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Chapter 1 - INTRODUCTION 

The purpose of this study was to investigate the development of an interactive 

aquarium design motivated by the employment of an innovative technology used in 

scientific research. The study was informed by research on free-choice learning 

describing the effects of interactive devices on visitor learning, engagement, and 

attitudes. The researcher used mixed methods design research to conduct multiple 

iterations of aquarium environment modifications. Observations of visitor interactions 

during the development of an interactive aquarium concept drove the design research of 

three different aquarium environments. The researcher collected quantitative data over an 

eleven-week period, generating outcomes based on observations of over four thousand 

visitors to the aquarium design environments. 

A parallel purpose of this research was to explore the usefulness of design 

research as a methodology in research on free-choice learning in informal science 

education settings. Design research methodology is an appropriate strategy in the 

development of an interactive aquarium design because it attempts to address a variety of 

design variables by examining their impacts on interaction and participant outcomes. 

Because visitor behavior can be impacted by a variety of situational components, it is 

often difficult to fully control variables in classic experimental fashion in real learning 

settings like aquariums and museums. For instance, the availability of interactive devices 

may be one of the most important design elements encouraging interactivity at an exhibit, 

but other design factors may weigh in heavily. Design research methodologies are similar 

in many ways to the methods of exhibit prototyping often employed in museums, and 
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therefore may be especially well suited to research on learning that respects learners’ 

choice and control. This is an important element of research in public settings like 

aquariums as recognized recently by the National Research Council (Bell et. al. 2008).  

Because part of the research is devoted to the usefulness of design research, this 

text outlines both findings related to the design of the exhibit and the outcomes for 

visitors under different designs. Thus, there is a discussion of the features of the design 

environment that were developed in order to first attract visitors. Fish movement in 

public aquariums effectively captures the public’s attention. Once visitors’ attention has 

been assured, different design strategies can be used to enhance learning. Chapter 4 

describes these iterations and how findings were used to develop progressively more 

effective exhibit components throughout the first part of the study.  

 Chapters 3 and 5 describe factors that influenced the adaptation of scientific 

technologies for public use and the elements of design processes that were shaped by 

attempting to achieve different visitor impacts. This study provides an account of design 

processes that allows a novel examination of current research in terms of backward 

design analysis. Backward design process begins by identifying the desired product in 

this case an interactive aquarium environment. The design changes are driven by visitor 

feedback. Design research methods also allow some reflection on and contribute to a 

theory of visitor engagement.  
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Problem  

The primary goal of this research was to design an interactive aquarium 

environment that enhanced adult learning opportunities. Public aquariums are an 

important venue for adults to learn ocean sciences. In terms of ocean sciences and marine 

biology, free-choice learning (FCL) opportunities in informal settings may be the single 

most important source of information for most people in the U.S. (Pew Commission 

Report, Ocean’s Report). In a study by Falk (2002), museums (including science centers 

and aquariums) ranked fourth, after books, life experiences, and TV, as a source that 

interviewees used “some or a lot” for learning about science and technology.  

Aquariums have not been as successful as science centers in designing interactive 

experiences and conducting research on learning. A comprehensive literature review 

conducted by Dierking et al. (2002) revealed that there were few studies assessing the 

educational impact of aquariums or demonstrating actual change in visitor behavior 

following visits. The nature and dynamics of learning in the aquarium setting must be 

understood in order to design an environment for maximal learning potential (Briseno-

Garzon 2007). Phipps (2008) demonstrated how visitor learning can be enhanced in an 

FCL aquarium venue, using an interactive technological device such as an iPod. The 

Monterey Aquarium uses podcasts, videos, and webcams to provide an interactive 

experience for their visitors that goes beyond simple observations of live fish and 

mammals in aquarium settings. Yet there is very little published research on the value of 

interactivity in aquarium settings, the development of aquarium interactive devices, or the 

impact of those devices on visitor interaction and learning.  
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The Role of Design  

A cardinal feature of science centers has been the development of interactive 

exhibits and educational programming keyed to the idea that learning is an active 

enterprise (Semper 1990). A large body of research on interactive design of exhibits in 

science centers has emerged since the 1980s (Falk et al. 2004, Adams et al. 2004, Korn 

1995, Stevenson 1991). Interactive devices must first attract the participant, and then be 

intuitive enough for successful self-guided operation. They can be either “open-ended,” 

having more than one learning outcome, or didactic, following a stepwise process toward 

the desired learning outcome. Interactive devices also need to be constructed in a robust 

manner to resist breakage by an over-enthusiastic public. Ongoing assessment is essential 

to successfully design interactive devices that meet these constraints. Most public 

aquariums, however, have been slow to include “hands-on” exhibits that integrate with 

their live animal displays or to take on the research that has become a more or less 

standard aspect of work on informal education in science centers (Falk et al. 2007). 

One reason why aquariums may be behind science centers in this sense is the 

differing role of prototyping and formative evaluation in the different settings. Evaluation 

and prototyping have been important aspects of science center for almost four decades. 

Most major science centers have in-house evaluation expertise and employ in-house or 

external evaluators on exhibit design teams. This is crucial in order to create high-quality, 

robust, and effective interactive exhibits. Aquariums, however, have tended to focus on 

aesthetic components of visitor experiences and been guided more by interpretive goals 

than the development of interactive exhibits. Evaluation and prototyping have therefore 
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not been as crucial to exhibit development teams in aquariums. However, as aquariums 

attempt to move toward interactive opportunities with animals and tanks, they face the 

need to include evaluation and prototyping as elements of exhibit development.  

The inclusion of different kinds of technology in a single interactive exhibit is 

essentially a design problem. Design problems require a researcher to identify ways of 

accomplishing desired functions and then fit them together to create a system or artifact 

(Hmelo et al. 2000). Design professionals use modeling as a vehicle to understand the 

problem they are working on and to make predictions about how their design might 

behave when constructed (Hmelo et al. 2000). Using a design research approach when 

comparing aquarium environments provides an opportunity to access the impacts that 

design components have on visitor attraction and engagement while maintaining the 

flexibility to continue changing the environment, revealing which design features are 

crucial and which may be secondary. This is similar to the backward design approach in 

curriculum studies (Wiggins & McTighe 2001). Curriculum developers using the 

backward design approach begin by identifying their desired outcomes, and then they 

derive the curriculum from ongoing assessment. By remaining focused on the learning 

outcomes, they evaluate the impact of specific instructional methods and particular 

resources. While this is a valuable model for exhibit development, exhibit design often 

starts with solving problems about materials and contexts rather than with learning 

outcomes.  

Design research can also play a critical role in FCL research by implementing a 

theory for its evaluation and possible refinement (Edelison 2002). Design research is 
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especially useful in translating the principles of a learning theory into concrete 

components that can be assessed to determine whether they work as anticipated. The 

designer must first identify the components and research their individual functionality, 

before testing how well they work together in a system. When we do design research, we 

are not only improving exhibits iteratively, but we are beginning to focus more on 

learning outcomes as those become our measures of success.  

 

Conceptual Framework 

Central to this design research and assessment challenge is the epistemology of 

constructivism. Constructivism is a major influence in contemporary science and 

mathematics education (Mathews 1997). However, though there are different forms of 

constructivism, not all are applicable to this design research. Educational constructivism 

can be distinguished as either personal or social. Radical constructivism emphasizes that 

all knowledge must be actively constructed within the individual mind. Social 

constructivism stresses the importance of the group for the creation of knowledge and 

construction of concepts. Personal constructivism stresses the individual’s creation of 

knowledge and construction of concepts. Knowledge cannot be imparted; rather, it is a 

matter of personal construction. With respect to the student’s own thinking, knowledge 

isn’t found, but rather “made” (Ogborn 1997). Constructivism for the individual consists 

of “meaning-making” and is a form of active learning.  

This is supported by Piaget’s theories of cognitive development. “Cognitive 

developmental constructivism” (Fosnot 1993) is a form of personal constructivism. 
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Piaget built a constructivist epistemology based on mental structures to deal with the 

physical world through internalizing actions on and of the world as schemes (Ogborn 

1997). He believed that cognition must be considered an adaptive function. Piaget’s 

(1972) “accommodation and assimilation” stresses the individual’s construction of 

conceptual models to explain observable phenomena. Piaget’s later writings moved away 

from this simplistic discussion into a mode of dynamic equilibrium characterized by 

successive coordination and progressive equilibrations (Fosnot 1993). 

If, as suggested above, we begin exhibit design with learning outcomes, we are 

faced with articulating learning theories that will have direct applications in FCL venues 

for deriving desired outcomes. Constructivism is one such theory where FCL venues can 

contribute to its development and application. Museum professionals as a whole tend to 

embrace constructivist approaches (Rowe 1999), and research in FCL explicitly has been 

carried out with a constructivist framework (Phipps 2008). This educational theory 

suggests that knowledge is constructed based on the existing knowledge base of the 

learner. Identifying the pre-existing background of the visitor provides the opportunity 

for exhibit developers to connect to their audience’s cognitive baseline to build new 

conceptual ideas. But constructivism is more of a theory of knowing than a theory of 

knowledge. Constructivism is a way of thinking about knowing, and is a referent for 

building models for learning (Tobin and Tippins 1993). Knowledge is being actively 

constructed by the learner, who live in a world of their own subjective experiences. 

Researchers have extended this theory of knowledge to include social environments 

(Resnik 1988). Social-constructivism allows learners to develop, compare and understand 
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multiple perspectives from a share experience. Social-constructivism is a theoretical 

formulation that supports the analysis of many free-choice learning environments. Falk & 

Dierking (1993), following the lead of other researchers, have identified three categories 

of factors influencing free-choice learning settings: personal, social, and physical. 

“Museums (and aquariums) are excellent environments for meaningful learning because 

they offer rich, multi-sensory experiences” (Falk & Dierking 1992). The tenets of 

constructivism provide a framework for analyzing how individuals and groups acquire 

scientific principles by building on personal and group knowledge.  

The constructivist notions of active learning and “meaning making” support the 

development of interactive exhibits in free-choice learning (FCL) venues. The visitor 

being an active participant is now crucial to the very notion of learning in free choice 

venues. The rising success of interactive exhibits in science centers attests to this and 

suggests that aquariums can contribute to the public’s understanding of science by 

incorporating hands-on devices. 

But how can individuals be expected to derive scientific theories that have taken 

hundreds of years to develop? Personal constructivism can make sense of reality for 

oneself while contradicting current scientific dogma. Taken a step further, making sense 

of new personal experiences would be difficult on a faulty scientific foundation. Shared 

learning through social constructivism can help to individuals create personal theories 

that are more in line with current science. 

Social constructions of shared experience help shape each individual’s learning. 

This emphasizes the social effects of the desire for consensus and peer approval in 
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modifying the scientific ideas held. A continuing dynamic interaction between group and 

individuals is critical (Grandy 1997). Objective knowledge is often the result of an 

interactive process between individuals and their community of learners. Learning 

science can involve social interaction, but the individual must make personal sense of the 

new knowledge. “….no single perspective is ever likely to provide a final description of 

science education” (Solomon 1994, p. 17). 

Social constructivism can also emphasize the impact of collaboration and stresses 

the importance of interaction within both the social and physical context. Situational 

learning theory (Lave 1988) can be an integral component of social constructivism, 

defining the environment where successful social interactions are facilitated. Even basic 

design requirements suggest that, in FCL venues, text and signage can be created as 

“dialogic text” where visitors reading of the text can “…be treated as an interactive and 

dialogic process of engaging the author in conversation in order to develop one’s critical 

understanding” (O’Loughlin 1993, p. 813). Individual understanding can lead to further 

conversation and additional negotiation of understanding within a group of visitors. 

Personal construction of knowledge is, in this sense, carried out in social groups and in 

interaction with texts and other people. It is as much a social process as an individual 

process and it is this social nature that puts individual constructions into dialogue with 

socially agreed upon constructions.  

Radical constructivists maintain that knowledge has to be actively constructed 

within an individual’s mind and is subjective to their personal experience. This 

constructed knowledge is for the purpose of making experience meaningful but none of it 
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tells us anything certain about “the world” (von Glasersfeld 1993). Knowledge consists 

of mental constructs that have satisfied the constraints of objective reality (Hardy 1997) 

and usually is the result of collaboration between different individuals occurring over 

time. 

Exhibit environments can be designed with radical constructive principles. Open-

ended exhibits can be designed without the “planned discovery” strategies employed by  

most interactive designs. Learning outcomes are affected when “open-ended” exhibits are 

designed to enhance any individual objective reality. Atkins et al. (2008) used a design 

research method to create and study an exhibit using heat cameras, both as a tool for 

open-ended exploration and as a label-directed lesson. Visitors found that creatively 

interacting with the heat camera “as a tool” was less frustrating. However, participant 

interpretation, while satisfying their subjective reality, was often incorrect or incomplete. 

Creating an open-ended exhibit environment that fosters collaborative learning could 

enhance individual objective perception. 

Constructivism has helped make educators aware of the true nature of science, 

especially its fallibility and historicity of concepts. Science is much more than a 

“collection of immutable scientific facts.” Science requires conceptual models 

constructed to explain the relationship or patterns that exist between known scientific 

facts. Every new discovery must be reconciled within the existing conceptual model, or a 

new paradigm needs to be developed to reconcile the new information with the previous 

knowledge.  
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The physical dimensions of free-choice learning environments complement 

personal and social dimensions to paint a complete picture of a free-choice learning 

setting. Whereas classroom studies often talk about the classroom environment as 

important, when studying FCL in informal settings, the physical and social environment 

within which the learning is occurring takes center stage. Rather than considering 

learning as occurring primarily in the individual’s mind, social constructivism views 

learning and thinking as situated in a social context. From this perspective, learning 

occurs on an interpersonal plane as individuals participate in activities (Lambert & 

McCombs 1998, Lave & Wenger 1991). FCL environments are characterized by social 

interaction; up to 85% of visitors to informal-learning settings attend as part of a group, 

and most as part of a family group. Adults and children will often model each other’s 

manipulative behaviors (Koran & Koran 1983). 

 

Learning Assessment 

Creating an aquarium environment that fosters collaborative learning on social 

constructivist lines should enhance the educational outcomes. Dillenbourg (1999) 

questioned whether collaborative learning is a pedagogical method or a psychological 

process. He considered the pedagogical method prescriptive; that is, if two or more 

people collaborate, it is expected they will learn more efficiently. The psychological 

process is descriptive; collaboration is viewed as the mechanism that is related to 

learning. 
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Collaborative and cooperative learning styles can be differentiated by how 

assessment occurs. Collaborative learning uses independent evaluation, while cooperative 

learning is evaluated jointly. Family learning is a collaborative process; the most 

effective types of family experiences are those that promote and facilitate social 

interaction and collaboration (Dierking 2001). The impact of collaborative learning needs 

to be measured individually with specific evaluation. In this study, adult participants who 

shared their experience either through conversation or gestures were categorized as 

“collaborative” learners. 

As suggested above, since most FCL occurs as part of group activity, the social 

aspects of learning are also of concern in setting up a research study. Studying museum 

experiences of family groups can illuminate social construction of knowledge. Most 

evaluation of social impact has not occurred in a systematic, professional way. A variety 

of evaluation methodologies could be employed and then analyzed for their relative 

effectiveness. Both qualitative and quantitative research methods should be employed to 

capture the range of visitor-exhibit interactions (psychomotor), learning (cognitive), and 

changes in behavior (affective) outcomes. Evaluation of FCL should include activity, 

feelings, and thoughts. “Activity” includes descriptions of what the subject did with the 

exhibit or of the exhibit itself. Visitors’ “feelings” and “thoughts” are addressed as 

affective and cognitive outcomes in this paper. 

Through the efficient use of FCL education, opportunities exist to promote 

scientific literacy in the general populace (Falk et al. 2007). But how do we know if our 

efforts actually promote scientific literacy? Employing an outcomes-based methodology 
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can measure visitor behavior at both affective and cognitive levels. FCL venues typically 

employ non-intrusive data-collection techniques. Non-intrusive techniques such as 

engagement time measurement, participant tracking, and observational studies have been 

utilized extensively in the literature (Sandifer 1997, Boisvert & Slez 1995, Phipps 2008). 

Personnel evaluation strategies such as scripted interviews and focus groups, and written 

instruments such as visitor surveys, pre/post evaluations and questionnaires, have also 

been used to document short-term change in participants’ knowledge or opinion (Peart 

1984, Falk 1983). Summative evaluation is occasionally employed to measure long-term 

cognitive and affective change (Davidson 1996, Stevenson 1991). Because of 

inconsistencies in these research methodologies, it would be difficult to conduct a valid 

meta-analysis. In addition, the overwhelming majority of FCL evaluations use some type 

of “self-selected” audience, rendering successful generalization unlikely.  

Other factors contribute to the challenge of measuring learning outcomes in the 

FCL environment. The effect of gender and age difference of participants in non-formal 

science centers has been evaluated in past studies (Ramey-Gassert 1996, Diamond 1994, 

Hood & Roberts 1994). For example, children have been observed to behave in a 

generally more social way with each other than adults do, often demonstrating a more 

cooperative and sharing behavior (Hike & Balling 1985). Once students begin interacting 

with the exhibits, they tend to do it in a stop-start manner, revisiting exhibits that interest 

them.  

There are also problems defining individual differences or conversely, a danger of 

stereotyping visitors (Bitgood 1994). However, trends of activity based on gender, 
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educational background, and age have been observed. For example, adult males tend to 

peruse objects quickly and cover a lot of territory, contrary to adult females. Adults 

hesitate to manipulate objects, while children may not. Children tend to linger at exhibits 

they can touch.  

Is “time on task” positively related to the amount of learning that occurs? In an 

FCL environment, the participant has the option of interacting or moving on to a different 

exhibit. Participation time can’t occur unless the participant is initially attracted to the 

interpretive environment. Attractiveness is usually measured as the number of visitors 

who enter the exhibition, or who stop and look for longer than five seconds (Screven 

1976). Unfortunately, researchers do not use consistent definitions for “time on task” or 

“participation time,” and these terms have been used interchangeably in the literature. 

It is a popular belief in the educational community that there is usually a positive 

correlation between learning and time on task. Time on task, or “holding power,” has 

been defined as the total minutes and seconds a visitor remains at the exhibit (Screven 

1976). This direct measurement has been used for decades to evaluate the educational 

effectiveness of different science exhibits (Hilke et al. 1985, Shettel et al. 1968). 

However, this simple evaluation approach can ignore other variables, such as 

psychomotor frustration, that affect the measurement of learning in an FCL environment.  

Research on visitor behavior has indicated that visitors spend only a minute or 

two in front of each exhibit, and that after about thirty to forty-five minutes, “museum 

fatigue” sets in. However, other factors could increase or decrease time on task without 

accurately measuring the educational effectiveness of an exhibit. In fact, if learning is 
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related to an epiphany experience, very little time will have elapsed. Conversely, 

frustration or confusion can increase visitor time on task without enhancing the 

educational value of exhibits. The visitor’s inability to interface, on either a cognitive or 

psychomotor level, can increase time on task without a positive learning outcome.  

For the purposes of this paper, visitor interaction is a specific component of the 

overall participation time. Participation time is defined as the more inclusive descriptor of 

visitor time, and includes attraction and holding times. 

 

Design Research and Theory Development  

Unlike most evaluation strategies, design research can be used to intertwine 

learning theories with specific applied changes in the learning environment. Design 

experiments can have complex features that are interdependent (Brown 1992, Hmelo et 

al. 2000). Changes made in one part of the design system reverberate throughout, 

affecting the entire investigation. Performing formative evaluation for multiple iterations 

(e.g., Linn & Muilenberg 1996) permits assessing the learning impact of changing a 

single design component. The design of innovations enables us to create learning 

conditions that learning theories suggest are productive. For example, if participants were 

unsuccessful interacting with a design component, constructivism would suggest that the 

component should be redesigned to successfully address the participant’s existing 

knowledge. Alternatively, the researcher could redesign the environment to enhance 

collaborative learning. 
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Designers also need to sequence and interrelate different visitor behaviors. 

Visitors must first be attracted to the aquarium environment before they can be engaged 

as participants. Live animals act as a natural attraction for many people (Adelman et al. 

2000, Meyers et al. 2004), but sometimes even this isn’t sufficient. Visitor fatigue can 

manifest after repetitive experiences, resulting in disinterest or shortened attention spans. 

This is especially problematic for aquarium design, as the most obvious differences that 

might attract visitors are the animals themselves rather than changes in the aquarium 

environment. Designing unique aquarium environments can help attract and then engage 

more visitors. 

Once visitors are attracted to the aquarium, designers need to create an 

environment that engages the participants for a sufficient time for learning to occur. 

While it is true that some learning can be an instantaneous “Aha” experience, time on 

task has been positively correlated to cognitive gain in informal settings (Serrell 1998). 

The designer’s central challenge is prolonging engagement time with a positive 

experience that connects to the participants’ current knowledge or interests. 

Learning outcomes of the participant, in both the cognitive and behavioral 

domains, need to be assessed to successfully modify the design. Through ongoing 

assessment, changes in these components can be evaluated and possibly implemented, 

leading to a more effective design and, ultimately, to a progressively more sophisticated 

understanding of how people learn. 

Design research is often characterized by this iterative structure. First, a complex 

learning environment (e.g., an interactive aquarium in a public, informal science 
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education center) is created. Activity and learning in that environment are documented, 

suggesting design strengths and weakness. Changes are made to design components, and 

then a new round of documenting activity and learning occurs. This cycle may be 

repeated many times. Because changes to the system are based on what participants do, 

assessment is an integral part of this process. For this study, assessment drives the design 

of the aquarium environment and its hardware, graphics, and software development.  

 

Design Research Outline  

In order to explore the usefulness of an interactive device based on scientific tools 

in creating better learning experiences for visitors, three alternate sablefish aquarium 

design environments were developed, including one with an attached interactive device. 

Changes in adult learning and behavior that resulted after their interaction with different 

aquarium design components were evaluated and used for the next iteration of aquarium 

design. Strategies using design research were employed to develop and assess visitors’ 

behavior based on their reactions. 

