to be interviewed is not included in the 40 subjects 

analyzed for this study. Three additional visitors were interviewed, but when the 

videotape was reviewed it was found that they had not attended to the sound station for 

the 10-second minimum; therefore, these people were not included in the data analysis. 
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Assessment Instruments 

In developing the semi-structured interview instrument, 14 questions were 

created, based on the gallery and exhibit objectives. The Oregon State University Survey 

Center provided feedback and advice on the interview questions during the summer of 

1997; their survey experts suggested rewording of some of the questions to ensure clarity. 

During September 1997, several test subjects were interviewed to pilot test the 

instrument. Final changes to the questionnaire involved regrouping the elements to 

address issues one exhibit at a time, concluding with the more general questions. 

Lists of 6 main subject topics and 12 specific objectives for the Pattern Garden 

were derived from the planning documents for the gallery (Aldrich Pears, 1995). These 

lists and the questionnaire were used to create tables of specifications (see Appendix A) 

for this study. A two-dimensional matrix was created; the axes were levels of cognition 

(Bloom, 1956) and the subject topics for the gallery. Gallery objectives and interview 

questions were then plotted on the matrix. This systematic comparison of objectives and 

assessment instrument items is a verification of the content validity of this study. 

Interviewer noted subject number, date, time, day of week, gender, and age 

category of subjects, as well as identification information (for later correlation to the 

videotape) before approaching visitors at the exit. The first four questions in the 

interview were demographic. The last 14 questions were the evaluation instrument for 

cognitive gain. See Appendix A for a copy of the interview instrument. 

Interviews were tape recorded after permission was obtained from the subjects. 

The exact content of each interview was later transcribed for analysis by the researcher. 
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The detailed visitor behavior data were derived from the videotaped records at the 

touch pool and the sound station, as well as the researcher's notes on behaviors while 

subjects were at the water wheel. A behavior coding sheet (see Appendix D) was 

constructed after viewing the videotapes of visitors several times. This data set included 

demographic descriptors, time spent at various locations, actions videotaped at the sound 

station and touch pool, behaviors recorded by hand at the water wheel, and conversations 

picked up by the video microphone at the touch pool. 

The recordings of conversations between visitors and docents at the touch pool 

were too uneven to be used as a separate data set. The single microphone was placed in 

such a way that the maximum information could be recorded, but it was still not enough 

to provide consistent data for all subjects. The gist of most conversations could be 

deduced from the audio recording, but detailed evaluation of the discourse proved 

impossible in all but a few cases (see Appendix H). Therefore, the conversation data 

were only used to enhance the behavioral data set, specifically the "talk", "answer", 

"question", and "discuss" behaviors. 

Method of Data Analysis 

Three types of data were analyzed in this study--behavior data from the videotapes 

and notes, audio taped interview data, and the marginal conversation data at the touch 

pool. The unit of analysis was the visitor. 

Videotapes of the subjects during their time at the touch pool and sound station 

were analyzed to create a quantitative behavior observation data set. All videos were 
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viewed a minimum of three times--once during the creation of the coding sheet, once 

during behavior coding, and a third time to verify coding. The coding sheet variables are 

presented in Appendix D. Repeated viewings ensured reliability and consistent coding 

across the entire data set. 

Obtrusiveness was minimal for the behavioral database; the cameras were small 

and were located behind a glass wall near the ceiling. Therefore, there should have been 

no threat to internal validity due to an awareness of being videotaped (a testing effect). 

Length of observation was not a validity problem because subjects were monitored for 

their entire visit to the gallery. All coding was done by the researcher, so inter-rater 

agreement was not a problem. 

The taped interviews were transcribed verbatim. Visitor comments were then 

evaluated for demonstrated knowledge or comprehension for each of the 14 instrument 

items. An evaluation scale was developed based on Bloom's Cognitive Taxonomy 

(Bloom, 1956). A visitor's response was assigned a score of "2" if their response to a 

question indicated comprehension (e.g., giving examples, summarizing, explaining, or 

paraphrasing the content). The response was assigned a "1" if their response indicated 

knowledge (e.g., defining terms, describing animals' habits, identifying animals). A "0" 

was coded for those responses that indicated no knowledge acquired from the exhibits or 

museum. A " -1" was assigned for misunderstandings of an exhibit's intended content 

(alternate conceptions or misconceptions). 

The interviews were also analyzed with attention to the interviewer's presentation 

to check reliability. Little variation was noted in the wording of questions or time taken 

to ask questions. Question sequence varied slightly due to visitor comments (e.g., if a 
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visitor mentioned the water wheel, the water wheel questions were asked at that time to 

encourage the flow of conversation). There was not any noted response effect. No 

leading or threatening questions were introduced over the course of the study. The 

researcher performed all interviews and all analyses. Thus, inter-rater reliability was not 

an issue. One threat to reliability, however, was that the interviewer's skills probably 

changed over the course of the study. The same questions were used in each interview, 

but other aspects of the interview (e.g., non-verbal cues, tension of the interviewer) may 

have changed during the month of data collection. 

The researcher's lack of training and experience as an interviewer may have 

slightly weakened the interview section of this study. Books and videotaped interviews 

were used to prepare the researcher for this task, but this is not a substitute for experience 

and professional training. Extracting high quality self-report information on visitors' 

learning proved to be extremely difficult. 

History is a possible threat to the internal validity of the study. There was no way 

of monitoring the visitors' behavior between their leaving the Pattern Garden and being 

interviewed. Some may have stopped at exhibits in the rest of the museum that 

reinforced the information they acquired in the first gallery, while others may not have 

chosen to stop at those exhibits. The interview instrument was designed with some 

sensitivity to this issue (exhibits mentioned by visitors as relating to the Pattern Garden 

experience are noted in the results). 

Multiple regression was used to discover whether any combination of visitor 

behaviors was a predictor of the learning levels at each exhibit and in the gallery as a 

whole. A correlation matrix was also generated to identify any interesting correlations 
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between variables. Alpha level was set at 0.05 for this study. As noted above, only two 

of the data sets were used in the statistical analyses because the conversation data were 

incomplete. 

In addition to the quantitative analyses, the interview and behavioral data were 

reviewed as a qualitative data set for similarities, differences, trends, and the accuracy of 

visitor self-report on their behavior at exhibits. 
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Chapter IV  
Analysis of the Data  

Introduction 

The interview data provided the cognitive information for this study. Among the 

14 questions administered during the interviews (see Appendix A), one applied to all 

exhibits and the gallery as a whole (Question 1), three applied to the touch pool only 

(Questions 2, 3, and 4), three applied to the sound station only (Questions 5, 6, and 7), 

four applied to the water wheel only (Questions 8, 9, 10, and 11), and three applied to the 

gallery as a whole (Questions 12, 13, and 14). These comprise the dependent variables in 

this study. In this evaluation, the researcher was primarily concerned with the educational 

aspects of the visitor experience. Analyses based strictly on behavior (without any 

association with understanding or learning) were not addressed. Of the 80 independent 

variables (see Appendix D) for which data were gathered; 25 were time-at-exhibit 

variables, 11 were descriptive or demographic, and 44 described visitor behavior. 

Results of Multiple Regression 

The researcher was interested in discovering whether any combination of the 

independent variables associated with one exhibit was useful in predicting one of the 

dependent variables (evidence of learning at that exhibit). Four subsets of the variables 

were selected to model each of the three exhibits and the Pattern Garden as a whole (see 

Appendix F). 
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Because there were only 40 subjects in the study, each multiple regression could 

only include four independent variables. Backward regressions were run, beginning with 

all the variables in the subset, removing one variable at a time until only four remained. 

Alpha level was set at .01 for each regression so that the accumulated alpha level for each 

model would be no more than .05. 

Only one of the regressions yielded an R2 value of over 0.50 and p < 0.05. This 

multiple regression modeled the visitor behaviors of listening at pipes 6, 7, 8, and 10. It 

explained 79% of the variance in answers to Question 6 (the assessment question for the 

resonating pipes). The equation for the prediction of the score was as follows: 

Question 6 = -0.01 - 0.45 * listen_p6 + 1.2 * listen_p7 - 0.97 * 

listen_p8 + .98 * listen_p10 

Since the p-value for this regression is less than 0.01, there is a statistically significant 

relationship between the variables in this regression. 

The negative beta weights for listen_p6 and listen_p8, combined with the positive 

beta weights for listen_p7 and listen_p10 may appear odd at first. However, when the 

nature of the resonating pipe exhibit is considered, it makes sense. In order to appreciate 

what the pipes demonstrate, it is necessary to listen to at least two of the pipes for 

comparison. The difference in tone between the pipes is difficult to hear between 

adjacent pipes, but is easier to hear when at least one pipe is skipped between the two 

comparison pipes. The data for this section of the study are very sparse and this statistical 

finding must not be given more attention than it is due. Only 22 of the 40 subjects 

listened to the resonating pipes at all, and only 15 of the 22 subjects listened to more than 

one pipe. The practical significance of this statistically significant finding is limited. It is 
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possible that pipes 7 and 10 are an especially good combination, but without more 

subjects, such a conclusion is probably unwarranted. 

Results of Correlation 

A correlation matrix was run for the same subsets of variables. None of the 

correlations were above 0.70. Thus, no strong associations were found between any of 

the dependent variables and the independent variables. 

Descriptive Statistics 

The complete quantitative data set of behavior observations and test scores is 

presented in Appendix G. Tables G1, G2, and G3 contain the data that apply to the touch 

pool, the sound station, and the water wheel, respectively. Table G4 contains the 

demographic and descriptive variables, along with the test items that addressed the 

gallery objectives. At the bottom of each column in the tables is a total (for behaviors) or 

mean and standard deviation (for time-based variables and test instrument items). The 

means for most values show high standard deviations. This is probably due to the small 

sample size and the extremes that exist in the visitor population. 

Qualitative Results 

In addition to the quantitative data used for the cognitive assessment instrument, 

the interviews provided a qualitative data set. These data, supplied in Appendix C, shed 

some light onto the affective nature of subjects' experience in the Pattern Garden. The 



95 

interview data were useful for answering the research questions of this study that were not 

covered by the quantitative data set. Several types of affective comments were common 

among the subjects. Most visitors enjoyed their visit to the museum. A few negative 

reactions were expressed for each of the exhibits, but the subjects' overall opinions were 

quite positive. Enjoyment was not necessarily a reflection of how much they learned from 

an exhibit. For example, several visitors commented that they enjoyed the sound station 

or the water wheel even if they did not comprehend what the exhibit was supposed to 

demonstrate. 

None of the exhibits in the Pattern Garden were mentioned by visitors as having 

communicated the theme of the gallery. Each of the three exhibits were mentioned as 

favorites by several subjects in this study. However, the connection between the Pattern 

Garden and the rest of the museum was seen as elusive at best. 

Several visitors confused the listening station at the oscilloscope with other audio 

exhibits in the museum. However, none made any comments about how the patterns seen 

on the oscilloscope might relate to other audio exhibits. No visitors made a connection 

between chaos theory and any exhibit in the Research Gallery. The only Pattern Garden 

exhibit that was mentioned as relating to any other exhibits was the touch pool. Two 

visitors confused sea stars they had seen at the touch pool with those they had seen in 

Research Gallery tanks. 

The most common visitor comment about the touch pool was the appreciation for 

having the interpreter present. Fifteen subjects mentioned how helpful the volunteer was 

at that exhibit. The animals most commonly mentioned as being especially interesting 

were the anemones and the sea cucumber. Five visitors said how much they liked the 
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touch pool, while four thought of it as a children's exhibit. Three visitors explained that 

they had learned about the feeding habits of the animals from the interpreter; two subjects 

particularly liked the demonstration tool used by docents to describe a sea star eating a 

mussel. 

When recalling the sound station, three subjects described the resonating pipes as 

horns or tubes. One visitor compared the different pipes to those of a pipe organ; another 

subject seems to have made a similar connection, because he commented that the pipe 

exhibit "looked like someone should be playing it." Four visitors considered the 

resonating pipes to be a children's exhibit. However, no visitors made that comment 

about the oscilloscope section of the sound station. 

Terms used to describe the images on the oscilloscope screen included "beats," 

"sound waves," "patterns," "decibels," "intensity," "peaks," "valleys," "amplitudes," 

"wave forms," and "frequency." One subject made a connection to the screen of a 

cardiogram in a hospital. Five visitors particularly commented on the trawler image (the 

only sound at the oscilloscope not from the natural world). Four subjects commented on 

seeing the patterns in their own voices. This was mentioned as a favorite exhibit by three 

subjects. 

Many subjects discussed the water wheel at greater length and with greater 

animation than they did the other exhibits. Several subjects described questions that had 

come to them while they were at the exhibit; a few even asked the interviewer something 

about the water wheel and its subject matter. Twelve visitors commented on how 

interesting it was, although 14 said they were somewhat confused by it. Subjects 

commonly were interested in the challenge of predicting which way the wheel would turn 
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and how far it would spin. Eleven mentioned trying to figure out which way the water 

would fall next, while four commented on how it was difficult to predict this consistently. 

Two visitors commented on how confusing the word "chaos" was to them, since the 

exhibit text seemed to be describing a different meaning than their previous 

understanding of the term. Three subjects made the connection to chaos theory as it was 

presented in the film or book Jurassic Park. The one visitor who mentioned the gold text 

panel found it confusing. Two interesting alternate conceptions came up in the 

interviewsone subject thought the wheel was demonstrating making its own power, 

while another visitor thought it demonstrated how a wheel works on a boat. Only one 

visitor commented on the absence of a green line on the braking tank. The text panel that 

actually explains how the water wheel works (Appendix B, water wheel sign number 2) 

refers visitors to a green line on the braking tank; this line (which is not there) would 

enable people to judge whether the wheel was in periodic or chaos mode. 

Other comments by subjects in the interview provided information on the museum 

exhibits that visitors found the most applicable to their daily lives. The whale radio-

tagging exhibit was mentioned by four visitors, while the tsunami exhibit was mentioned 

three times. Exhibits mentioned once included those dealing with landslides, El Nirio, 

bacteria, fishing, and disasters. 

Only one visitor commented on a connection between the Pattern Garden exhibits 

and the rest of the museum; she had noticed animals in other tanks that she had first seen 

at the touch pool. She said, "All the animals as you go through the whole [museum]- -

they're all connected; there are sea anemones and different things all over." Two visitors 

had apparently attempted to make a connection with the pattern theme during their visit. 
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One said, "They were talking about patterns, and that's what the main theme is supposed 

to be. Like the different depths having the different patterns." Another visitor 

commented on how the word "pattern" appears in so many text panels but that she did not 

make the connection in any other way. In trying to detect a theme, one subject said, "I 

think there was a trend through there, but not real clear. The waves react, the currents 

react, that sort of thing." 

Summary Analysis 

There are almost no statistically significant findings in the quantitative analyses of 

these data. Descriptive statistics show a few general trends, but the instruments and 

research design did not identify any behavior factors that stand out as predictors for or 

correlations to visitor learning. Several difficulties with this study have emerged as 

problematic. 

Analysis of the interview responses using an index of difficulty (an indicator of 

construct validity for the instrument) indicated that questions 1, 9, 12, 13, and 14 were 

too difficult. The index of difficulty is a calculation used to indicate whether or not an 

evaluation instrument is fair (based on the performance of the top-scoring and bottom-

scoring subjects), as follows: 

D = (% of high scorers correct - % of low scorers correct) / 2 

If D is greater than .75, the question is too easy; if it is less than .25, it is too difficult. See 

Table 3 for the complete list of scores for the interview questions. 
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Table 3. Index of difficulty scores for 
interview instrument. 

Question Number Index of Difficulty 

1 .08 

2 0.25 

3 0.42 

4 0.33 

5 0.33 

6 0.25 

7 0.42 

8 0.25 

9 0.08 

10 0.33 

11 0.33 

12 0.08 

13 0.16 

14 0.16 

The three questions that assess the cognitive goals of the gallery were all  

determined to be too difficult. Questions 1 (an introductory question)and 9 (one of the  

water wheel questions) also are too difficult to be considered fair questions. The "too-

difficult" questions may be due to unrealistic learning expectations. It is also possible  
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that the problem could lie in the wording of the questions themselves. However, because 

great care was taken to arrive at a valid instrument based on the stated goals and 

-objectives, it is probable that unrealistic educational objectives are the problem. 

