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BACKGROUND 

The Bay Model is an exhibit platform consisting of a three-dimensional topographical relief map of the 
San Francisco Bay Area and a projection system that displays interactive digital visualizations featuring 
different aspects of the Bay Area landscape.  At the time of this observation study, five different 
visualizations had been prototyped as listed in Table 1. Visitors at the Bay Model could select from 
among three visualizations on a given day.  The Orientation visualization was always one of the three 
choices.  A control panel consisting of buttons and a scroll knob allowed visitors to control each 
interactive visualization, and a small monitor embedded in that panel provided use instructions. See 
Figure 1 and Figure 2. 
  

   
Figure 1. Bay Model platform  
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Figure 2. Bay Model control panel 

 

Table 1. Interactive visualization prototypes for the Bay Model 
Visualization Description  

Orientation a slideshow survey of the invisible dynamics of the Bay Area with data from various 
sources.  At the time of this evaluation, visitors could not control the sequence or speed 
of the datasets featured in the slideshow. 

Finding Fault Lines the location of every earthquake since 1973 and the major and minor faults in the Bay 
Area, from the US Geological Survey.  Visitors could scroll through time to see the 
location and magnitude of each quake.  A toggle button revealed or hides the fault lines. 

Fog Browser a simulation of the fog pattern in the Bay Area based on a NOAA model.  Visitors could 
scroll through a 24-hour period to look at changing patterns. They could use a button to 
look at the modeled fog data either for the past day or for a typical day in summer. 

Who Lives Where data showing the Bay Area population by age and by race and ethnicity, according to 
self-reports and the 2010 US Census.  Visitors could use the button to switch between 
age and race/ethnicity and then use the scroll knob to look at the different subgroups.  
The visualization is the work of Eric Fisher. 

Shifting Salinity a simulation from UC Berkeley and Stanford University of the surface salinity in the San 
Francisco Bay and the surrounding ocean, based on tide and river flow data.  Visitors 
could scroll through time to look at how the salinity changes depending on time of day 
and tide. 

PURPOSE 

This study characterizes visitors’ naturalistic interactions at the Bay Model with a focus on the following 
questions:  
• Who stopped and how long did they stay? 
• What did they look at? 
• What did visitors try to do? In particular, how did visitors interact with the Bay Model as a physical 

exhibit, as a social exhibit, and as a means to engage with data? 
 
The findings serve to identify the potential and challenges of the exhibit platform and inform the 
improvement and development of the current and future visualizations at the Bay Model.   
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METHOD 
For each day of data collection I selected two visualizations to run on the Bay Model along with the 
Orientation visualization, choosing unique combinations for each day:  
• Orientation– Finding Fault Lines– Shifting Salinity 
• Orientation– Finding Fault Lines– Fog Browser 
• Orientation– Finding Fault Lines– Who Lives Where 
• Orientation–Fog Browser– Shifting Salinity 
• Orientation–Fog Browser– Who Lives Where 
• Orientation – Who Lives Where– Shifting Salinity 
 
Before recording, the evaluators and I cordoned off the area around the Bay Model and posted signs 
informing visitors that they would be audio and videotaped in the demarcated area. An overhead camera 
and microphones taped on the rim of the relief map were used to record the behavior of visitors who 
entered that area and stopped at the exhibit.   
 
Data Collected 
In total, 24 hours of observation data were captured over six days, providing approximately four hours of 
video recordings for each unique triad of visualizations.   Using these recordings, data coders 
systematically sampled and coded the behavior of every third visitor, who appeared eight years old or 
older, who stopped at the exhibit for more than five seconds.  Table 2 tallies the number of visitors 
sampled, who had the opportunity to see a given visualization and who selected that interactive 
visualization while at the Bay Model. 

