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Abstract: SuAVE (Survey Analysis via Visual 

Exploration) is a key component of an emerging 

infrastructure enabling users to publish, share and 

collaboratively analyze survey data in the natural 

and social sciences. We discuss SuAVE analytical 

capabilities, which combine visual, statistical and 

cartographic analyses, as well as associated tools 

for publishing surveys, annotating them, and 

sharing annotations with partners. In addition to 

presenting this application as a scalable science 

gateway for survey data of different types, we 

demonstrate it using the 2015 Science Gateways 

Institute survey as a sample dataset. The Institute 

survey was published in SuAVE to make analysis of 

raw survey data easily accessible, intuitiveand 

visually attractive, while offering a combination of 

powerful data exploration tools. 

1. Introduction

The term “survey” is used in many disciplines 

to refer to systematic data collection that typically 

includes human appraisal and a sampling 

mechanism, and is used to explore and organize 

diverse, often multi-modal, information to develop 

a “lay of the land” for further in-depth analysis. 

Besides the social sciences where questionnaire 

surveys are common, researchers in the natural 

sciences develop coral reef and biodiversity 

surveys (in biology and ecology), mineral and 

fossil surveys (in geosciences), sky surveys (in 

astronomy), art surveys (in the humanities), not to 

mention common literature surveys, while 

hydrographic, geological or soil surveying has 

been a staple of Earth exploration and 

measurement for centuries.  

While analysis of survey data collections 

presents a number of common requirements, 

cyberinfrastructure for survey analysis has been 

developed though a number of disconnected 

domain-specific efforts. For example, social 

scientists and market analysts may use desktop 

statistical packages [1, 2], as well as general 

purpose business intelligence and visualization 

tools [3, 4]; art historians and archaeologists often 

rely on a combination of media visualization tools 

developed for digital humanities [5], while tools 

such as [6] are popular among librarians and 

archivists. Large biological and geoscience visual 

data collections rely on a variety of collection 

management tools and portals [e.g., 7]: with such 

tools, collections are typically examined by first 

searching over metadata records and then 

exploring one result page at a time. This approach 

limits researchers’ abilities to visualize and subset 

multiple images while simultaneously browsing 

metadata, zooming in to detailed views, or 

exploring associated spatial locations on a map.  

We present a prototype science gateway, 

which supports publishing and sharing of 

investigator’s survey datasets, and their 

collaborative analysis using visual, statistical and 

cartographic techniques. With this system, users 

can explore large surveys or image collections 

without the “one page at a time” limitation, slice 

and dice survey information based on any 

combination of variables, and switch between 

different data views. Capabilities, existing 

applications, and key software challenges derived 

from user feedback are discussed. Finally, we 

demonstrate how this approach has been applied to 

analysis of the Science Gateways Institute survey. 

The gateway is at http://suave.sdsc.edu.  

2. SuAVE: Survey Analysis via Visual
Exploration

SuAVE follows the visualization approach of 

Microsoft’s Live Labs Pivot viewer, also 
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implemented as a Silverlight browser plugin [8]. 

As the Live Labs project was discontinued and 

browser support for Silverlight remained limited, 

several development efforts focused on a 

standards-based HTML5 implementation of the 

viewer. Building on such earlier open source 

implementations [9, 10], we focused on extending 

the system to analysis of survey data collections. 

Respondents or collection items are presented as 

icons/avatars or images that can be grouped based 

on their values (responses to selected questions.) 

Users can explore distribution patterns in different 

subsets using several animated views, or drill down 

and investigate outliers. Shape and color of the 

icons can be associated with survey variables such 

as gender, ethnicity, or age, to add new visual 

dimensions to analysis of univariate and bivariate 

distributions. The additional capabilities we 

developed, include: (1) performance 

enhancements, in particular rendering 

improvements for large image collections. SuAVE 

uses anticipatory loading scripts in background 

threads and CSS image sprites. This supports 

efficient rendering of image collections with 10K+ 

images using standard HTML5/Javascript/CSS 

practices (unlike in a recently announced 

commercial offering with similar image 

visualization capabilities [11], which relies on 

WebGL); (2) additional survey-specific variable 

types to support ordinal-scale questions (e.g. with 

responses at the Likert-type scale), open-ended 

questions, web links, and questions that allow 

multiple selections (e.g. “check all that apply” 

questions). For each variable type, the system 

presents different selection menus and behaviors; 