The highest scores were on the questions dealing with the touch pool (mean = 

2.05, SD = 1.4) and sound station (mean = 1.3, SD = 1.4) with the water wheel scoring 

the lowest (mean = 0.55, SD = 1.0, with question 9 removed). The mean score for 

learning about the gallery objectives was 0.35 (SD = 0.83), although all the relevant 

questions for this topic were deemed too difficult to be valid. There was no statistically 

significant difference in learning between gender groups or age groups. 

Some verification of visitor self-report compared to behavior was possible 

through comparison with the behavioral database. Visitors who commented on doing 

specific things at exhibits were documented as having done so by the videotapes. In a 

few cases, visitors were mis-remembering which listening station was located at the 

sound station. There are two other locations where there are handsets available for 

listening to sounds; the sound station is the only one with an oscilloscope, however. 
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Chapter V  
Discussion and Conclusions  

Introduction 

Assessing learning by public visitors in an informal science education setting is a 

difficult task. People coming to a museum are usually there as a recreational activity and 

are not necessarily in a mental state conducive to being educated. Although the learning 

detected by this study is less than what the designers intended, some interesting findings 

point out successful items currently in place. There are many types of evaluation at 

HMSC that could yield valuable information about refining existing exhibits as well as 

planning new ones. This study, although not generalizable to other science museums, 

provided feedback to exhibit managers on the effectiveness of three very different 

exhibits among a segment of the visitor population at HMSC. It also clarified possible 

areas for future research, both at HMSC and in other informal learning centers. 

Interpretation and Discussion of Results 

The statistical results from this limited study show that visitors are learning little 

of the educational content presented in the Pattern Garden. These results could partly be 

due to problems with the instrumentation (e.g., interview questions were too difficult, 

questions were not focused enough, microphone problems at touch pool created a loss of 

important data). It seems likely, though, that there are also problems with the museum's 

educational goals and their implementation. 
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Part of this study evaluated achievement of the educational objectives for this 

gallery as a whole. The data indicate that the gallery theme is not being communicated to 

visitors in a way that makes them recall it during interviews. The mere repetition-of the 

word "pattern" in many of the exhibit labels does not seem to inspire visitors to 

understand the concepts outlined in the museum objectives. For example, there was no 

indication that visitors had thought about their own daily searches for patterns, nor did 

they mention any similarities between their experiences and the pattern recognition done 

by scientists. This lack of success may be due to the goals themselves--is it reasonable to 

expect to educate visitors about "searching for patterns in a complex world" when they 

may have come mainly to pet the octopus? 

Quality and quantity of visitor use at exhibits varied. Overall, the behavioral 

goals of the exhibits were met fairly well by the subjects in this study. At the touch pool, 

the subjects performed an average of three of the attentive behaviors (SD = 3). Only 12 

subjects did not interact with the exhibit at all. The mean time at exhibit was 239 seconds 

(SD = 213), which is high compared to reported time-at-exhibit values in other science 

museum studies (116-140 seconds in Ayres & Melear, 1998; 1 to 80 seconds in Naqvy, 

Venugopal, & Falk, 1991; 78 to 84 seconds in Sandifer, 1997). No inappropriate use of 

the touch pool was observed; this may be due to the presence of a docent to instruct 

visitors in proper interaction with the animals. It is worth noting, though, that apparently 

effective use of an exhibit does not mean learning is taking place (McClafferty, 1995). 

The sound station has one significant design problem that came through in this 

study. People often did not notice that the telephone receivers are part of the oscilloscope 

section of the exhibit. Over half of the visitors (21) in this study initially worked the 
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oscilloscope without the handset. They often pushed several buttons, watching the 

responses of the screen and adjusting the volume knob before discovering the telephone. 

This difficulty would be less pronounced during times when the museum was-more 

crowded. If visitors observed someone else manipulating the exhibit properly, they 

would understand how to use it. The resonating pipes may suffer from the same problem; 

some visitors were unsure what to do with them. One subject appeared to think they were 

connected to the oscilloscope; he pushed the oscilloscope buttons and then listened to the 

nearest pipe twice before his companion pointed out the telephone receiver. 

Once visitors caught on to how the oscilloscope worked, they stayed a fair amount 

of time. Perhaps this is a manipulable tool factor, much like the increased holding time 

observed by Koran, Koran, and Longino (1986) when a microscope was added to an 

artifact station. In this exhibit, visitors are able to do a little exploration, comparing the 

patterns generated by the recorded sounds and their own voice. Five subjects remarked 

on the difference in oscilloscope patterns between the trawler engine and natural sounds. 

Total time at the sound station (including observation, reading, and active use) averaged 

117 seconds (SD = 65). Time spent using the resonating pipes averaged 17 seconds (SD 

= 19); time spent using the oscilloscope averaged 92 seconds (SD = 59). 

One problem with the resonating pipes may be their height. Although it is a good 

height for children and wheelchairs, three of the adults in this study commented that they 

were an uncomfortable height for them to use. Some of the subjects commented that the 

pipes would be good for children; this statement may have been partly due to the height 

of the pipes. If an exhibit is perceived by adults to be a "children's exhibit," this may be 

a factor in the relatively low usage rate of the resonating pipes in this study. 



104 

The touch pool, by contrast, was designed with two different levels; the upper 

pool is comfortable for adults to lean over without much bending, while even small 

children can gather around the lower pool. Subjects in this study spent twice as long at 

the upper pool (mean 146 seconds; SD = 139) than they did at the lower pool (mean 73 

seconds; SD = 110). The animals and decent interaction at both pools are similar, so it is 

likely that the difference is due to the comfortable level of the upper pool for adults (as 

well as less competition for space from children). 

It would have increased the cost and complexity of the resonating pipes to offer 

them at two heights, but it would have been interesting to see if more adults used them 

under those conditions. 

The water wheel had good holding power. Visitors spent an average of 224 

seconds at this exhibit (SD = 169). Twenty subjects reported that they liked this exhibit, 

but did not understand it. One interesting comment in a couple of interviews was that 

some visitors did understand some of the content presented at the exhibit, but they did not 

believe they understood it. One subject said, "I just sat there and looked at it; the real 

principle of itI couldn't put it together." A few seconds later, he described an 

experience that the water wheel brought to mind; that morning, he had been noticing that 

wave heights on the beach were predictable in the short-term but not in the long-term. 

This is an example of a visitor who made an accurate connection between his life and 

chaos theory, but did not believe he had understood the message of the exhibit. 

There may be problems with the signage at the water wheel. Placement of the text 

panels is one issue. Most visitors progress through the Pattern Garden from the touch 

pool to the sound station, and then to the water wheel. Of the three oscilloscopes, visitors 
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in this study used the one near the back wall more than twice as often as either of the 

other two (see Table G2). When visitors complete their use of this oscilloscope and face 

the water wheel, the first sign they see is a discussion of the variability of the gold market 

as an example of short-term vs. long-term predictability. At least 15 of the subjects 

stopped at the "gold market" text panel (see Appendix B) as their first introduction to the 

water wheel. This sign is intended to be an example of how chaos theory can be applied 

to familiar concepts, not as an exhibit introduction. Ideally, a visitor would not read this 

panel until they had read the introductory labels at the front of the water wheel. Having it 

in a position of "first contact" probably does not help the educational value of the exhibit. 

A similar problem was reported by a researcher at a dinosaur exhibit in the British 

Museum of Natural History (Griggs, 1981); Griggs explains a rule for exhibit sign 

development, saying that it is best to "never illustrate a general concept with a specific 

example" (p. 199). 

Another problem may be the wording of the water wheel signs. A Flesh-Kincaid 

Reading Ease evaluation rated the grade level of the water wheel's signs at 9.5, 8.1, 9.7, 

11.0, 11.1, and 10.0. By contrast, popular publications tend to write at a grade level 

between 5 and 8 (Knudson, Cable, & Beck, 1995). The reading level is much higher than 

the sound station sign ratings (8.1, 4.9, and 5.4). It is significant to note that the 

importance of signage at a non-interactive, unstaffed exhibit like the water wheel is 

greater than at other types of exhibits, since signs are the only way visitors can receive 

any interpretive information. 

In a study of signs at the British Museum of Natural History, McManus (1989) 

noted that visitors scan text at museum exhibits to confirm knowledge they already have 
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on the topic. If the subject matter of a sign is unusual or if jargon is used in the text, 

visitors will read slowly. When their reading rate falls too far, there is a negative impact 

on understanding. McManus points out the fallacy that some exhibits are successful 

based on holding visitors for a long time. She goes on to say, "If this time is taken up in 

painstaking reading that blocks both understanding and visitor conversations, 'holding 

power' estimates can be very misleading signs of success" (p. 184). McManus mentions 

that topic shifts threaten the effectiveness of a sign. This characteristic is present in at 

least three of the water wheel's text panels (Patterns of chaos, Chaos in nature, and Chaos 

in the universe; see Appendix B). In addition, typographical errors occur in three signs 

and misleading information is present in several. The use of jargon and technical terms is 

discouraged by museum authorities (Ham, 1992); however, the water wheel text panels 

include many words such as "fractal," "periodic," "aperiodic," "lipids," and "dynamical." 

It may be that one subject's misconception that the wheel was making its own power (see 

Appendix C, subject 153) was related to the use of the term "power wheel" in one of the 

exhibit texts (see Appendix B, water wheel sign 2). This visitor may have misinterpreted 

the meaning as he scanned the exhibit text. 

The computer monitor at the water wheel graphs the stopping angles of the wheel. 

The display shows the distribution of the angles in both "clock mode" and chaos mode. 

The term "clock mode" is not used on any text panels at the exhibit; "periodic" is used 

instead. The monitor was rarely mentioned by subjects of this study, although two 

visitors said it was useful in their understanding of what the wheel was doing. 

The signs at the other two exhibits (see Appendix B) may also have some 

limitations. At the touch pool, there is only a sign saying, "A tidepool is rich with 
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patterns." There was also a plastic-coated mounted book at the west end of the touch 

pool; it contained identification and photographs for tidepool animals as well as some 

small-font (1/4 inch high) introductory text (see Appendix B). In this study, only 13 of 

the subjects attended to the book at all. None of them checked back with the book after 

looking at the touch pool, indicating that they were not using it as a reference for animal 

identification. This book has since been removed. 

Seventeen of the subjects attended to one or more of the three text panels at the 

sound station; mean time attending to any one of the signs was 7 seconds (SD = 13). 

Because of camera placement, it is possible that the time reading signs at the sound 

station should have been slightly higher; it was difficult to assess attention to text when 

subjects were in certain positions. Often, visitors can read text without giving obvious 

visual clues to the researcher (McManus, 1989). Even so, it appears that signage plays a 

small part in the average visitor's experience of the touch pool and the sound station. 

The word "patterns" was mentioned by a few visitors without any prompting from 

the interviewer. The most common use was to describe the oscilloscope images, although 

visitors also used such terms as "sound waves" and "wave forms" to name the display 

images. One visitor mentioned seeing patterns in the water wheel's turning behavior. 

Overall, it seems that the subjects were parroting back the word "pattern" because it 

saturates the signage in the museum. No real comprehension of pattern recognition by 

the subjects (in the form of examples or anecdotes, for example) was demonstrated during 

the interviews. 

As was stated earlier, no correlations were found between the assessment and 

behavioral variables. However, further investigation of the basic time-on-task (time at 
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exhibit) data yield an interesting feature (see Table 4). The touch pool had the greatest 

holding power (mean = 239 seconds, SD = 213) and the greatest learning (mean = 2.0, 

SD = 1.4) of the three exhibits. The sound station averaged about half the touch pool's 

scores on both holding power (mean = 117 seconds, SD = 65) and learning (mean = 1.3, 

SD = 1.4). This similarity among exhibits ends when we consider the water wheel; this 

exhibit had a holding power nearly equal to the touch pool (mean = 224 seconds, SD = 

169) but learning scores (with the problematic question 9 removed) less than half those at 

the sound station (mean = 0.6, SD = 1.0). This may imply that there is something 

fundamentally different about the water wheel that makes it stand out in this analysis. As 

described in McManus (1989), the confusing signage and the complex content topic 

(chaos theory) could account for the added holding power as well as the low learning 

levels at this exhibit. 

Table 4. Time at exhibit and cognitive scores for exhibits in the Pattern Garden. 

Exhibit Touch Pool Sound Station Water Wheel 

Mean time at exhibit in seconds 239 117 224 
(SD) (213) (65) (169) 

Mean learning score 2.05 1.3 0.55 
(SD) (1.4) (1.4) (1.0) 

One interesting observation was that no alternate conceptions (misconceptions) 

were noted in the touch pool section of the interviews. However, three alternate 

conceptions each were noted for the sound station and the water wheel. Analysis of these 

visitor perceptions could be valuable in designing modifications at these exhibits. 
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In the few cases where a high quality audio recording was available at the touch 

pool (see Appendix H), the data added information about the subjects' prior knowledge; it 

also showed evidence of inquiry behavior and discovery learning activities at the exhibit. 

For example, in one case a visitor was asking the docent for Latin names for the animals 

because it had been years since she took marine biology. Fragments of conversations 

revealed that the types of questions were indicative of the cognitive level of discourse. 

"What is that?" indicates a level of cognition different from "How does this animal 

survive the impact of the waves?" In a good example of docent-encouraged discovery, 

one of the subjects asked, "Do the urchins grab the food with their spines or do they go 

over the top of it?" The interpreter replied, "Put your finger in there and you'll see how it 

reacts." The level of discourse seems to reveal as much or more about the nature of the 

learning experience than the interviews did in this study. Another social behavior was 

evident at the sound stationjoint operation of the exhibit. 

At the sound station, 28 of the subjects manipulated the oscilloscope with a 

companion during part of their stay at that exhibit. Among these visitors, the mean joint 

operation time was 36 seconds (SD = 39). Fairly often, two companions would share one 

oscilloscope instead of spreading out to two machines. Although this study provided no 

audio recording at the sound station, there was obvious discussion and sharing of 

information (13 subjects exchanged the handset with their companion at least once) in 

many cases. As was noted by Falk (1991) in a study at the National Museum of Natural 

History, social interaction with companions takes up between 15% and 20% of visitor 

time in a museum. Thus, the companion interaction data from the Pattern Garden seem to 
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be consistent with visitor behavior in other informal learning environments. Evaluating 

the nature of discourse could be important in assessing exhibit effectiveness. 

Limitations of the Study 

There were many limitations in this study. The main problem was that the 

researcher attempted to assess too much in one effort. The interviews and videotape 

records would probably have been richer if the research questions had focused on only 

one exhibit instead of three exhibits and the gallery as a whole. 

Conducting the exit interviews at the exhibit instead of in a separate room could 

have been a more effective way of spurring recollection of learning. It might have been a 

more effective way to coax information out of a visitor about what they did, what they 

thought at the exhibit, whether any questions came to their mind, and whether they 

noticed any connection to the world outside the museum. However, this method would 

not have been as effective an indicator of what the visitor would remember upon leaving 

the museum; exit interviews allow for some processing and integration time. Therefore, 

the location of the interview should depend upon the research questions. 

The limited training of the interviewer may have been another problem with the 

study. The difficulty in getting the public to disclose evidence of learning is something 

that must be considered in training interviewers and designing evaluation instruments. 

This problem could be avoided by locating someone skilled at assessment interviews to 

train the researchers. 
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One alternative to the exit interview would have been to develop a multimedia 

computer-based test in the Resource Room at HMSC for evaluation of a single exhibit. 

Strict control over the interview instrument could then be attained, although losing the 

capacity for follow-up questions would weaken the results. This would also have freed 

up the researcher to monitor the gallery continuously. Some potential subjects were lost 

in the current study due to there being only one researcher to observe the gallery and 

perform the interviews. Adding a second researcher would have been another solution 

for this problem. 

A threat to validity was present due to the camera placement and microphone 

range problems in that in some cases, behaviors and words were not captured with 

sufficient clarity on the videotape to be coded. The placement of the cameras was not as 

good as it could have been if proper equipment had been available. A close-up view of 

visitor interactions with animals at the touch pool would have enhanced that behavioral 

data set. Having two or more microphones at each exhibit to capture all of the visitor 

interactions with each other and with docents has great potential to document visitor 

learning in the most unobtrusive, naturalistic mode possible. 