Table 2.  Number of visitors according to visualization available and visualization selected 

Visualization 

Count of visitors 
who had the opportunity 
to see the visualization 

Count of visitors 
who selected the visualization 

(% who had opportunity) 
Orientation 298 116 (39%) 
Finding Fault Lines 134 129 (96%) 
Fog Browser 157 112 (71%) 
Who Lives Where 138 92 (67%) 
Shifting Salinity 167 119 (71%) 

RESULTS AND DISCUSSION 

Who stopped and how long did they stay? 
On average, visitors stayed 1:52 (mean), or 1:11 (median).   A histogram of the exhibit holding time is 
shown in Figure 3.  As a rough comparison, exhibits designed for Active Prolonged Engagement (APE) 
were found to have an average holding time of 2:12 (mean), or 1:08 (median).  The Bay Model, therefore, 
was comparable to an APE exhibit. 
 
Coding for gender found that approximately the same percentage of females and males stopped at the Bay 
Model.  A Kruskal-Wallis test revealed no statistically significant difference in holding time according to 
gender (see Table 3); χ2(1, N = 298) = 0.476, p> 0.05. 
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Table 3.  Count and holding time for visitors who stopped at the Bay Model according to gender 

Gender 
Count 

(% all visitors) 
Mean holding 

time (sec) 
Median holding 

time (sec) 
Female  140 (47%) 114 72.7 
Male  158 (53%) 110 69.1 
Total 298 (100%) 112 70.6 
 
 

 
Holding Time (seconds) 

Figure 3. Histogram of holding time 

 
Looking at the age groups the exhibit attracted (Table 4), I found that more adults stopped at the Bay 
Model than minors but could not tell whether or not this age distribution at the Bay Model was 
representative of the overall Observatory visitors since information about the age demographics of the 
larger population was not available.  However, the analysis did find that adults stayed longer (Kruskal-
Wallis test, χ2(2, N = 298) = 9.76, p< 0.05), an indication that adults found the Bay Model more engaging 
than minors. 

Table 4.  Count and holding time for visitors who stopped at the Bay Model according to age group 

Age Group 
Count 

(% all visitors) 
Mean holding 

time (sec) 
Median holding 

time (sec) 
Adult  184 (62%) 123 85.3 

Child  81 (27%) 91.8 56.2 
Teen  33 (11%) 104 63.7 

Total 298 (100%) 112 70.6 
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What did visitors look at? 
The data coders and I looked at the video recordings and coded which visualization(s) each visitor looked 
at and how long they spent on each visualization available to them.  The results are tabulated in Table 5.  
The analysis found that visitors were most likely to select Finding Fault Lines and least likely to choose 
Orientation.  Furthermore, they spent the least amount of their total holding time on Orientation.  
Although the Orientation visualization was intended to give visitors an introduction to the different 
visualizations on the Bay Model, many visitors switched out of Orientation quickly, and few visitors ever 
saw the complete survey of datasets the Orientation visualization provided. This suggests that Orientation 
was not necessarily effective in helping visitors see the types of data that the Bay Model featured.  Giving 
visitors control over the slideshow (e.g., allowing them to scroll through the slides) may improve dwell 
time for this particular visualization. 
 

Table 5.  Count and holding time according to visualization selected by visitors 

Visualization 
Visitors who saw 
the visualization 

Mean holding 
time (sec) 

Median holding 
time (sec) 

Mean percentage of time 
spent with visualization 
(out of total holding time) 

Orientation 116 34.6 13.9 24% 
Finding Fault Lines 129 74.6 42.1 59% 
Fog Browser 112 48.5 35.5 51% 
Who Lives Where 92 75.3 42.0 62% 
Shifting Salinity 119 48.7 32.8 49% 
 
 
How did visitors interact with the Bay Model 
The Bay Model as a physical exhibit 
To determine if the Bay Model encouraged visitors to interact with the exhibit physically, the evaluators 
and I coded visitors’ behavior, looking for instances where visitors  
• touched the relief map –indication that the three-dimensional model afforded physical interaction,  
• used the controls – evidence that it supported hands-on interaction versus hands-off viewing, or  
• walked around the model, looking at the map from different angles – suggesting that the large 

physical size of the tabletop encouraged visitors to move around the Bay Model and take different 
perspectives. 