This research begins with an explicit exhibit design challenge: How to 

incorporate a widespread scientific technology, such as PIT tags, into an aquarium exhibit 

to make it interactive? With the appropriate software, PIT (Passive Integrated 

Transponder) tag technology can be used to create an interactive aquarium environment. 

The combination of new educational technologies that incorporate video-enhanced 

aquariums, combined with emerging scientific research technologies, such as PIT tag 

readers, poses both opportunities and challenges. This study brings two kinds of 
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technology (a science technology—PIT tags—and a communication technology—

computer-based video) together and measures their impact on participant learning 

experiences. 

Researchers use PIT tags to positively identify fish or other animals (Parker and 

Rankin 2003).Veterinarians can identify the owners of lost pets that have been injected 

with these microchips. PIT tags are passive electronic devices that produce a discrete and 

identifiable signal when the tagged animal is scanned with a radio frequency. The term 

“passive” means there is no battery on the tag. Passing a magnetic field across a tiny wire 

coil induces a current. Implantable tags are integrated circuits with an antenna, 

encapsulated in glass. The resulting signal identifies the tagged organism from a 

computer database. PIT tags are used in fisheries research to identify individual fish 

within a hatchery or wild population. Social relevance is added when this technology is 

used in an educational setting that mimics an authentic research process.  

Perhaps one reason aquariums have been slow to take on research in active or 

interactive learning is that it is not immediately clear how these venues might be made 

“interactive.” Visitors approaching a large aquarium are naturally attracted to the fish 

movement. The research described in this dissertation was meant to capitalize on that 

fascination by providing opportunities for interactivity connected to a visitor’s attraction 

to moving fish. It was postulated that the novelty of an attached interactive device could 

enhance the attraction of moving fish, even if the outcome of the potential interaction 

isn’t readily apparent. Using a hand-held reader device, participants scanned a PIT-

tagged image of a sablefish and initiated a software program that selected from a series of 
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brief videos on sablefish research. When suspended from the aquarium, the hand-held 

reader attracted visitors and, through additional design research, encouraged their 

engagement. The design challenges, participant learning outcomes, and changes in their 

interactions with the modified aquarium environments were the focus of the design-based 

research described here.  

Two alternate aquarium environments (static graphic display and video loop) 

were also developed. The public’s response to each aquarium design was separately 

evaluated and those results subjected to statistical analysis. The static graphic design, 

typically found in public aquariums, served as the control. The video loop aquarium 

design was identical to the interactive aquarium environment, but did not include the 

interactive device, video attract sequence or instructional signage.  

This study employed both exhibit design and design research strategies to respond 

to different research questions. The guiding research question addressed by this 

dissertation was “In what ways do design research methods afford opportunities to 

analyze the development of an interactive aquarium environment?” Design research 

strategies were used to develop both the different aquarium environments and the 

assessment instruments. The following design research inquires were used to assess for 

visitor learning outcomes: 

•After interaction with any of the three different aquarium designs, was there evidence of 

long-term learning? 

• Does an interactive aquarium design promote an independent or cooperative learning 

opportunity?  
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This led to additional, equally important research questions. “What are the effects 

on visitor engagement of interactive aquarium designs?” This was addressed through 

ongoing assessment that was integral to both the aquarium design process and the 

development of valid evaluation instruments. The following exhibit design research 

inquires were used to assess visitor engagement outcomes: 

• Are more people engaged if an interactive device is attached to an aquarium? 

• Does a continuous video loop attached to an aquarium attract and engage more people 

than the standard static graphic panel design? 

• Does an interactive aquarium design attract and then engage a self-selected audience 

that is representative of the general visiting population? 

Design research strategies were also used to address the question: “What are the 

problems encountered when incorporating a scientific research device into an interactive 

public aquarium display?” Cycles of observation and analysis assessed successes and 

failures of the different design components as they were altered through this iterative 

process.  

A thorough review of the pertinent literature helped identify recent developments 

in appropriate learning theories, such as constructivism and design research, as well as 

successful strategies for assessment of learning in an FCL environment. An outcome of 

the literature review was to design and then reliably administer research instruments that 

measure participant learning and behavioral outcomes after interaction with the different 

aquarium design components.  



 

 

21 

However, the central challenge was to design a robust interactive aquarium 

environment that enhanced adult learning and participant engagement. Design research 

strategies, utilizing a mixed-methods approach, were essential to the success of this 

endeavor. 



Chapter 2 - REVIEW OF THE LITERATURE 

Introduction 

 Before the 1980s, museum and science-center studies were in their infancy (Feher 

1990). By the 1990s there was increased effort to research the cognitive, affective, and 

social aspects of the learning experiences of visitors. However, this research wasn’t 

equally distributed across the different visitor demographics. While families comprise the 

largest segment (up to 85%) of the free-choice audience, 40% of the research studies 

collected focused on students (Garnett 2002). There is a real need to evaluate adult 

learning experiences in FCL venues. 

 Early science centers and museums of science and industry pioneered the 

development of “hands on“ exhibitry during the 1950s. Although national organizations 

such as the Association of Science and Technology Centers recognize the value of 

interactive exhibits (Kennedy 1990), the evaluation of the learning outcomes from such 

exhibits has been difficult to generalize. 

 Instructional environment design in free-choice educational venues has co-

evolved with the rapid development of modern technology. Recognition of the 

importance of “hands-on” learning in both math and science formal education paralleled 

the development of interactive exhibits in free-choice environments. In recent years, 

technological advances have ushered in a new era of interactive learning devices. 

Emerging technologies can even be used to fuse interactive educational multimedia with 

popular live-animal exhibits. While this may intuitively sound beneficial, can the learning 

outcomes be accurately identified and measured? This is an important question because 
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the field of informal science has begun to develop some widespread approaches and tools 

for understanding learning outcomes from interactive exhibits, yet almost none of this 

work has included exhibits featuring live animals. Designers are challenged to translate 

the learning theory of constructivism into actual practice (Karagiorgi & Symeou 2005) 

and having clear ideas of appropriate learning outcomes in free-choice learning settings 

will help that process.  

 The problem of creating interactive exhibits with live animals is compounded by 

the fact that aquariums do not have a history of using them. Public aquariums typically do 

not use interactive exhibits. The audience’s expectations of public aquariums generally 

do not include interactive exhibitry (Nickels 2009). The public’s strong attraction to live 

animals initially negated the necessity of interactive displays. However, public aquariums 

are recognizing the educational potential of interactive, “hands-on” exhibits (Hennes and 

Chabay 2001). A primary design-research challenge is to develop a robust interactive 

exhibit that can resist the corrosive effects of a seawater environment. 

 Doing research with adults and families in aquariums is not simply a matter of 

transferring techniques and methods from research in formal education. It is more than 

just the physical setting of the school that differentiates formal learning from free-choice 

learning. Research has been reviewed that demonstrates the importance of social context 

and the underlying motivation of the learner. Free-choice learning usually encourages a 

variety of social interactions. Visitors to science centers and aquariums often arrive as 

families or in groups of peers (Borun et al. 1997 and 1996, Schauble & Barlett 1997, Falk 
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1991). Their learning outcomes are dependent on the interactions between themselves 

and with the learning environment. 

 The literature indicates that families are learning in free-choice environments 

(Borun 2002, Borun et al. 1998, Borun & Dritsas 1997, Borun et al. 1996, Dierking & 

Falk 1994, Falk 1991, Ellenbogen 2002, McManus 1991). Families represent a unique 

learning group composed of mixed ages and backgrounds and who attach great 

importance to social interactions. Borun’s (1996) research provides an excellent synopsis 

on family learning in free-choice venues, but concludes “to date, no one has shown a 

correlation between observable behavior in a museum and an independent measure of 

learning.” 

 There is often a problem in defining individual differences and a danger of 

stereotyping visitors (Bitgood 1994). However, trends of activity based on gender and 

age have been observed. For example, adult males tend to peruse objects quickly and 

cover a lot of territory; conversely for adult females. Adults hesitate to manipulate 

objects; children do not. Children tend to linger at exhibits they can touch. Adults 

sometimes admonish children not to touch, in spite of signage encouraging them to do so. 

Adults and children will model each other’s manipulative behaviors (Koran and Koran 

1983).  

 Research suggests that interaction between people is at least as important for 

learning as those between the individual and the exhibit (Blud 1990, Crowley & Callanan 

1998). Cooperative and collaborative learning styles can be differentiated by how 

evaluation occurs. Collaborative learning uses independent evaluation, while cooperative 
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learning is evaluated jointly. Family learning is a collaborative process; the most 

effective types of family experiences are those that promote and facilitate social 

interaction and collaboration (Dierking 2001). The impact of collaborative learning needs 

to be measured individually with specific evaluation. Identifying the effects of social 

interaction is especially important when young children are part of the group (Bitgood 

1994). The parent or grandparent can facilitate child-centered activities, such as 

educational conversations, posing and answering questions, pointing out interesting 

things, and reading aloud. Both cognitive and affective adult learning outcomes can be 

measured resulting from these interactions. However, these same social interactions can 

have a negative effect on adult learning. Without the proper design, children can become 

bored and leave the aquarium environment, often requiring the adult to follow before they 

have the opportunity to address higher-level learning opportunities. Engagement time is 

essential for cognitive construction to occur, and interactive devices in public aquariums 

need to be designed for active prolonged engagement that accommodate a variety of 

learning levels  

 

Selection Criteria and Description of Literature Reviewed 

 The following articles that have been extensively reviewed were selected for their 

relevance to my research questions, methodology, and design. Most of this research is 

based on the learning theories of personal and social constructivism and how they relate 

to design research. Grandy (1997) provided an excellent comparison between cognitive 

and metaphysical constructivism. Korn’s methodology (1995) included front-end analysis 



 

 

26 

and instrument development and validation. Stevenson (1991) documented some of the 

earliest empirical evidence utilizing summative evaluation to measure long-term 

cognitive gain. Jeffery & Wandersee (1996) conducted research on learning in public 

aquariums using participant surveys. Falk et al. (2004) used a multiple-methods 

approach, employing pre-, post-, and summative evaluation instruments to evaluate 

interactive devices in the light of constructivism. In 1997, Sandifer’s observational study 

of visitors’ time-based behaviors with an interactive exhibit utilized methodologies 

similar to components of my data-collection strategies. Briseno-Garzon et al.’s research 

in 2007 examined the very pertinent question of how adults learn in social situations such 

as public aquariums. Humphrey & Gutwill’s (2005) Active Prolonged Engagement 

(APE) project was an experiment that utilized constructivist models for exhibit design 

and engagement. Hmelo et al. (2000) provides seminal work on design research. 

Sandifer’s research (2003) examined interactive design implications on visitor 

engagement times. Afonso & Gilbert (2006) used a personal constructivist perspective to 

study the use of visitors’ spontaneous memory to understand different interactive 

exhibits.  

 Grandy (1997) classified all constructivism as epistemic, cognitive, or 

metaphysical. Metaphysical constructivism can be individualistic, with individual 

constructions of individual worlds, or social, with social constructions of shared worlds. 

He contrasted this with metaphysical realism, which posits that the world exists 

independently of mental models or thoughts. Grandy defined cognitive constructivism as 

the view that individuals make sense of the world using mental representations that they 
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have constructed. From this point of view, it is not enough to simply experience physical 

phenomena in order to learn (a version of what was once called “discovery learning”). 

Instead, mental models must be cued up by experiences and accessed as part of active 

meaning making.  

Grandy asserts, “Cognitive constructivism has strong empirical support and 

indicates important directions for changing science instruction. It implies that teachers 

need to be cognizant of representational, motivational and epistemic dimensions which 

can restrict or promote student learning.” That individuals use mental representations 

they have constructed is central to understanding cognitive constructivism. Free-choice 

learning venues can leverage the research conducted in school settings and apply them to 

science centers and public aquarium settings. Regardless of the source of information— 

directly from a teacher, an exhibit, or an aquarium—each participant constructs a 

representation based on his or her personal experience. Accepting the learning theory of 

personal constructivism has very significant consequences for the exhibit or aquarium 

environment designer. 

In his research review, Grandy ignored epistemic constructivism. Epistemic 

constructivism supports the view that knowledge is constructed by the individual rather 

than the environment. This contrasts with the position supported by the learning theory 

expounded by situated cognition, where knowledge is directly imbibed from the 

environment (Brown et al. 1989) and in a sense emerges from that environment and a 

learner’s interactions within it.  
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The unit of analysis is also a critical factor in this type of research. Considering 

the classroom or the student as the unit of analysis can have a dramatic impact on the 

outcomes of constructivism research. Research design in a FCL venue is often in the 

social context. Social constructions are created by a shared view between individuals who 

are sharing a learning experience.  

Objective knowledge can be the result of an interactive process between 

individuals in a social context. However, Grandy asserted that the most promising 

approach to a general theory of science is one that takes individual scientists as the basic 

units of analysis. He also acknowledged that the group, and the perception of the group, 

shapes the cognitive behavior of the individual who participates in it. Thus, Grandy 

argues for the individual as the unit of analysis for constructivist research. In practice, 

however, the individual learner can almost never be disassociated from the social groups 

within which learning takes place. This is especially true of FCL in informal settings like 

aquariums.  

Recognizing exactly who your audience is, and what preconceptions and 

knowledge they bring to the free-choice environment, is a central challenge for educators. 

Randi Korn (1995) developed an analysis to determine the differences between visitors at 

natural-history museums and science centers. Visitor surveys are often used to learn 

about demographic characteristics, psychographics, perceptions, and visitor attitudes 

(Klopfer 1991). Lack of standardization of survey instruments across the many studies of 

visitors to museums over the past thirty years has impeded drawing comparisons between 

institutions. Identifying the differences and preferences for interpretive strategies between 
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visitors of natural-history museums and science centers would enhance the educational 

efficiencies of their respective exhibitry, as well as aid in future collaborative efforts.  

 The specific research questions Korn posed ascertained the visitors’ perceptions 

and their baseline knowledge regarding “severe storms,” for comparison between patrons 

of natural-history museums and science centers. The expectations of visitors concerning 

exhibits in the two different venues were correlated to demographic and group 

composition. 

 The research instrument was a relatively short standardized questionnaire asking 

basic demographic question such as gender, age, education level, permanent residence, 

size of visiting group, and type of visiting group. These statistics were related to a 

question about the kinds of interpretive strategies they liked in a museum or science 

center. Each strategy was rated on a seven-point scale ranging from “Don’t like at all” to 

“Like very much.” Live demonstrations, Things to handle/touch/manipulate, Objects or 

artifacts, Dioramas, Things to listen to, Informational text/panels, video programs, 

Computer games, and Activities for small groups were the choices of instructional 

strategies. Korn did not specify who administered the survey, nor if any attempts were 

made to verify its validity. 

 Seven hundred forty-three respondents, all over fourteen years of age, completed 

a standard questionnaire. All data was collected within a four-week period. The gender 

and approximate age of persons choosing not to participate was recorded. A chi-square 

analysis for gender was performed on the 15% who chose not to respond. While there 

were no differences for gender, a t-test for age revealed a significant difference in the 
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mean ages of the two samples. The mean age of the respondents was 37.88, while the 

mean age of refusals was 41.03. This suggested to Korn that the standardized 

questionnaire findings do not accurately represent the opinions of older visitors. 

However, while the four-year difference between the mean ages is statistically 

significant, one might question its relative importance in this age group. 

 Data from the two natural-history museums and from the two science centers 

were initially considered separate data sets, until they were combined and analyzed 

jointly. Mean, median, and standard deviations were calculated for interval and ratio 

variables. Chi-square analysis was used to test the significance of the relationship of the 

two samples. T-tests and analysis of variance (ANOVA) were used to compare the mean 

scores of the rating scales of natural-history museum samples and science-center samples. 

 Demographics revealed that slightly more women than men showed a preference 

for natural-history museums. Science centers appeared to attract slightly older visitors, 

but the difference was not statistically significant. Thirty-three percent of natural-history 

museum respondents and 58% of science-center respondents were with two or more 

children. However, since the sites were chosen by convenience, and no statement was 

made regarding how representative these sites were of their gender, generalization of this 

data should be guarded. 

 The rating of the various interpretive strategies varied significantly for five of the 

nine categories. “Live demonstrations,” “things to handle/touch/manipulate,” and 

“objects or artifacts” were the three highest-ranked strategies for both institution types. 

“Computer games” (5.07 and 4.24; p<.001), “video programs” (5.01 and 4.58; p<.001), 
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and “activities for small groups” (4.85 and 4.25; p<.001) were significantly more 

preferred by science-center respondents. 

 Ratings of six of the nine interpretive strategies were significant with age. While 

younger respondents rated “computer games” significantly higher, older respondents 

preferred “objects and artifacts,” “dioramas,” and “activities for small groups.” ANOVA 

was employed to correlate interpretive strategy to group type. Adults visiting alone and 

adults visiting with children rated “computer games” and “video programs” higher than 

adult pairs. 

 Results from front-end evaluations such as this are essential for understanding 

how to frame the interpretive experience for different age groups. The needs and 

expectations of a diverse public will be met if designers and educators recognize their 

audience’s characteristics and preferences.  

Summative evaluation strategies can be used to measure long-term cognitive and 

affective outcomes. Few studies have reported results from summative evaluations, some 

of which are reviewed here (Falk et al. 2004, Jeffery & Wandersee 2006, Briseno-Garzon 

et al. 2007). Stevenson’s (1991) research was a pioneering effort designed to investigate 

in more detail the outcomes of a museum visit by conducting a long-term study of 

visitors. An initial observational study was conducted unobtrusively on a small number of 

visitors (ten male and ten female), ranging from six years to adult). Four main categories 

of activity (interaction, observation, moving, absence) were recorded. Post-visit 

interviews were administered to a total of 383 visitors in 109 groups. Questions included: 
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“Which exhibit impressed you most?” “What about it impressed you?” and “What other 

things did it remind you of?” 

 Several weeks later, a follow-up questionnaire was sent to each group. Questions 

included: “Which exhibit do you remember the best?” “What about it do you remember?” 

and “Did you talk abut the visit with a) each other, or b) other family or friends?” 

 A sample was composed of individuals who had been given a post-visit interview 

about six months earlier and who, preferably, had sent back their follow-up 

questionnaire. The members of this group were interviewed and recorded. The 

summative evaluation consisted of eight sections: preamble, practical information, 

spontaneous recall, prompted recall, further exhibit recollections, feelings, miscellaneous, 

and conclusion. 

 Open-ended questioning strategies were employed, ranging from “What do you 

think you got out of your visit?” to “How do you feel about the exhibition?” The 

responses ranged from the simple “I enjoyed it” to long discourses on their perceived 

benefits. Other findings included total time spent in exhibition and engagement times for 

children and adults. Children spent more than twice as long as adults interacting with the 

exhibits. Adults spent twice as much time observing than children, and children were 

twice as likely to be moving than adults.  

 All of the post-interview respondents said they enjoyed the exhibition and were 

able to recall without difficulty exhibits that impressed them. There was large variability 

in appeal from the different exhibits. A large range of exhibits was mentioned in the 
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follow-up questionnaire, as well. Ninety-nine percent reported that they had talked to 

family or friends after their visit. 

 The transcripts of the follow-up interviews provided a wealth of information 

about each group’s thoughts and feelings about their visit. Stephenson used a network 

device to analyze the content of the transcripts. A network “characterizes the various 

components of an exhibit memory (defined as what one person said about one exhibit) 

and enables the components to be described in a general way.” A total of 1,699 exhibit 

memories from seventy-nine participants were analyzed by age and sex by this “levels of 

processing” approach. Of these memories, 27% were spontaneously recalled and 24% 

were clear, elaborated memories. On average, each participant was able to recall 

spontaneously five different exhibits.  

 The network analysis of the transcripts characterized the participant responses by 

activity, feelings, and thoughts. “Activity” included descriptions of what the subject did 

with the exhibit or of the exhibit itself. “Feelings” included responses that contain 

sentiments such as enjoyment, surprise, annoyance, or dissatisfaction. “Thoughts” were a 

measurement of cognitive change, such as understanding or reflecting. Thirty percent of 

the “Thoughts” had to do with noting the outcomes of the exhibits. Though accurate 

comprehension was 14% of the total, a large proportion of the visitors’ thoughts were 

accurate or appropriate.  

 Jeffery & Wandersee’s (1996) study on visitor understanding of interactive 

exhibits at a public aquarium helps illustrate this potential. Five interactive exhibits at the 

Aquarium of the Americas were selected for evaluation. A selection criterion for exhibits 
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included a focus on smaller and more-interactive displays, an organization into themes, 

and their proximity to restrooms. Three research questions were investigated: (1) Which 

interactive displays were most memorable to families?, (2) What aspects of these exhibits 

seem to increase learning in families?, and (3) What types of knowledge presented in the 

exhibit are most memorable?   

 Fourteen families composed of one or two adults and two children between the 

ages of five and thirteen were selected after spending a reasonable (but undefined) 

amount of time interacting with the exhibits. Noted were the amount of time spent at each 

display, what the families did, and whether there was any discussion. Open-ended 

questions were asked, such as “What do you remember?”  

 A summative evaluation was conducted one or two months after each family’s 

visit. Initially, the entire family was interviewed simultaneously, but the follow-up 

evaluations were conducted with each family member individually. Without the 

interactions between individuals that initially occurred, the validity of comparison 

between the individual’s subsequent responses is questionable. Recollections were 

categorized by ability to remember and describe some aspect of the exhibit, ability to 

name the fish, and ability to describe some information they learned from the exhibit. 

Short- and long-term memories were discriminated. 

 Jeffery & Wandersee’s results indicated a large difference in people’s 

recollections of certain displays between the first and second interview. The most 

memorable exhibits included live animals, such as the touch tank or electric eel display. 

Other interactive exhibits were not quite as memorable in the short term and were 
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forgotten by 24% to 33% of the individuals in the longer term. It was obvious that the 

more different senses were involved, the more memorable the exhibit became.  

Groups remembered different things about different exhibits. While the exhibits 

could be described, understanding was sometimes lacking. Misconceptions acquired 

during exhibit interaction perpetuated through the summative evaluation. Exhibits that 

inspired fear or used humor were the most memorable. The most poorly remembered 

display was fraught with visitor misconception. Jeffery & Wandersee concluded that 

when multisensory exhibits are developed with high emotional impact, visitor learning is 

facilitated.  