Because the exhibits were so different from each other, it is impossible to identify 

which elements of each exhibit contributed the most to effective learning. For example, 

was the higher learning score at the touch pool due to the presence of live animals, the 

opportunity to touch and interact with live animals, the applicability of the tidepool 

exhibit to popular outdoor recreation sites along the coast, or the presence of an informal 

educator to encourage and guide the visitors? A study by Davidson (1991) revealed that 

multisensory additions to exhibits significantly increased visitor time in a natural history 



112 

gallery. Further research is needed to isolate each significant factor in an exhibit's 

effectiveness, including live animal presence and docent interaction. 

The demographic questions in the interview were unnecessary. Although they 

were gathered as a service to the administrators of HMSC, the time spent on them could 

have been better used for more focused cognition questions or for more pertinent prior 

knowledge questions such as educational level or profession. The flow of the interview 

was disrupted by changing gears four times (from demographics to exhibit 1, to exhibit 2, 

to exhibit 3, and finally the museum as a whole). There were far too many changes of 

focus for a ten-minute interview. A more detailed exploration of one exhibit might have 

allowed more depth in the visitor's recall of their experience. 

There are many different volunteers who staffed the touch pool during the study; 

no individual was there for more than two subjects. A more focused analysis of touch 

pool learning would need to include assessment of each interpreter's teaching style and 

abilities. 

Interviewing both single adults and pairs of adults demonstrated the limitations 

with each. In some cases, the companions in the interview brought information to each 

other's attention and encouraged feedback on their learning. More often, one person in 

the interview dominated the conversation and the other person stuck to very short 

answers. In order to correlate the learning evidenced by an exit interview with visitor 

behavior, it proved more effective to have single-person interviews. This would be 

recommended for future individual-based studies. Group interviews yield different types 

of results, as was reported by Stevenson (1991). 
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As has been mentioned, the loss of the conversation data weakened the study. 

Triangulation of data sources is still a promising methodology to pursue. In one of the 

few other studies to use triangulation, McClafferty (1997) found that using three data 

sources (interview, videotape, and children's drawings) created a well-rounded view of 

children's learning at a science center exhibit. The fragments of data obtained in this 

project affirm the potential for assessing learning through visitor discourse combined 

with behavior and interview data. 

There are alternative explanations for the findings of this study. One issue could 

be the subject selection criteria. For example, it is possible that there is a subset of 

visitors who are learning more about chaos than this study would indicate; perhaps they 

were not picked as subjects because of the multi-exhibit selection criterion (10 seconds at 

each exhibit). If each of the three exhibits in this study appeals to a different type of 

visitor, it may be that those visitors who learn the most from the water wheel were not 

interested enough in the other two exhibits to stop the required ten seconds at each of 

them. Another possible reason for potential subjects not meeting the ten-second 

minimum was the frequent crowding of children around the touch pool; this may have 

dissuaded adult visitors from interacting with that exhibit and subsequently disqualified 

them from this study. An exhibit-specific evaluation would not have this problem. By 

mixing so many exhibits together in the selection criteria, it may have resulted in unusual 

subset of people for the sample. 

It is also possible that the sequence of exhibits was a factor in learning. The touch 

pool was the first major exhibit most visitors came to. At early exhibits, visitors are fresh 

and "museum fatigue" has not yet set in (Falk, Koran, Dierking, & Dreblow, 1985). A 



114 

possible alternative explanation for learning scores decreasing from the touch pool to the 

sound station to the water wheel is the fact that the exhibits are generally encountered in 

this order. Subjects may have been too tired to learn anything more by the time they 

reached the water wheel. 

Recommendations for Future Research 

The concept of using triangulation to gather data for exhibit assessment is 

promising. Public informal learning is difficult to evaluate without controlling for prior 

knowledge of the visitor; however, pre-tests probably produce a strong testing effect. 

Gathering data in at least three different ways for each subject enriches the researcher's 

picture of the visitor experience without changing their behavior. Without pre-tests, 

researchers need the richest data sources possible in order to isolate the factors that 

influence visitor learning. The possibility of combining visitor discourse data, visitor 

behavior data, and visitor-reported learning data is worth investigating further in more 

focused studies. 

At HMSC, subsets of this study (one exhibit per project) could be run. With a 

smaller scope, more visitors could be included. With a larger number of subjects, strong 

patterns of behavior, exhibit characteristics, and learning trends might emerge. A larger 

sample size is necessary for trends to emerge due to the diverse nature of the HMSC 

audience. 

Investigations of adult-child interaction in this setting would be interesting. 

Discussion and informal instruction between adults and children could shed new light on 
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how family groups experience learning in museums. In a study of parent-child 

conversations at a museum (Crowley, 1998), researchers revealed interesting differences 

between male and female adults' explanations to children. This is one example of 

discourse-based investigations that may shed light on how families learn together. 

Investigations into adult-child interactions can be valuable in exhibit planning (Crowley, 

in press) as well as in evaluation studies. 

In a recent study at the Los Angeles Zoo (Olson, 1998), parents were encouraged 

by experimental signs to ask their children open-ended questions about the animals in an 

exhibit. The researcher recorded the resulting conversations and concluded that the signs 

increased interactive dialogue about the exhibit animals between group members. The 

field of encouraging visitor interaction and joint exploration of exhibit content holds great 

promise for researchers. 

Videotaping children's behavior, however, is problematic; the researcher must 

obtain prior approval from the parents. This could easily result in a testing effect that 

would threaten the internal validity of other study. One-on-one contact with visitors for 

permission to observe them can result in a change in their behavior. Pre-tests to 

determine true knowledge gain (pre-test/post-test designs) are a great danger to internal 

validity; the pre-test itself may condition visitors to learn and behave differently than they 

would in a normal museum visit. 

HMSC has one excellent opportunity for discourse analysis in an anonymous 

setting. The voice receiver at the sound station would be an excellent location for a 

recorder to be installed. Listening to how people used the opportunity to see their voice 

on the oscilloscope might give insight into how to encourage inquiry learning at that 
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exhibit. What are they doing already? How can they be inspired to do more? By 

studying usage patterns at the exhibit, it would be possible to customize the signage to 

encourage the visitors to go a little farther in their investigations. -For example, the text 

could suggest that if visitors whistle a pure tone, they would see a smooth waveform on 

the display. A sign might suggest they experiment with speaking in a high-pitched voice 

and then a low-pitched voice, or compare voices between group members. 

Because this study showed higher cognitive scores for the only exhibit that was 

staffed by a docent, it would be interesting to test an exhibit's educational effectiveness 

under two conditions--staffed and non-staffed. It would be an easy experimental design 

to implement and might yield valuable results on the implications of staffing exhibits. 

The water wheel could be the focus of a follow-up study as well. It seems that 

testing a new set of signs and the presence of an interpreter might result in increased 

learning at the exhibit. 

Implications for Evaluation of Interactive Science Museum Exhibits 

The links between visitor behavior at exhibits and visitor learning are worth 

investigating further. One thing that is evident in most informal education research 

projects, including this one, is the need for a sharper focus to the study. The audiences at 

museums are so diverse and there are so many factors affecting learning that it is easy to 

lose the power of a study by trying to do too much. With very narrow research questions, 

more resources can be devoted to gathering a rich data set that includes a representative 
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sample of visitors. Investigating only one exhibit and focusing on learning by individual 

visitors might yield significant insight into how people learn in museums. 

Using three or more sources of data (triangulation) focused on the same visitors 

should create a rich data set. Even the small amount of visitor discourse data acquired in 

this study shows the potential that discourse holds for giving researchers insights into 

visitor learning styles and exhibit use. 

This study also pointed out the issue of sign location. It is important to put an 

introductory sign where most visitors will see it before they see other signs. Attention 

must be paid to visitor pathways when deciding on the locations for text panels. The 

water wheel was an example where an inappropriate sign was frequently encountered as 

the first explanation of the chaos exhibit. 

The accessibility of exhibits is another issue raised by this study. If an exhibit is 

designed primarily for use by a certain age group, it must offer comfortable use by that 

subset of the visitor population. If visitors must attain an uncomfortable position to 

interact with an exhibit, they are less likely to use it. 

Learning data from this study indicate that having a docent present to assist in the 

informal learning may be an effective way to maximize visitor learning. Surprisingly few 

studies have been done that evaluated the effectiveness of having a docent present at an 

exhibit (Rennie & McClafferty, 1996). Evaluation of docent effectiveness could also 

assist the volunteer program managers in training their interpreters. The interpreter factor 

and the "live animal" factor could both be isolated in future research projects atHMSC's 

touch pool. Data on docent and live animal effects on learning could have implications 

for a variety of museums, zoos, aquaria, and other informal learning centers. 
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The goal of achieving a perfect science museum exhibit is unrealistic, much as the 

idea of a "teacher-proof curriculum" is. Educational effectiveness of exhibits depends on 

visitor behavior as much as it does on exhibit characteristics. In the future, focused 

research on the diverse nature of visitor learning styles must be combined with exhibit 

characteristics in order to maximize learning potential in science museums. 
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Appendix A  
Gallery Objectives, Interview Instrument, and Tables of Specification  

List of Objectives for the Pattern Garden 

1. Visitors will be engaged for ten seconds or longer by the three main stations. 

2. Visitors will interact with first station by reading text, touching displays, and 
talking with interpreter. 

3. Visitors will be able to identify and describe the animals seen or touched in 
touch pool. 

4. Visitors will interact with second station by reading text, pushing buttons, 
watching screen, and listening to headphones and pipes. 

5. Visitors will interact with fourth station by reading text and observing water 
wheel. 

6. Visitors will be able to describe the concept of scientific research as a search 
for patterns in the complexity of the observed universe. 

7. Visitors will be able to discuss the idea that they search for patterns in their 
own lives. 

8. Visitors will be able to discuss the similarities between their own pattern 
searching and the pattern searching done by scientists engaged in research. 

9. Visitors will be able to discuss different types of patterns (for example, visual, 
structural, sound, or behavioral). 

10. Visitors will be able to relate the idea that patterns may be found at different 
scales. 

11. Visitors will be able to describe the connection between visual patterns in 
oscilloscope and auditory patterns in recordings. 

12. Visitors will be able to describe the relationship between predictable patterns 
and chaos theory. 

The first five objectives were assessed using the behavioral observation data collected via 
video camera recordings. The last five were assessed using the interview instrument. A 
check of content validity is found in the following table of specifications. 
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Table Al. Table of specifications based on Bloom's Cognitive Taxonomy (Bloom, 
1956)--gallery objectives. 

Topic Knowledge Comprehension Application 

What is pattern 9, 10, 11 12 
recognition 
Visitors use 5, 7 8 
pattern recognition 
in their lives 
Scientists use 6 
pattern 
recognition in their 
research 
What animals are 5, 7 
found in tidepool 
Sounds have 6, 9, 11 
patterns that can 
have visual 
representations 
How can chaos 10, 12 
theory be used 

Note: If an objective is found in more than one cell, this indicates that more than one 
cognitive level or topic applies to that objective. 
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Interview Instrument to Measure Cognitive Gains 

a. What is your home zip code? If foreign, where are you from? 

b. Where did you travel from today to come to H MSC? 

c. Was HMSC your primary destination today? 

d. Have you visited HMSC before today? If so, when? 

1. Can you tell me what stuck in your mind the most about the first gallery? 
Did you learn anything new there? 

2. Did you see or touch any of these animals at the touch pbol? Which? 
(Interviewer provided photographs of the animals at the touch pool for  
identification.)  

3. Did you learn anything new about them or talk with the volunteer there? 
What? 

4. Which of these animals have you seen in the wild? 

5. Can you describe to me what you did at the sound station? 

6. Did you try the resonating pipes? What did you notice? What is the 
explanation? 

7. What is the relationship between what you saw on the screen at the 
oscilloscope and what you heard? How do the different sounds compare? 

8. Can you describe what the water wheel is demonstrating? 

9. Did you notice the computer monitor at the water wheel? What did it show? 

10. Did you notice the tank in the back of the wheel? What effect did it have? 

11. How does this exhibit demonstrate chaos? Had you heard about chaos 
theory before? 

12. Did the exhibits in the Pattern Garden bring any questions to mind? Had 
you heard about these topics before today? 

13. Can you tell me if you think any of the information presented here is 
applicable to daily life? Have you seen any of these topics in the media? 
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14. Was there anything in the rest of the museum that related to the exhibits in 
the Pattern Garden? How is the idea of patterns related to the exhibits? 

A check of content validity for the interview instrument is found in the following table of 
specifications. 

Table A2. Table of specifications based on Bloom's Cognitive Taxonomy (Bloom, 
1956 interview instrument items. 

Topic Knowledge Comprehension Application 

What is pattern 1, 2, 3, 5, 6, 7, 9, 12, 8, 10, 11, 12 
recognition 14 
Visitors use 2, 4, 12, 13 13 
pattern recognition 
in their lives 
Scientists use 1, 12 8, 14 
pattern 
recognition in their 
research 
What animals are 1, 2, 3, 12, 13, 14 4, 13 
found in tidepool 
Sounds have 1, 5, 6, 7, 12 5, 6, 7 
patterns that can 
have visual 
representations 
How can chaos 1, 8, 9, 10, 11, 12, 
theory be used 13 

Note: If a test item is found in more than one cell, this indicates that more than one 
cognitive level or topic applies to that item. 
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Appendix B  
Sign Text at Pattern Garden Exhibits  

Touch Pool Sign and Book 

1) A tidepool is rich with patterns 

2) Book has the following text in 1/4-inch letters across the top: 
A tidepool is rich with patterns. A tidepool is a complex ecosystem that changes 
dramatically every few hours with the rise and fall of the ocean, and the changing of the 
seasons. Tidepools are rich with patterns of relationships, of habitats, of environmental 
change. Please start your personal search for patterns and understanding by interacting 
gently with the inhabitants of this tidepool. 

Sound Station Signs 

1) Patterns of sound 

"Music is the effort we make to explain to ourselves how our brains work. We listen to 
Bach transfixed because this is listening to a human mind." Lewis Thomas 
We learn to recognize patterns of sound early in life as a way of perceiving our 
environment and communicating with others. Language is only one way of speaking. 
The police siren, the barking of a dog, a friend's sigh, the wind against the window panes 
are all communications by sound. 
Sounds are important enough that we have created words to help us document their 
patterns: groan, shout, hiss, babble. 
Sound is also an important tool for scientists to help identify, measure, and understand 
the world. 

2) Seeing sound (2 identical panels) 

Listen to each sound and watch the pattern it makes on the oscilloscope. Remember, just  
because we can't hear it does not mean there is no sound.  
Speak into the microphone to see the pattern your own voice makes.  
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3) Resonating pipes 

Put your ear to the bottom of each pipe and compare the different sounds. Notice that the 
sounds vary with the length of the pipe. The pipes are picking up sound waves in the 
room. Each pipe responds to sounds at one particular pitch. Sound waves have to travel 
further as the length of the pipe increases. As a result, longer pipes vibrate with low-
pitched, low-frequency sounds, and shorter pipes reinforce high-pitched, high-frequency 
sounds. 

Water Wheel Signs 

1) Patterns of chaos 

"In all chaos there is a cosmos, in all disorder a secret order." Carl Jung 
What is chaos? Most of us think of chaos as total confusionan unpredictable statewith 
no order or pattern. The dictionary definition differs from the scientific theory of chaos 
that states that events may look "random" but are actually orderly and and [sic] 
predictable in the short term. Long term predictions are not possible and as the events 
appear random. 

We expect patterns to be rhythmic, like the pendulum of a clock and day-night cycles. 
However, most patterns in nature, including heartbeats and ocean waves, make patterns 
that are only regular and orderly for a while. Then they almost inevitably change, 
sometimes dramatically. 

Scientists search for patterns in this chaos. 

Researchers are trying to understand the variability of real, dynamical systems. Chaos 
theory seems to be a part of all systems from stock markets to tidepools, from our 
nervous system to global weather patterns. What controls these system's [sicl behavior? 

2) How does a water wheel demonstrate chaos? 

The machine's energy comes from the water accumulating in the power wheel from the 
overhead water supply. Its resistance to turning comes from the depth of water 
encountered by the paddle wheel. 