The analysis found that 67% of the visitors used the exhibit physically. About half the visitors used the 
controls to interact with the visualizations, while a minority of the visitors touched the relief map (31%) 
or walked around the Bay Model (18%).   
 
Curious about possible gender biases, I conducted a Fisher’s Exact Test but found no statistically 
significant gender difference in who interacted with the physical Bay Model; p> 0.05.  See Table 6. 
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Table 6.  Count of visitors who interacted with the physical model according to gender 

 
Gender 

Count of visitors who …  ( with %  gender group) 
Touched the 

model 
Used the 
controls 

Walked around the 
model 

Any physical 
interaction 

Female  45 (32%) 67 (48%) 23 (16%) 90 (64%) 
Male  47 (30%) 82 (52%) 30 (19%) 111 (70%) 
Everyone 92 (31%) 149 (50%) 51 (18%) 201 (67%) 
 
However, I did find that children were significantly more likely to interact physically with the model; 
χ2(2, N = 298) = 17.3, p< 0.05.  This indicates that the physicality of the Bay Model is an important entry 
point for the younger audience who may not otherwise readily engage with the visualizations running on 
the Bay Model.  Qualitatively, I also noted that some children would touch the mountain and valleys on 
the relief map when someone else was at the controls.  The three-dimensional topography, therefore, gave 
some visitors an opportunity to engage with the exhibit when the one-person control panel was already 
occupied. 
 

Table 7.  Count of visitors who interacted with the physical model according to age group 

 
Age Group 

Count of visitors who … (with %  age group) 
Touched the 

model 
Used the 
controls 

Walked around the 
model 

Any physical 
interaction 

Adult  30 (16%) 82 (45%) 20 (11%) 109 (59%) 
Child  48 (59%) 50 (62%) 28 (35%) 69 (85%) 
Teen  14 (42%) 17 (52%) 5 (15%) 23 (70%) 
Everyone 92 (31%) 149 (50%) 51 (18%) 201 (67%) 
 
The Bay Model as a social exhibit 
The Bay Model was designed to allow multiple users to gather and share their observations and thoughts 
as they explored an aspect of the Bay Area landscape together.  The large map and the single-person 
controls were meant to afford a common experience that encouraged social interactions.  To gauge how 
the Bay Model worked as a social exhibit, the evaluators and I coded the video recordings for instances 
where a visitor was 
• with others at the exhibit, 
• at the exhibit when either the visitor him/herself was talking or when someone else was talking – 

assuming that a visitor could participate as either speaker or listener,  or 
• pointing at a part of the exhibit - an indication that the visitor was sharing an observation.1 
 
The analysis showed that the Bay Model is predominantly a multi-user exhibit, with a large majority 
(95%) of the visitors using the exhibit with other people. Furthermore, I found that two-thirds of the 

1 The video recordings did not allow us to determine if a visitor was looking at another person pointing.  So, we only 
coded for instances where the observed visitor him/herself was pointing. 
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visitors (67%) interacted with others while at the exhibit; they either talked or listened to other visitors at 
the exhibit or pointed something out on the Bay Model.   
 
A Fisher’s Exact Test show no difference in gender of the visitors who interacted with others while at the 
Bay Model (Table 8); p > 0.05.  Similarly, a chi-square test did not reveal any bias for a particular age 
group (Table 9); χ2(2) = 3.93 , p> 0.05. 
 

Table 8.  Count of visitors who interacted with others according to gender 

Gender 
Visitors who interacted with others  

(% gender group) 

Female  97 (69%) 
Male  102 (65%) 
Everyone 199 (67%) 
 

Table 9.  Count of visitors who interacted with others according to age group 

Age Group 
Visitors who interacted with others 

(%  age group) 
Adult  127 (69%) 
Child  55 (68%) 
Teen  17 (52%) 
Everyone 199 (67%) 
 
These findings suggest that the exhibit encouraged social interaction regardless of the visitor’s gender and 
age group.  However, it is possible that more could be done (e.g., incorporating conversation starters into 
the label) to better enable and foster visitors to share their thoughts about the Bay Area landscape at the 
Bay Model. 
 