 Falk et al. tested whether constructivist principles and assumptions are supported 

through the visitors’ use of interactive devices in a free-choice learning setting. This 

study was conducted at two locations: a collection-based museum (the Powerhouse 

Museum or PHM), and an interactive science center (Scitech). Researchers used a 

multiple-methods approach at three different points of the visitors’ experience using pre-, 

post-, and summative evaluation. Visitors were selected randomly just before they 

entered the exhibition, and data was collected immediately after the experience. They 

were then contacted for up to eight months after their visit.  

 A demographic survey was administered during the pre-evaluation. This included 

questions regarding their science background and how often they visited museums. 

Personal Meaning Mapping or PMM (Falk 2003) was administered using open-ended 

questions to elucidate their thoughts about museums and science centers. Participants 
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were then requested to visit randomly assigned exhibits. Ninety-nine adult visitors took 

part in the study at PHM; 100 participated at Scitech. 

 Interviews were conducted immediately after the participants experienced specific 

exhibits. They were asked both open-ended questions and specific questions based on 

their observed interactions. Participants were also requested to reexamine their PMM to 

modify any previous response.  

 Summative evaluations were conducted by phone and were designed to elicit both 

qualitative and quantitative information. The participants were reminded of their PMM to 

prompt recollections and were asked to provide more details. A total of eighty follow-up 

interviews were conducted. 

 The results indicated that interactivity plays an important role in science centers 

and museums. They promote both communication and joint activity. Interactive devices 

provide personal feedback and an opportunity to apply content to everyday life. However, 

the different venues and their respective self-selected audience created some significant 

differences. Visitors to the Scitech had much higher expectations of interactive activity 

than visitors to the PHM. This could be expected, since science is only a component of 

the experience the Powerhouse Museum. PHM has a diverse collection that attracts a 

broader range of interests and expectations. Visitors to Scitech focused more on the idea 

of family learning and fun than did the participants at PHM. However, the experiences of 

visitors to PHM with the interactive exhibits significantly changed their perceptions of 

museums. 
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 Both short- and long-term learning outcomes resulted from visitor interaction with 

the various interactive exhibits. The authors characterized these into four categories: 

Knowledge and Skills, Perspective and Awareness, Motivation and Interests, and Social 

Learning. A key finding was that more than one type of learning resulted from each of 

the different interactive devices, but not all learning outcomes were equally likely to be 

observed for each interactive. 

 One of the more significant finds from this research relates to the changes in the 

participants’ self-reported learning outcomes. When visitors were interviewed 

immediately after their experience with the interactive exhibits, the primary type of 

learning they reported was Knowledge and Skills. But after four to eight months, 

participants described primarily Perspective and Awareness, with Social Learning 

outcomes. The long-term memory processing of their experiences shifted from specific 

cognitive outcomes to an integration of perspective and awareness of personal 

construction. 

Sandifer (1997) investigated the differences in time-based behaviors at an 

interactive science museum. He correlated these differences between weekday/weekend 

and family/non-family audiences. Sandifer tracked forty-seven visitors (inadvertently 

omitting a sixty-one-plus-aged female from the sample) selected by tracking the first 

representative from each of the four age groups (eight to eighteen, nineteen to thirty-five, 

thirty-six to sixty, and sixty-one-plus) and both sexes who entered the museum. 

Systematically cycling through the selection process, Sandifer obtained a statistically 
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significant random sample. Each subject’s group was identified as either family or non-

family. 

 Time spent on each exhibit as well as time spent on social or resting activities was 

recorded. Engagement, defined here as any interaction with an exhibit greater than five 

seconds in length, was also recorded. Sandifer performed all of his own research 

observations and cited literature (Falk 1983) supporting time-based behavior as a 

measure of exhibit success, ensuring a measure of reliability. 

 The data was analyzed with a 2 (day) X 2 (social group) ANOVA design. Total 

time in the science museum was the dependent measure. Sandifer also examined the 

effect of day, social group, and exhibition against the dependent measures of total time in 

the exhibition, average time per exhibit, fraction of exhibition with which visitors became 

engaged, and fraction of time engaged with exhibits. In the analysis of time per exhibit, a 

significant day-by-social-group interaction was found, F(1,43)=4.26, p<0.05. The 

average interaction lasted 1.4 minutes. In the analysis of the fraction of exhibition with 

which visitors became engaged, no statistical differences were found between families 

and non-families, F(1,43)=0.48, p>0.05, or between weekday and weekend visitors, 

F(1,43)=0.08, p>0.05. 

 Sandifer found in this study that visitors were, on average, engaged with exhibits 

72% of the time. The statistical comparison between family/non-family groups and 

weekend/weekday groups indicated: 

(1) Regardless of the day of the visit, families spent more time than non-families 

in individual exhibitions and in the science museum as a whole. 
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(2) There was a separation of weekday visitors into two distinct groups: (a) family 

visitors who spent, on average, almost two minutes per exhibit; and (b) non-

family visitors who spent, on average, less than one minute per exhibit. 

(3) Weekend family and non-family visitors did not differ in their average time 

spent per exhibit. 

 Family agendas can include a strong desire to view exhibits as a learning 

opportunity (Dierking & Falk 1994). This supports points (1) and (2). Reasons for why 

the mean of family and non-family weekend visitation time did not differ were 

speculative, but crowding caused by the larger number of total weekend visitors was 

suggested to have a damping effect on the length of visitor interactions. The differences 

could be explained by an interaction between visitors’ learning agendas and the crowding 

of the setting. 

 Different members of a visiting family group often have different learning 

agendas. Briseno-Garzon et al. examined how adults learn within the context of a family 

visit to an aquarium. They used a social constructivist perspective of learning, measuring 

how learners construct and adapt meanings within social and physical contexts. Their 

subjects were adult participants within an intergenerational social group who shared 

unique culture, knowledge, values, and experiences (Borun 2002). The aquarium setting 

added the emotional response and the potential of adding memories that are associated 

feelings and attitudes. 

 This study was conducted at the Vancouver Aquarium Marine Science Centre in 

Vancouver, Canada. The researchers utilized qualitative methodology, employing a 



 

 

40 

collective instrumental case study approach. Detailed studies of particular cases focused 

on adult participants’ perceptions, thoughts, comprehension, recollections, and feelings. 

Thirteen volunteer family groups (twenty-eight adults and twenty-one children) were 

initially interviewed, while individual adult members completed the follow-up interview 

conducted two to three weeks later. The authors did not use random sampling to acquire 

their subjects; rather, they used only English-speaking family groups with at least two 

adult members. Interviews were semi-structured and open-ended, and were recorded by 

audio for later transcription. The interviews provided a breadth of qualitative data and 

were supplemented by unobtrusive observations of the behaviors of the participating 

family groups. These observations proved to be valuable prompts for stimulated recall 

during the post-visit and follow-up interviews. All transcripts and observations were 

coded and categorized by aggregates of adult learning roles, including types and personal 

perception of the adult learning.  

 Interestingly, adults did not acknowledge themselves as learners, even though the 

qualitative data suggested this. In fact, while individual cognitive outcomes were 

primarily limited to recall and comprehension, the authors’ interpretive data analysis 

indicated that the affective outcomes of the adult participants corresponded to the higher 

levels of Bloom’s order of taxonomy. Emotional connections to past personal experiences 

facilitated shared understanding between family members. The adults’ personal 

constructivism of their experience led to a positive social constructivist outcome. 

 Briseno-Garzon et al.’s follow-up interviews provided a measure for longitudinal 

outcomes. The adult subjects declared little evidence of semantic or declarative 



 

 

41 

memories. New knowledge cannot be built without connections to these concept-based 

memories. However, their self-perception of learning was limited to the cognitive 

domain. The researchers’ interpretive data analysis indicated a high level of adult-

participant affective outcomes, including evidence of organizational skills and the ability 

to discriminate, question, and qualify their emotional responses. 

 Briseno-Garzon et al. concluded that, in spite of their own perceptions, adults in 

family groups visiting FCL environments are active learners. Their recommendation for 

aquarium design is to “offer diverse opportunities for interaction among members and 

enhance the simultaneous intellectual engagement of all family members, in order to 

support the development of learning outcomes in the social domain.” These 

recommendations should be used to inform the design of interactive aquarium 

environments that maximize learning potential for all family members. 

Designing exhibits that both enhance participant engagement and foster social learning 

opportunities is a challenge. The Active Prolonged Engagement (APE) project was an 

experiment developed at the Exploratorium (San Francisco, California) that utilized 

constructivist models for exhibit engagement. Humphrey & Gutwill (2005) designed it as 

both a visitor research and exhibit development project. Visitors engaged with an exhibit 

in a prescriptive manner, following an exhibit labeling formula, which the authors labeled 

as Planned Discovery (PD). This began with the visitors’ initial engagement, recording 

what does or does not happen during the first few seconds after a visitor’s approach. 

Humphrey & Gutwill’s challenge was how to promote the necessary cognitive conflict 

with visitors of all ages and backgrounds. Using principles from constructivism learning 
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theory, they sought to shift authority from the museum to its visitors and to shift the 

visitors’ interactions from a planned (PD) to a self-discovery approach featured in the 

APE exhibits.  

 Data collection was through videotaping visitors interacting with prototypes and 

exhibits. Both PD and APE exhibits were located in the same exhibit area. The exhibits 

were categorized into four types: Exploration, Investigation, Observation, and 

Construction exhibits. Types of visitor questions were coded by Action, Explanation, 

Orientation, Perception, or Off-Task. Types of visitor responses were coded by Reads 

Graphic, Use/Discuss, No Response, or Off-Task. 

The authors employed a formative evaluation process conducting extensive 

iteration of prototypes that was driven by comprehensive evaluation. This was followed 

by interviews of participants. They timed the engagement of both groups and individuals. 

Family and friends groups were measured by the time the first member arrived until the 

last member left. Individual behavior was both tracked and timed. 

 Eighty-three visitors were timed in an area containing four APE and six PD 

exhibits. Of the sixty-one visitors who used at least one APE and at least one PD exhibit, 

visitors spent more than twice the average time interacting with the APE exhibits. Other 

evidence for APE behavior included observation of visitors from different backgrounds 

that were engaged together, and in activities that were not fully prescribed by the exhibit 

graphic. 

 Developing exhibits that promote active prolonged engagement is a design 

research challenge, especially when attempting to introduce visitors to higher-level 
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cognitive concepts or complex systems. This can be especially challenging in FCL 

venues where visitors “vote with their feet,” moving on to other attractions when they are 

confused or confounded. Design research conducted in school settings can be more easily 

controlled, and its results then can be applied in FCL venues. 

Hmelo et al. (2000) utilized the classroom setting to investigate three specific 

questions. First, can children successfully learn about complex systems using a design 

approach? Specifically, the students were challenged to design a practical artificial lung 

and build a model of some piece of their design. The researchers also hoped to learn 

whether students would benefit from an instructional emphasis on structure, behavior, 

and function (SBF theory) of systems. Lastly, they wanted to understand how to promote 

student learning using design activities.  

 The research subjects were twenty students randomly selected from forty-two 

sixth-grade students. Their teacher received special training about using design 

challenges for promoting student learning. A second group of students served as the 

control comparison. These students spent two weeks learning about the respiratory 

system in a more traditional manner—textbook, lectures, and teacher-directed classroom 

discussions. Both sets of students were evaluated by a pre- and post-tests as well as pre- 

and post-interviews. The tests consisted of a combination of true/false and open-ended 

questions. Students were asked to draw diagrams of the respiratory system during their 

interviews, and these diagrams were later subjected to evaluation. The student designs 

and accompanying explanations were also evaluated for accuracy.  
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Hmelo, Holton, & Kolodner’s research tended to have dual but parallel outcomes, 

reflecting both researcher and student as the “learner.” The researchers promoted the 

Learning By Design (LBD) approach for the students, and used the reiterative design 

process to construct a learning environment. The students are both engaged in and were 

the recipients of the design-research approach. The researchers’ motivation was to use 

modeling activities to improve the system, while the students’ motivation was the design 

challenge to build a working model of the respiratory system. Both design problems 

required that the designer identified components, their function, and how they work 

together in a system. Evaluation was an important component for both students and 

researchers. While the researchers used surveys and observational studies, the students 

and their teacher used a white board for a reflective session after each design challenge.  

Modeling and design also have both similarities and differences. Both result in an 

artifact that requires balancing the constraints of materials and interconnecting forces. 

But their criteria for success differ. In design, functional constraints must be satisfied. 

Models are considered successful if they properly elucidate the phenomena being studied.  

The teacher served as a facilitator for the students’ component modeling efforts. 

He provided commercial spirometers that measure lung capacity and set up experimental 

activities for the students to evaluate differences after exercise. The teacher employed 

open-ended questioning strategies to get the students thinking about the connections 

between their investigations and their design challenge. He also brought in a guest 

speaker who is an expert on engineering design. Unfortunately, the teacher wasn’t 

completely comfortable with the nuances of designing and modeling to use the design 
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activity to its full potential to promote learning. He was, however, excellent at keeping 

the students on-task and provided much of scaffolding necessary for inquiry building. 

The student groups responded to the design challenge in different ways. Some 

began experimenting with the existing materials, while others looked for models to copy. 

A model lung with a diaphragm inspired other groups to look up references with written 

instructions. The teacher provided them with additional materials for them to build a 

working model focusing on the action of the diaphragm. The students were frustrated 

trying to build a working lung, so they focused on a modeling task that they could 

accomplish.  

Time was a major constraint to the students’ efforts to build a working model of 

the lung. Two weeks of concerted effort yielded only partial working models. The 

necessary background issues and material constraints were only just being addressed by 

the end of the allotted time. The students were motivated by the challenge and were 

successful modeling some simple function of the lung, but none of the students had 

addressed what happen to the air once it was inside of the lung. Students mainly focused 

on the structural aspects of the lung design.  

Using design proved to be a strong venue for collaborative learning. Student 

collaboration occurred both in small groups, as they worked together on fabrication, and 

as a class to share what they discovered. Informally, students also helped each other with 

model building ideas and computer resources. The LBD approach can be used to promote 

further collaboration, if student groups were organized to concentrate on specific but 
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different functions of the lung. Integrating the different student designed components 

would be the final design challenge. 

 The researchers’ final analysis included a true-false test of conceptual 

understanding of the lungs to measure whether the LBD had an effect on the class. The 

students in the LBD classroom increased their scores, F (1,32)=6.23, p<.05, while the 

comparison students did not, F (1,12)=1.76, p>.15. Examining the students’ drawings and 

responses to the clinical interview also indicated that the LBD students substantially 

understood the respiratory system better that the comparison classroom students. The 

design activities seemed to promote student thinking about the internal workings of the 

respiratory system, but both time and materials were a constraint on their attempts to 

build a successful model. Significant teacher professional development is essential for 

success of Learning By Design in the classroom. Teachers must enable students to “move 

iteratively toward the design of design of better and better models, helping them see that 

models with more fidelity help them learn more.” 

 Design research methodologies utilized by Hmelo, Holton, & Kolodner are also 

valid in FCL venues. The reiterative design process is central to the development of 

successful exhibits and interactive environments. Designing, developing, and assessing 

and then redesigning exhibit environments help ensure clear instructions and successful 

visitor interactions. Sandifer (2003) used the same research that he reported in 1997 to 

explore the relationship between visitor attention and characteristics of interactive science 

exhibits. Sandifer identified different exhibit characteristics and measured them to 

account for variance in visitor attention. He measured the attracting power, holding 
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power, and average holding time of different types of exhibits. Attracting power was the 

percentage of participants who stopped for five seconds divided by the total number of 

visitors. Holding power was defined as the ratio between the actual engagement time to 

the minimum viewing time necessary to examine the key objects and read the copy. The 

total time spent at the exhibit by visitors who were engaged divided by the total number 

of participants determined the average holding time. A visitor was considered “engaged” 

if they spent a minimum of five seconds either reading, examining, touching, or 

manipulating the exhibit. Even watching someone else interact with the exhibit was 

classified as “engagement.” Sandifer’s stratified sampling strategy was described above 

and was designed to obtain a statistically significant, random sample. 

Sixty-one exhibits were organized into two thematic exhibitions: “Symmetry” and 

“Signals.” Each interactive exhibit went through a formative evaluation process to ensure 

clarity of instructions and an intuitive user interface. Sandifer categorized as “open-

ended,” “technologically novel,” “stimulates the senses,” “user-centered,” or “none of 

these.” Many of the exhibits were characterized in more than one of these categories. 

There was also a wide variance in both attracting power and average holding time 

between the sixty-one exhibits. Sandifer used regression analysis to determine the amount 

of variance in attracting power and average holding time that each exhibit characteristic 

explained over and above the others. This analysis did not support the idea that sensory 

stimulation or user-centeredness help account for variance in average holding time. 

Exhibit open-endedness and technological novelty accounted for a significant variance in 
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average holding time. None of the exhibit characteristic categories were significant for 

variance in attracting power. 

Sandifer stated that the weakness of his methodology was a reliance on 

unobtrusive, observational data collection. A large portion of the variance in the 

dependent variables (attracting power and average holding time) remained unexplained. 

Since participants didn’t know that they were being observed, this strategy provided a 

high degree of validity. Unfortunately, he was unable to measure the other factors that 

may have contributed to the variance in visitor attention, such as prior knowledge or 

exhibit content. This could have been rectified by interviews or post testing of the 

participants. 

Afonso & Gilbert (2006) examined the use of visitors’ spontaneous memories for 

understanding different types of interactive exhibits. In this personal constructivist 

perspective, science-center visitors use their long-term memory to try to “make sense” of 

their most-recent interactions. Tulving (1984) classified different characteristics of long-

term memory as episodic, semantic, or procedural. Episodic memories are an expression 

of subjective knowledge of personal past experiences, and are closely aligned with 

principles of constructivism. Semantic memories express scientific knowledge such as 

mental models, facts, ideas, and concepts. Procedural memories are psychomotor, that is, 

a demonstration of knowledge about how to manipulate objects. All of these memory 

characteristics are useful to the designer of successful interactive exhibits. 

 Afonso & Gilbert followed the earlier strategy of Stocklmayer & Gilbert (2002) to 

classify the types of interactive exhibit types used in their study. “Exemplar of a 
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phenomenon” is an exhibit type that idealizes an example of a real-world phenomenon. 

This can be further subdivided by how the phenomenon is detected. An exhibit 

phenomenon can be detected directly by the participant’s senses or with a sense-

extending instrument, such as a microscope. A third subtype of an exemplar of a 

phenomenon makes use of detecting equipment that changes the stimulus into a different 

format, such as a microphone equipped with an oscilloscope. This permits the participant 

to see the sound he or she creates. 

 An analogy-based exhibit is an analogical representation of a consensus model for 

a phenomenon. Either structural or superficial similarity is possible. For example, a roller 

under a platform can be used as a structural analogy to earthquakes. Or, more 

superficially, an elastic spring suspended in air can be used as an analogy for sound 

propagation.  

 This research was conducted at the Pavilion of Knowledge (Lisbon, Portugal) and 

addressed three research questions: 

• What use do visitors make of spontaneous memories in understanding different 

types of interactive exhibits? 

• What is the nature and source of these memories? 

• How do visitors relate analogically an exhibit to memories of previous exhibits? 

 Five interactive exhibits on the nature of sound, representing both phenomenon 

and analogy-based exhibit design approaches, were selected for this study. One hundred 

thirteen adult participants were first unobtrusively observed and then interviewed. The 
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lengths of the interviews varied, affected both by the demands of the interviewee’s social 

group and by the way each visitor used the exhibit.  

 Afonso & Gilbert’s findings suggest that visitors first use their spontaneous 

memories for operating and creating interest in the exhibits. The participants’ episodic 

memories that were used to build the explanation came from many personal constructivist 

sources, ranging from child’s play and leisure activities to interactions with previous 

exhibits. The exhibit types influenced the nature of the retrieved memories. Interactive 

exhibits that made use of detecting equipment were more often responsible for an 

incorrect memory association. 

 Exhibits that were analogically connected also formed challenges for the visitors. 

It was difficult for visitors to see beyond superficial similarity to the common general 

scientific principle. Afonso & Gilbert suggest that the exhibit designer needs to go 

beyond just clustering exhibits thematically together, and enable the visitor to find the 

desirable links between the exhibits. 

 

Conclusions 

 The opportunity for enhancement of learning in “free-choice” environments has 

never been greater. A decade-long surge in construction of new zoos, aquariums, and 

science centers is attracting millions of visitors every year, and each visitor arrives with 

different expectations of entertainment and education. The diversity of this audience’s 

demographics and individual learning styles can exceed those found in our schools. This 

diversity affords both challenge and opportunity for informal-science educators. 
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 The literature documents a variety of methods for gathering time data, including 

hidden cameras, floor sensors, and unobtrusive observers (Adelman et al. 2000, Dierking 

et al. 2001). The selection of variables to consider for comparisons of exhibitions 

includes how data is reported (time per individual exhibit element and time of total visit 

to the entire museum), gallery size, number of components, and the exhibit order. 

Subjecting these variables to regression analysis might help demonstrate their relative 

significance, but identifying every significant variable is difficult. Borun et al. (1996) 

acknowledged that just because an exhibit is interactive does not ensure that it will be 

educational. To date, no one has shown a correlation between observable behavior and an 

independent measure of learning. Their assertion has merit; statistical analysis often 

focuses on dependent variables of learning. Unfortunately, human behavior is somewhat 

like a study in scientific chaos: small, preexisting conditions can have a profound effect 

on the ultimate outcome. 

Does visitor interaction increase learning? It was difficult to find a reference that did not 

positively relate visitor interaction to learning (Cone 1978, Feher & Rice 1985, Feher 

1990, Davidson 1991). However, to define and compare learning outcomes from each 

investigation would be equally difficult. Different researchers’ evaluation strategies 

preclude conducting a meta-analysis. Learning has been defined as “the combination of 

prior experience and the new experience, but the resulting learning is unique for each 

individual, situated within the context in which it was learned” (Falk et al. 1998). Since 

each individual brings different prior experience and knowledge to a learning situation, 

evaluating and comparing the learning outcomes can be daunting.  
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 The more senses involved with the exhibit interaction, the more memorable the 

exhibit becomes. The addition of fear or humor is a powerful motivation for remembering 

(Jeffery & Wandersee 1996). Strong emotions reinforce learning. A design research 

challenge is to create visitor interactions that employ a variety of senses and generate an 

emotional response. Live-animal exhibits in nonformal venues are very popular, but their 

education content is generally limited to identification of the animal on display. 