When the paddle turns in deep water, the machine behaves like a clock pendulum. The 
weight of water turns the power wheel until the water is dumped out, then the wheel fills 
again and empties in the other direction. The paddle wheel dampens the turning motion. 
If, however, the paddle wheel turns in shallow water, the wheel appears to turn in a 
random fashion. But, the sequence of stop angles is not random (like a roulette wheel) 
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but shows a pattern. The pattern is aperiodic which is chaos. The transition from 
periodic to chaotic motion is at a very precise level of water in the paddle wheel trough 
(at the green line). 

3) Chaos in nature 

Galileo said that, 'the great book of nature is written in mathematical language.' 
The word "fractal" was invented to describe the physical products of simple 
mathematical models. These same models reproduce, with uncanny accuracy, some of 
the complex, seemingly random patterns found in nature, such as the shape of a coastline, 
a snowflake with six points, or a starfish with five arms. Simple models reproduce 
patterns like the shape of a fern frond. The shape results from motion of cells during 
development and growth. Cell shape results from molecular interactions (motion) of 
proteins and lipids. Proteins are sythesized by RNA and finally the RNA is copied from 
DNA of the genetic code. 

4) Chaos in the universe 

We understand our solar system to the extent that we can pass close enough to 
photograph, and sometimes even land on, distant planets. 

But every body in motion is affected by the gravitational pull of others passing by. So 
what may be the effects of new bodies (asteroids, comets, etc.) entering our system and 
changing, even minimally, the course of one of our planets? Falling stars demonstrate 
that asteroid orbits are not fixed in space! Chaos theory has repeatedly established that 
even small changes in conditions can have major effects on the system. 

5) Chaos in a heartbeat 

It is a very serious matter when our heart beats erratically; sudden death can result. Good 
health offers little protection; many highly conditioned athletes fall victim to cardiac 
arrest. 

Traditional medical models have shown little or no ability to predict who is at risk. Only 
recently have chaos-based models provided a means to detect those in immediate danger. 
This new understanding of the heart as a dynamical system offers the hope that chaos 
theory may provide the key to identification, prevention, and treatment or isicl irregular 
heart beats (arrythmia). 

The normal heart beat is always changing and adjusting to body oxygen needs; it is 
chaotic. During quiet sleep (not dreaming), the heart beat is very regular (periodic). 
Thus, the heart beat can either be periodic or aperiodic (chaotic) depending on body 
activity. 
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6) Chaos in the gold market 

Economists have a tough job. If the patterns of market prices could be predicted 
accurately then, theoretically, we could all be rich! But there is evidence that the stock 
market is also subject to chaos theory. 

There is no obvious pattern to its rises and falls but is it random? No, because it is self-
regulatinganother characteristic of dynamical systems. 

Take, for example, the gold market. Initial conditions (an election, rumors of war) can 
change the price suddenly but self-regulating mechanisms can quickly modify this price 
if mines increase production, or buyers stop buying till [sic.] prices decrease, or if the war 
turns out to be only a rumor. 

7) Snowflake panels along bottom of exhibit 

Chaos theory explains why no two snowflakes are alike. A snowflake is water vapor 
converted to a solid crystal around a dust particle. These oversize snowflakes 
demonstrate fractal patterns: patterns generated by chaotic systems. 

Chaos systems mean small differences at the start can result in dramatic differences later 
on. Snowflakes are so sensitive to the initial conditions when they form that no two 
snowflakes are ever the same. 
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Appendix C  
Qualitative Data from Interviews  

Subject Touch Pool 

132	 Listened to  
interpreter.  

133 

134	 Talked with 
interpreter. "He 
was explaining to 
someone else 
about what they 
were eating. He 
showed a starfish 
eating a mussel 
and he explained 
that. That was 
good. I think it's 
a good idea." 

Sound Station 

"I listened to 
those little sounds. 
The bat! The 
sounds where you 
could see. It 
looks like a 
hospital thing, you 
know, the 
different beats of 
your voice. I 
thought that was 
neat. We listened 
to all the horns, 
tubes, and how 
those sounded. " 
"The thing that 
fascinated me the 
most was the 
voice, the sound 
waves." 

Water Wheel 

Didn't read any 
text; just watched 
it. 

"That was 
something! You 
could see where if 
it hit the wrong 
spot, it would 
empty out right 
away and that. So 
we watched that 
for a while. That 
was kind of 
different." Didn't 
read the text. 
"We were seeing 
how the water 
flowed." 
"I'm not a 
mathematician; I 
don't quite 
understand it, 
although I can see 
how it would 
relate to a water 
wheel on a boat. 
I'm not exactly 
sure what it was 
trying to say. My 
attention span 
isn't where it 
should be right 
now." 

Other 

Interested in 
why they are 
cutting out the 
fishing. 

Didn't see 
anything that 
would apply to 
everyday life. 
Would 
remember it, 
though. 
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Subject Touch Pool 

142	 "The little kids  
could use the  
touch pool."  

The interpreter 
was very good, 
helpful. 

143	 "I think it's cool, 
touching the 
flounder and all." 

Sound Station 

"The medium kids 
could use the 
sound station." 

Suggested an 
explanation about 
pure tones, why 
sounds sound 
different, and 
"what it means 
when you see a 
bunch of little 
squiggly lines." 

Water Wheel 

"Mom and Dad 
could sit down 
and think deep 
thoughts about the 
chaos thing." 
"I sat in front of it 
and thought, 
'Yuppies would 
love to have a 
little thing like 
this on their desk 
in their office to 
show how cool it 
is so they could 
look at something 
and then when 
people come in 
they could rap 
conversation 
about chaos 
theory. I could 
make these and 
make a fortune." 
"I always thought 
[chaos theory] 
was completely 
irrelevant so I 
never really 
learned anything 
about it." 
Understood text 
panels 
"somewhat" 

Other 

"I was interested 
in seeing all the 
different types of 
research that 
were going on 
based here. I 
had no idea. I 
thought that was 
very interesting. 
I could see my 
tax dollars at 
work." 

Whale exhibit 
had application 
to everyday life 
(Bruce Mate's). 
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144 

Subject Touch Pool 

146	 Liked "the spine 
creatures" 
The interpreter 
was very helpful. 

147	 "We saw the 
starfish that 
engulfs a mussel; 
he just finally gets 
tired and relaxes 
and the starfish 
gets inside and 
eats." 

Sound Station 

"I would like to 
have heard the 
sounds at the 
same time I saw 
them." 

"We were reading 
about it and didn't 
see the phones." 

Water Wheel 

"I thought that 
was very 
fascinating." 
Understood text 
panels "to some 
extent." 
Had not heard of 
chaos. 
"I wonder why 
they call it chaos, 
though. I mean, I 
can understand 
they said their 
theory of that, like 
no two snowflakes 
are alike, but why 
call it chaos? I 
mean, it's not." 
"Interesting. I 
don't think I was 
given enough to 
develop an idea  
about it."  

Other 

Relationship of 
PG to rest of 
museum? "I 
mean they were 
talking about 
patterns, and 
that's what the 
main theme is 
supposed to be. 
Like the 
different depths 
having the 
different 
patterns." 

Seeing animals 
that they'd heard 
of was most 
applicable thing 
to everyday life. 
Only 
relationship to 
patterns was in 
the patterns of 
flooding in one 
RG exhibit. 
"The transitions 
in the research 
gallery were 
odd; it didn't 
flow together." 
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Subject Touch Pool Sound Station Water Wheel 

153 "I was basically "Very 
just observing interesting." 
things. The water, "The power, 
the movement, the creating its own 
sounds." power." 

... 

Other 

Application to 
everyday life: 
"How the 
plankton and 
atmosphere 
conditions and 
the oxygen in 
the air and why a 
person breathes 
better... why 
people come to 
the coast. 
Because of the 
purity in the air, 
the cleanliness. 
I know myself, 
living over here 
as a young 
person, and even 
being a 
commercial 
fisherman in my 
younger days, 
that as a young 
person, you 
don't have to 
wash your face 
so much over 
here because the 
salt air cleans 
you. The 
complexions of 
people over here 
are much better 
than the people 
who are in the 
cities around 
different 
environments." 
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Subject Touch Pool 

161	 The touch tank is 
"interesting to 
look at, certainly 
good for the 
children." 

162	 "I like the green 
guys.... They 
grab you pretty 
good. It's kind of 
fun." 

Sound Station 

"I was interested 
in the way the 
different sounds, 
the difference in 
the amount of the 
signs." 
Resonating pipes: 
"I didn't get too 
much out of that; I 
wasn't sure if I 
was supposed to 
talk into them or 
what." 

Understand the 
sound station? 
"No. We're a 
little old; certain 
brain cells are 
dead." 
Could hear the 
pipes and the 
sounds. 

Water Wheel 

"I looked at that 
one quite a while. 
It wasn't too clear 
what you were 
trying to get 
across, at least to 
me." 

Saw the computer; 
didn't watch it. 

"There's a sign on 
the side about 
gold, but I didn't 
get anything 
between those 
two, how they 
were connected." 
"That was fun; a 
long time" 
"We both have [a 
master's degree] 
and we couldn't 
figure out what 
was going on with 
[this exhibit]. 
Mine is 
disgusting; it's in 
engineering." 

Other 

Any connections 
throughout the 
museum? "I 
think there was a 
trend through 
there, but not 
real clear.... 
The waves react, 
the currents 
react, that sort of 
thing." 

The landslide 
stuff in the 
research gallery 
was interesting. 
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Subject Touch Pool 

163	 Touching the 
animals was most 
impressive thing 
in gallery. 
Learned what they 
felt like, 
especially the 
urchin. 

Sound Station Water Wheel Other 

The exhibit "I thought they The disaster 
"didn't do a lot for were trying to stuff in the 
me." show us that research gallery 
"[My depending on the was good. 
companion's] depth of the water 
voice has a lot of that the water 
pattern and mine wheel was in, it 
has none." would turn at 

different rates of 
speed. It was 
fascinating to 
watch the water 
come down and 
decide which way. 
Especially a 
couple of times 
when it was dead 
on, even I thought 
it would stay there 
forever." 
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Subject Touch Pool Sound Station 

171 "The touch tank is Saw different 
really interesting." patterns that she 
Volunteers "were didn't know about 
real nice, real before. 
helpful." 

Water Wheel 

"I thought it was 
kind of 
interesting. We 
were going, 'OK, 
what's the point 
here?' I don't 
know, it was just 
kind of interesting 
to read about and 
watch it work." 
Had not heard of 
chaos before; it 
was a new 
concept and she 
was trying to 
figure it out. 
"You can watch it 
and see how it 
changes and it is a 
pattern, it goes in 
a pattern." 

Other 

"I did as far as 
touching the 
animals in the 
water. The 
bones and the 
other stuff didn't 
seem to fit the 
pattern as you 
went through. 
Kind of threw 
me off, but it's 
all about the 
same story, I 
guess." 
"All the animals 
as you go 
through the 
whole thing. 
They're all 
connected; there 
are sea 
anemones and 
different things 
all over." 
"how delicate it 
is and how 
easily it can be 
destroyed. If 
you take 
advantage and 
go out there and 
tromp around on 
everything, 
you're stepping 
on everything 
that's alive, you 
know, if you 
think about it." 
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Subject Touch Pool Sound Station 

172 Seen them before "The trawler 
in tidepools and motor seemed so 
fishing on the much different 
jetty. from everything 

else that was 
natural there." 

173 

Water Wheel Other 

Didn't see the Tsunami 
computer. computers were 

applicable to 
daily life and 
news stories. 

"I was watching The tsunami 
that and I would exhibit has 
notice how the application to 
wheel would be the people who 
turned a certain build right on 
degree, you know, the coastline. 
and how it would 
fill and then spill. 
It would be the 
way it would land 
again that would 
fall the other way. 
So I could see the 
chaos." 

Didn't watch the 
computer; "I was 
fascinated with 
the water." 
Didn't read any 
text panels. 
"When we bring 
the kids we 
always take the 
time to read so we 
can explain it to 
the kids." 
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Subject Touch Pool Sound Station 

181	 "I didn't know a "I listened to the 
sea star could eat various sounds 
a sculpin." and watched the 

oscillograph; that 
was quite 
interesting. I 
didn't mess with 
the resonating 
pipes." 
"[The 
oscilloscope] was 
showing the sound 
patterns. It was 
interesting that 
some of the 
sounds were more 
complex than I 
expected them to 
be. The trawler 
motor was 
interesting 
because the 
pattern was pretty 
much different 
from the living 
sounds." 

182	 "I listened to one 
of [the pipes]." 
Associated the 
oscilloscope 
"waves" with "the 
intensity of the 
noise...like 
decibels." 
With the pipes, 
adults really have 
to lean over; it's 
more at kids' 
level. 

Water Wheel 

"I had lots of fun 
with this one, 
though I wasn't 
very good at 
predicting. I 
didn't quite get it. 
But I thought it 
was very 
interesting. My 
husband is very 
interested in chaos 
theory, so I get 
smidgens of it 
now and again." 

Remembered 
chaos theory from 
Jurassic Park. 
She noticed the 
braking tank: 
"That's the second 
wheel, where the 
water level would 
go up and down 
and that made the 
difference." 
Didn't notice 
computer monitor. 

Other 

Pattern theme "is 
not real obvious 
just looking at 
it." 
"It would be 
nice to have 
more on frogs." 

El Nirio 
information and 
Bruce Mate's 
whale exhibit 
were applicable 
to things seen in 
the news. 
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Subject Touch Pool Sound Station 

183 Regarding "the 
wave images," she 
noticed "the peaks 
and valleys are 
deeper; the 
patterns are 
shorter together 
for the different 
sounds." 

Water Wheel 

"Even though on 
the one hand it 
should operate the 
same way, it's the 
same amount of 
water pouring into 
something 
equidistant, but it 
doesn't. Why 
does it do that? It 
does get you to 
watch it for a 
while. 
Fascinating. And 
then try to 
estimate, 
wagering on 
left/right/left, 
spins/no spin. It 
was engaging." 
Had heard of 
chaos theory 
because of 
Jurassic Park and 
in school. 
Didn't notice 
computer monitor. 

Other 

Noticed the 
theme from the 
text panels, "the 
patterns of life, 
the patterns of 
time" but didn't 
pick it up any 
other way. 

Bruce Mate's 
whale exhibit 
tied in with the 
news. 
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184 

Subject Touch Pool 

185	 The volunteer 
"was really great, 
very helpful. 
Very. He knew 
what he was 
talking about. We 
liked him." 
Learned about 
how some of the 
animals eat. 

Sound Station 

Looked at "sound 
waves" on the 
scope. "The wave 
forms were quite a 
bit different. 
Some of them 
were smoother, 
some were 
sharper." 

"Between two 
[pipes] right next 
to each other I had 
a hard time 
distinguishing the 
tones, but I think 
it's just my 
hearing." 
Compared the 
length of the pipes 
and their tones to 
a pipe organ. 

Water Wheel 

Had heard of 
chaos theory 
before. 
"I was having a 
little bit of trouble 
quite relating to 
how that was 
relating to it, 
though, so I 
stayed and 
watched and read 
it." 
Looking at 
computer monitor 
"helped a bit...a 
graphic image 
[can] help you 
assimilate it a 
little bit." 
Correctly 
identified that the 
wheel was in 
chaos mode when 
they saw it. 
Mentioned that 
the text panel 
refers to a green 
line on the tank. 
When told it isn't 
there, she replied 
"Good! It wasn't 
me! I'm trying to 
get it, but...." 

Other 

Tsunami exhibit 
was applicable 
to the news 
stories about 
tsunamis right 
now. 

"You talk about 
[searching for 
patterns] a lot." 
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Subject Touch Pool Sound Station Water Wheel Other 

186 Didn't understand 
what it was 
describing about 
chaos, "just 
decided it was 
going to go that 
way." 

187 Didn't talk with Was surprised by Thought the 
the interpreter 
because there 

the way the whale 
sounded so 

bacteria exhibit 
related to daily 

were kids there. strange. life. 

Commented that 
the pipes were just 
the right height 
for kids. 
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Subject Touch Pool 

191	 Had seen most of 
the touch pool 
animals in 
tidepools and 
brought up in 
dredges. Had not 
seen sea cucumber 
before. 