The Bay Model as a means to engage with the data visualized 
Finally, I took a closer listen to the conversations visitors had at the Bay Model to gauge if and how 
visitors were engaging with the data visualized on the relief map.  Based on codes that emerged from 
previous ‘quick and dirty’ evaluations of earlier prototypes, I defined data talk at the exhibit as falling into 
the following categories: Talk that 
• mentioned the content visualized - any talk about the phenomenon (e.g., fog) or data parameters 

(time, earthquake magnitude) particular to a visualization. 
• made a connection between what they saw and their own lives – any personal narrative that the 

visualization or the relief map inspired. 
• noted searching for a particular piece of information in the overall dataset – any talk where the visitor 

described looking for data information while manipulating the controls to search for that datum. 
• located a place on the map – any identification of a particular spot on the map as a particular location 

in the Bay Area. 
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Table 10.  How visitors engaged with the data  

 
Visualization 

How visitors engaged with the data (% total number who saw visualization) 
Talked about the 

content 
Made connection 

to themselves 
Searched for a 

particular datum 
Found location 

on the map 
Orientation 29 (25%) 9 (8%) 1 (1%) 9 (8%) 
Demographics 42 (46%) 13 (14%) 22 (24%) 25 (27%) 
Salinity 62 (52%) 12 (10%) 3 (3%) 13 (11%) 
Fault 58 (45%) 15 (12%) 24 (19%) 29 (22%) 
Fog 61 (54%) 18 (16%) 12 (11%) 10 (9%) 
Any Visualization 178 (60%) 53 (18%) 54 (18%) 72 (24%) 
 
I found that over half of the visitors (65%) engaged with the data in some way.  They most frequently 
talked about the content visualized (60%).   Meanwhile, a much smaller percentage of the visitors, who 
were observed, talked about a connection they made between what they saw at the Bay Model and their 
own life stories or interrogated the larger dataset for particular bits of information. See Table 10.  The 
results point to the potential for the Bay Model to elicit stories from visitors about their lived experiences 
in the Bay Area and to prompt visitors to investigate the data visualized more deeply.  Future 
development efforts may explore ways to realize these promises of the Bay Model. 

SUMMARY  

This observation study found the following key results: 
• On average, visitors stayed 1minute 52 seconds (mean), or 1 minute 11 seconds (median). Although 

there was no measurable difference in the percentage of females and males who chose to stop at the 
Bay Model, analysis showed that more adults stopped at the Bay Model than minors, and they stayed 
longer. 

• Visitors were most likely to select the visualization, Finding Fault Lines, and least likely to select 
Orientation.  They spent the least amount of their total holding time on Orientation, and few visitors 
ever saw the complete survey of datasets this visualization was intended to show.  Of all the 
visualizations, Orientation merits another iteration focused on engaging visitors (e.g., by adding 
interactivity) beyond the short time they spend at the current prototype. 

• Over half of the visitors (67%) interacted with the physical exhibit. There was no gender difference in 
how visitors physically interacted with the model.  However, children were significantly more likely 
to touch the map, manipulate the controls, or walk around the Bay Model to look at different areas on 
the map.  This finding indicates the importance the Bay Model’s physicality as an entry point for the 
younger audience. 

• The Bay Model functioned largely as a multi-user exhibit.  A large majority (95%) of the visitors was 
with other visitors at the exhibit, and two-thirds of the visitors (67%) interacted with others while 
there.   

• Over half of the visitors (65%) engaged with the data in some way, most frequently talking about the 
phenomenon or data variables of what were visualized and projected onto the relief map. This points 
to the potential for the Bay Model to elicit visitors’ conversations and encourage their investigations 
about the Bay.   
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Further development efforts can help us better realize the platform’s potential to engage visitors with each 
other as they explore aspects of San Francisco Bay through data visualized. 
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