Educational delivery in zoos and aquariums is invariably limited to static graphic and text 

panels. The cardinal feature of science centers has been the development of interactive 

exhibits and educational programming keyed to the idea that learning is an active 

enterprise (Semper 1990). Aquariums and zoos, however, have been challenged by the 

need to integrate “hands-on” activities with their live-animal exhibits. 

 Another challenge is to design free-choice environments that enable learning in a 

range of social dynamics. Family group dynamics can either promote or discourage 

learning. Adults often have a dual role as both “teachers” and “learners.” Exhibits should 

be designed to facilitate both personal and social constructivism. To know when the 

design research is successful requires the ability to reliably measure both cognitive and 

affective change in our visitors. 

Is participation time relevant to cognitive gain? “Time-on-task” has been 

positively related to the amount of learning (Borun et al. 1996, Sandifer 1997). Intrinsic 

motivation to pay attention is a prerequisite for constructing personal meaning in an 

informal learning environment (Serrell 1998). However, engagement time is not a direct 

measurement of learning. Engagement time does not have to be a direct measurement of 
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learning. If fact, if learning were related to an epiphany experience, very little time will 

have elapsed. 

 When used in conjunction with other strategies, time-on-task is a valuable tool of 

formative evaluation. The validity of using time and behavior as predictors of learning 

has been tested by collecting detailed data on visitor behavior and expenditure of time 

while interacting with a participatory exhibit. Neither time nor behavior by itself was as 

good at predicting learning as the interaction of the two (Falk 1983). Overall, the results 

provide a strong endorsement for developing an evaluation procedure based upon 

unobtrusive parameters such as time-on-task and observable nonverbal behavior. 

  Statistical analysis by stepwise regression clearly showed the importance of the 

interaction of time and behavior as distinct from each separately (Falk 1983). Other 

studies have also confirmed the importance of measurement of other visitor behaviors in 

conjunction with participation time (Donald 1991, Naqvy et al. 1991, Boisvert & Slez 

1994). Serrell (1998) developed a methodology for studying the effectiveness of 

educational exhibitions defined by how thoroughly visitors use them. She generated a 

model for interpreting the data and established some parameters of relative success that 

quantified visitor interaction time using two-visitor behavior indexes – how much time 

per unit area was spent (SRI—Sweep Rate Index) and how thoroughly visitors 

investigated the whole exhibition (%DV—percent Diligent Visitors). Serrell’s two 

measures (sweep rate and percentage of diligent visitors) must be appreciated for just 

what they are: numbers attached to two critical factors that can be used to describe visitor 

behavior in exhibitions. It would be a mistake to think that these factors alone represented 
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complete “measures of effectiveness,” but Serrell’s model represents a solid attempt at 

the challenge of measuring learning in a free-choice environment.  

 Studies in situated learning suggest the kind of social engagements that provide 

the proper context for learning to take place. These include when learning is distributed 

among co-participants, not as a one-person act, and when mediated by differences of 

perspective among the co-participants (Lave & Wagner 1991).  

 Situational learning can have direct application in the informal educational 

environment. An open-ended format based on situational learning theory can address the 

preferred learning styles of a diverse audience. The challenge is recognizing and 

implementing free-choice opportunities that can take advantage of situational-based 

learning.  

 Design research principles were central to this research effort. A reiterative design 

process is essential for successful formative evaluation. Both the different aquarium 

environments designs and the design research assessment instruments were subjected to 

formative evaluation. This helped ensure the validity of the evaluation instruments to 

measure cognitive, affective, and psychomotor outcomes, due to the visitor interactions 

with one of the three different aquarium designs.  

 Recognizing and responding to both cognitive and material constraints is also an 

attribute of design research. Utilizing a “post-test only” approach effectively avoids the 

pre-testing effect caused by the human subject being aware of what he or she is supposed 

to be paying attention to. However, the post-test only approach requires an accurate 

measurement of the average visitor’s background or pre-existing knowledge of the 



 

 

55 

subject being evaluated. This served as the control for determining cognitive and 

affective outcomes. 

 Material constraints became obvious with testing and evaluating the different 

aquarium environment designs. The most obvious was the reliability and durability of the 

interactive device itself. Accommodating the participants’ psychomotor skills to ensure a 

successful interaction while preventing inadvertent damage proved to be a challenge. 
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Chapter 3 - DESIGN AND METHOD 

The initial aquarium design challenge was to create a life-support system capable 

of sustaining several sablefish. This was an essential requirement for each of the three 

aquarium designs. Once successfully established, it was a design constant that maintained 

the sablefish health throughout the entire investigation. The qualitative observational 

studies that followed focused on visitor attraction to the different aquarium designs and 

their subsequent behavior. This methodology was used extensively throughout the initial 

design research process to refine the different aquarium components. After the 

prototyping stage, quantitative methods were employed for both the development of the 

different aquarium designs and the evaluation instruments that were used to measure 

visitor learning and behavior. These results are reported in Chapter 4. 

 

Data Collection Methods 

A design research approach was used to evaluate the impact of each aquarium 

component. The design procedure employed a formative evaluation iterative process. In 

this methodology, the evaluation outcome of any single design change is used to modify 

the initial design, which is then subjected to additional design modification and 

evaluation. This “design  evaluate  re-design” procedure was repeated until the 

desired participant learning behaviors were obtained. The interactive aquarium design is 

an inter-dependent system, where design changes in hardware or software have a direct 

impact on the effectiveness of the aquarium environment. This iterative design procedure 

was used on all major components for each aquarium design. Some of the aquarium 
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design changes were apparent after only a brief observation of visitor behavior, while 

other design modifications required several months of measurement. 

 The Design Research Flow Chart (Figure 1) illustrates how design research 

methods afford opportunities to analyze the development of an interactive aquarium 

display. It captures the essence of the design research process and the methodology 

employed. The aquarium environment, exhibit hardware, computer software, graphics 

and evaluation instruments were subjected to design research methods. Each green circle 

contains an outline of the design components that were needed to develop the different 

aquarium environments. Each arrow identifies a problem encountered when incorporating 

a scientific research device into an interactive public aquarium display or describes the 

actions taken in response to the effects of visitor engagement with the different design 

components. The direction that the arrows point illustrates both the design need and its 

subsequent solution. The following sections provide the details on how design research 

was successfully used to analyze the development of the different aquarium environments 

and their components. Chapter 4 details the results generated from visitor interactions 

with the final aquarium design treatments and leads to the discussion of implications for 

future aquarium design research. 
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Figure 1: Design Research Flow Chart 

 

Aquarium Environment Design 

The size of the aquarium is an important design consideration. “Bigger is better” 

is generally a useful axiom when considering public attraction. Large aquariums can 

attract and engage a group of people, whose very presence often stimulates the curiosity 

of other visitors. Conversely, large aquariums can pose challenges in terms of life-support 
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systems and diminish opportunities for the public to observe or interact with individual 

fish. The aquarium for this design experiment (Figure 2) was large enough to allow up to 

twelve people to comfortably observe the aquarium environment (12' long x 5" deep x 3' 

wide).  

 

Figure 2: Sablefish Aquarium 

This 720-gallon aquarium is equipped with a semi-closed seawater circulation system 

(Figure 3.1: Filtration Reservoir), a fluidized-bed filter, and a protein skimmer to 

maintain pristine water quality year-round. A semi-closed aquarium system has a low 

seawater exchange rate and requires filtration systems to remove fish waste. 
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A fluidized bed filter is a “biological” type of aquarium filter in which the grains 

of sand fluidized (in suspension) act as the biomedia upon which beneficial bacteria 

attach themselves. By fluidizing the biomedia, and thus the beneficial bacteria, nutrients 

(ammonia) are more readily brought into contact with those bacteria. Bacteria attached to 

the typical (and commonly used) bio balls remain in a stationary position, waiting for the 

nutrients to come their way. Beneficial bacteria attached to the fluidized sand particles 

are mobile and utilize ammonia in solution. 

 

 

Figure 3.1: Filtration Reservoir 
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A protein skimmer is a type of aquarium filter set up to bring three key 

components together to aid in the filtration process, or, more accurately, the pre-filtration 

process. Those components are water, air bubbles (the finer the better), and waste protein 

(formed during the decomposition phase of filtration). When air is introduced to a column 

of water, the protein waste attach themselves to the air bubbles and are carried upward 

and out of the water column, typically forming a dry foam on the surface of the water 

column, which is collected in a collection cup. A skimmer serves as a pre-filter, removing 

the proteins before they have a chance to break down into various nitrogen compounds 

such as ammonia, nitrites, and nitrates.  

Maintaining proper seawater temperature is a critical component of an aquarium’s 

environment design. Sablefish require cold water (about 50 degrees F), and a chiller is 

sometimes necessary during the warm summer months. As the seawater temperature 

rises, the amount of dissolved oxygen it can contain decreases. 
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Figure 3.2: Seawater Chilling System 

The size and number fish in an aquarium directly influences the level of available 

oxygen and accumulated waste. Obviously, a greater amount of dissolved oxygen is 

required for more fish to breathe. Fish waste, in the form of ammonia, needs to be 

converted into less-toxic nitrates through the addition of bacterial-mediated oxygen. This 

biological oxygen demand (BOD) helps determine the need for filtration and water 

treatment, while limiting the number and size of fish that can be put on display.  

 

Hardware Design 

Passive Integrated Transponder (PIT) tags are engineered to emit a unique signal 

when induced by a specific radio frequency. Computer software is developed to interface 
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this information into a larger database. For example, local veterinarians can scan lost pets 

that are PIT-tagged to locate their owners from an existing computer database. Typically 

in fish research, PIT tags are used to identify the population to which an individual fish 

belongs. A PIT-tagged salmon moving through a fish ladder on a dam can be identified as 

it swims by an underwater reader, allowing fish biologists to record the abundance of 

different migratory stocks.  

All PIT tag hardware was acquired from Biomark (Boise, Idaho). The initial PIT 

tag reader (Figure 4) was an AVID Power TracKer II, All Weather – Extended Range 

Multi Tag Reader and had a built-in antenna, requiring the user to press the reader against 

the acrylic sides of the aquarium to scan for the PIT-tagged fish. The base of the reader 

was covered with a soft wool pad to avoid scratching the acrylic surface of the aquarium.  

 

 

Figure 4: Original PIT Tag Reader 



 

 

64 

To prevent the PIT reader from getting damaged when dropped, a rope was 

woven into the reader’s cable and secured to an eyebolt attached to the top of the 

aquarium. While the short length of rope prevented the reader from hitting the ground 

when dropped, it also prevented the participant from reaching the entire length of the 

aquarium. 

A Dell Pentium with Windows 98 was initially installed to run the original 

software packaged. The CPU was upgraded to Dell PC (Dimension XPS) with Pentium II 

processor, running the revised software on Windows 2000. The computer was installed 

on the cabinet above the life-support system and attached to the PIT tag reader via a 10' 

cable.  

To avoid the corrosive nature of seawater, a 16" CRT computer monitor was 

initially installed on the wall, high above the aquarium. Whalebones were added to 

prototype interactive aquarium design (Figure 5) to enhance visitor attraction. 
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Figure 5: Prototype Interactive Aquarium Design 

 

Software Design 

The primary software design challenge was to create a program that uses the PIT 

tag signal to cue up the appropriate video sequence after a specific fish has been 

successfully scanned. The initial computer software engineer (Scott Lokken, Boise, 

Idaho) had experience working with an Idaho Fish and Game prototype that linked still 

images to individual PIT tag signals.  
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Video Design 

 In 1999, Jim Bottom (NW Fisheries Science Center, NOAA), captured video 

footage of the National Oceanic and Atmospheric Administration’s research on sablefish. 

This was edited into two videos, each highlighting NOAA’s sablefish research and 

resource-management techniques. Using informal visitor input, a single, two-minute, 

twenty-second clip was selected. This video is comprised of such information as the life 

history of sablefish, its culinary value and economic importance, the status of the stock, 

and the types of research that are being done with sablefish at the Hatfield Marine 

Science Center (HMSC). The video includes a variety of visual aids including pictures of 

sablefish, action shots of collecting or experimenting with them, and a sequence with a 

researcher speaking about his research with sablefish. The video also features figures and 

diagrams to support the dialog. The video can be viewed at: 

http://people.oregonstate.edu/~hanshumw/ 

 

Design Methodology for Assessing Visitor Interactions 

To address the research question ”What are the effects on visitor engagement of 

interactive aquarium designs?” evaluation instruments were developed using a design 

research approach. Assessing visitor learning outcomes required the development of 

research instruments that accurately measured cognitive, affective, and psychomotor 

responses. A “post-test” approach was employed to eliminate the possible bias of the 

pretest evaluation on participant behavior. Evaluation before the visitor encountered the 

different aquarium designs would predispose and bias both the aquarium attraction and 
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participation metrics for design research. This necessitated developing and implementing 

a front-end analysis to measure the average visitors’ baseline knowledge on sablefish. To 

ensure that each question discriminated reliable results, this survey was subjected to a test 

item analysis. Each evaluation question was evaluated for its difficulty and was 

redesigned if it was either too easy or too difficult. The final sablefish survey (Appendix 

1) was also subjected to a test item analysis. The results of this survey were compared 

between new visitors and participants after interacting with the different aquarium 

designs.  

 This study employed both exhibit design and design research strategies to answer 

different inquiry questions. Exhibit design engineering approaches were applied to create 

the three different aquarium treatments. Each aquarium environment had its own 

technological challenges and material constraints. For example, the Video Loop treatment 

required repositioning and lowering the video monitors, while still protecting them from 

the corrosive marine environment. The Interactive aquarium design went through several 

iterations to minimize visitor damage to the PIT tag reader and its connecting cable. The 

effectiveness of the exhibit design was quantified by the measurement of visitor 

engagement with the different aquarium environments. 

 Design research strategies were very useful in development of the methodology 

and inquiry components resulting from the different aquarium designs. This included 

using an iterative process to evaluate the impacts on visitor engagement from altering 

different design components.  
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Exhibit Design Research Inquiries: 

• Do more people learn if an interactive device is attached to an aquarium? 

• Are more people attracted to an aquarium with an attached interactive device?  

• Does a continuous video loop attached to an aquarium attract and engage more people 

than the standard static graphic panel design? 

• Does an interactive aquarium design attract and then engage a self-selected audience 

that is representative of the general visiting population?  

Design Research Inquiries: 

• After interaction with any of the three different aquarium designs, was there evidence of 

long-term recall? 

• Does an interactive aquarium design promote an independent or cooperative learning 

opportunity?  

 

Design and Method of Visitor Center Demographic Study 

To establish the baseline characteristics of the visitors to HMSVC, 1,135 

demographic surveys (Appendix 2) were passively administered. A table in the “airlock” 

between the front door and entrance had signage requesting that one adult from each 

visiting group complete the survey. Participants were rewarded with a free poster for each 

survey completed.  

An equal number of self-administered surveys were completed for each month. 

This enabled characterizing seasonal shifts in visitors’' demographic profile and was used 

to determine reliability between different sampling times. 
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The results from the demographic survey (age, and education level) are compared 

with the survey participants’ demographic statistics in Chapter 4 to determine whether 

different aquarium design treatments attracted a self-selected audience.  

 

Design and Method of Front-End Analysis 

The purpose of developing this cognitive survey was to determine the average 

visitor’s baseline knowledge of sablefish. By establishing this cognitive baseline, changes 

in participants’ knowledge caused by interaction with any of the three aquarium design 

treatments could be measured. The results from the baseline sablefish survey were 

compared to the evaluation scores from participants with the three different aquarium 

design treatments. By contrasting sablefish baseline average score to different design-

treatment survey scores, the participants’ baseline knowledge of sablefish could be used 

to determine whether engagement time enhanced their recall.  

The three aquarium design treatments’ survey scores were also sorted by 

participants’ ages and educational backgrounds. Participants’ sablefish evaluation scores 

and their e-mailed summative evaluation averages and were compared to the average 

visitor’s baseline knowledge of sablefish to indicate whether there was evidence of long-

term recall after interaction with any of the three different aquarium designs. 

A pre-survey protocol (Appendix 3) was developed to enhance the reliability of 

respondents’ responses. Since each survey participant received identical instruction, 

participants’ survey responses were not prompted and were comparable. Scripting the 

introduction, pre-survey dialog, and subject’s instructions also helped to eliminate repeat 
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visitors who had previously encountered the sablefish aquarium, and helped to 

standardize respondents’ responses. 

The initial sablefish survey (Appendix 4) was developed using several design 

criteria. Most questions were removed as intact statements directly from the video. These 

questions do not require abstract or synthesis cognitive outcomes. All correct responses 

could be acquired through direct recall after interacting with the instructional media, 

either the static graphics or video. Lastly, a combination of question types (True-False or 

Multiple Choice) were employed to address different preferred learning styles. 

To ensure the reliability of the survey to measure cognitive outcomes, each 

question in the initial sablefish survey was subjected to a Test Item Analysis. 

Redesigning the survey based on this procedure ensures that each question discriminated 

meaningful outcomes. A test item analysis procedure is useful for designing survey 

questions in that it identifies which questions are either too easy or too hard, therefore 

avoiding discrimination among participants.  

The Test Item Analysis procedure consists of the following steps: 

(1) Correct and score each evaluation. 

(2) Rank the evaluations from high to low scores. 

(3) Sort the evaluations into three equal subsets of high, medium, and low scores. 

(4) Evaluate only the high and low subsets. 

(5) For each test item, determine the proportion in the high group (H) by dividing 

the total correct answers by the total number in the both subsets.  

(6) Repeat the procedure for the low group (L). 
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Adults were randomly asked to complete the initial sablefish survey (Appendix 3) 

before they entered the exhibit gallery. These were scored and sorted into three equal 

groups (High, Medium, and Low). An equal number of the top subset and the lower 

subset of scored surveys were used for the test item analysis. Using the values for (H) and 

(L), each evaluation question was evaluated both for difficulty and discrimination. The 

difficulty index for each question was determined by taking the average of H and L. 

Difficulty (D) is the total of the High group that got it right plus the total of the Low 

group divided by the total of both High and Low. If D was greater than .75, then the 

question was considered “easy.” If the difficulty was less than .25, then the question was 

considered “hard.” Questions that had a difficulty index greater than .25 and lower than 

.75 were within the proper range of difficulty. Test Item Discrimination was determined 

by calculating the difference between the high and low (H-L) values divided by N. If a 

question didn't discriminate, it was be removed or edited and subjected to additional 

evaluation. Discrimination = H - L; 1-0=1; high or 0-1=-1; low. Values for discrimination 

greater than .4 are considered good; .3 to .39 are OK; .2 to .29 are marginal; and .19 is 

considered poor. 

 

Design and Method of Participant Interviews 

Much of this study was accomplished by unobtrusive observation of nonverbal 

behaviors within the aquarium design’s footprint. Seated at a table outside the visitors’ 

direct line of sight, the researcher recorded the participants’ approach with a stopwatch. 

The number of visitors who chose not to stop was also recorded. Adult visitors who 
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appeared to read both graphic panels for more than ninety seconds were invited to fill out 

the sablefish and demographic surveys. The adult visitors (participants) who stay engaged 

with the interpretative devices (PIT tag reader and video segment) for more than two 

minutes were invited to assist with this study using the following protocol. The Survey 

Selection Protocol (Appendix 5) was scripted to enhance its reliability. The script was 

memorized and administered by this researcher. This standardized introduction helped 

reduce outcomes not influenced by direct interaction with the different aquarium design 

environments.  

One adult per group was asked to complete the demographic and sablefish survey 

(Appendices 1 and 2), which required less than five minutes of their time. After the 

surveys were completed, they were queried as to whether they would be willing to share 

their e-mail addresses and be re-contacted three or four months later. If so, at that later 

time they would be asked to fill out the same evaluation and survey. There would be one 

follow-up attempt after two weeks if the participant did not respond initially. Each adult 

was assured that his/her e-mail address would not be shared with anyone else.  

The same surveys that were originally administered (Appendices 1 and 2) were e-

mailed to participants who volunteered their addresses. This summative evaluation 

attempted to evaluate long-term recall and attitudinal change among participants. These 

results established the cognitive and behavioral baseline for comparison to e-mailed 

summative evaluation results. 

The results from the participant interviews were used to answer the “engagement” 

aspect from the inquiry question: “Are more people attracted and engaged if an 
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interactive device is attached to an aquarium?” The sablefish survey scores from 

participants with the three different aquarium design treatments were compared to the 

averages obtained from the baseline sablefish survey.  

HMSC Visitor Center demographic survey results for age and education were 

compared to participants’ demographics to ascertain whether an interactive aquarium 

design attracts and then engages a self-selected audience that is representative of the 

general visiting population.  

 

Design and Methodology of Observational Study 

Unobtrusive observations of nonverbal behaviors within the aquarium design’s 

footprint were also recorded on data sheets (Appendix 6). Seated at table outside of 

visitors’ direct line of sight, the researcher recorder participants’ approach with a 

stopwatch. The number of visitors who chose not to stop was also recorded as “People 

passing.” “Group size” is the record of the number of participants, sorted by adult and 

child (under eighteen years of age). Participants are defined by visitors who stopped for 

more than twenty seconds for any of the aquarium design treatments. “People passing” 

and “Group size” provides a measure of the total number of people at any recorded time, 

which had the opportunity to interact with the aquarium design being evaluated. The 

number of participants, divided into this value, provides a measure of how “attractive” 

each aquarium treatment was to visitors. Participant behavior was coded and timed as 

Observational Study Behavioral Codes (Appendix 7). Engagement time is the sum of the 

viewing time and participation time recorded in seconds. Participants who shared some 
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aspect of their experience with each other, either through conversation or gestures, were 

categorized as “collaborative” learners. 