Sound Station Water Wheel Other 

"That's cool!" "I honestly need She said she 
"I went to the to spend more picked up on the 
longest one first, time looking [at pattern theme in 
then the shortest this exhibit]. I the Pattern 
one to get a real was measuring the Garden and liked 
comparison.... angles, I mean the approach 
Then [I] sort of reading the because "it ties 
bounced around in measurements on right in with the 
between. Some of the angles and concept 
them I couldn't noticing a approach and the 
tell much progression." inquiry." 
difference but it's 
probably my 
hearing because 
it's sort of weird 
anyway." 
"Is there a regular 
progression in 
length, like 10 
cm?" 
At the 
oscilloscope, 
"some of them 
were very regular, 
like the bat was 
real regular 
same amplitude, 
same frequency. 
Others were 
there seemed to be 
a pattern like the 
boat engine, you 
could pick up a 
rough pattern. 
But other, thunder 
of course...there 
would be no 
particular 
pattern." 
She did not try her 
voice. 
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Subject Touch Pool Sound Station 

192 
_ 

193 Had seen all Tried the 
except the sea oscilloscope and 
cucumber in the was "sort of 
wild. testing my hearing 

with them to see 
what the pitches 
and that sort of 
thing." 
Noticed the 
different patterns 
in the sounds 
"ones that were 
higher amplitude 
and lower 
amplitude." 

Water Wheel 

"We stood and 
watched that a 
long time." 
He looked at the 
computer screen, 
"but I couldn't see 
that it changed 
when it emptied. 
I assumed it put a 
dot for every time 
it emptied." 
"You hear about it 
[chaos] a lot and 
most people have 
no idea what is 
meant by it. I'm 
not so sure that 
even after they've 
looked at this that 
they can transfer 
that to some of the 
other things. 
...but at least it's 
some familiarity 
that they didn't 
have before." 

Other 
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Subject Touch Pool 

221	 He did not interact 
with the 
volunteer, but 
commented "they 
were doing a good 
job of explaining 
[the touch pool]." 
Had only seen sea 
stars in the wild. 

Sound Station 

He watched the 
patterns on the 
oscilloscope, but 
it was "nothing to 
write home 
about." 

Water Wheel 

The water wheel 
stuck out. 
"I didn't 
understand it 
totally. It was 
talking about 
chaos and I 
always relate 
chaos to 
something that 
was not good. 
But it was trying 
to explain, 
evidently, I guess, 
that you can make 
sense of that. 
Something like 
that." 
"[The water 
wheel] kind of 
confused me. I 
was trying real 
hard to understand 
it. But I'm 50 
years old, maybe 
that's why." 
Regarding the 
gold market text 
panel, "Actually, 
the stock market 
has a reason for 
going up and 
down, we just 
don't always 
know it at the 
time. I guess 
that's part of the 
same theory as the 
wheel." 

Other 
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Subject Touch Pool 

222	 She touched "the 
little green one 
here,...the 
starfish, and the 
little sharp one" 
She had never 
been to any 
tidepools, nor had 
she ever seen any 
of these animals 
in the wild. 
"This is a good 
way to see what 
they are, up close, 
out of the weather. 
It really is a nice 
exhibit." 

Sound Station 

"[This exhibit] 
was very 
interesting. I was 
quite intrigued by 
all the different 
sounds that all 
these make." 
"I even heard my 
own voice." 

Water Wheel 

"I didn't stay long 
enough to watch 
to see what really 
occurred, but it 
was interesting." 
Had never heard 
of chaos theory. 

Other 
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Subject Touch Pool 

223	 "It's ok, more for 
kids." 
Volunteer 
"probably" gave 
him new 
information about 
the animals, but "I 
can't remember 
what." 

Sound Station Water Wheel Other 

Noticed that the "It was "There were 
pipes sounded interesting, but it some things that 
different. "It was hard to relate seemed out of 
explained it it to chaos." context. I 
there." He did read the started here and 

text panels. went around. 
"It's a different Every once in a 
chaos than I think while, out of the 
of. I've read clear blue sky 
several chaos there would be 
things. I know something in 
you're trying to there that didn't 
illustrate the point relate to what we 
of unpredictability were looking at. 
and long term vs. The plaques on 
short term and so the wall didn't 
forth, but I don't always fit what 
see how this we were looking 
necessarily related at. For example, 
to it except to it might talk 
show that it was about air and 
hard to predict water quality 
what this was and the thing 
going to do." down here was 

about fossils, so 
I had trouble 
tying that 
together." 
"It's very well 
done. It's a little 
hard to follow, 
though, in the 
organization." 
"I think if there 
were a way of 
grouping your 
stuff, a little 
more subject-
matter-wise, it 
would be_good." 
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Subject Touch Pool 

231 The interpreter 
was "talking about 
the feeding habits 
surrounding the 
mussels, 
camouflage of the 
flatfish, and how 
the sea anemones 
sting their prey 
and fold up to 
consume it. They 
slowly, if at all, 
move. They are 
usually very 
stationary unless 
their environment 
is in trouble. And 
how the sea 
cucumbers 
camouflage, 
showing the body 
structure is pointy 
to give the other 
predators a 
caution that this is 
an animal that's 
not supposed to be 
messed with." 
He says he knew 
most of the info 
before his visit, 
but he hadn't 
touched a sea 
cucumber before. 
He had seen all 
the animals except 
the cucumber in 
wild tidepools 
before. 

Sound Station Water Wheel Other 

He listened to "the "I love that The environment 
variation in the [exhibit]. My and whale 
tones from the father is doing a exhibits related 
pipes.... I whole thing on the to news and 
actually listened chaos theory.... daily life. 
to all of them [Chaos] really 
today. interested me. I 
Beforehand, it dabbled a little 
was just the into it myself." 
higher, longer He thought the 
tube and the exhibit presented 
smaller one. But I chaos theory 
was really into it "very well. I 
today. I listened think the younger 
to the different generation will 
sounds, and have a difficult 
how...the sound time in 
patterns were understanding it, 
different. I was unless they saw 
talking into it, and Jurassic Park. 
noticed that the They may get a 
different little of it." 
variations in the "I think mainly I 
graphs, the was trying to get 
engine, the whale, how many times 
the sea lions." the wheel was 

turning to the left 
and turning to the 
right. Looking 
behind [the 
exhibit] brought a 
closer meaning of 
how there's going 
to be different 
variations and 
unpredictability." 
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Subject Touch Pool Sound Station 

241 Tried both the 
pipes and the 
oscilloscope. 

Water Wheel 

"I knew it [the 
exhibit] was there 
but I didn't spend 
any time looking 
at it." 
From comments 
from companion, 
they looked at 
chaos text panels 
around the side 
and the back but 
he did not 
associate it with 
the water wheel. 

Other 

In a general 
comment, he 
said, "I thought 
some of the 
exhibits could be 
developed 
further, in terms 
of interpretation 
of aerial 
photographs." 
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Subject Touch Pool 

242 'We played with 
the anemones." 
"[The volunteer] 
was excellent. He 
was very helpful. 
He was talking 
about the toxins 
the anemones 
have and some 
people are allergic 
to the sea urchins. 
I heard him talk 
about the fact that 
they aren't 
starfish, but sea 
stars. That was 
something I'd 
never thought 
about before 
because I know 
they're not fish." 
Had seen the 
urchins, 
anemones, and sea 
stars at Devil's 
Cauldron. 
She would like to 
see more variety 
of animals, like 
hermit crabs, in 
the touch pool. 

251	 Talked to  
interpreter.  

Sound Station 

The difference in 
tone in the pipes 
"was pretty 
dramatic." 
The oscilloscope 
"was slow moving 
from sound to 
sound; it seemed 
like it wasn't fast 
enough. The 
oscilloscope was 
on track gut the 
sounds were slow. 
At one point I 
pushed the 
thunder button 
and could 
obviously see the 
pattern in the 
oscilloscope, but 
were still hearing 
bats." 

Regarding the 
oscilloscope, "I 
would think it 
would be more 
ocean sounds. 
What was it, a 
tractor." 
The pipes did not 
interest him. He 
"didn't even read 
any of that." 

Water Wheel 

'We were on the 
other side with the 
chaos theory and 
didn't really pay 
too much attention 
to [the water 
wheel]. I read the 
part about the 
arrythmia, but I 
didn't go around 
the other side so I 
didn't take in the 
whole exhibit." 
She had heard of 
chaos theory 
before. 

Other 

'We had a hard 
time figuring out 
with the 
Newport map, 
with the before 
and after, where 
things were. If 
we just had a 
few signposts 
that said which 
street was 
where, 
identifying 
marks. We're 
staying at the 
Sylvia Beach 
Hotel and trying 
to figure out 
where it is on 
that map." 
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Subject Touch Pool 

252	 "I learned that 
they get fed twice 
a week and it's 
like a do or die. 
They give them 
mussels and they 
can fight over 
them. The rest of 
them get fed 
individually, a 
chunk of seaweed 
or seafood." 

261 

Sound Station 

She read about the 
pipes "it didn't 
really grab me." 

"I actually 
listened to all of 
[the buttons]. 
He listened to one 
Pipe-

Water Wheel 

"We watched [the 
wheel] and of 
course we had all 
these theories. 
When we first 
started watching it 
was 30/60, 30/60, 
32, really regular. 
Then it started 
going a little bit 
more and we 
thought it was 
going towards 
45/45, which 
would put the 
water right on the 
center mark. 
Then all of a 
sudden it spun 
completely on 
around. I'm not 
too sure what it 
proves except that 
it's hard to 
determine when 
it's going to 
happen." 

Other 

We came to see 
and touch the 
stuff. 
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Subject Touch Pool 

262	 She learned the 
flounder was not a 
skate. "I hadn't 
actually touched 
one of these 
anemones before. 
[The volunteer] 
said they were 
sticky so don't be 
surprised if it's 
sticky. You can 
touch these gently 
but you don't 
want to grab your 
hand on and push 
hard. She gave us 
good 
information." 
Had seen 
anemones and sea 
stars in the wild. 

Sound Station 

"The differences 
in the pipes that 
you hear, the 
longer ones are 
deeper and the 
shorter pipe is 
higher. I thought 
they were cool. I 
expected it to be 
just the opposite, 
for the length of 
the pipe. 
Somehow I 
figured the longer 
the pipe, the 
higher the sound, 
higher pitch." 
(Note: Her 
companion 
replies, "You're 
putting way too 
much thought into 
this.") 
"It was really 
interesting, 
because I kind of 
thought that 
waves and the 
engine might 
sound similar, but 
you watched those 
where the wave is 
not at all like it. It 
was interesting to 
compare what the 
scope reads and 
how you hear or 
perceive." 

Water Wheel 

"[The wheel] was 
fun; it was cool." 
"It goes about two 
degrees each time, 
we were thinking, 
except suddenly it 
was almost 
centered, but not 
quite. It was 
about a degree off. 
Instead of going 
to the next one, it 
partially filled and 
flipped over." 
"I don't think 
there's a math 
problem you 
could base it on." 
"There are 
undulating 
numbers and 
undulating 
number theory is 
pretty chaotic, but 
pre-calc was as far 
as I got. There's 
really order in 
chaos, then?" 
She read Jurassic 
Park and 
remembered 
chaos from that. 

Other 
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Subject Touch Pool 

311	 He had touched 
the tidepool 
animals when he 
was in Viet Nam. 
"We'd go skin 
diving and I'd see 
some of these 
things." 
The interpreter 
was helpful. 

Sound Station Water Wheel Other 

Regarding the "I just sat there "Some of the 
pipes, "It looked and looked at it. exhibits need a 
like someone The real principle little bit more 
should be sitting of it, I couldn't light." 
there playing it." put it together. "There are a few 

I'd-watch it for a things I don't 
while and it would agree with. I 
shift from one can't believe this 
side to the other. billions and 
It was billions of years 
unpredictable. It old. I can't 
was predictable believe in that. 
when it was tilted But that's pretty 
in a direction. I predominant all 
guess it's kind of over. To me it's 
like a waveyou classified as a 
don't know which government 
way it's going to religion. It's 
go. [We] got something they 
caught by a say without 
sneaker wave. having anybody 
[We] looked out that knows been 
and the waves there. I think if 
were coming in, it were left out 
and all of a and left to the 
sudden, they imagination of 
turned around and the people 
there was this one instead of trying 
big one. You to put something 
don't really know in their minds 
how to predict about something 
what's going to they can't 
happen. If that's predict because 
the theory behind nobody knows 
[chaos theory], it the actual ages. 
worked." They're telling 

you what they 
think instead of 
letting you make 
up your own 
mind." 



154 

Subject Touch Pool 

312	 She had not seen a 
pink sea star 
before. She had 
seen them at Cape 
Perpetua. 
The interpreter 
"was doing a good 
job...giving good 
information." 

Sound Station Water Wheel Other 

"I could hear the "I thought it was 
different tones.... good, but I 
I didn't probably didn't 
understand it, but understand it." 
I did notice [that She had heard 
the different about chaos 
lengths of pipe theory but did not 
produced different understand it. 
tones]." She tried 

predicting which 
side it would fall 
on. 
She looked at the 
computer monitor 
and said it helped. 
"I think if a 
person would stay 
there longer, you 
could get more 
out of it." 
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Subject Touch Pool 

313	 It was new to him 
that the starfish 
and anemones are 
animals. 
He thought they 
were represented 
of animals he'd 
seen in the wild 
"lots of times." 
The interpreter 
"was very good" 
and told him "if 
[the sea 
cucumber] gets 
cornered, it will 
take all its insides 
out. It would go 
about its business 
refinishing itself. 
I didn't know 
that." 

Sound Station Water Wheel Other 

"I worked for the "I didn't quite Regarding news 
telephone understand it. I events and daily 
company [and] I didn't read [text life, "What 
knew a little about panels at front of worries me is the 
sound. I've seen wheel] either." over-fishing of 
it before, so I "If I spent more the ocean and 
didn't spend too time there, I'd get the polluting of 
much time there." more of the idea it. It worries me 

of what's going that we're 
on there and all protecting the 
that." seals too much. 

Years ago, I'd 
come down here 
to Waldport and 
if I saw one seal 
it was unusual. 
Now I see a 
bunch of them. 
You know when 
you get a couple 
of hundred seals 
and then they're 
not there, you 
know where they 
are. I used to 
go...to 
Waldport...right 
on the bay and 
catch flounder 
after flounder. 
Not one 
anymore." 
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Subject Touch Pool 

411	 Had seen many of 
the animals in the 
wild. 
He listened to the 
interpreter while 
she was talking to 
someone else. 
"I didn't know 
what the sea 
cucumber was." 

Sound Station 

"I was interested 
in the sound 
horns.... I've 
never been around 
anything like that 
before." 

Water Wheel 

"I was a-long time 
there trying to 
understand what 
was going on 
there. I just 
walked up to it, I 
hadn't read the 
information. It 
was an interesting 
concept. What it 
does." 
He said he didn't 
understand it 
entirely because "I 
didn't dig into it 
and study it. I 
never figured out 
what made the 
difference, other 
than the fact that 
where it stopped 
was the deciding 
factor." 
He had not heard 
of chaos theory 
before. 

Other 
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Subject Touch Pool 

412 "I saw a lot [of 
animals] that I 
hadn't seen 
before. I hadn't 
seen a cabezon up 
close; that was 
new to me. I 
hadn't seen the 
coral colored sea 
anemone or the 
sea urchins 
before." 
The interpreter 
"pointed out the 
crabs that I hadn't 
seen before. The 
longer I stared, of 
course, the more I 
saw. It was very 
useful to have [the 
interpreter] there. 
I didn't see the 
sand dab until she 
pointed it out." 

Sound Station 

"It was interesting 
to see the different 
sound waves. It 
reminded me quite 
a bit of OMSI." 

"I didn't do any of 
[the pipes]; I 
found it to be an 
uncomfortable 
height. It's good 
for kids." 

Water Wheel 

"I wasn't sure 
what [the wheel] 
was doing." 
He had heard of 
chaos theory 
before but did not 
realize the wheel 
was related to it. 