(3) extending analytical toolkit by developing 

additional statistical views of the data, such as 

cross-tab and qualitative comparative analysis 

(QCA) views, as well as analysis of conditional 

frequencies in multidimensional contingency 

tables; (4) integrating with other analysis 

environments such as R. The optional R view 

currently supports execution of logit, probit and 

loglinear models without leaving SuAVE. The 

interface with R uses an OpenCPU cloud server, 

which provides access to R functions via HTTP 

requests [12]; (5) making it easy for registered 

users to manage and publish their own surveys, 

customize their visual appearance, and share these 

surveys with collaborators. Surveys can be 

published in public or private mode (if the former, 

the datasets are added to user’s public survey 

gallery). Users can also select which optional 

analytical views to include (QCA, R and Map 

views); add type information to variables; and 

populate survey metadata. In addition, users can 

select shapes and colors of icons to reflect one or 

two survey variables, or point to an external image 

collection in deepzoom format [13] with the added 

CSS image sprite files; (6) improving cartographic 

analysis of the data, e.g. with the inclusion of on-

the-fly geocoding; and (7) making it easy to 

capture and annotate interesting patterns. An 

annotation and an associated snapshot of the 

current SuAVE view is encoded in a URL, which 

can be shared with other researchers,  who are then 

able to open SuAVE to the saved view and 

continue analysis. Users can view comments and 

graphics associated with the annotations, search 

and browse them by datasets, submitting users, 

dates, etc. A sequence of annotations would 

represent an analysis pathway through a survey 

dataset that other researchers and students can 

reproduce, or take the exploration in a different 

direction from any annotated point. 

SuAVE has been already used for analysis of 

datasets in a variety of applications (Fig. 1), from 

opinion polls to publishing results of 

archaeological excavations, biodiversity surveys, 

coral reef surveys, rock collections, to collections 

Fig. 1. SuAVE applications for surveys in different domains: a) General Social Survey [14], b) Coral reef survey 
[15], c) British Geologic Survey’s fossil collection [16] 



of paintings (Bosch, Dali, Picasso, Rivera, Van 

Gogh, etc.), as well as in urban planning, 

organization management, portfolio analysis, 

catalog analysis, etc. It has been also used in 

teaching research methods to UCSD undergraduate 

students; it appeared particularly useful for a 

diverse group of students who appreciate visual 

exploratory learning, helping them overcome 

anxieties about statistical analysis.  

3. Analyzing the Science Gateways 
Institute Survey 

We demonstrate SuAVE by analyzing the 

Science Gateways Institute survey of about 5,000 

researchers [17]. The survey consisted of 29 

groups of questions, both multiple choice and 

open-ended, reflecting needs, attitudes and 

preferences of a diverse group of respondents with 

respect to online gateways to community 

information resources such as data, software, high-

performance computing tools, and collaboration 

environments. SuAVE lets survey analysts to 

explore and interpret distributions of responses in 

different subsets of researchers from different 

disciplinary domains, without the need to 

download and install specialized survey analysis 

packages. Users can search for variables and 

responses of interest, examine univariate and 

bivariate distributions (Fig. 2), interface with R for 

advanced modeling, perform other common 

analysis operations, and share findings through 

annotations (Fig. 3.)  

4. Conclusion 

Software infrastructure for collaborative visual 

analysis of surveys and other digital collections 

provides a useful entry point for researchers from 

multiple domains who need to explore their data in 

a visually attractive and engaging manner, and 

share their findings. Ability to find and connect 

with community resources and explore them in 

conjunction with user-submitted data, as well as 

analysis of very large research collections, are key 

user priorities identified through the initial phase 

of the project. The current version of the SuAVE 

gateway is now open for users to register for a free 

account and upload their datasets for analysis. 

Application examples, tutorials, and 

documentation are available from the project web 

site. Besides powering the SuAVE survey analysis 

gateway, the project code is being developed for 

eventual deployment at other research sites and 

integration in other cyberinfrastructure projects.  
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Fig. 2. A fragment of the Science Gateways Institute 

survey in SuAVE, Shown are responses to Q17 

“Importance of Web-based platforms for fostering 

group or community collaboration”, with responses 

from “very unimportant” to “very important”. Blue 

icons depict respondents from academia, red show 

those who specified other affiliations, and light yellow 

are those who didn’t indicate affiliation. All data views 

are enabled: grid, bar chart, cross-tab, QCA, map, 

and R (icons in the upper right). Users can select 

variables for sorting, and subset respondents using 

faceted browsing on the left. Annotations can be 

added and shared by using “Comment” and “Share” 

links in the title row. 

 

Fig. 3. Adding an annotation "Respondents with 
Government or Corporate affiliations are most 
concerned about competing with industry for top 
performers". Indeed, they are twice more likely to say 
this is very important or somewhat important than 
respondents with an Academic affiliation. 
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