Observational data was collected during periods of moderate-to-high visitor 

traffic (summer and holidays) in an attempt to standardize for crowding effects. 

The results from the observational study were used to answer the research inquiry: 

Are more people attracted and engaged if an interactive device is attached to an 

aquarium?  An attraction coefficient was calculated for each aquarium design treatment 

by the formula:  

Attraction coefficient = (Visitors stopping) / (Visitors passing)+(Visitors stopping) 

“Visitors stopping” is defined as adult participants with or without children who 

stopped for more than twenty seconds for any of the aquarium design treatments. 

“Visitors passing” were either adults or adult/children groups that passed by the aquarium 

without stopping. Children visiting by themselves were not recorded. 

Attraction coefficient is an essential factor for any aquarium design. The 

successful aquarium design must first attract visitors before they can engage in any 

meaningful cognitive or behavioral change. 

Does an aquarium with an attached monitor running a video loop attract and 

engage more people than a standard static graphic panel design? This inquiry was 

answered by comparing the attraction coefficients between two aquarium design 

treatments. 
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Does an interactive aquarium design promote an independent or cooperative 

learning opportunity? To respond to this inquiry, observations of each of the three 

treatments were sorted by visitors’ independent or cooperative behaviors. 

 

Design and Methodology for the Summative Evaluation 

Three months after participants’ visits to HMSC, a survey (Appendix 8) was sent 

to the 47 adults who had provided their e-mail addresses. This consisted of the sablefish 

survey they had completed at HMSVC earlier, as well as a behavioral component 

designed to measure any subsequent experience with PIT tags or sablefish. Subjects’ e-

mail addresses were kept confidential and stored separately from the data. No participant 

names or other identifying information was collected as part of the interview or survey 

data. Surveys and interviews were assigned numbers instead. The emailed summative 

evaluation score was compared to participants’ sablefish evaluation score obtained after 

exposure to the aquarium environment. The results from the summative evaluations were 

used to investigate whether there was evidence of long-term recall after interaction with 

any of the three different aquarium designs. Summative evaluation average will be 

compared to sablefish evaluation average and to average visitor’s baseline knowledge of 

sablefish. 
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Chapter 4: RESULTS 

Because a reiterative methodology is central to the design research process, 

results must be reported in a progression leading to the final product. Intermediate results 

and their subsequent impacts directed the next design change. It is in this way that design 

research methods afforded opportunities to analyze the development of an interactive 

aquarium environment. Problems encountered incorporating a scientific research device 

into an interactive public aquarium display were addressed as changes to individual 

components within the aquarium design environment. Changing one component 

sometimes created a new design challenge with a different component. The relative 

success of each design change was evaluated by how visitor engagement was effected. 

This led to supporting research inquires that required either qualitative or quantitative 

analysis. These design research methods afforded opportunities to analyze the 

development of an interactive aquarium environment from the initial prototype into its 

final version.  

Design engineering approaches were applied to create the three different 

aquarium treatments. Each aquarium environment had its own technological challenges 

and material constraints. Design research strategies were very useful in development of 

the methodology and inquiry components resulting from the different aquarium designs.  

 

Aquarium Environment Design Results 

In designing an aquarium environment, biological oxygen demand can be a 

constraining factor. To attract more visitor attention, several whale rib bones were added 

to the prototype sablefish aquarium. This was an attempt to replicate a “whale fall” 
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scenario, where a whale carcass naturally decomposes on the ocean floor. Though this 

environment successfully attracted visitors, the seawater began to experience a gradual 

drop in dissolved oxygen. Whalebone, being both porous and organic, provides the ideal 

environment for oxygen-breathing bacteria. Removal of the whalebones restored the 

dissolved oxygen concentration to its optimal level. 

Another important issue for aquarium environment design was fish behavior. 

Over the scope of this research project, eight different sablefish were on display. The first 

tenants were three adult sablefish complete with PIT tags. These fish acclimated to 

staying near the front of the aquarium, enabling visitors to successfully scan them a 

majority of the time. Unfortunately, they outgrew the tank, and the sablefish that replaced 

them seldom stayed within scanning distance. The inability of visitors to scan their PIT 

tags proved frustrating, and many visitors would move on without seeing the video. By 

installing a sablefish image with an attached PIT tag (Figure 6) to the aquarium 

environment, participants could reliably scan the PIT tag and initiate the video. Further 

observational study indicated the need for additional instructional signage (Figure 7). 

While the reliability to successfully scan improved, observational studies indicated that 

many adult participants were still flummoxed and additional design research was 

required. 
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Figure 6: PIT-tagged Sablefish Image 

 

SCAN the PIT tag 
on the Sablefish picture 

  
See a video about  
Sablefish research 

Figure 7: Aquarium Signage 

 

Software Design 

The initial software design challenge was to create a program that uses the PIT tag 

signal to cue up the appropriate video sequence after a specific fish has been successfully 

scanned. A computer software engineer (Scott Lokken, Boise, Idaho) had experience 

working with an Idaho Fish and Game prototype that linked still images to individual PIT 

tag signals, but his program proved to be unreliable with video applications. With Oregon 
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Sea Grant funding, a local software engineer (William’s Electronics Design, Portland, 

Oregon) redesigned the computer program for video production, while increasing the 

software’s reliability and flexibility. 

Additional software design criteria included developing the option to run the 

video as a continuous loop. This was the central software design requirement for the 

Video Loop aquarium treatment. Though this approach is passive and doesn’t encourage 

any action on the part of the visitor, it provided the opportunity to compare and evaluate a 

multimedia delivery to the more traditional static text/graphics usually found in the 

aquarium environment. Equally important, it also allows for evaluation of different 

visitor behavior between passive Video Loop and the PIT-tag Interactive aquarium 

design treatments. 

A final software design criteria was to individualize the different sablefish tag 

signals so visitors who are watching other participants might get a different educational 

message when it’s their turn to participate. If there are two or three sablefish in the 

aquarium, this might be a good opportunity to address more than one aspect of marine 

research by allowing unique videos to be cued up by unique PIT tag signals. As a future 

goal of the interactive aquarium project, this software permits the recognition of different 

species of fish, each highlighted with their own individualized video. 

 

Video Design and Development 

When signage proved ineffective as a venue to instruct the participant in how to 

use the PIT tag reader, a video attract sequence was developed. Its first iteration featured 

the original PIT tag reader and only demonstrated how to push the “Read” button and 
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then scan the PIT tag. A brief observational study indicated that participants still weren’t 

very successful scanning the PIT tag. Their difficulties included not recognizing that the 

PIT was attached to the sablefish image, their inability to successfully scan the moving 

fish, not returning the reader to its stand and leaving without watching the video after 

they initiated it. 

A new attract sequence was designed to address these difficulties. The design 

constraints/outcomes included a visual depiction of the proper procedure for handling the 

reader (remove reader from its hanger, press “Read” button, scan the PIT tag on the 

sablefish graphic, re-suspend the reader on the hanger) and turning to watch the resulting 

video. Captions were including describing the procedural sequence: “Scan PIT tag with 

orange reader” and “Press the READ button.” The sixteen-second video looped 

continuously on the two flat-screen monitors accompanying the aquarium until a 

participant successfully scanned the PIT tag and initiated the sablefish video. This can 

viewed at: 

http://people.oregonstate.edu/~hanshumw/ 

The standard approach for aquarium interpretive environments at many public 

aquariums consists of color graphic panels with written text. This design treatment served 

as the control for comparison to the Video Loop and Interactive aquarium environments. 

Utilizing the video’s content and images, graphic panels were developed. With technical 

assistance (Jim Bottom, Technical Editor, FRAM Division, Northwest Fisheries Science 

Center), separate graphic panels were developed based on two learning outcomes. One 

focused on specific fish stock-assessment research strategies, such as otolith aging, while 

the other had as its central theme the culinary attributes of sablefish (also known as 
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“black cod”). NOAA is interested in sharing with the public its research effort on black 

cod. The fact that sablefish are good to eat provided additional relevancy for the general 

public and provided a potential behavioral outcome that was measured by the summative 

evaluation. 

 

Hardware Design 

To avoid the corrosive nature of seawater, a 16" CRT computer monitor was 

initially installed on the wall, high above the aquarium. However, after several months of 

casual observation, it became obvious that many of the general public didn’t notice the 

monitor. In an effort to increase its attraction, the monitor size was increased to 20". 

However, an unintended outcome was the public’s inability to recognize the connection 

between their interactions with the aquarium and the video running on the overhead 

monitor. After two monitor stands were mounted at eye level and attached to the corners 

of the aquarium, participants immediately saw the connection between the video content 

and the aquarium, while still providing an unobstructed view of the sablefish. Two Dell 

20" LED monitors are currently installed. 

 

Passive Integrated Transponder (PIT) Tags 

After the prototype interactive aquarium design evaluation was completed, a new 

PIT tag reader (Destron FS2001) was obtained to replace the older and less-effective 

model. This reader is designed with a separate antenna (Figure 8), enabling participants 

to successfully scan the PIT tag on a graphic image of a sablefish to initiate videos on 

fisheries research. 
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Figure 8: New Antenna  

 

 Relocating the antenna to the center of the aquarium provided the participant with 

the ability to scan a much larger area. However, the sablefish would seldom swim near 

the front of the aquarium, and participants usually would need to scan the tagged 

sablefish image in order to successfully initiate the video. 
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Figure 9: Improved Interactive Aquarium Design   

 

Research Instrument Design 

To effectively evaluate changes in visitor learning requires understanding what 

the audience already knows about the subject. Cognitive gains and affective outcomes 

can only be measured against the baseline of existing knowledge and behavior. To 

establish this baseline, the first part of the formative evaluation process consisted of a 

Front-End Analysis. This survey established visitors’ background, or baseline, knowledge 

about sablefish. The Sablefish Survey instrument design began with a test item analysis, 

evaluating each question for difficulty and discrimination. The results from these surveys 

served as a control for comparison with the results provided by participants with the 
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different aquarium design treatments. Due to the time constraints of adults in a FCL 

environment, the questions were design to provide an assessment of the participants’ 

ability to recall of specific facts about sablefish research.  

 

Results of Front-end Analysis 

The main purpose for developing this survey was to determine the average 

visitor’s existing knowledge of sablefish. By establishing this baseline, changes in 

participants’ learning associated with interaction with one of the three aquarium 

treatments were measured. 

The initial sablefish survey was subjected to a test item analysis. A test item 

analysis procedure is useful for designing survey questions that are neither too easy nor 

too hard. Redesigning the survey based on this procedure ensured that each question 

discriminates meaningful outcomes. This methodology was detailed in Chapter 3. 

If difficulty was greater than .75, then the question was considered “easy.” If the 

difficulty was less than .25, then the question was considered “hard.” Questions that had 

a difficulty index greater than .25 and lower than .75 were within the proper range of 

difficulty. Test Item Discrimination was determined by calculating the difference 

between the high (H) and low (L) values divided by sample size. If a question didn't 

discriminate, it was be removed or edited and subjected to additional evaluation. 

Discrimination = H - L; 1-0=1; high or 0-1=-1; low. Values for discrimination greater 

than .4 are considered good; .3 to .39 are OK; .2 to .29 are marginal; and .19 is 

considered poor. 
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Based on the results of the Test Item Analysis, the initial survey (Appendix 3) 

was modified into the current version (Appendix 1) used for the remainder of this 

research. This version was also subjected to test item analysis to verify the difficulty and 

discrimination of each question (Table 2). 

 

Table 1: Test Item Analysis Results from Initial Survey 

Question # High score Low score Difficulty Discrimination 

1 1 0.73 0.865 0.27 

2 0.73 0.06 0.395 0.67 

3 0.66 0.66 0.66 0 

4 1 0.4 0.7 0.6 

5 0.93 0.3 0.615 0.63 

6 0.86 0.4 0.63 0.46 

7 0.86 0.3 0.58 0.56 

8 0.53 0.2 0.365 0.33 

9 0.46 0.13 0.295 0.33 

10 0.4 0.13 0.265 0.27 

 

The differences between Initial and Final Survey Questions are detailed below:  

1) In recent years there has been a decline in the sablefish population. (UNCHANGED) 

2) The age of a fish is determined by counting the rings of its ear bones. 

(UNCHANGED) 

3) More sablefish is consumed in the United States and Canada than in Japan. (DID NOT 

DISCRIMINATE as a true/false question. CONVERTED to multiple-choice question #7) 

4) Sablefish is greatly prized, especially in sushi, for its mild, rich, buttery flavor and 

high oil content. (UNCHANGED, but now question #3) 
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Added as Question 4: Young sablefish grow rapidly in deep water before migrating into 

shallow waters.  

5) Captains of fishing vessels provide valuable information on sablefish distribution. 

(EDITED [due to expert input] “Captains of fishing vessels“ TO “Commercial fishers”) 

  

PLEASE CIRCLE YOUR ANSWER 

6) Sablefish populations are monitored because: 

A) they are an economically important species on the Pacific West Coast. 

B) it is ecologically important to maintain the health of sablefish populations. 

C) very little is known about the distribution and biology of the sablefish. (EDITED to 

“much more needs to be learned about their abundance and reproductive potential” to 

create a more affirmative response. This EDIT DID NOT AFFECT THE DIFFICULTY 

OR DISCRIMINATION test item results) 

D) all of the above. 

ADDED as Question 7 and ADAPTED from Question #3 in Initial Survey:  

Most West Coast sablefish are sold in: 

A) France. 

B) The United States. 

C) Japan. 

D) Canada. 

7) (Question #8 in Final Survey) 

Recent scientific research has revealed that sablefish generally:  



 

 

87 

A) migrate seasonally from 80 to 1,000 fathoms. (EDITED to “can be found at depths 

exceeding 6,000 feet,” because fathoms are not a unit of measurement with which the 

public is familiar) 

B) range across the north Pacific from Japan to California. 

C) live up to 90 years. 

D) all of the above. (SHIFTED order of answers and EDITED to (A) and (B) but not (C) 

to evaluate respondents’ discrimination)  

8) (REMOVED since “otolith” is not clearly defined in video) 

The ear bone of a fish is called:  

A) flabeula. 

B) otolith. 

C) flubboo. 

D) cochlear. 

9) Sablefish are caught commercially: 

A) by trolling. (EDITED to “hook and line” for better public comprehension) 

B) by trawling. 

C) in pots. 

D) both by trawl and in pots. 

10) Sablefish is also known as: (UNCHANGED) 

A) black cod. 

B) red snapper. 

C) salmon. 

D) rockfish. 
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Table 2: Test Item Analysis Results from Final Survey 

Question # High score Low score Difficulty Discrimination 

1 1 0.54 0.77 0.46 

2 0.68 0.23 0.455 0.45 

3 0.9 0.18 0.54 0.72 

4 0.63 0.05 0.34 0.58 

5 0.77 0.32 0.545 0.45 

6 0.95 0.23 0.59 0.72 

7 0.9 0.27 0.585 0.63 

8 0.82 0.14 0.48 0.68 

9 0.54 0.14 0.34 0.4 

10 0.32 0.27 0.295 0.05 

 

Changing or editing the questions from the initial survey yielded questions that 

both discriminated and fell within the acceptable range of difficulty. This resulted in a 

survey that was a valid measurement of the visitors’ pre-existing knowledge about 

sablefish (Table 3). The females’ average score of 5.7 was less than the males’ average 

score of 6.0. The visitors’ baseline knowledge about sablefish has an average score of 5.8 

from a possible score of 10.  

 

Table 3: Summary of Baseline Results with Respect to Age and Gender 

Age Count 
(Males) 

Average 
score 

(Males) 

Count 
(Females) 

Average score 
(Females) 

Count 
(M/F) 

Average 
score (M/F) 

1935 29 6.5 58 6.6 87 5.7 

3660 39 5.5 50 5.1 89 6.0 

60+ 15 6.9 15 5.5 30 5.7 

All 83 6.0 123 5.7 206 5.8 
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 The mixed-gender average score was used as a baseline for the average visitor’s 

existing knowledge regarding sablefish. This provided a measurement of changes in 

learning outcomes as a result of their exposure to one of the three different aquarium 

designs. Because of sampling bias, the separate gender scores were not used. The 

sampling bias was primarily a result of children pulling their mothers away from the 

aquarium.  

The final sixty surveys were included with a subsequently administered 146 for a 

total of 206 surveys used to establish the average visitors’ existing knowledge about 

sablefish. The sorted raw data is available for review in Appendix 9. This database was 

analyzed via t-tests with the results from the interviewed participants’ surveys as a 

measure of significance of learning outcomes after interacting with the three different 

aquarium treatments. 

 

Prototype Design Evaluation 

Qualitative methods were used to refine the prototype interactive aquarium design 

environment. Observational data was collected and participant interviews were conducted 

over five days in December, 2006. Observation and interview times were standardized to 

control for crowding effects (Diamond 1986). Summer and holiday periods attracted 

similar-sized daily audiences. Crowding (and scarcity) affected the reliability of data 

collection. If more than a dozen people were standing in front of the aquarium, other 

visitors would elect to pass by without stopping. Conversely, some adults became 
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participants after watching and then modeling other adults’ actions. Standardizing data 

collection times to similar audience flows enhanced the reliability of data collection. 

Visitor behavior will often be affected if they know they are being observed. To 

avoid any testing-effect influences, all visitors were observed unobtrusively. 

Observational data was collected out of visitors’ lines of sight, but near enough to be able 

to observe and code their behavior. Observational data collection categories included 

time of day, number of people passing, group size and composition, participation time, 

video view time, and whether independent or collaborative behavior was demonstrated. If 

participation time was greater than two minutes, one adult participant was invited to 

complete an interview and a survey form. 

Another outcome of the prototype evaluation included a redesign of the 

observational data sheet to include a larger range of visitor behaviors. Visitor behavior 

was strongly influenced by visitors’ arrival times to the interactive aquarium. If the video 

was already playing, some visitors left at its completion, not interacting with the PIT tag 

reader. Other adult participants would scan the PIT tag and watch the video from the 

beginning. If the attract sequence was playing, visitors displayed a variety of behaviors. 

Some scanned the PIT tag but would leave after the video started. Others were unable to 

scan, either because they didn’t push the “read” button or because they simply didn’t scan 

the PIT tag. Some visitors seemed more interested in just watching the sablefish. The 

successful participant would follow the instructions of the attract sequence, scanning the 

PIT tag to initiate the video and then watching to its completion. A single adult 

participant who watched the entire video after he/she (or someone in their group) 

successfully scanned the PIT tag was invited to complete the sablefish survey. 
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Aquarium Design Treatments 

Three treatments (aquarium environments) were evaluated: Static graphics 

(Figure 10), Video loop (Figure 11), and Interactive (Figure 12). To avoid participant 

confusion, the PIT tag reader and signage were removed from the aquarium environment 

during evaluation of the Video loop treatment. For content reliability, the posters (Figures 

13 and 14) for the Static graphics treatment were designed using identical images and 

verbiage from the video.  

 

 

Figure 10: Static Graphics Aquarium Design Treatment 
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Figure 11: Video Loop Aquarium Design 

 

Figure 12: Interactive Aquarium Design (Final) 
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Figure 13: Sablefish Research Signage 

 

Figure 14: Sablefish Culinary Signage Image 
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Existing PIT Tag Technology 

Because of the inability of PIT tag readers to effectively function through 

seawater, participants had to scan a tagged sablefish image rather than the living fish. 

Using the PIT tag reader on an image of a sablefish was a successful substitute for 

scanning an actual PIT-tagged fish. Though it is not as challenging, it is less frustrating 

when the fish doesn’t stay in range. 

Unfortunately, it was a rare occasion when a sablefish would approach within three 

or four inches to the front of the aquarium, enabling the participant to successfully initiate 

the video. During the prototype design process, many visitors spent extended periods 

unsuccessfully attempting to scan a tagged sablefish. If the existing technology can be 

improved to permit scanning any fish from any location in the aquarium, the 

effectiveness of this technology as an educational tool could be greatly enhanced. 

The “off-the-shelf” cable for the PIT tag reader wasn’t engineered to be sturdy 

enough to hold up against the abuses from public handing (Figure 15). Participants 

generally caused damage by twisting or pulling on the cable until its internal wires broke 

and shorted out. 

The first cable design was protected by foam covered with duct tape and secured 

by two cable ties. This design endured for the longest period before shorting out. The 

second cable design was attached with bolts and threaded stock through a wood partition. 

The final design used heat-shrunk tubing, but lasted the least time. In each design, the 

cable protection was in different locations but the breakage was always at the junction 

between the protective material and the cable.  
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Figure 15: Failed Cable Designs 

Design Results for Assessing Visitor Interactions 

Though the design research challenge was to develop an interactive aquarium 

environment, success was determined by the measurement of learning and behavioral 

outcomes from participants. Identifying the characteristics and background knowledge of 

the average adult visitor was essential for assessment of cognitive and affective change 

resulting from participant interaction with the three different aquarium environments. 

Because assessment was based on a “post-test” evaluation approach, the measurement of 

these baselines was especially important. This research began with administration of an 

extensive demographic study that identified such important audience characteristics as 

gender, age, educational background, and social-economical factors.  

The design and development of an accurate evaluation instrument was equally 

important. Two iterations of the test item analysis were required to develop a valid 

instrument to measure the average visitor’s background knowledge of sablefish. This 

average, combined with the demographic information, established an accurate baseline to 
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be used for comparison with the participant’s sablefish recall, and summative evaluation 

results from participants with the different aquarium designs. 

 

Results of Observational Studies 

The observational data was especially useful. First, because of the large numbers 

of observed visitors, measuring significant behaviors with the different aquarium designs 

was possible. Different preferred learning styles were observed. The interactive aquarium 

design attracted more participants than either the video loop or static graphic 

environments. Even more impressive was how the interactive aquarium fostered 

significantly more collaborative behavior than either of the other two designs. 

The unobtrusive observation of over four thousand visitors was also extremely 

useful for the evaluation of design failure. During the course of the final data collection, 

the PIT tag reader cable failed and was replaced on three separate occasions. Despite 

repeated design modification attempts, this commercially produced device could not 

stand up to the rigors of handling by the general public. These observations should 

ultimately lead to the design of a new, wireless interactive device.  