Other 



158 

Appendix D 
Coding Sheet for Behaviors, Demographics, and Test Scores 

Subject identification number 

Gender (0=female, 1=male) 

Number in interview 

Age range (code 30 for 20-40, 50 for 40-60, and 70 for 60-80) 

Been here before remodel? (0 = no, 1 = yes) 

Been here since remodel? (0 = no, 1 = yes) 

ZIP code 

Date (mo/da/yr) 

Day of week (0 = Sunday, 7 = Saturday) 

Interview time 

Entrance time 

Time in museum (seconds) 

Time at touch pool (seconds) 

Time at sound station (seconds) 

Time at water wheel (seconds) 

Time in research gallery (seconds) 

Number of touch pool visits 

Number of sound station visits  

Number of water wheel visits  

Time before pattern garden (seconds)  

Total pattern garden time (seconds)  
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Touch pool behavior talk to companion, accurate info (0 = no, 1 = yes) 

Touch pool behavior answer companion id accurate (0 = no, 1 = yes) 

Touch pool behavior question docent identification (0 = no, 1 = yes) 

Touch pool behavior question docent explanation (0 = no, 1 = yes) 

Touch pool behavior touch (0 = no, 1 = yes) 

Touch pool behavior point (0 = no, 1 = yes) 

Touch pool behavior discuss with companion (0 = no, 1 = yes) 

Touch pool behavior discuss with docent (0 = no, 1 = yes) 

Touch pool behavior look at book (seconds) 

Touch pool behavior look at demonstration (0 = no, 1 = yes) 

Touch pool behavior look at docent id (0 = no, 1 = yes) 

Touch pool behavior docent questions visitor (0 = no, 1 = yes) 

Touch pool behavior stand by lower pool (seconds) 

Touch pool behavior lean at lower pool (seconds) 

Touch pool behavior sit at lower pool (seconds) 

Touch pool behavior stand at upper pool (seconds) 

Touch pool behavior lean at upper pool (seconds) 
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Scope used (1 = nearest TVs; 2 = nearest water wheel; 3 = nearest octopus tank)  

Time at pipes (seconds)  

Time at scope (seconds)  

Look at sound pattern text (seconds)  

Tried scope without phone first (0 = no, 1 = yes) 

Listen pipe 1 (shortest) (0 = no, 1 = yes) 

Listen pipe 2 (0 = no, 1 = yes) 

Listen pipe 3 (0 = no, 1 = yes) 

Listen pipe 4 (0 = no, 1 = yes) 

Listen pipe 5 (0 = no, 1 = yes) 

Listen pipe 6 (0 = no, 1 = yes) 

Listen pipe 7 (0 = no, 1 = yes) 

Listen pipe 8 (0 = no, 1 = yes) 

Listen pipe 9 (0 = no, 1 = yes) 

Listen pipe 10 (tallest) (0 = no, 1 = yes) 

Look at pipe text (seconds) 

Look at oscilloscope text (seconds)  

Push buttons (unknown which ones) (0 = no, 1 = yes)  

Push button 1 (top left) (0 = no, 1 = yes)  

Push button 2 (top middle left) (0 = no, 1= yes)  

Push button 3 (top middle right) (0 = no, 1 = yes)  
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Push button 4 (top right) (0 = no, 1 = yes) 

Push button 5 (lower left) (0 = no, 1 = yes) 

Push button 6 (lower middle left) (0 = no, 1 = yes) 

Push button 7 (lower middle right) (0 = no, 1 = yes) 

Push button 8 (lower right) (0 = no, 1 = yes) 

Look at oscilloscope screen (seconds) 

Adjust volume knob (0 = no, 1 = yes) 

Using phone (seconds) 

Hands phone to companion (0 = no, 1 = yes) 

Joint scope operation with companion (seconds) 

Operate without phone (seconds) 

Observe another visitor at scope (0 = no, 1 = yes) 

Observe another visitor at pipes (0 = no, 1 = yes) 

Stop at gold text panel (0 = no, 1 = yes) 

Stand in front of water wheel (seconds) 

Sit in front of water wheel (seconds) 

Stopped at left side water wheel (0 = no, 1 = yes) 

Stopped behind water wheel (0 = no, 1 = yes) 

Discuss wheel with companion (0 = no, 1 = yes)  

Point to wheel (0 = no, 1 = yes)  

Companion points to wheel (0 = no, 1 = yes)  

Question 1 (-1 = alternate conception/misunderstanding; 0 = nothing; 1 =  
knowledge; 2 = comprehension)  
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Question 2 (-1 = alternate conception/misunderstanding; 0 = nothing; 1 = 
knowledge; 2 = comprehension) 

Question 3 (-1 = alternate conception/misunderstanding; 0 = nothing; 1 = 
knowledge; 2 = comprehension) 

Question 4 (-1 = alternate conception/misunderstanding; 0 = nothing; 1 = 
knowledge; 2 = comprehension) 

Question 5 (-1 = alternate conception/misunderstanding; 0 = nothing; 1 = 
knowledge; 2 = comprehension) 

Question 6 (-1 = alternate conception/misunderstanding; 0 = nothing; 1 = 
knowledge; 2 = comprehension) 

Question 7 (-1 = alternate conception/misunderstanding; 0 = nothing; 1 = 
knowledge; 2 = comprehension) 

Question 8 (-1 = alternate conception/misunderstanding; 0 = nothing; 1 = 
knowledge; 2 = comprehension) 

Question 9 (-1 = alternate conception/misunderstanding; 0 = nothing; 1 = 
knowledge; 2 = comprehension) 

Question 10 (-1 = alternate conception/misunderstanding; 0 = nothing; 1 = 
knowledge; 2 = comprehension) 

Question 11 (-1 = alternate conception/misunderstanding; 0 = nothing; 1 = 
knowledge; 2 = comprehension) 

Question 12 (-1 = alternate conception/misunderstanding; 0 = nothing; 1 = 
knowledge; 2 = comprehension) 

Question 13 (-1 = alternate conception/misunderstanding; 0 = nothing; 1 = 
knowledge; 2 = comprehension) 

Question 14 (-1 = alternate conception/misunderstanding; 0 = nothing; 1 = 
knowledge; 2 = comprehension) 
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Appendix E  
Illustrations of the Pattern Garden  

Pattern Garden 
E=I 0 i= 

3 c:34 

Figure El. Map of Hatfield Marine Science Center Public Wing. Numbers 
show location of (1) interviews, (2) touch pool, (3) sound station, and 
(4) water wheel. 
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Appendix F 
Subsets of Data Used for Multiple Regression Analysis 

Touch Pool Subset 

Table Fl. Independent variables in touch pool subset. 

Number of touch pool visits 

Time at touch pool 

Touch pool behavior; talk to companion, accurate info 

Touch pool behavior; answer companion's identification question 

Touch pool behavior; identification question to docent 

Touch pool behavior; explanation question to docent 

Touch pool behavior; touch 

Touch pool behavior; point 

Touch pool behavior; discuss with companion 

Touch pool behavior; discuss with docent 

Touch pool behavior; look at book 

Touch pool behavior; look at demonstration 

Touch pool behavior; look at docent id 

Touch pool behavior; docent questions subject 

Touch pool behavior; stand by lower pool 

Touch pool behavior; lean at lower pool 

Touch pool behavior; sit at lower pool 

Touch pool behavior; stand at upper pool 

Touch pool behavior; lean at upper pool 
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Table F2. Dependent variables in touch pool subset. 

Question 2. Did you see or touch any of these animals at the touch pool? 

Which? 

Question 3. Did you learn anything new about them or talk with the volunteer 

there? What? 

Question 4. Which of these animals have you seen in the wild? 
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Sound Station Subset 

Table F3. Independent variables in sound station subset. 

Scope used 

Time at pipes 

Time at sound station 

Number of sound station visits 

Time at scope 

Look at sound pattern text 

Tried scope without phone first 

Listen pipe 1 (shortest) 

Listen pipe 2  

Listen pipe 3  

Listen pipe 4  

Listen pipe 5  

Listen pipe 6  

Listen pipe 7  

Listen pipe 8  

Listen pipe 9  

Listen pipe 10 (tallest) 

Look at pipe text 

Look at oscilloscope text 

Push buttons (unknown which ones) 

Push button 1 (top left) 
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Table F3. Continued. 

Push button 2 (top middle left) 

Push button 3 (top middle right) 

Push button 4 (top right) 

Push button 5 (lower left) 

Push button 6 (lower middle left) 

Push button 7 (lower middle right) 

Push button 8 (lower right) 

Look at oscilloscope screen 

Adjust volume knob 

Using phone 

Hands phone to companion 

Joint scope operation with companion 

Operate without phone 

Observe another visitor at scope 

Observe another visitor at pipes 

Table F4. Dependent variables in sound station subset. 

Question 5. Can you describe to me what you did at the sound station? 

Question 6. Did you try the resonating pipes? What did you notice? What is the 

explanation? 

Question 7. What is the relationship between what you saw on the screen at the 

oscilloscope and what you heard? How do the different sounds compare? 
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Table F5. Independent variables in water wheel subset. 

Stop at gold text panel 

Stand in front of water wheel 

Sit in front of water wheel 

Stopped at left side water wheel 

Stopped behind water wheel 

Discuss wheel with companion 

Point at water wheel 

Companion points to water wheel 

Time at water wheel 

Number of water wheel visits 

Table F6. Dependent variables in water wheel subset. 

Question 8. Can you describe what the water wheel is demonstrating? 

Question 9. Did you notice the computer monitor at the water wheel? What did 

it show? 

Question 10. Did you notice the tank in the back of the wheel? What effect did 

it have? 

Question 11. How does this exhibit demonstrate chaos? Had you heard about 

chaos theory before? 
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Table F7. Independent variables in gallery subset. 

Time in museum 

Time at touch pool 

Time at sound station 

Time at water wheel 

Time in research gallery 

Time before pattern garden 

Total pattern garden time 

Table F8. Dependent variables in gallery subset. 

Question 12. Did the exhibits in the Pattern Garden bring any questions to mind? 

Had you heard about these topics before today? 

Question 13. Can you tell me if you think any of the information presented here 

is applicable to daily life? Have you seen any of these topics in the media? 

Question 14. Was there anything in the rest of the museum that related to the 

exhibits in the Pattern Garden? How is the idea of patterns related to the 

exhibits? 
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Appendix G  
Quantitative Data Set  

Table Gl. Touch pool variables. See Appendix D for coding sheet. 

Subject Time at Number of 
identification touch pool touch pool Talk to companion, Answer companion's 

number (seconds) visits accurate information identification question 
132 80 1 0 0 
133 80 1 0 0 
134 100 1 0 0 
142 420 1 0 0 
143 130 1 0 0 
144 120 1 0 0 
146 360 1 0 0 
147 360 1 0 0 
153 19 1 0 0 
161 338 2 0 0 
162 372 2 0 0 
163 610 1 0 0 
171 142 1 0 0 
172 60 1 0 0 
173 60 1 0 0 
181 520 1 1 0 
182 35 2 0 0 
183 25 1 0 0 
184 644 1 0 0 
185 644 1 0 0 
186 17 2 0 0 
187 17 2 0 0 
191 353 1 0 1 

192 111 1 0 0 
193 84 1 0 0 
221 45 1 0 0 
222 197 2 0 0 
223 180 1 0 0 
231 360 1 1 1 

241 185 1 0 0 
242 185 1 0 0 
251 694 3 0 0 
252 797 2 1 0 
261 175 1 0 0 
262 173 1 0 0 
311 62 1 0 0 
312 123 1 0 0 
313 284 3 0 0 
411 63 1 0 0 
412 340 2 1 0 

Total n/a n/a 4 2 
Mean 239 1.3 n/a n/a 

Standard Deviation 213 0.6 n/a n/a 
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Table Gl. (Continued) 

Subject 
identification 

Identification 
question to 

Explanation 
question to Touch something 

Point to 
something in 

Discuss 
with 

number _ docent docent in pool pool companion 
132 0 0 0 0 1 

133 1 0 0 0 1 

134 0 0 0 0 0 
142 1 1 1 1 1 

143 0 0 1 1 0 
144 0 0 0 0 0 
146 1 1 0 0 0 
147 1 1 1 0 0 
153 0 0 0 0 0 
161 0 0 0 0 1 

162 0 0 1 1 0 

163 0 0 1 1 0 
171 0 0 1 1 1 

172 0 0 0 0 0 
173 0 0 0 0 0 
181 1 1 1 1 0 
182 0 0 0 0 0 
183 0 0 0 0 0 
184 1 0 1 1 1 

185 1 0 1 1 1 

186 0 0 0 0 0 
187 0 0 0 0 0 

191 1 1 0 0 1 

192 0 0 0 0 0 
193 0 0 0 0 0 
221 0 0 0 0 0 
222 0 0 1 0 0 
223 1 0 0 1 1 

231 1 0 1 1 1 

241 1 1 1 0 1 

242 0 0 1 0 1 

251 1 0 1 1 1 

252 1 1 1 1 1 

261 0 0 1 1 1 

262 0 0 1 1 1 

311 0 0 0 0 0 
312 0 0 0 1 1 

313 1 0 0 1 1 

411 0 0 0 0 0 

412 1 0 1 0 1 

Total 15 7 18 16 19 

Mean 
Standard Deviation 

n/a 
n/a 

n/a 
n/a 

n/a 
n/a 

n/a 
n/a 

n/a 
n/a 
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Table Gl. (Continued) 

Subject Discuss Watch Docent Total touch Look at 
identification with demonstration Watch docent, questions pool book 

number docent by docent identification subject behaviors (seconds) 
132 0 0 0 0 1 0 
133 0 0 1 0 3 0 
134 0 1 1 0 2 0 
142 1 1 1 0 8 40 
143 0 0 0 0 2 0 
144 0 0 0 0 0 15 
146 1 1 1 0 5 0 
147 1 1 1 0 6 0 
153 0 0 1 0 1 0 
161 1 0 0 0 2 50 
162 1 1 1 0 5 0 
163 1 1 1 0 5 0 
171 0 0 1 0 4 0 
172 0 0 0 0 0 0 
173 0 0 0 0 0 0 
181 1 1 1 0 8 0 
182 0 0 0 0 0 15 
183 0 0 0 0 0 15 
184 0 1 1 0 6 90 
185 0 1 1 0 6 90 
186 0 0 0 0 0 0 
187 0 0 0 0 0 0 
191 1 1 1 0 7 0 
192 0 0 0 0 0 24 
193 0 0 0 0 0 29 
221 0 0 0 0 0 45 
222 1 0 1 0 3 0 
223 0 0 0 0 3 30 
231 1 1 1 0 9 0 
241 1 0 0 0 5 0 
242 1 0 0 0 3 0 
251 1 1 1 0 7 0 
252 1 1 1 0 9 0 
261 1 0 1 0 5 0 
262 1 0 1 0 5 0 
311 0 0 0 0 0 10 
312 0 0 1 0 3 15 
313 1 0 1 0 5 0 
411 0 0 0 0 0 0 
412 1 1 1 1 8 0 

Total 18 14 22 1 136 n/a 
Mean n/a n/a n/a n/a n/a 12 

Standard Deviation n/a n/a n/a n/a n/a 23 
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Table Gl. (Continued) 

Subject Stand by Lean at Sit at lower Stand at Lean at 
identification lower pool lower pool pool upper pool upper pool Score on 

number (seconds) (seconds) (seconds) (seconds) (seconds) question 2 
132 30 4 0 0 27 0 
133 0 30 0 0 21 0 
134 24 0 0 0 75 0 
142 55 0 0 0 300 0 
143 55 0 0 50 0 0 
144 40 0 0 35 0 0 
146 0 0 0 365 0 0 
147 0 0 0 240 120 0 
153 14 0 0 5 0 0 
161 161 0 0 146 0 1 

162 0 10 0 340 20 1 

163 150 10 0 430 17 0 
171 15 127 0 0 0 0 
172 0 0 0 60 0 0 
173 0 0 0 60 0 1 

181 0 101 20 0 405 0 
182 10 0 0 10 0 1 

183 10 0 0 0 0 0 
184 24 0 0 530 0 1 

185 24 0 0 530 0 1 

186 5 0 0 12 0 1 

187 5 0 0 12 0 1 

191 55 0 0 260 0 1 

192 60 0 0 28 0 0 
193 22 0 0 0 25 1 

221 0 0 0 0 0 1 

222 0 90 0 0 107 1 

223 33 0 0 89 0 1 

231 20 4 100 135 125 1 

241 20 0 0 0 0 0 
242 20 0 0 0 150 1 

251 40 0 440 0 214 1 

252 3 0 507 0 287 2 
261 60 30 0 15 70 1 

262 38 0 55 20 60 1 

311 34 0 0 18 0 1 

312 65 0 0 43 0 1 

313 89 0 0 195 0 1 

411 35 0 0 28 0 1 

412 168 2 0 170 0 1 

Total n/a n/a n/a n/a n/a n/a 
Mean 35 10 28 96 51 0.6 

Standard Deviation 42 29 105 151 96 0.5 
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Table Gl. (Continued) 

Subject 
identification Score on Score on Total touch 

number question 3 question 4_ pool score 
132 0 0 0 
133 0 0 0 
134 0 0 0 
142 0 0 0 
143 0 0 0 
144 0 0 0 
146 0 0 0 
147 1 0 1 

153 0 0 0 
161 0 2 3 
162 0 0 1 

163 0 0 0 
171 1 2 3 
172 0 2 2 
173 0 2 3 
181 1 0 1 

182 0 2 3 
183 0 2 2 
184 1 2 4 
185 1 0 2 
186 0 2 3 
187 0 2 3 
191 0 2 3 
192 0 2 2 
193 0 2 3 
221 0 2 3 
222 0 0 1 

223 0 2 3 
231 1 2 4 
241 0 0 0 
242 1 2 4 
251 0 2 3 
252 1 0 3 
261 0 2 3 

262 1 2 4 
311 0 1 2 
312 0 2 3 
313 1 2 4 
411 1 0 2 
412 1 2 4 

Total n/a n/a n/a 
Mean 0.3 1.1 2.1 

Standard Deviation 0.5 1.0 1.4 
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Table G2. Sound station variables. See Appendix D for coding sheet. 

Subject identification Observe another Listen at pipe 1 Listen at Listen at Listen at 
number visitor at pipes (shortest) pipe 2 pipe 3 pipe 4 

132 0 0 0 0 0 
133 0 1 0 0 0 
134 0 0 0 0 0 
142 0 0 1 0 0 
143 1 1 1 0 0 
144 1 1 1 0 0 
146 0 0 0 0 0 
147 0 0 0 0 0 
153 0 0 0 0 0 
161 0 0 0 0 0 
162 0 0 1 0 1 

163 0 1 0 0 0 
171 0 0 0 0 0 
172 0 0 0 0 0 
173 0 0 0 0 0 
181 0 0 0 0 0 
182 0 0 0 0 1 

183 0 0 0 0 0 
184 0 1 0 0 0 
185 0 0 0 0 0 
186 1 0 0 0 0 
187 1 0 0 0 0 
191 0 0 0 1 0 
192 1 0 0 0 0 
193 0 0 0 0 0 
221 0 0 0 0 0 
222 0 0 0 0 0 
223 0 1 0 0 0 
231 0 0 0 0 1 

241 0 0 0 1 1 

242 0 0 1 0 0 
251 0 0 0 0 0 
252 0 0 0 0 0 
261 1 0 0 0 0 
262 0 1 1 0 0 
311 0 0 0 0 0 
312 0 0 0 0 1 

313 0 0 0 0 0 
411 0 0 0 0 1 

412 0 0 0 0 0 

Total 6 7 6 2 6 

Mean n/a n/a n/a n/a n/a 
Standard Deviation n/a n/a n/a n/a n/a 
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Table G2. (Continued) 
Listen at 

Subject identification Listen at Listen at Listen at Listen at Listen at pipe 10 
number pipe 5 pipe 6 pipe 7 pipe 8 pipe 9 (tallest) 

132 1 0 0 0 0 0 
133 0 0 0 0 0 0 
134 0 0 0 0 0 0 
142 0 1 1 0 0 0 
143 0 0 0 0 0 0 
144 0 0 0 0 0 0 
146 0 0 0 0 0 0 
147 0 0 0 0 0 0 
153 0 0 0 0 0 0 
161 0 0 0 0 0 0 
162 1 1 1 0 0 0 
163 0 0 0 0 0 0 
171 0 0 0 0 0 0 
172 0 0 0 0 0 0 
173 0 0 0 0 0 0 
181 0 0 0 0 0 0 
182 
183 

0 
0 

0 
0 

0
0. 

0 
0 

0 
0 

0 
0 

184 0 1 0 0 0 0 
185 0 0 1 0 0 0 
186 0 0 0 0 1 0 
187 0 0 0 0 0 0 
191 1 0 1 0 1 1 

192 0 0 0 0 0 0 
193 0 0 0 0 0 0 
221 0 0 0 0 0 0 
222 0 0 0 0 0 0 
223 1 0 0 0 0 1 

231 0 0 0 0 0 1 

241 1 0 0 0 0 0 
242 1 0 0 0 1 1 

251 0 0 0 1 0 1 

252 0 0 0 1 1 1 

261 0 0 0 0 1 0 
262 0 0 0 0 1 1 

311 0 0 0 0 0 0 
312 0 0 1 0 0 0 
313 0 0 0 0 0 0 
411 0 0 0 0 0 1 

412 0 0 0 0 0 

Total 6 3 5 2 6 8 

Mean n/a n/a n/a n/a n/a n/a 
Standard Deviation n/a n/a n/a n/a n/a n/a 
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Table G2. (Continued) 
Push buttons 

Subject identification Observe another (unknown which Push button 1 Push button 2 (top 
number visitor at scope ones) (top left) middle left) 

132 0 0 1 1 

133 0 0 0 0 
134 1 1 0 0 
142 0 0 1 1 

143 1 1 0 0 
144 1 0 0 0 
146 0 1 0 0 
147 0 0 0 0 
153 0 0 0 0 
161 0 1 0 0 
162 0 1 0 0 
163 0 1 0 0 
171 0 0 1 0 
172 0 1 0 0 
173 1 0 1 1 

181 0 1 1 1 

182 0 1 1 0 
183 1 1 0 0 
184 0 1 0 0 
185 0 1 0 0 
186 1 0 0 0 
187 1 0 1 0 
191 0 0 1 1 

192 0 1 0 0 
193 1 1 0 0 
221 0 0 0 1 

222 0 1 0 0 
223 0 0 1 1 

231 0 0 0 1 

241 0 1 0 0 
242 0 1 1 1 

251 0 1 0 0 
252 0 0 0 0 
261 0 1 1 0 
262 1 0 0 0 
311 0 0 0 0 
312 0 0 0 1 

313 0 0 0 0 
411 0 0 0 0 
412 0 0 0 0 

Total 9 19 11 10 

Mean n/a n/a n/a n/a 
Standard Deviation n/a n/a n/a n/a 
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Table G2. (Continued) 

Subject identification Push button 3 (top Push button 4 Push button 5 Push button 6 
number middle right) (top right) (lower left) (lower middle left) 

132 1 1 1 1 

133 0 0 1 1 

134 0 0 0 0 
142 1 1 1 1 

143 0 0 0 0 
144 0 0 0 0 
146 0 0 0 0 
147 0 0 0 0 
153 0 0 0 0 
161 0 0 0 0 
162 0 0 0 1 

163 1 1 0 1 

171 0 0 0 1 

172 0 0 0 0 
173 1 1 1 1 

181 1 1 0 0 
182 0 1 0 0 
183 0 0 0 0 
184 0 0 0 0 
185 0 0 0 0 
186 1 1 0 0 
187 1 1 1 1 

191 1 1 1 1 

192 0 0 0 0 
193 0 0 0 0 
221 0 1 0 0 
222 0 0 0 0 
223 1 1 1 1 

231 1 1 1 1 

241 0 0 0 0 
242 1 0 0 0 
251 0 0 0 0 
252 0 0 0 0 
261 0 0 0 0 
262 0 0 0 0 
311 0 0 0 0 
312 0 1 0 0 
313 0 0 0 0 
411 0 0 0 0 
412 0 0 0 0 

Total 11 13 8 11 

Mean n/a n/a n/a n/a 
Standard Deviation n/a n/a n/a n/a 
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Table G2. (Continued) 

Push button 7 
Subject identification (lower middle Push button 8 Adjust volume Hands phone to 

number right) (lower right) knob companion 
132 0 1 0 1 

133 1 1 0 0 
134 0 0 0 0 
142 1 1 1 1 

143 0 0 0 1 

144 0 0 0 0 
146 0 0 0 0 
147 0 0 0 0 
153 0 0 0 0 
161 0 0 0 0 
162 0 0 1 0 
163 1 1 1 0 
171 1 1 0 0 
172 0 0 0 0 
173 1 1 1 0 
181 0 0 1 0 
182 0 0 1 0 
183 0 0 0 0 
184 0 0 0 0 
185 0 0 0 1 

186 1 0 1 1 

187 0 1 1 1 

191 1 1 1 0 
192 0 0 0 1 

193 0 0 0 0 
221 0 1 1 0 
222 0 0 0 0 
223 1 1 1 0 
231 1 1 1 1 

241 0 0 0 1 

242 0 1 1 1 

251 0 0 0 1 

252 0 0 0 0 
261 0 0 1 0 
262 0 0 0 0 
311 0 0 0 0 
312 0 0 1 1 

313 0 0 0 0 
411 0 0 1 0 
412 0 0 0 1 

Total 9 12 16 13 

Mean n/a n/a n/a n/a 
Standard Deviation n/a n/a n/a n/a 
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Table G2. (Continued) 
Time at sound Number of Look at sound 

Subject identification station sound station pattern text Time at pipes 
number (seconds) visits (seconds) (seconds) 

132 158 1 0 33 
133 158 1 0 33 
134 215 1 14 0 
142 255 1 0 30 
143 150 2 0 30 
144 145 2 0 30 
146 70 1 0 0 
147 70 1 0 0 
153 13 1 0 0 
161 127 1 0 15 

162 200 1 0 46 
163 185 1 30 20 
171 45 1 0 0 
172 190 1 0 0 
173 185 1 0 0 
181 90 1 0 0 
182 115 1 0 10 
183 20 1 0 0 
184 165 1 0 26 
185 145 1 0 0 
186 85 2 0 23 
187 102 2 0 23 
191 50 1 0 43 
192 60 1 0 0 
193 85 1 0 0 
221 50 1 0 9 
222 
223 

237 
159 

1 

1 

0 
0 

0 
55 

H 

231 200 1 0 40 
241 160 1 0 65 
242 204 1 30 44 
251 62 1 0 12 
252 57 1 0 10 

261 71 1 0 6 
262 109 1 0 38 
311 18 1 0 0 
312 90 1 5 14 

313 28 1 0 0 
411 82 1 0 37 
412 80 1 0 0 

Total n/a n/a n/a n/a 

Mean 117 1.1 2 17 

Standard Deviation 65 0.3 7 19 
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Table G2. (Continued) 
Scope used 

Subject identification Look at pipe text (1=window, 2=wheel, Time at scope 
number (seconds) 3=lobby) (seconds) 

132 8 2 55 
133 15 2 55 
134 0 1 188 
142 0 2, 3 255 
143 0 1 110 
144 0 1 110 
146 0 1, 2 70 
147 0 1, 2 70 
153 0 1 13 

161 25 3 95 
162 0 1, 3 160 
163 20 1, 3 145 
171 0 1 45 
172 0 3 190 
173 0 2 185 
181 0 1 100 
182 1 1, 2 98 
183 0 1, 2 45 
184 1 1 90 
185 1 3 54 
186 5 2 60 
187 5 2 72 
191 0 1 47 
192 0 1 40 
193 0 1 84 
221 10 1 35 
222 0 3 230 
223 0 1 104 
231 0 1, 2 160 
241 0 1 95 
242 9 1 160 
251 0 3 50 
252 0 3 47 
261 0 1 65 
262 18 1 71 
311 0 1 18 
312 0 1, 3 54 
313 0 1 28 
411 0 3 45 
412 0 1 80 

Total n/a n/a n/a 
Mean 3 n/a 92 

Standard Deviation 6 n/a 59 
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Table G2. (Continued) 

Subject identification Look at oscilloscope Tried scope without Look at oscilloscope 
number text (seconds) phone first screen (seconds) 

132 7 0 55 
133 7 0 55 
134 20 0 188 

142 0 0 255 
143 0 0 110 
144 0 0 110 
146 0 1 70 
147 0 1 70 
153 0 0 13 

161 13 1 95 
162 0 1 160 
163 0 1 145 

171 0 1 30 
172 0 0 190 
173 0 0 185 

181 0 1 100 
182 0 0 98 
183 7 1 45 
184 0 0 90 
185 5 0 54 
186 0 0 50 
187 0 0 65 
191 0 1 40 
192 0 1 40 
193 0 0 60 
221 0 1 35 
222 15 1 210 
223 14 1 94 
231 0 1 140 
241 0 1 95 
242 0 1 160 
251 0 0 50 
252 0 0 0 
261 0 1 65 
262 0 0 71 

311 0 0 18 

312 0 1 54 
313 0 1 28 
411 0 1 45 
412 0 1 80 

Total n/a n/a n/a 
Mean 2 1 88 

Standard Deviation 5 1 59 
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Table G2. (Continued) 
Joint scope 

Subject identification Using phone operation with Operate without 
number (seconds) companion phone (seconds) Question 5 

132 32 52 0 0 
133 17 52 0 2 
134 188 0 0 1 

142 174 165 0 0 
143 110 110 0 0 
144 0 110 0 0 
146 0 70 70 0 
147 0 70 70 0 
153 0 0 0 0 
161 0 10 95 1 

162 20 55 0 1 

163 20 55 0 0 
171 0 0 30 0 
172 150 40 0 0 
173 185 40 0 0 
181 45 0 45 1 

182 98 10 0 0 
183 45 10 0 0 
184 47 65 40 1 

185 17 65 0 0 
186 47 50 0 0 
187 65 50 0 2 
191 0 0 47 2 
192 24 9 8 1 

193 60 9 0 1 

221 0 0 35 1 

222 120 0 85 1 

223 45 0 50 0 
231 140 25 3 1 

241 34 95 29 0 
242 65 95 70 1 

251 50 20 0 1 

252 0 20 0 1 

261 45 0 19 1 

262 71 0 0 1 

311 0 0 0 0 
312 33 33 15 1 

313 0 28 28 1 

411 35 0 10 1 

412 50 50 30 1 

Total n/a n/a n/a n/a 
Mean 51 37 19 0.6 

Standard Deviation 55 39 28 0.6 
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Table G2. (Continued) 

Subject identification Sound station 
number Question 6 Question 7 score 

132 0 0 0 
133 0 0 2 
134 0 0 1 

142 0 1 1 

143 0 0 0 
144 0 0 0 
146 0 0 
147 0 0 0 
153 0 0 
161 0 0 1 

162 1 1 3 
163 0 1 1 

171 0 1 1 

172 0 2 2 
173 0 1 1 

181 0 2 3 
182 -1 -1 -2 
183 0 -1 -1 
184 0 1 2 
185 2 0 2 
186 0 0 0 
187 0 0 2 
191 2 2 6 
192 0 0 1 

193 0 1 2 
221 0 0 1 

222 0 0 1 

223 1 0 1 

231 1 1 3 
241 0 0 0 
242 1 1 3 
251 0 0 1 

252 0 0 1 

261 0 0 1 

262 1 1 3 
311 0 0 0 
312 1 1 3 
313 0 0 1 

411 1 1 3 

412 0 1 2 

Total n/a n/a n/a 
Mean 0.3 0.4 1.3 

Standard Deviation 0.6 0.7 1.4 
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Table G3. Water wheel variables. See Appendix D for coding sheet. 