Observational study times and dates of the three aquarium design treatments were 

standardized to control for crowding or mimicry effects. The demographic study 

indicated that summer and holiday dates attract similar audiences. Data collection 

occurred generally from noon to 4:00 p.m.  

Static Graphic Panel Design Aquarium Treatment (using color graphics and text): 

During ten days (thirty-three hours) of observation, 863 visitors passed by this 

aquarium treatment without stopping. Three hundred twenty-three individuals were 



 

 

97 

recorded stopping and observing for a minimum of twenty seconds. Seven adults stayed 

more than ninety seconds, actively reading both graphic displays.  

Video Loop Aquarium Treatment: 

During ten days (thirty-six hours) of observation, 1,308 visitors passed by this 

aquarium environment without stopping. Four hundred eighty-four individuals were 

recorded observing for a minimum of twenty seconds. Twelve adults stayed more than 

two minutes, twenty seconds, watching the video to its completion.  

Interactive Aquarium Treatment: 

During eleven days (forty-one hours) of observation, 608 visitors passed by this 

aquarium environment without stopping. Five hundred forty-six individuals were 

recorded observing for a minimum of twenty seconds. Thirty adults stayed more than two 

minutes, twenty seconds, watching the video to its completion. The attractive power of 

the interactive device is summarized in Table 4. 

 

Table 4: Visitor Attraction Sorted by Treatment  

 Adults 

passing 

Adults w/ 

children 

passing 

Total 

passing 

Adults 

engaging 

Adults w/ 

children 

engaging 

Total 

engaging 

Static 546 317 863 223 100 323 

Video loop 870 438 1,308 363 121 484 

Interactive 383 225 608 225 321 546 

Sum totals   2,779   1,353 
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 Four thousand one hundred thirty-two visitors to the HMSVC were observed and 

recorded. More than two-thirds of these visitors passed by the sablefish aquarium without 

stopping. The results from the observational study were used to address the following 

research inquiries: 

Are more people attracted and engaged if an interactive device is attached to an 

aquarium? The interactive aquarium treatment attracted more than forty percent of the 

visitors who chose to stop and engage. Table 5 shows the comparison between visitors’ 

and participants’ behaviors in response to the three different aquarium design treatments.  

 

Table 5: Comparison of Visitors’ and Participants’ Behaviors 

Aquarium Design 
treatment 

Observation time 
(hours) 

Visitors 
Passing 

Participants 
Stopping 

Attraction—
Percent 

Static 33 863 323 1,186—27% 

Video loop 36 1,308 484 1,792—27% 

Interactive 41 608 546 1,154—47% 

 



 

 

99 

 Attraction coefficient = (Visitors stopping) / (Visitors passing) + (Visitors 

stopping). The aquarium with an attached interactive device attracted more participants 

than either alternate aquarium environment (Table 5).  

 

Does an aquarium with an attached monitor running a video attract and engage 

more people than a standard static graphic panel design? The Static graphic and Video 

loop aquarium design treatments had an identical attraction coefficient (Table 5), which 

might be a measure of the public’s natural attraction to the living sablefish in the 

aquarium for both treatments.  

To determine if an interactive aquarium design attracted and then engaged a self-

selected audience that is representative of the general visiting population, Table 6 

compares the Demographic Survey data (n=1,135) to the Sablefish Survey (n=49) 

participants’ background for age and educational level.  

 

Table 6: Survey Participants Sorted by Age and Education Level  

 High 
School 

A.A. Bachelor’s Graduate 18–
35 

36–
60 

60+ 

Interactive treatment 
(n=30) 

37% 20% 17% 27% 17% 70% 13% 

VC demographics 
(n=1,135) 

25% 20% 30% 25% 28% 44% 16% 

  
 

To address the research inquiry: “Does an interactive device promote an 

independent or cooperative learning opportunity?” The three different aquarium design 

treatments were sorted by independent or cooperative behavior observations (Table 7). If 
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it was unclear whether the visiting group was conversing or interacting, then their 

behavior was classified as “unknown.” 

 

Table 7: Visitor Behavior for the Three Design Treatments 

Design  
Treatments 

Independent Cooperative Sample Size (n) 

Static 59 (45%) 74 (55%) 133 

Video loop 105 (56%) 85 (44%) 190 

Interactive 104 (40%) 156 (60%) 260 

 

The difference in sample size is a reflection of the attraction coefficient of 

different aquarium designs (Table 5). More people (546 participants in groups or 

individually) were attracted to the Interactive aquarium design treatment. The sample size 

difference between the Video loop and Static graphics reflects the difference in 

observation time (thirty-six hours vs. thirty-three hours) and visitor attendance 

differences: 484 visitors’ behaviors were recorded with the Video loop aquarium design, 

and 323 people were observed while the Static graphics aquarium design treatment was 

installed.  

The difference in “unknown” values reflects difficulty (or ease) in determining 

participant interactions. Participants didn’t converse much while reading the static 

graphic panels, and sharing was primarily regarding the sablefish behavior.  

A Chi-square analysis for the different aquarium treatments for independent or 

collaborative visitor behavior was conducted. Treatments were the three aquarium 

designs: Static graphics, Video loop, and Interactive. The size of the population sample 

(n) was 583, derived after removing the 100 participants with “unknown” or unidentified 
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behavior. The Chi-square (2, n=583) = 10.4761, p = .0053 suggests that there is a 

significant difference in the collaborative behavior across the three treatments. The 

results from the independent variables (design treatments) indicate that more adults 

demonstrated collaborative behaviors with the interactive aquarium than with the other 

two aquarium design treatments. 

A Chi-square analysis was also conducted on the Static graphics and Video loop 

aquarium treatments for participant behavior. Participant behavior was categorized by 

whether the participants read the text or watched the video, watched the sablefish, or did 

both. The size of this population sample consisted of 323 adults. The Chi-square (2, 

n=323) = 9.9119, p = .0070 suggests there is a significant difference in participant 

behavior across the two treatments. Significantly more people were engaged by the video 

loop than by the written text.  

 

Results of Sablefish Survey 

 As discussed in Chapter 3, all adult visitors who remained engaged with the 

interpretive devices (static display or video segment) for more than two minutes were 

invited to assist with the study using the previously described protocol. Forty-nine adults 

(survey participants) either watched the entire two-minute video or spent at least ninety 

seconds reading the two graphic panels. Only one group of adults (consisting of 

individuals with English as a second language) declined to participate. This exceptionally 

high response rate to fill out the survey is uncommon and will be a subject for future 

investigation.  
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The results from the observational data and participant interviews were used to 

determine whether engagement time enhanced recall learning (Table 8). The visitors’ 

baseline average score of 5.8 (see Table 3) is much less than the average scores for 

participants in each of the aquarium design treatments. This indicates that adult 

participants were able to recall specific information about sablefish after experiencing 

any of the aquarium design treatments. 

 

Table 8: Participant Survey Results 

Design 
Treatments 

Observation time (hours) Visitors Passing Visitors Stopping Survey 
Participants 

Score 
 

Static 33 863 323 7 8.0 

Video loop 36 1,308 484 12 8.3 

Interactive 41 608 546 30 7.8 

Totals 110 2,779 1,353 49  

 

Equally important, more people (n=30) demonstrated learning with an aquarium 

design environment with an attached interactive device than did the total participants 

(n=19) in the video loop and static graphic design environments combined.  

 
Results of E-mailed Summative Evaluation 

Only two of the forty-nine adults surveyed did not provide their e-mail addresses. 

Sixteen adults (34%) responded from the forty-seven e-mailed summative evaluations 

(Appendix 8). Their average summative evaluation score is 8.04, compared with the 8.56 

average for the identical post-evaluation administered immediately after interacting with 

the aquarium. Both of these values exceeded the baseline of 5.8 for the visitor unexposed 

to any of the aquarium design treatments and demonstrate long-term learning. Moreover, 



 

 

103 

the summative evaluation scores are lower than the immediate post-evaluation. This 

reflects a leveling off of memory that is often associated with the passage of time. While 

this is consistent with memory decay of longer-term recall, the small sample size 

invalidates interpretation.  

 

Summative Behavioral Results 

No one responded positively to the questions “Have you subsequently seen 

sablefish (black cod) in a restaurant or grocery store?” or “Have you eaten sablefish 

(black cod)?” or “Have you heard of PIT tags since visiting HMSC?” This indicated low 

public exposure to sablefish and PIT tags, making it difficult to evaluate affective 

behavioral outcomes. 

The results from the e-mailed summative evaluations were used to determine 

whether there was evidence of long-term recall after interaction with any of the three 

different aquarium designs (Table 9).  

 

Table 9: Average Scores for each Aquarium Design Treatment 

Design Treatment Survey Score Summative Score n 
Static graphics 9.0 8.0 2 

Video loop 9.0 8.67 3 

Interactive 8.36 7.45 11 

Average 8.56 8.04 16 

 

Even after more than nine weeks, responding participant scores were still much 

higher than the non-participant baseline average of 5.8. Moreover, their summative 

evaluation averages were slightly lower than the participant’s recall averages, as noted 
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above. The response rate of the 47 participants was 34%. This provides only a hint of the 

magnitude of delayed recall. 

 

Results of Visitor Center Demographic Study 

Between 2001 and 2002, demographic surveys of 1,135 visitors to the Hatfield 

Marine Science Visitor Center were conducted. The results summarized in the pie charts 

below are averages across the entire calendar year. Fifty-six percent were female; 44% 

were male. This was based on survey respondent choice and was not necessarily 

representative of typical visitor gender ratios. 

The survey respondents were generally the adult leader of each visiting group. 

Sixteen percent were older than sixty, while 44% were between thirty-six and sixty years 

old. Twenty-eight percent were nineteen to thirty-five, and the remaining 12% were eight 

to eighteen years old. The average number of children in a visiting group was 1.37. This 

result opens the discussion of how adult and children interaction impacts adult learning in 

public aquariums and science centers. The presence of children was the norm and the 

design of any aquarium environment needs to take this into account. While the research 

design challenge was to determine how learning can be enhanced for the adults, 

opportunities for children must also be considered, since most adults are traveling with 

children.  
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 The Hatfield Marine Science Visitor Center (HMSVC) attracts a self-selected 

audience of higher educational background that the average state population. Twenty-two 

percent of the visitors have graduate degrees; an additional 27% have completed 

undergraduate degrees. Twenty-seven percent have either technical training or an 

associate degree. Twenty-two percent of the visitors have only a high school diploma. 

The remaining 11% represented the age eight to eighteen respondents. 

 

 The visitors’ average household earnings are represented in the pie chart below. 

Fourteen percent earned less than $20,000 annually; 41% earned up to $60,000. Twenty-
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one percent of the visitors earned $60,000 to $99,999; 9% earned more than $100,000. 

The remaining 15% represents both the age eight to eighteen respondents and visitors 

who chose not to answer this possibly sensitive question. 

 The majority of HMSVC visitors come from out of town. Thirty-two percent are 

staying in motels or rentals, 12% are staying in an RV or campground, and 10% are 

traveling though town. Thirty-one percent are coming from home, while 8% were hosted 

by a friend or relative.  

 

 

 Program and exhibit development planning can reflect the frequency of visitation. 

Half of our visitors are either new or haven’t been here since the major renovation in 

1995. Seventeen percent had visited within the past five years, and only 16% were repeat 

visitors during the previous twelve months.  
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The results of the demographic survey provided background data provided a valid 

baseline to address the following inquiry: Does an interactive aquarium design attract 

and engage a self-selected audience that is representative of the general visiting 

population? The results from the demographic survey (age and education level) were 

used with the survey participants’ demographic statistics to determine whether the 

interactive aquarium design treatment attracts a self-selected audience (see Table 6).  

 

Summary of Results of the Research Inquires 

This study employed design research strategies to answer different research 

inquiries: 

• Does engagement time enhance learning? The results from the sablefish survey, 

combined with the observational study outcome, show that engagement time with any of 

the three aquarium designs enhanced participant recall of specific information about 

sablefish. Every participant surveyed scored higher than the average visitor. 
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• Does an interactive aquarium design promote an independent or cooperative learning 

opportunity? The Interactive aquarium design significantly enhanced cooperative 

learning opportunities. Cooperative learning opportunities enhanced adult learning as 

they assisted children or their peers with using the PIT tag reader. Observations of 

conversation or active pointing while watching the video served as evidence of adult 

discussion of the video’s content. 

• Are more people attracted to an aquarium with an attached interactive device? More 

people were attracted to the aquarium design with the interactive device than with the 

other design treatments. Even without recognizing the purpose of the research device, 

more children and adults engaged with the interactive aquarium design than the other two 

aquarium design treatments. 

• Does a continuous video loop attached to an aquarium attract and engage more people 

than the standard, static, graphic-panel design? The static-graphic and continuous video-

loop aquarium-design treatments attracted equal proportions of visitors. The only 

difference in the appearance between the video-loop aquarium design and the interactive 

design was the presence of the PIT tag reader. This demonstrates that neither the fish nor 

the interpretive media were responsible for attracting more visitors to the interactive 

aquarium design. 

• After interaction with any of the three different aquarium designs, was there evidence of 

long-term learning? From the small response rate we get a suggestion of delayed recall of 

exhibit information that is positive. The delayed recall score averages were similar to the 

average sablefish survey scores that were gathered immediately after participant exposure 

to the different aquarium designs. 
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• Does an interactive aquarium design attract and then engage a self-selected audience 

that is representative of the general visiting population? The interactive aquarium design 

selectively attracted and engaged more adults between the ages of thirty-six and sixty. 

The interactive aquarium design attracted and then engaged a self-selected audience with 

an educational background that generally represents the average visiting population. 
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Chapter 5: DISCUSSION 

Why Use Design Research? 

Incorporating design research methodologies improved the exhibit design process. 

Historically, funding from organizations that desired to communicate to the public some 

aspect of their identity initiated many exhibit design projects. In larger science centers 

and museums, a team consisting of a curator (or educator), a graphic designer and exhibit 

fabricator would be assembled. Typically a project manager or exhibit advocate would be 

in charge and create the project timeline with milestones. The exhibit design process 

consisted of compromises within the team as the curator, designer and fabricator 

proposed ideas for delivery of the client’s message. The exhibit advocate would mediate 

the team’s disputes and interface at the appropriate times with feedback from the client 

organization. A major drawback of this process was the institutional overhead costs, and 

the general lack of input from the general public. Occasionally, major exhibits were 

installed that were met with public ambivalence or confusion. A design research 

approach to exhibit design can be used to address these inadequacies.  

 This process began with backwards design analysis. The desired outcome of this 

research was to enhance adult learning in a public aquarium setting. The selected 

approach was to incorporate a scientific research instrument as an interactive device in an 

aquarium environment. The Literature Review and personal experience with interactive 

devices in science centers supported this as an effective strategy to enhance learning. A 

central strategy of this use of design research is component design evaluation. This 

required identifying the different interactive aquarium system components and observing 

how visitor behavior was affected. An iterative design process incorporated cyclic 
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analysis to study where the public became confused nor ambivalent with the design 

component modifications.  

The final step in this design research methodology required a complete system 

design analysis. This began with a prototype interactive aquarium environment and an 

initial observational data sheet for logging different visitor or participant behaviors. After 

modifications, adult learning and behavioral outcomes were quantitatively compared 

across three different aquarium design treatments. 

 

Initial Design Considerations 

Part of NOAA's research effort at HMSC focuses on managing the sablefish 

fishery. Sablefish that were on display in the aquarium attracted visitor attention, but the 

display wasn't successful at conveying the results of NOAA's research. Because public 

knowledge of sablefish is practically nonexistent, this presented an opportunity to 

measure the success of innovating aquarium designs. Knowledge about sablefish served 

as a measurement of the relative success of different aquarium designs.  

An additional desired outcome was to educate the public about the process and 

result of sablefish research. This provided an opportunity for the public to utilize 

authentic research instruments as an interactive device. One aquarium design treatment 

tested the hypothesis that interaction enhances visitor learning. The participant used a 

hand-held reader to scan a sablefish image that had been implanted with a PIT tag. The 

PIT tag is induced by the reader’s (or scanner’s) radio wave to generate a unique 

frequency that prompts a software program to cue up a video. This brief video detailed 

NOAA’s sablefish research and its relevancy to the general public. When the exhibit was 
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not in use, an “attract sequence” demonstrating how to interact with the aquarium ran on 

the monitor. 

 Every design opportunity comes with design challenges. Interactive devices near 

saltwater aquariums are subject to corrosion. In addition, science research is often viewed 

as esoteric and abstract. Both saltwater aquariums and science research are challenging 

when viewed through the lens of current exhibit design practices, especially in aquarium 

settings where prototyping of exhibits and evaluation of interactive exhibit components is 

often not a priority.  

Additionally, it is important to connect the “real-world” to the learning activity or 

outcome (Bransford, Brown, & Cocking 1999). Social relevance enhances the learning 

experience. An ideal exhibit should combine interactivity with a learning experience that 

is relevant in the real world. The authenticity of the interaction can lead to a greater 

understanding of complex concepts. Incorporating an actual research instrument (PIT tag 

reader) into an interactive device, and providing the public with an opportunity to use it 

in a personally meaningful way, enhances learning. The research instrument itself acted 

as an attractive device and ultimately engaged more of the public. Even without 

recognizing its function, more people were attracted to an aquarium with an attached 

interactive device. 

The guiding research question driving this dissertation was “In what ways do 

design research methods afford opportunities to analyze the development of an 

interactive aquarium environment?” This was focused by directly addressing two 

separate questions: “What are the problems encountered when incorporating a scientific 

research device into an interactive public aquarium display?” This question was 
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addressed primarily in Chapter 3. The research question: “What are the effects on visitor 

engagement of interactive aquarium designs?” was examined in Chapter 4. Visitor 

attraction and engagement was the matrix for a measurement of successful aquarium 

designs. 

 

Design Discussion 

Design professionals use modeling as a vehicle for understanding the problem 

they are working on and making predictions about how their design might behave when 

constructed (Hmelo et al. 2000). In this case, constructing exhibit prototypes and 

performing formative evaluation for multiple iterations (Linn & Muilenberg 1996) led to 

a more effective aquarium design. 

Design problems require a designer to identify ways to accomplish desired 

functions and fit them together to create a system or artifact (Hmelo et al. 2000). The 

design challenge of enhancing learning with a public aquarium includes integrating 

unpredictable behavior of live fish with a technological system robust enough to be 

reliable despite accidental seawater spills or destructive visitor behaviors.  

An aquarium was designed and built with a life-support system capable of 

supporting sablefish of sufficient number and size for public viewing. Whale bones were 

initially were added to the aquarium environment to attract more visitors, but had to be 

removed because of declining water quality.  

Sablefish videos and graphics were designed to highlight NOAA’s research 

efforts and the sablefish’s food value. Software had to be designed to reliably interface 

with the PIT tag reader to cue up the appropriate video. In response to the visitor’s 
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inability to scan a moving fish, an image of a sablefish fitted with PIT tag was installed 

over the aquarium. A video-attract sequence was developed to encourage and model 

successful participant behavior.  

An appropriate CPU was located near the seawater aquarium to run the PIT tag 

software and sablefish videos. Video monitors were needed to be located at an 

appropriate height to attract the visitors’ attention. The PIT tag reader and cable had to be 

secured in a location that was accessible to both the participant and the PIT-tagged 

sablefish image.  

A demographic survey was developed and administered to determine the social 

grouping, age, and educational background of a typical visitor to the Center. A front-end 

analysis measured the average visitor’s baseline knowledge about sablefish. This survey 

instrument design was subjected to two iterations of a test-item analysis to design 

questions that discriminated and were of sufficient difficulty. The interview survey was 

developed and approved by Oregon State University’s Institutional Review Board. 

Observational data sheets were refined by a case study to measure and catalog visitor 

behavior. 

In this research, learning outcomes were measured by a “post-test only” approach, 

to avoid subject bias that might result from taking the pre-test. This evaluation went 

through extensive development, including a test-item analysis. Redesigning the survey 

based on this procedure ensures that each question discriminates meaningful outcomes 

and eliminates questions that were either too difficult or easy. In order to obtain a 

baseline average, the evaluation was first administered to new visitors to the science 
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center. To measure change in knowledge about sablefish, their average score was used to 

compare to the evaluation scores of participants with the different aquarium designs. 

To research the effectiveness of an interactive aquarium environment, non-

intrusive observations surveyed visitor response, behavior, and interactions, followed by 

interviews and questionnaires about the content knowledge of participants that stayed 

engaged for a significant time period. The results of these surveys were then used to 

contrast identical evaluations conducted with two alternative aquarium design treatments: 

a passive, continuous video loop; and the standard, static graphic-display environment. 

Adult members of the participant family group learn in a multiplicity of domains, 

including cognitive, affective, and social (Briseno-Garzon et al. 2007) as well as 

psychomotor skills. From the social constructivist perspective, learners construct and 

adapt meanings within social and physical contexts that intrinsically mediate and 

modulate the learning episodes (Rennie & Johnston 2004). Aquariums offer unique 

experiences from which adult members of a family group can learn in and from different 

and interwoven domains. Understanding the nature and dynamics of learning in the 

aquarium setting, and investigating how adults experience aquarium visits as a social 

unit, can inform the design of exhibits to maximize learning potential for all family 

members (Briseno-Garzon et al. 2007).  

 

Discussion of Design Research 

Both the evaluation instruments and different aquarium designs were subjected to 

a formative evaluation process. This helped ensure validity of the results by eliminating 

unanticipated visitor response variables and behaviors. Edelison (2002) stated that 
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“Design research may still incorporate the same types of outcome-based evaluation that 

characterizes traditional theory testing,” while acknowledging that design is an important 

approach to research in its own right. 

 Determining visitor background knowledge about sablefish and PIT tags was 

essential to quantify their cognitive outcomes after interacting with the specific aquarium 

treatment. Sablefish were an ideal study subject because most visitors were unfamiliar 

with them. Eliminating any prior visitor knowledge of the subject permitted attributing 

any learning on the subject directly to their interactions with the aquarium design.  