Subject identification Gold text Stopped at left side Stopped behind Discuss wheel with 
number panel water wheel water wheel companion 

132 1 0 0 0 
133 1 0 0 0 
134 0 0 0 0 
142 0 0 0 0 
143 0 0 0 0 
144 0 0 0 0 
146 0 0 0 0 
147 0 0 0 0 
153 0 0 0 0 
161 0 0 0 0 
162 0 0 1 0 
163 0 0 1 0 
171 1 1 0 0 
172 0 0 0 0 
173 0 0 0 0 
181 1 0 0 0 
182 0 0 0 1 

183 0 0 0 1 

184 1 0 0 0 
185 1 0 0 0 
186 0 0 0 0 
187 0 0 0 0 
191 1 0 0 0 
192 1 0 0 0 
193 0 0 0 0 
221 1 0 0 0 
222 1 0 0 0 
223 1 0 0 0 
231 1 0 0 0 
241 1 0 1 0 
242 1 0 1 0 
251 0 0 0 0 
252 0 0 0 0 
261 0 0 0 1 

262 0 0 0 1 

311 0 0 0 0 
312 0 0 0 0 
313 1 0 0 0 
411 0 0 0 0 
412 0 0 0 0 

Total 15 1 4 4 
Mean n/a n/a n/a n/a 

Standard Deviation n/a n/a n/a n/a 
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Table G3. (Continued) 

Number of Stand in front of 
Subject identification Point to Companion Time at water water wheel water wheel 

number wheel points to wheel wheel (seconds) visits (seconds) 

132 0 0 300 1 300 

133 0 0 300 1 300 
134 0 0 180 1 180 

142 0 0 420 1 420 
143 0 0 240 1 60 

144 0 0 284 1 84 

146 0 0 120 1 120 

147 0 0 120 1 120 

153 0 0 90 1 0 
161 0 0 70 1 0 

162 0 0 480 2 240 

163 0 0 480 2 240 
171 0 0 180 1 180 

172 0 0 60 1 0 

173 0 0 70 2 0 
181 0 0 180 1 0 
182 1 1 180 1 0 

183 1 1 240 1 0 

184 0 0 180 1 0 
185 0 0 180 1 0 
186 0 0 45 1 0 
187 0 0 30 1 0 
191 0 0 180 1 0 
192 0 0 525 1 0 
193 0 0 540 1 0 

221 0 0 660 1 0 

222 0 0 60 1 0 

223 0 0 350 1 0 
231 0 0 180 1 0 
241 0 0 90 1 0 
242 0 0 120 1 0 

251 0 0 45 1 0 
252 0 0 45 1 0 
261 1 1 550 1 0 
262 1 1 471 1 0 
311 0 0 135 1 0 

312 0 0 120 1 0 
313 0 0 241 1 0 

411 0 0 167 1 0 
412 0 0 60 1 0 

Total 4 4 n/a n/a n/a 

Mean n/a n/a 224 1.1 56 

Standard Deviation n/a n/a 169 0.3 107 
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Table G3. (Continued) 

Sit in front of Score on question 
Subject identification water wheel Score on 9 (rated too Score on Score on 

number (seconds) question 8 difficult) question 10 question 11 
132 0 0 0 0 0 
133 0 0 0 0 0 
134 0 -1 0 0 0 
142 0 0 0 0 0 
143 180 0 0 0 0 
144 180 0 0 0 0 
146 0 0 0 0 0 
147 0 0 0 0 0 
153 0 -1 0 0 0 
161 0 0 0 0 0 
162 240 0 0 0 0 
163 240 0 0 1 0 
171 0 0 0 1 0 
172 0 0 0 0 0 

173 0 0 0 0 -1 

181 0 0 0 1 1 

182 0 0 0 0 0 
183 0 1 0 1 1 

184 0 1 1 1 1 

185 0 0 0 0 0 
186 0 0 0 0 0 
187 0 0 0 0 0 
191 0 0 0 0 0 
192 0 0 1 0 0 
193 0 0 0 1 -1 

221 0 1 0 0 0 
222 0 0 0 0 0 
223 0 1 0 0 1 

231 0 1 0 1 1 

241 0 0 0 0 0 
242 0 0 0 0 1 

251 0 0 0 0 0 
252 0 0 0 0 0 
261 0 1 0 0 0 
262 0 1 0 0 1 

311 0 1 0 0 1 

312 0 0 1 0 1 

313 0 0 0 0 0 
411 0 1 0 0 0 

412 0 0 0 0 1 

Total n/a n/a n/a n/a n/a 

Mean 21 0.2 0.1 0.2 0.2 

Standard Deviation 65 0.5 0.3 0.4 0.5 
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Table G3. (Continued) 

Corrected water 
Subject identification Uncorrected wheel score (Q9 

number water wheel score removed) 
132 0 0 
133 0 0 
134 -1 -1 
142 0 0 
143 0 
144 0 0 
146 0 0 
147 0 0 
153 -1 -1 

161 0 0 
162 0 0 
163 1 1 

171 1 1 

172 0 0 
173 -1 -1 
181 2 2 
182 0 0 
183 3 3 
184 4 3 

185 0 0 
186 0 0 
187 0 0 
191 0 0 
192 1 0 
193 0 0 
221 1 1 

222 0 0 
223 2 2 
231 3 3 

241 0 0 
242 1 1 

251 0 0 
252 0 0 
261 1 1 

262 2 2 
311 2 2 
312 2 1 

313 0 0 
411 1 1 

412 1 1 

Total n/a n/a 
Mean 0.6 0.6 

Standard Deviation 1.1 1.0 
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Table G4. Descriptive variables. See Appendix D for coding sheet. 
Number Been here before Been here since 

Subject identification 
number 

132 

Gender 
(0=F,1=M) 

1 

in 
interview 

2 

Age range (30=20-40; 
50-40-60; 70=60-80) 

70 

remodel? (0=N, 
1=Y) 

1 

remodel? (0=N, 
1=Y) 

0 
133 0 2 70 1 0 

134 0 1 30 0 0 

142 0 1 30 1 0 

143 1 2 30 0 1 

144 0 2 30 0 1 

146 1 2 50 1 0 
147 0 2 50 1 0 
153 1 1 50 0 0 
161 1 1 70 0 0 
162 1 2 50 0 0 
163 0 2 50 0 0 
171 0 1 30 1 0 
172 1 2 30 1 0 
173 0 2 30 1 0 
181 0 1 50 1 0 
182 1 2 30 1 0 
183 0 2 30 1 0 
184 1 2 30 1 0 
185 0 2 30 1 0 
186 1 2 30 0 1 

187 0 2 30 0 1 

191 0 1 50 1 0 

192 1 2 50 1 1 

193 0 2 50 1 1 

221 1 1 50 1 0 
222 0 1 70 0 0 
223 1 1 50 0 0 
231 1 1 30 1 1 

241 1 2 50 0 0 
242 0 2 50 1 0 
251 1 2 30 1 0 
252 0 2 30 0 0 
261 1 2 50 1 0 
262 0 2 50 1 0 
311 1 1 70 1 0 
312 0 1 30 1 0 
313 1 1 70 1 0 

411 1 1 70 0 0 
412 1 1 30 1 0 

Total 21 n/a n/a 26 7 

Mean 
Standard Deviation 

n/a 
n/a 

1.6 
0.5 

45 
15 

n/a 
n/a 

n/a 
n/a 
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Table G4. (Continued) 
Day of week Time in 

Subject identification (Sun=1, Interview Entrance museum 
number ZIP code Date Sat=7) time time (seconds) 

132 97701 1/3/98 7 1400 1300 3600 
133 97701 1/3/98 7 1400 1300 3600 
134 99223 1/3/98 7 1500 1430 1800 
142 97419 1/4/98 1 1220 1130 3000 
143 97266 1/4/98 1 1200 1135 1500 
144 97266 1/4/98 1 1200 1135 1500 
146 97504 1/4/98 1 1400 1345 900 
147 97504 1/4/98 1 1400 1345 900 
153 97457 1/5/98 2 1400 1330 1800 
161 97330 1/16/98 6 1245 1204 2460 
162 92867 1/16/98 6 1500 1356 3840 
163 92867 1/16/98 6 1500 1356 3840 
171 97420 1/16/98 7 1231 1200 1860 
172 97325 1/17/98 7 1250 1145 3300 
173 97325 1/17/98 7 1250 1145 3300 
181 97461 1/18/98 1 1125 1000 5100 
182 97527 1/18/98 1 1225 1135 3000 
183 97527 1/18/98 1 1225 1135 3000 
184 83702 1/18/98 1 1408 1246 4920 
185 83702 1/18/98 1 1408 1246 4920 
186 97470 1/18/98 1 1500 1442 2280 
187 97470 1/18/98 1 1500 1442 2280 
191 97361 1/19/98 2 1225 1119 3960 
192 97330 1/19/98 2 1330 1239 3060 
193 97330 1/22/98 2 1330 1239 3060 
221 97060 1/22/98 5 1307 1127 6000 
222 97071 1/22/98 5 1325 1252 1980 

223 97223 1/22/98 5 1440 1348 3120 
231 97303 1/23/98 6 1415 1340 1200 
241 97219 1/24/98 7 1230 1121 4140 
242 97223 1/24/98 7 1230 1121 4140 
251 97070 1/25/98 7 1400 1304 3360 
252 97070 1/25/98 7 1400 1304 3360 
261 97306 1/26/98 1 1445 1216 8940 
262 97306 1/26/98 1 1445 1216 8940 
311 97390 1/31/98 7 1100 1010 3000 
312 97330 1/31/98 7 1112 1033 2340 
313 97402 1/31/98 7 1310 1227 2580 
411 97401 2/1/98 1 1147 1124 1380 
412 97365 2/1/98 1 1420 1205 8100 

Total n/a n/a n/a n/a n/a n/a 
Mean n/a n/a n/a n/a n/a 3384 

Standard Deviation n/a n/a n/a n/a n/a 1921 
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Table G4. (Continued) 
Time before Total pattern question 1 

Subject identification Time in research pattern garden garden time (rated too 
number gallery (seconds) (seconds) (seconds) difficult) 

132 2580 0 545 0 
133 2580 0 543 1 

134 1200 0 525 1 

142 1500 0 1161 1 

143 600 0 660 0 
144 600 0 689 1 

146 360 0 550 0 
147 360 0 550 0 
153 1200 430 122 1 

161 1620 50 573 1 

162 2400 400 1052 1 

163 2400 110 1275 1 

171 1260 240 372 1 

172 2880 110 310 0 
173 2820 110 315 - 0 
181 3900 360 805 0 
182 2520 0 489 0 
183 2520 0 424 0 
184 2820 1080 1039 0 
185 2820 1080 1039 0 
186 720 175 152 0 
187 720 175 154 0 
191 3000 330 618 0 
192 2700 160 222 0 
193 2640 200 245 0 
221 4620 720 755 1 

222 1440 60 501 1 

223 1080 1420 709 1 

231 1080 300 740 0 
241 1980 1560 570 0 
242 1980 1560 584 0 
251 1620 840 811 0 
252 1620 840 899 0 
261 3960 600 796 0 

262 3960 626 758 0 
311 1860 840 319 0 
312 660 1380 333 0 
313 1800 180 608 0 
411 960 120 312 1 

412 3840 180 500 1 

Total n/a n/a n/a n/a 
Mean 2030 406 591 0.4 

Standard Deviation 1107 478 282 0.5 
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Table G4. (Continued) 

Subject identification 
number 

132 
133 
134 
142 
143 
144 
146 
147 
153 
161 
162 
163 
171 
172 
173 
181 
182 
183 
184 
185 
186 
187 
191 
192 
193 
221 
222 
223 
231 
241 
242 
251 
252 
261 
262 
311 
312 
313 
411 
412 

Total  
Mean  

Standard Deviation  

Score on question  
12 (rated too  

difficult)  
0  
0  
0  
1 

0 
1 

0 
0 
0 
0 
0 
0 
0 
0 
0 
1 

0 
0 
0 
0 
0 
0 
0 
0 
1 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

n/a 
0.1 
0.3 

Score on question  
13 (rated too  

difficult)  
0  
0  
0  
0  
0  
0  
0  
0  
-1  
0  
1 

0 
2 
0 
0 
1 

0 
1 

0 
0 
0 
0 
0 
0 
0 
1 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

n/a 
0.1 
0.5 

Score on question General 
14 (rated too gallery 

difficult) scores 
0 0 
0 1 

0 1 

0 2 
0 0 
1 3 
0 0 
1 1 

0 0 
-1 0 
0 2 
1 2 
1 4 
0 0 
0 0 
1 3 
0 0 
0 1 

0 0 
1 1 

0 0 
0 0 
0 0 
0 0 
0 1 

0 2 
0 1 

0 1 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 1 

0 1 

n/a n/a 
0.1 0.7 
0.4 1.0 
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Table G4. (Continued) 
Corrected total 

Subject identification score (without 
number Total score Ql, 9,12-14) 

132 0 0 
133 3 2 
134 1 0 
142 3 1 

143 0 0 
144 3 0 
146 0 0 
147 2 1 

153 -1 -1 
161 4 4 
162 6 4 
163 4 2 
171 9 5 
172 4 4 
173 3 3 

181 9 6 
182 1 1 

183 5 4 
184 10 9 
185 5 4 
186 3 3 

187 5 5 
191 9 9 
192 4 3 

193 6 5 
221 7 5 
222 3 2 
223 7 6 
231 10 10 
241 0 0 
242 8 8 
251 4 4 
252 4 4 
261 5 5 
262 9 9 
311 4 4 
312 8 7 
313 5 5 
411 7 6 
412 8 7 

Total n/a n/a 
Mean 4.7 3.9 

Standard Deviation 3.0 2.9 
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Appendix H. 
Excerpts from Visitor Conversation Data at Touch Pool 

Subject 181 

Visitor--What do we have here? (to herself) 

Visitor--The urchins are feeding like mad. 

Visitor--This is neat; I've never seen urchins feeding this close before. 

Interpreter--What they do is they move the food around underneath. 

Visitor--I've not seen them actively feeding like this. They push and push. 

Visitor--They have those little grabbers on top, don't they? 

Interpreter--Now the sea stars, what they've discovered is that it's a hydraulic mechanism, 

it's not just suction. 

Visitor--Now this is a beauty, which one is this? 

Interpreter--Let me see. 

Visitor--I used to have all the Latin names for them, but they've gotten kind of faded over 
the years since I took marine biology. 

Visitor--There's an old cucumber over there. 

Interpreter--That's the leathery anemone. 

Visitor--What's the Latin name on that. 

Interpreter--<Latin name> 

Visitor--I've never seen that before. The greens are everywhere, and the pink ones. 

Interpreter--lists other Latin names 

Visitor--Huh. I'm fascinated by the anemones. Flowers of the sea. 

Visitor--That one has a sea cucumber hiding behind it. 

Visitor--Have you ever eaten one of these guys? 
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Interpreter--No 

Visitor--They're very rich. But nobody eats sea stars. 

Interpreter--Birds  

Interpreter--<more Latin names>  

Visitor--I don't see a lot of vegetable matter in here. What are your urchins feeding on?  

Interpreter--Dulse; we give them several times a week  

Visitor--You just introduce things, then. Because this looks like a fairly sterile tidepool.  

Subjects184 and 185  

F visitor - -Ooh, look at this one.  

Interpreter--That's a sea cucumber; this one here?  

F visitor--No, below it.  

Interpreter--That's an anemone; but see people poke at it and then they close up.  

F visitor--So it's the same kind as this one?  

Interpreter--Yes, same as this one here  

F visitor--So they come in different colors?  

Interpreter--Yes. There are three times when they close up; low tide, when eating, and  
when disturbed. We feed each of these individually and we make sure they are eating. 
<Ds each food for each animal> 

F visitor--Huh.  

M visitor--So do the urchins grab the food with their spines or do they go over the top of  
it.  

Interpreter--Put your finger in there and you'll see how it reacts. That's how they hold  
onto food.  

M visitor--Where are their mouths?  

Interpreter--On the bottom; shows shell for demonstration.  
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Interpreter--You see that anemone is starting to open again.  

F visitor--What did you say that reddish one is?  

Interpreter--Sea cucumber. that's another animal that crawls along the rocks eating  
whatever they come across.  

Interpreter--There's one of the limpets that comes in through the water system.  

M visitor--The purple one here is moving  

Interpreter--They move around. the day before they get fed, they start moving around.  

F visitor--You need some time lapse photography. 

Interpreter--<long lecture about the animals> 

F visitor--Amazing. 

Subject 231 (M) 

InterpreterFeel free to touch. Did you see this one? 

M visitorOh, there he is. 

M visitor--Is it ok to touch that? 

Interpreter--Yes, touch it on the sides. 

M visitor--<discussion with companion; unintelligible> 

M visitor--Is this a sea cucumber 

Interpreter--Yes it is. 

F visitor--So are they part animal? 

M visitor--Yes  

Interpreter--Yes, this is an animal, and he's related to him who is also an animal.  
Oftentimes these would eat tentacles off an anemone and live on the size of the anemone.  

F visitor--They'll actually grow on them?  

F visitor--Are these mussels alive?  
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InterpreterNo, but this one is, it's somebody's dinner.  

Interpreter- -Can you see the little green thing here? It's a baby anemone.  

M visitor--Oh really?  

M visitor--Oh this one? Oh wow...there's a little crab! Is that a crab or?  

Interpreter -- That's a pump.  