Design professionals use modeling as a vehicle for understanding the problem 

they are working on and making predictions about how their design might behave when 

constructed (Hmelo et al. 2000). Formative evaluation was central to the aquarium design 

process. Based on visitor responses, each aquarium design treatment was subjected to 

iterative evaluation and redesign. While the interactive aquarium design required most of 

this effort, the basic aquarium design, such as life support and the internal aquarium 

environment, was the first design challenge in the critical path. This was a common 

denominator to each of the aquarium treatments.  

 

PIT Tag Technology 

If existing PIT tag technology can be improved to permit scanning any fish from 

any location in the aquarium, the effectiveness of this strategy as an educational tool 

would be greatly enhanced. A possible solution requires the development of a device that 

separates the transmitter from the receiver functions of the PIT tag reader. The 

commercial “off-the-shelf” transceiver creates very weak radio waves in order to 
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stimulate the PIT tag. The strength of this radio wave penetrates only between four to five 

inches through the aquarium wall and seawater. Thus the sablefish only occasionally 

came into this range for a successful scan. Unfortunately, because of the potential of 

harming human health, merely increasing the power of the radio wave produced by the 

transceiver is not an option. The PIT tag reader needs to be redesigned and split into its 

two components. A more powerful transmitter could be submerged in the aquarium and 

mounted so that all of the fish’s PIT tags are continually induced. When the participant 

points the directional antenna directly at the fish, its specific signal cues up the 

appropriate video.  

An alternative design solution should include eliminating the cable, possibly by 

utilizing a solid-state video interface that would allow participants via a touch screen to 

select underwater readers located in different locations throughout the aquarium. 

 

Sampling Discussion 

Venues such as public aquariums attract an increasingly large percentage of the 

general public’s discretionary spending. However, most public aquariums are not 

designed to easily evaluate the effectiveness of their displays. The infrastructure costs of 

providing seawater, drains, and computer and electrical connections to the entire facility 

are generally prohibitive.  

All research was conducted at the Hatfield Marine Science Visitor Center 

(HMSVC). During the Center’s renovation in 1996, redundant infrastructure was 

installed throughout the entire facility. Drains, seawater, and computer connections were 

laid out in a grid pattern, affording design flexibility to any location. Designed to serve as 
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a social laboratory, HMSVC permits researchers to evaluate different design treatments 

without having to change exhibit or aquarium locations. 

With no required fee, the HMSVC is accessible and affordable to people and 

families of all economic abilities. Located on the central Oregon coast in Newport, 

Oregon, the HMSVC, in fulfillment of its mission, serves the state of Oregon, population 

3,306,000+ (according to the 1999 Oregon Economic and Community Development 

Department). One-quarter of the population is seventeen years of age or younger, and a 

little over 13% is sixty-five or older. The population consists of 88% non-Hispanic 

White, 2% non-Hispanic Blacks, 6% Hispanics, 1% Native Americans, and 3% Asian 

and Pacific Islander. 

The HMSVC is located just off Highway 101 (a major coastal and scenic route for 

tourists) and is approximately a three-hour drive from the Portland Metro area with its 

population of 1,890,845 (57%+ of the state’s population). This study indicated that nearly 

75% of the visitors were from Oregon. About 40% of the general public are repeat 

visitors to the Visitor Center, and the average visitor comes with one or more relatives. 

The frequency with which people return to the Science Center has an impact on both 

program and exhibit development. Since 84% of our audience had not visited during the 

previous twelve months, the under-development new exhibits can proceed at a measured 

pace without concern. Another factor to consider is that locals who are bringing visiting 

family or friends lead many of our visiting groups. Continuity in exhibit design and 

interactivity are desirable so repeat visitors can easily act as guides for their guests. 

Popular exhibits can serve as icons that don’t change and serve as “touchstones” for 
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repeat visitors. Continuity in graphic design can also be helpful for visitors to quickly 

locate the necessary instruction for interactive devices.  

These surveys also suggest that during the fall season, the majority of visitors are 

over fifty (older couples and retirees), while in spring and summer they tend to range 

between mid-twenties to mid-fifties (couples and family groups). Visitors tend to be of 

middle income with moderately high levels of education. These studies help us identify 

that our “priority audience” is the adult visitor (primarily from Oregon) responsible for 

making decisions about resources and research. By extension, children, either in school 

groups or as part of family groups, are also a priority audience because they will assume 

some of their parents’ decision-making responsibilities.  

Adults traveling in family groups sometimes have contrasting expectations or 

agendas for their visits to FCL venues. They are often interested in being informed about 

current issues in science, but primarily wish to educate the children in their visiting 

group. Aquariums and displays should be designed to accommodate both adults’ and 

children’s learning outcomes. Children visiting public aquariums are often attracted by 

the moving fish and interactive environments, but they are not as likely to stay engaged 

with complex issues such as marine protected areas or salmon management. Adults need 

to know about public policy or be further informed about science in the news, but these 

issues require longer engagement times to fully understand. This generally conflicts with 

their children’s shorter attention spans. 

Females were more often pulled away from the aquarium design treatment than 

males. To compensate for this, whenever a couple was independently engaging with 
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design treatment, the female was asked to complete the survey and evaluation. Because 

of this non-random selection, gender was not included as part of the statistical analysis. 

The summative evaluation was e-mailed to forty-seven of the 49 adults who were 

interviewed during December 2006 and July/August 2007 and who provided their email 

addresses. The summative evaluation was sent out two to three months after the visitors’ 

initial exposure to the aquarium design treatments. Unfortunately, even after two 

requests, only sixteen individuals responded. Most participants responded within a week, 

but one e-mailed her answers more than a month after receiving the evaluation. Because 

of the low sample size, there is no way to establish statistical significance for their 

responses. However, the respondents’ scores suggest high retention of knowledge about 

sablefish. 

Though fewer people choose to stop with the first two treatments (attraction 

coefficient of 27% to 47%) those participants scored higher, which is perhaps as a 

reflection of their preferred learning style. 

By attracting more participants, an interactive device attached to an aquarium 

enhanced adult learning. All aquarium design-treatment scores exceeded the average 

visitor’s baseline score, indicating an enhanced learning potential. Since the data 

indicates that more people are attracted to an aquarium design with an interactive device, 

more people had the opportunity for learning and enhancement of learning. However, 

though engagement enhanced learning, participants with the other aquarium designs 

demonstrated higher survey scores, perhaps reflecting preferred learning styles different 

from those of other adults. 
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Research in Context 

Engagement devices are not as prevalent in public aquariums as in other free-

choice venues such as museums or science centers (Rennie & McClafferty 1995). 

However, research has indicated that learning is linked to activity (Lambert & McCombs 

1998). The research question “What are the effects on visitor engagement of interactive 

aquarium designs?” examines this from the opposite context; visitor behavior and 

learning outcomes drove these design research efforts.  

Engagement in FCL venues is sought after and often cited as an indication that 

visitor learning has occurred. Knowing and doing are considered interlocked and 

inseparable (Brown, Colins, & Duguid 1989). However, the activity in which knowledge 

is developed and deployed is not separable from learning or cognition. Situations can co-

produce knowledge through activity. Though visitors (especially children) may prefer 

hands-on exhibits, all interactive exhibitry does not guarantee cognitive change (Bitgood 

1994, Borun et al. 1997). Visitors’ prior knowledge is important in determining how they 

interact and what they learn from the exhibits (Rennie & McClafferty 1995). This added 

to the challenge of measuring learning outcomes in a public aquarium, and it included the 

necessity of identifying the learner’s baseline knowledge to compare to a measurement of 

his or her long-term learning outcomes.  

Living fish in aquariums serve as a fundamental attraction for most visitors. To 

keep visitors further engaged requires additional stimuli, such as interactive devices 

(Feher 1990). Children are more likely than adults to be attracted to an interactive device. 

Adults may be more concerned about appearing unsuccessful with an interaction outcome 

(Boisvert & Slez 1995). Children can act as both attractors and detractors; in a family 



 

 

122 

group, children can respond positively to interactive devices and lead the adults who are 

with them. However, their generally short attention spans can serve as a distraction to the 

adults’ attempts to assimilate more abstract or complex concepts (Borun & Dritsas 1997). 

People are attracted to an interactive device without knowing the outcome of their 

interaction. This “novelty effect” is well documented (Allen 1997). However, the reverse 

can also be true; reducing the novelty effect can enhance learning (Kubota & Olstad 

1991). Effects of novelty can reduce preparation on exploratory behavior. Time on task 

can also include unproductive visitor activity, such as time intervals when the fish isn’t in 

scanning range. For example, the initial aquarium design included PIT-tagged sablefish. 

The participant was required to scan the fish to begin the video. However, because of the 

density of seawater and that of the acrylic aquarium, the fish needed to be directly in 

front of the participant to achieve a successful scan. To reduce visitor frustration over 

their inability to scan a moving fish, an alternate PIT tag was attached to the fish’s 

graphic image and mounted on the outside of the aquarium. 

Adults often admonish children not to touch, despite signage encouraging them 

to do so. Adults and children will often model each other’s manipulative behaviors 

(Koran & Koran 1983). FCL institutions such as public aquariums could use interpretive 

layering so that visitors can choose to absorb the essence of the exhibit without filtering 

through complex descriptions or discussions (Heimlich 1996). With family audiences, 

this provides an opportunity to tailor the interpretive message to both adults and children. 

When assessing the impact of a visit to an aquarium, Falk et al. (2007) suggested that 

multiple layers of experiences should be offered that appeal to the broad array of visitor 

motivations and learning outcomes. Taking that suggestion one step further, situating 
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layered activities and interpretation immediately around the aquarium environment can 

capitalize on the visitors’ natural attraction to swimming fish and enhance engagement by 

both adults and children.  

This study is a contribution to a small but growing body of literature that attempts 

to understand how adults learn outside the classroom. Perhaps more importantly, it 

contributes to a dearth of studies of FCL originating in aquariums. The opportunity for 

enhancing learning in “free choice” environments has never been greater. Emerging 

technologies can fuse interactive educational multimedia with popular live-animal 

exhibits. The challenge was to design and evaluate engaging educational environments 

that enhance learning within a public aquarium setting. 

This study employed different design research strategies to analyze the 

development of an interactive aquarium environment. A reiterative design process 

addressed the problems encountered incorporating a scientific device in a public 

interactive exhibit. Each exhibit design change was initiated only after observing the 

actions or inactions from visitors. Exhibit design engineering approaches were applied to 

create the three different aquarium treatments. Each aquarium environment had its own 

technological challenges and material constraints. For example, the video loop treatment 

required repositioning and lowering the video monitors, while still protecting them from 

the corrosive marine environment. The interactive aquarium design went through several 

iterations to minimize visitor damage to the PIT tag reader and its connecting cable. The 

effectiveness of the exhibit design was then quantified by a measurement of visitor 

engagement with the different aquarium environments. This indicated that more people 

are attracted to an aquarium with an attached interactive device. It also demonstrated that 
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a continuous video loop attached to an aquarium attracted and engaged the same number 

of people as the standard, static graphic-panel aquarium design. Taken together, these 

inquiries substantiated the importance of attaching an interactive device to a public 

aquarium. 

Design research strategies were central in the development of the methodology 

and inquiry components resulting from the different aquarium designs. This included 

using an iterative process to evaluate the impacts on visitor learning from changing 

various design components. After interacting with any of the aquarium designs, adults 

demonstrated more knowledge about sablefish than the control group. Moreover, 

significantly more people were attracted to, and subsequently learned from, an aquarium 

with an attached interactive device. This learning persisted as long-term learning at least 

three months after their visit to HMSC. 

Perhaps the most powerful outcome from the observational data showed that an 

interactive device significantly increased collaborative interactions within the visiting 

group. The static graphics and video loop aquarium-environment designs fostered more 

independent visitor activity than collaborative. The attached PIT tag reader attracted more 

people, especially children who had difficulties following the instructions provided by the 

video attract sequence. Adults would assist in their children’s efforts to successfully 

initiate the sablefish video and were generally interested in the video’s content. 

Unfortunately, many children would literally pull their parent/grandparent away or 

wander off while the adult was watching the video. Usually the adult would follow, 

prematurely terminating the learning experience. This is a design research challenge that 

needs to be addressed. 
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Chapter 6: CONCLUSION 

The study of free choice learning in aquaria and marine science centers has rarely 

been investigated. These environments present unique challenges for exhibit design and 

hence provide unexplored avenues for studying free choice learning. Utilizing both 

quantitative and qualitative methodologies addressed the problems encountered when 

incorporating a scientific research device into an interactive public-aquarium display. 

Qualitative methodology proved very effective for rapid-response design component 

alterations. Quantitative analysis was especially useful when addressing the different 

inquires associated with the design research questions. 

Determining whether adult learning was enhanced with an interactive aquarium 

treatment was central to the main design research question “In what ways do design 

research methods afford opportunities to analyze the development of an interactive 

aquarium environment?” Despite the popularity and success of interactive exhibits in 

science and technology museums, little is known about how to design and engineer 

effective components of interactive exhibits in aquatic and marine science centers. 

Presumably, interactive exhibitry enhances visitor engagement and hence learning in free 

choice settings. The aim of this study was, therefore, to determine, through the iterative 

process and mixed methods of Design Research, how best to engineer the components of 

an interactive aquarium exhibit in order to achieve the patterns of visitor engagement 

deemed desirable in free choice learning environments. Equally importantly, the study 

provided insight into how to adapt the Design Research process to aquatic exhibitry. 

Design research methods offered a valuable approach for developing interactive 

aquarium environments. The design-research process is tied inexorably to the design 
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product. Changes in the interactive aquarium design affected the research design 

methodology. Both the design research process and the resulting product impacted each 

other with each change in the design components. As the interactive aquarium design 

evolved, different design research methodologies were applied. In general, the trend was 

from using qualitative approaches initially toward utilizing quantitative methods to refine 

the assessment of the design effectiveness. 

Design research using exhibit engineering approaches was applied to create the 

three different aquarium treatments. This was useful in responding to the research 

question “What are the problems encountered when incorporating a scientific research 

device into an interactive public aquarium display?” Each aquarium environment had its 

own technological challenges and material constraints. For example, the Video Loop 

treatment required repositioning and lowering of the video monitors while protecting 

them from the corrosive marine environment. The Interactive aquarium design went 

through several iterations to minimize visitor damage to the PIT tag reader and its 

connecting cable. The effectiveness of the exhibit design was then quantified by the 

measurement of visitor engagement with the different aquarium environments. 

A cardinal feature of a design research study is an ongoing formative analysis, 

with one design iteration informing the next. Taken a level deeper, each aquarium design 

consisted of different components, and altering just one component could impact another. 

The interactive aquarium design also had to be iteratively assessed as a complete system. 

Changing one component may have a negative impact only after several design iterations.  

The solution to this dilemma required both quantitative and qualitative 

methodologies. Feedback from the audience is essential to a design research approach for 
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exhibit development. This can be obtained passively, often through observation of visitor 

behavior. Some of these qualitative outcomes occurred very quickly. For example, it 

became rapidly apparent that participants didn’t know how to use the PIT tag reader. 

Instructional signage was the most obvious solution, but again it was quickly determined 

to be inadequate. The development of the video-attract sequence seemed to assist with the 

participants’ efforts to scan the PIT tag, but participants were not returning the interactive 

device to its hanger. This resulted in damage to the reader, either from dropping or 

twisting its cable. This problem was addressed by including in the attract sequence the 

correct behavior to hang up the reader. The final attract-sequence design included the 

female model turning and watching the beginning of the video, to reinforce that visitor 

response for successfully cueing up the video. 

There are other design research opportunities for future development. The 

computer software is currently designed to include additional PIT tags that can cue up 

different video segments. Individualizing the different sablefish tags would enable 

visitors who are watching other participants to get a different educational message when 

it’s their turn to participate. Using three or four tagged sablefish would create a good 

opportunity to address more than one aspect of marine research.  

Putting PIT tags in different species such as rockfish (Sebastes sp.) would also be 

very appropriate. Because of their similar appearance, rockfish are often difficult for the 

public to identify. In addition, marine researchers at the Oregon Department of Fish and 

Wildlife have used PIT tags in population studies conducted in the ocean. Individual 

videos could be developed for different species of rockfish that highlight this aspect of 

their research. 
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Multiple messages could also be offered simply by alternating video segments 

using the same PIT tag signal. However, for the purposes of this research, only a single 

video segment was offered. This simplified the evaluation of learning outcomes, because 

each participant saw the same video segment. It also facilitated the design of the static 

graphics, organized around the central themes of sablefish research and sablefish as a 

delicious food item. 

Determining whether learning was enhanced with an interactive aquarium was 

central to the design research question: “What are the effects on visitor behavior of 

interactive exhibit designs?” Design research strategies were very useful in developing 

the methodology and inquiry components resulting from the different aquarium designs. 

This included using an iterative process to evaluate the impacts on visitor learning from 

changing aquarium-design components.  

Enhancement of learning in free-choice venues such as public aquariums requires 

both visitor attraction and engagement. If the exhibit or aquarium doesn’t attract an 

audience, there is no opportunity for learning. Additionally, if the participant doesn’t stay 

engaged with the design environment, the likelihood of a change in cognitive outcomes 

or affective behavior is slight.  

Participants need the opportunity to get feedback and recognize where their 

conceptions might be correct or faulty (Chinn and Brewer 1993). However, the learning 

outcome can be vastly different. Adults who successfully scanned the PIT tag and 

initiated the video but walked away before viewing the video were rewarded for their 

psychomotor response, but were not exposed to the same information as the participants 

who watched the video. 
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There are at least three situations for adult learning in a free-choice environment. 

Adults can function as independent learners, silently engaging with the aquarium 

environment. Adults could be interacting within a group of peers, either as a couple or 

exchanging information with a larger number of adults. In this situation, information flow 

can either be collaborative or occur in a more didactic manner, with an individual 

assuming the role of “educator.” However, demographic studies of public aquariums 

indicate that the majority of adults visit in family groups, often spanning several 

generations. Designing an interactive aquarium environment proved to enhance the social 

learning opportunities for these groups. 

Family groups have been described as intergenerational social units (McManus 

1994), meaning that this demographic includes adults of a wide range of ages and 

characteristics, thus reinforcing that the adults are actually an important fraction of all 

visitors to informal settings. Adults visiting an aquarium as part of a family group are 

active social learners—not merely facilitators of the experience for younger visitors 

(Briseno-Garzon et al. 2007). Observations supported this conclusion, but children were 

often responsible for the premature cessation of adult interaction with the aquarium 

environment.  

Aquariums offer unique experiences from which adult members of a family group 

can learn in and from different and interwoven domains. Understanding the nature and 

dynamics of learning in the aquarium setting, and investigating how adults experience 

aquarium visits as a social unit, can inform the design of aquarium environments to 

maximize learning potential for all family members (Briseno-Garzon et al. 2007). 



 

 

130 

The Review of Literature was very useful for identifying assessment strategies of 

learning in a free-choice environment. Research instruments were designed and 

administered that measured participant learning and behavioral outcomes from 

interaction with different aquarium designs. The Review of Literature was also assisted in 

surveying how learning has been enhanced in public aquariums and helped by identifying 

the effects of interactive exhibits in a free-choice environment. 

Design research utilizing quantitative methodology was very useful in assessing 

the effects on visitor behavior of interactive exhibit designs. Quantitative analysis is a 

powerful tool for design research. It can be used to identify the visitor impact of changing 

a single component in a design. A component research-design approach is especially 

appropriate for quantitative analysis. This approach enabled identification of potential 

strategies for measuring adult learning in free-choice learning (FCL) venues.  

Using a combination of evaluation strategies proved successful. The test-item-

analysis procedure helped ensure the reliability of the front-end analysis process. 

Administering the sablefish survey to adults before they encountered the different 

aquarium designs provided an averaged score for visitors’ background knowledge about 

sablefish. The post-test evaluation provided a measure of learning acquired after 

interacting with the different aquarium treatments. 

 

Implications for Future Design Research 

Attraction, then engagement, will enhance learning. Designers also need to sequence and 

interrelate different visitor behaviors. Visitors must first be attracted to the aquarium 

environment before they can be engaged as participants. Live animals act as a natural 
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attraction for many people (Adelman et al. 2000, Meyers et al. 2004), but sometimes even 

this isn’t sufficient. Visitor fatigue can manifest after repetitive experiences, resulting in 

disinterest or shortened attention spans. Designing unique aquarium environments can 

help attract more visitors. Incorporating interactive devices into the aquarium design 

should enhance learning by attracting more participants, then reinforcing learning 

behavior with engagement. 

 

Interactive designs promote engagement time. Once visitors are attracted to the aquarium, 

designers need to create an environment that engages the participants for a sufficient time 

for learning to occur. While it is true that some learning can be an instantaneous “Aha!” 

experience, time on task has been positively correlated to cognitive gain (Serrell 1998). 

The designer’s central challenge is to prolong engagement time with a positive 

experience that connects to the participant’s current knowledge or interests. An 

interactive device attached to an aquarium extended engagement time.  

 

Interactive environments create a collaborative learning opportunity. Most visitors came 

in family groups or with peers. Grouping is flexible and often reforms into smaller 

groups, with different members of the original group. Creating a learning situation where 

learning can occur collaboratively enhances learning for both adults and children. Even 

the act of explaining a concept to another enhances learning for both. Design research 

strategies can be used to create an open-ended, interactive environment that promotes 

cooperative learning. 
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Multiple venues help accommodate a variety of learning styles. While visitors to public 

aquariums constitute a self-selected audience, the diversity of their behaviors is well 

documented. Successful delivery of the desired cognitive and affective outcomes to this 

diverse audience requires different delivery platforms. Fish and other living organisms 

provide universal attraction to most audiences, but learning requires engagement. 

Accommodating different visitor behaviors of this audience requires multiple venues. 

Historically, museums simply incorporated graphics with text. Artifacts, including 

historical and scientific instruments, have also been used successfully in the past. More 

recently, video, interactive devices, and computers have been utilized to accommodate 

the variety of visitor behaviors at the increasing number of FCL venues. 

 

Research design can successfully drive software, hardware, graphics, and aquarium 

design to enhance learning in a free-choice environment. A successful aquarium 

environment should be designed to: 

• attract and then engage the visitor 

• address the various preferred learning styles of its diverse audience 

• be robust enough to resist the damaging impacts caused by its audience and 

environment. Because of the cable design failures, the current aquarium 

environment at Hatfield Marine Science Visitor Center (HMSVC) consists of both 

the static-design graphics and the sablefish video on a continuous loop. Future 

design considerations include eliminating the cable design and separating the 

reader functions into an underwater system controlled by participant interaction 

though a touch screen. 



 

 

133 

Children, acting as both an attractor and a detractor, require a “layered interpretation” 

approach to aquarium design. Often children would be the first to approach the 

aquarium, with their parents or grandparents in tow. Equally often, children would 

quickly leave the aquarium environment before the adults had an opportunity to either 

read the graphics or watch the entire video. Heimlich (1996) coined the term “Interpretive 

Layering” to describe an environment in which visitors can choose to absorb the essence 

of the exhibit without filtering through complex descriptions. Hein (1999) offered a 

similar suggestion for “Layered Text” so that expert knowledge, information for lay 

visitors, and information for children could be available at the same exhibit. But, as he 

acknowledged, this approach often degenerates into simply having too much text. 

Alternatively, several sets of interactive activities directed at different cognitive levels 

and outcomes could be installed around the same aquarium environment. Independent, 

self-guided activities should be developed to occupy children while parents are engaged 

in higher-level learning, such as synthesis or comprehension of abstract science topics. 
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Appendix 1: Current Sablefish Survey  

True or False? 

1) In recent years there has been a decline in the sablefish population. 

2) The age of a fish is determined by counting the rings of its ear bones. 

3) Sablefish is greatly prized, especially in sushi, for its mild, rich, buttery flavor and 

high oil content. 

4) Young sablefish grow rapidly in deep water before migrating into shallow waters. 

5) Commercial fishers provide valuable information on sablefish distribution. 

Please Circle Your Answer 

6) Sablefish populations are monitored because: 

A) they are an economically important species on the Pacific West Coast. 

B) it is ecologically important to maintain the health of sablefish populations. 

C) much more needs to be learned about their abundance and reproductive 

potential. 

D) all of the above. 

7) Most West Coast sablefish are sold in: 

A) France. 

B) the United States. 

C) Japan. 

D) Canada. 

8) Recent scientific research has revealed that sablefish:  

A) can live up to 90 years. 

B) can be found at depths exceeding 6,000 feet.  
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C) range between the Pacific and Indian oceans. 

D) (A) and (B) but not (C). 

9) Sablefish are caught commercially by: 

A) hook and line. 

B) trawling. 

C) traps or pots. 

D) all of the above. 

10) Sablefish are also known as: 

A) black cod. 

B) red snapper. 

C) salmon. 

D) rockfish. 

Please fill out the demographic information on the back page. 
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Appendix 2:  Sample Demographic Survey 

Demographic Survey 

1. [ ] Female   [ ] Male 

2. What is your age? 

      [ ] 8-18  [ ] 19-35 

      [ ] 36-60  [ ] 60+ 

3. What is your home ZIP code (or country if not USA)? ____________ 

4. How many people are in your group today? _____________ 

5. How many children are in your group?  _______________ 

6. What is your educational background? 

     [ ] high school diploma 

     [ ] technical training/associate degree 

     [ ] undergraduate degree (B.A. or B.S.) 

     [ ] graduate degree 

7. What is your annual household income? 

     [ ] less than $20,000 

     [ ] $20,000-$59,999 

     [ ] $60,000-$99,999 

     [ ] $100,000+ 

8. Where did you come from today? 

     [ ] Home 

     [ ] Motel/Vacation Rental 

     [ ] RV/Campground 
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     [ ] Home of friend/relative 

     [ ] Traveling through the area 

9. Have you previously visited the Hatfield Marine Science Visitor Center? 

      [ ] First time 

      [ ] During the previous 12 months  

      [ ] Sometime during the last 5 years 

      [ ] Sometime before the renovation in 1995 

10. How did you hear about the Hatfield Marine Science Visitor Center? 

[ ] Brochure     From where?  ____________   [ ] Word of mouth 

[ ] Highway signs      [ ] Tour book 

[ ] Ad on TV/newspaper/radio  Which one _______ [ ] Internet/WWW 

[ ] Other _____________________ 

11. Did you visit the Oregon Coast Aquarium today before coming here? _____ 

        Will you visit the Oregon Coast Aquarium after leaving here? _____ 
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Appendix 3: Pre-survey Protocol 

Pre-survey Protocol: One adult per group of new visitors was surveyed at the entrance of 

HMSVC. 

Query:  “Hello, how are you today?... Have you visited the Marine Science Center 

previously?”  

Response: (if yes) Query: “Within the last two years?” (if yes, do not survey this group, 

to avoid potential bias)  

Response: (if no) Query: “Could I ask you to fill out a quick survey before you go in 

today? We're studying how people learn from our exhibits and we would like to find out 

what you already know about sablefish. Even if you don't know an answer, please guess. 

This is a ‘baseline’ survey, designed to compare to other people’s responses after they’ve 

interacted with the sablefish exhibit.” 

When they finish with the front, add: “And there’s a quick demographics section on the 

back” so it doesn’t get overlooked. 

Closing: “Thanks so much. Have fun in there.” 
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Appendix 4: Initial Sablefish Survey  

True or False? 

1) In recent years there has been a decline in the sablefish population. 

2) The age of a fish is determined by counting the rings of its ear bones. 

3) More sablefish is consumed in the United States and Canada than in Japan. 

4) Sablefish is greatly prized, especially in sushi, for its mild, rich, buttery flavor and 

high oil content.  

5) Captains of fishing vessels provide valuable information on sablefish distribution. 

 

Please Circle Your Answer 

6) Sablefish populations are monitored because: 

A) they are an economically important species on the Pacific West Coast. 

B) it is ecologically important to maintain the health of sablefish populations. 

C) very little is known about the distribution and biology of the sablefish. 

D) all of the above. 

7) Recent scientific research has revealed that sablefish generally:  

A) migrate seasonally from 80 to 1,000 fathoms. 

B) range across the north Pacific from Japan to California. 

C) live up to 90 years. 

D) all of the above. 

8) The ear bone of a fish is called: 

A) flabeula. 

B) otolith. 
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C) flubboo. 

D) cochlear. 

9) Sablefish are caught commercially by: 

A) trolling. 

B) trawling. 

C) in pots. 

D) both by trawl and in pots. 

10) Sablefish is also known as: 

A) black cod. 

B) red snapper. 

C) salmon. 

D) rockfish. 
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Appendix 5: Survey Selection Protocol 

Interview Protocol 

“Hello, my name is Bill Hanshumaker, and I am doing research on the sablefish 

aquarium. I am conducting an interview that will help us study the effectiveness of this 

exhibit. The interview should take about four or five minutes. If you’d like to help out, 

I’ll to go over this informed consent form with you.”   

At this point I would show them the informed consent document, tell them what’s 

in it, and ask whether they have any questions. If they did not agree, I would thank them 

and encourage them to enjoy the remaining displays. If they did agree, the following 

questions were asked: 

“Have you seen this aquarium/display before?” 

 Yes: “How long ago?” – “Thank you.” (not eligible for survey) 

“Did you already know anything about sablefish (black cod)?” 

 Yes: details– “Thank you.” (not eligible for survey) 

No: “Would you please fill out our sablefish and demographic survey?” 

“Have you heard of PIT tags before?” 

 Yes: details 

 No: “Have you heard of pets that have tags under their skin that the vet can scan? 

The vets have a database with the owner’s name (in case the pet is lost) and the pet’s 

medical history. We use a similar tag in fisheries research.” 

“Have you previously seen sablefish (black cod) in a restaurant or grocery store?” 

 Yes: “Have you eaten sablefish (black cod)?” 

 No: “Thank you.” 
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Appendix 6: Observational Data Sheet Headings 

Interactive Aquarium Data Sheet Headings 

Date/ 

Time 

People 

passing 

Group size 

adult/child 

Participant 

behavior 

Engagement 

time 

Video 

view 

time 

Independent 

/Collaborative 

Survey 

number 

        

Static Graphics/Video Loop Data Sheet Headings 

Date/ 

Time 

People 

passing 

Group size 

adult/child 

Participant 

behavior 

Engagement 

time 

Graphic 

view 

time 

Independent 

/Collaborative 

Survey 

number 
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Appendix 7: Visitor Behavioral Codes 

Observational Study Behavioral Codes 

Static graphics aquarium design treatment  

1) read graphics 

2) watch fish 

3) watch both 

Video loop aquarium design treatment  

1) watch video 

2) watch fish 

3) watch both 

Interactive aquarium design treatment  

1) scan, watch video 

2) scan, didn’t watch video 

3) unsuccessful scan 

4) scan while video plays 

5) watch video, then scanned 

6) passive watch video or fish 
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Appendix 8: E-mailed Summative Evaluation  

I'm hopeful that you will remember meeting me during your visit to the Hatfield Marine 

Science Center last August. You were kind enough to complete a survey on sablefish 

while visiting here.  

Would you please complete the summative evaluation below? Simply hit “reply,” 

scroll down to each question, and type in “T” or “F” or the letter of your multiple-choice 

answer. Please venture a guess, even if you don’t know the answer. To reply to the 

survey questions, type your response at the end of each question. With your assistance, I 

will be able to evaluate the success of the different aquarium designs on visitor learning.  

Thank you for helping with this research. Please feel free to contact me via phone 

or e-mail if you have any questions or comments. —Bill 

William Hanshumaker 

Public Marine Education Specialist 

Extension Sea Grant Faculty 

 

True or False? 

1) In recent years there has been a decline in the Sablefish population. 

2) The age of a fish is determined by counting the rings of its ear bones. 

3) Sablefish is greatly prized, especially in sushi, for its mild, rich, buttery flavor and 

high oil content. 

4) Young sablefish grow rapidly in deep water before migrating into shallow waters. 

5) Commercial fishers provide valuable information on sablefish distribution. 

6) Sablefish populations are monitored because: 



 

 

159 

A) they are an economically important species on the Pacific West Coast. 

B) it is ecologically important to maintain the health of sablefish populations. 

C) much more needs to be learned about their abundance and reproductive potential. 

D) all of the above. 

7) Most West Coast sablefish are sold in: 

A) France. 

B) the United States. 

C) Japan. 

D) Canada. 

8) Recent scientific research has revealed that sablefish:  

A) can live up to 90 years.  

B) can be found at depths exceeding 6,000 feet.  

C) range between the Pacific and Indian oceans. 

D) (A) and (B) but not (C). 

9) Sablefish are caught commercially by: 

A) hook and line. 

B) trawling. 

C) traps or pots. 

D) all of the above. 

10) Sablefish are also known as: 

A) black cod. 

B) red snapper. 

C) salmon. 



 

 

160 

D) rockfish. 

  

Behavioral Survey: 

Have you subsequently seen sablefish (black cod) in a restaurant or grocery store? 

         Yes: Have you eaten sablefish (black cod)? 

Have you heard of PIT tags since visiting HMSC? 

         Yes: details 

Have you visited the Hatfield Marine Science Visitor Center since initially completing 

this survey? 



 

 

161 

Appendix 9: Sorted Raw Data – Sablefish Baseline Knowledge  
survey 
# gender 

age 19-
35 age 36-60 age 60+ HS AA BS Grad score 

9 0 0 0 1 1 0 0 0 2 
136 0 0 0 1 0 0 1 0 4 
45 0 0 0 1 0 1 0 0 5 
59 0 0 0 1 0 0 0 1 5 

137 0 0 0 1 0 1 0 0 5 
147 0 0 0 1 1 0 0 0 5 
54 0 0 0 1 0 1 0 0 6 
91 0 0 0 1 0 0 1 0 6 

132 0 0 0 1 0 0 0 1 6 
174 0 0 0 1 0 0 1 0 6 
178 0 0 0 1 0 0 1 0 6 
194 0 0 0 1 0 1 0 0 6 
126 0 0 0 1 0 0 1 0 7 
131 0 0 0 1 1 0 0 0 7 
162 0 0 0 1 0 1 0 0 7 
125 1 0 0 1 0 0 0 1 2 
119 1 0 0 1 1 0 0 0 3 
169 1 0 0 1 0 0 1 0 3 
148 1 0 0 1 1 0 0 0 5 
168 1 0 0 1 1 0 0 0 5 
11 1 0 0 1 0 0 1 0 6 
56 1 0 0 1 0 0 0 1 6 
66 1 0 0 1 0 0 1 0 6 
69 1 0 0 1 0 0 1 0 6 
67 1 0 0 1 0 0 0 1 7 
68 1 0 0 1 0 0 0 1 7 

121 1 0 0 1 0 0 1 0 7 
38 1 0 0 1 0 0 0 1 8 
39 1 0 0 1 0 0 0 1 8 

177 1 0 0 1 0 0 0 1 8 
72 0 0 1 0 0 1 0 0 2 

188 0 0 1 0 0 0 1 0 2 
193 0 0 1 0 0 0 0 1 2 
115 0 0 1 0 0 0 0 1 3 
122 0 0 1 0 0 0 1 0 3 
158 0 0 1 0 1 0 0 0 3 
161 0 0 1 0 1 0 0 0 3 
179 0 0 1 0 0 1 0 0 3 
12 0 0 1 0 0 0 1 0 4 
21 0 0 1 0 0 1 0 0 4 
44 0 0 1 0 0 0 0 1 4 

118 0 0 1 0 1 0 0 0 4 
120 0 0 1 0 0 0 0 1 4 
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129 0 0 1 0 0 0 1 0 4 
135 0 0 1 0 0 0 1 0 4 
152 0 0 1 0 1 0 0 0 4 
165 0 0 1 0 0 0 0 1 4 
15 0 0 1 0 0 0 0 1 5 
47 0 0 1 0 0 0 0 1 5 
49 0 0 1 0 0 1 0 0 5 
50 0 0 1 0 0 0 1 0 5 
85 0 0 1 0 1 0 0 0 5 
94 0 0 1 0 0 0 1 0 5 

114 0 0 1 0 0 0 1 0 5 
117 0 0 1 0 0 1 0 0 5 
151 0 0 1 0 1 0 0 0 5 
157 0 0 1 0 0 1 0 0 5 
167 0 0 1 0 0 1 0 0 5 
170 0 0 1 0 0 0 0 1 5 
192 0 0 1 0 0 0 1 0 5 
20 0 0 1 0 0 0 1 0 6 
53 0 0 1 0 1 0 0 0 6 
55 0 0 1 0 0 0 0 1 6 
58 0 0 1 0 1 0 0 0 6 
74 0 0 1 0 1 0 0 0 6 
75 0 0 1 0 0 0 0 1 6 
77 0 0 1 0 0 1 0 0 6 
86 0 0 1 0 0 0 1 0 6 
92 0 0 1 0 0 0 1 0 6 

130 0 0 1 0 0 0 1 0 6 
153 0 0 1 0 1 0 0 0 6 
175 0 0 1 0 0 1 0 0 6 
196 0 0 1 0 0 0 1 0 6 
199 0 0 1 0 0 1 0 0 6 
18 0 0 1 0 0 1 0 0 7 
29 0 0 1 0 0 0 0 1 7 
71 0 0 1 0 0 1 0 0 7 
99 0 0 1 0 0 0 0 1 7 

101 0 0 1 0 0 0 0 1 7 
144 0 0 1 0 1 0 0 0 7 
187 0 0 1 0 0 1 0 0 7 
198 0 0 1 0 1 0 0 0 7 
204 0 0 1 0 0 0 0 1 7 
205 0 0 1 0 0 0 1 0 7 

5 0 0 1 0 0 0 1 0 8 
89 0 0 1 0 0 1 0 0 8 

109 0 0 1 0 0 0 1 0 8 
124 0 0 1 0 0 0 1 0 8 
140 0 0 1 0 0 1 0 0 8 
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143 0 0 1 0 0 0 0 1 8 
1 0 0 1 0 0 0 0 1 9 

16 0 0 1 0 1 0 0 0 9 
103 0 0 1 0 0 0 0 1 9 
110 0 0 1 0 0 0 1 0 9 
176 0 0 1 0 1 0 0 0 10 
202 1 0 1 0 0 0 1 0 2 
172 1 0 1 0 0 0 0 1 3 
23 1 0 1 0 0 0 1 0 4 
81 1 0 1 0 1 0 0 0 5 
83 1 0 1 0 0 1 0 0 5 
90 1 0 1 0 0 0 0 1 5 
98 1 0 1 0 0 0 0 1 5 

102 1 0 1 0 0 0 0 1 5 
127 1 0 1 0 0 1 0 0 5 
133 1 0 1 0 0 1 0 0 5 
134 1 0 1 0 0 0 1 0 5 
145 1 0 1 0 0 0 0 1 5 
184 1 0 1 0 1 0 0 0 5 
19 1 0 1 0 0 0 0 1 6 
25 1 0 1 0 1 0 0 0 6 

155 1 0 1 0 0 0 1 0 6 
164 1 0 1 0 0 0 0 1 6 

4 1 0 1 0 0 1 0 0 7 
13 1 0 1 0 0 0 0 1 7 
30 1 0 1 0 1 0 0 0 7 
31 1 0 1 0 1 0 0 0 7 
35 1 0 1 0 0 0 1 0 7 
80 1 0 1 0 0 0 1 0 7 
82 1 0 1 0 1 0 0 0 7 

163 1 0 1 0 1 0 0 0 7 
173 1 0 1 0 0 1 0 0 7 
195 1 0 1 0 1 0 0 0 7 
37 1 0 1 0 0 0 1 0 8 

141 1 0 1 0 0 0 0 1 8 
146 1 0 1 0 1 0 0 0 8 
150 1 0 1 0 0 0 1 0 8 
154 1 0 1 0 0 0 1 0 8 
191 1 0 1 0 0 0 1 0 8 
201 1 0 1 0 0 0 1 0 8 

3 1 0 1 0 0 0 0 1 9 
40 1 0 1 0 0 0 0 1 9 
63 1 0 1 0 0 0 0 1 9 
96 1 0 1 0 1 0 0 0 9 
41 1 0 1 0 0 1 0 0 10 

 0 1 0 0 0 0 1 0 1 
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160 0 1 0 0 0 1 0 0 2 
60 0 1 0 0 0 0 1 0 3 
73 0 1 0 0 0 0 1 0 3 

105 0 1 0 0 1 0 0 0 3 
2 0 1 0 0 0 0 1 0 4 

24 0 1 0 0 1 0 0 0 4 
42 0 1 0 0 1 0 0 0 4 
43 0 1 0 0 0 0 0 1 4 
79 0 1 0 0 0 0 0 1 4 
88 0 1 0 0 1 0 0 0 4 

138 0 1 0 0 0 1 0 0 4 
156 0 1 0 0 0 0 1 0 4 
185 0 1 0 0 1 0 0 0 4 
10 0 1 0 0 0 0 1 0 5 
14 0 1 0 0 0 0 1 0 5 
46 0 1 0 0 0 0 1 0 5 
51 0 1 0 0 0 1 0 0 5 
76 0 1 0 0 1 0 0 0 5 

108 0 1 0 0 1 0 0 0 5 
113 0 1 0 0 1 0 0 0 5 
139 0 1 0 0 0 1 0 0 5 
166 0 1 0 0 1 0 0 0 5 
171 0 1 0 0 0 0 1 0 5 

6 0 1 0 0 0 0 0 1 6 
17 0 1 0 0 0 0 1 0 6 
57 0 1 0 0 0 1 0 0 6 
61 0 1 0 0 0 0 1 0 6 
84 0 1 0 0 1 0 0 0 6 

142 0 1 0 0 1 0 0 0 6 
149 0 1 0 0 0 1 0 0 6 
182 0 1 0 0 0 0 0 1 6 
189 0 1 0 0 0 1 0 0 6 
203 0 1 0 0 0 0 1 0 6 
206 0 1 0 0 1 0 0 0 6 

7 0 1 0 0 0 1 0 0 7 
26 0 1 0 0 0 1 0 0 7 
33 0 1 0 0 1 0 0 0 7 
36 0 1 0 0 0 0 0 1 7 

183 0 1 0 0 0 0 1 0 7 
64 0 1 0 0 0 1 0 0 8 
65 0 1 0 0 0 0 1 0 8 
8 0 1 0 0 0 0 1 0 9 

159 1 1 0 0 0 0 1 0 2 
22 1 1 0 0 0 0 1 0 3 
48 1 1 0 0 1 0 0 0 5 
78 1 1 0 0 0 1 0 0 5 
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100 1 1 0 0 1 0 0 0 5 
107 1 1 0 0 1 0 0 0 5 
186 1 1 0 0 1 0 0 0 5 
52 1 1 0 0 0 0 1 0 6 
70 1 1 0 0 0 0 1 0 6 
95 1 1 0 0 1 0 0 0 6 
97 1 1 0 0 0 0 1 0 6 

104 1 1 0 0 1 0 0 0 6 
200 1 1 0 0 0 0 1 0 6 
27 1 1 0 0 0 1 0 0 7 
28 1 1 0 0 0 0 1 0 7 
32 1 1 0 0 0 0 1 0 7 
34 1 1 0 0 1 0 0 0 7 
87 1 1 0 0 0 0 0 1 7 

106 1 1 0 0 1 0 0 0 7 
112 1 1 0 0 1 0 0 0 7 
123 1 1 0 0 0 0 1 0 7 
181 1 1 0 0 0 0 1 0 7 
190 1 1 0 0 0 0 0 1 7 
93 1 1 0 0 0 0 1 0 8 

111 1 1 0 0 1 0 0 0 8 
116 1 1 0 0 0 0 1 0 8 
128 1 1 0 0 0 0 0 1 8 
180 1 1 0 0 0 0 1 0 8 
62 1 1 0 0 0 0 0 1 9 

206 83 72 104 30   53 38 68 
          
 83 males average: 6.060240964      
 123 females average: 5.699186992      
          
          

  
count 
M score M count F score F 

count 
M/F score M/F 

 19-35 72 6.466666667 58 6.581395349 72    
 36-60 11 5.512820513 50 5.153846154 104    
 60+ 0 6.866666667 15 5.533333333 30    
 all 83 6.060240964 123 5.699186992 206    
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