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Abstract. In this paper, we introduce an NSF funded project that aims to develop
a database that integrates genetic, environmental and age-related information to
study their effects on health conditions of a rhesus monkey colony at Cayo San-
tiago, Puerto Rico, which has been founded since 1938. In this project, we will
combine the osteology data with the rich genealogy and demographic information
into a searchable and computer-interoperable knowledge model accessible through
user-friendly interfaces. Backed by the integrated database, this system will pro-
vide researchers and the public information from the Cayo Santiago rhesus colony
and the derived skeletal collection, a powerful non-human model for datamining
to study human disease. Undergraduate and graduate students from diverse com-
munities have been incorporated into research and development activities. Related
materials are used as case studies in relevant classes at Mercer University to help
train these undergraduate students into problem solvers.
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1 Introduction

An interdisciplinary team led by Qian Wang of Texas A&M University, funded by
NSF, is developing a database that integrates genetic, environmental and age-related
information to study their effects on health conditions of a rhesus monkey colony at
Cayo Santiago, Puerto Rico. Founded in 1938, the Cayo Santiago colony is the source
of a rare skeletal collection with associated details about each individual’s sex, age, and
pedigree (up to twelve generations) [3, 6, 15, 19]. This skeletal collection, housed at
the Caribbean Primate Research Center, has been highly useful in anthropological and
biomedical studies (i.e., [2, 5, 7, 14, 16—18]).

In this project, bone dimensions, bone density, body mass, tooth eruption, and observ-
able disease conditions of the rhesus monkey will be incorporated into the database with
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details on each individual’s sex, birth and death dates, parentage information, and social
rank (when available). Once the integrated database is available to researchers and the
public, information from the Cayo Santiago rhesus colony and the derived skeletal col-
lection will provide a powerful non-human model for datamining to study human dis-
ease, family history, development, individual experiences, and aging. The team brings
together expertise in anthropology, biology, biomedical sciences, and computer sciences.
Database development incorporates undergraduate and graduate students from collabo-
rating institutions, providing unique learning opportunities. For building the Cayo Santi-
ago rhesus health database, we will combine the osteology data with the rich genealogy
and demographic information into a searchable and computer-interoperable Knowledge
Model.

“Using the program opportunity in the project to train undergraduate students at
Mercer University”, one of the Broad Impacts in the original proposal to NSF, has been
planned since the project began. Courses relevant to the database and user interfaces
development and data analytics are taught at the Computer Science Department at Mercer
University through its Computer Science, Information Science and Technology, and
Data Science programs. Martin Q. Zhao (M.Q.Z.) has been using projects based on
real world problems in his Software Engineering, Programming, Database Systems, and
Data Science Applications courses. This paper will focus on how students have been
involved in the design and implementation of the proposed database system, especially
the front-end application codenamed as CSViewer, now in v1.0.

2 Database and Application System Design

A conceptual design for the CS rhesus database and the graphical user interfaces (GUI),
which support data management and analytics needs, has been discussed in [11]. This
section will focus on system design aspects for the database and especially graphical
user interfaces provided in the CSViewer frontend application. Implementation of the
current version (v1.0) and redesign/enhancement effort for v1.1 will be discussed in the
subsequent sections.

A. Database Design

As shown in Fig. 1, a relational data model [11] has been proposed for the integrative
database to manage subject genealogy information of the rhesus families maintained by
the CPRC, plus health data (to be) obtained in this project (including scans, measure-
ments, and observation data). A relational design similar to a human health database [4]
is used, which shows great extensibility. More tables need to be added to keep track of
valid users, access control, user activities, etc. in a later stage.

B. Data Collection and Preparation

Various datasets have been collected from historical records at CPRC and bone measure
activities conducted by George Francis for this project. Measuring and picture taking are
still ongoing after being delayed by the pandemics and maintenance of CPRC facilities.
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Fig. 1. Conceptual data model for the Cayo Santiago Rhesus Health Database.

Data quality analysis have been conducted for all incoming datasets received for this
project, including

1) Census data from 2020 and 2013: The two datasets were merged to generate a com-
plete animal dataset with 10949 distinct animals. Another dataset is available for 77
founding mothers with only the year they were born.

2) Catalog data for skeletons curated at CPRC: This dataset has more than 4800 entries,
including 2292 entries from the CS population.

3) Bone measure data: Data collection using cataloged CS specimens has been con-
ducted since 2020. The raw data including dimensions of skull, upper and lower
limbs, suture and joint conditions, as well as bone density for 1509 CS specimens
(by the end of 2021) are used in the initial building of the database and application
system.

4) A small collection of bone pictures has been included in the initial database for testing
purposes. Full-scale imagery data collection is currently conducted at CPRC.

C. Software Architecture

The proposed Knowledge Model consists of a comprehensive database managing exist-
ing and new collected data from the CS population. The CSViewer application is the
frontend that provides friendly user interfaces for analysts to access the data and per-
form data analytics tasks. A standard layered architecture is adopted (as shown in Fig. 2),
which consists of multiple layers of abstraction coalescing to facilitate the transfer and
display of data from the database. For version 1.0, the CSViewer system is based on
local files with more stable data structures (such as matrilineal and patrilineal family
trees) extracted from the censor and catalog datasets. Design of the middle layer uses
the metaphor of Business Managers to help make the design flexible such that functions
for processing different kinds of data (family, measure, image, etc.) can be supported
separately to be suitable for an incremental development approach. The managers (that
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are key objects in functional partitions in the middle layer) are responsible for accessing
data using the relevant data accessor objects (DAOs), and create value objects (VOs,
such as animal or measure objects) that map to the relational data entries. Information
to be displayed to the user will be prepared by the corresponding manager in the form
of a page bean and feed to the GUI component that consumes it. Some design details
regarding “managers” will be given in Section III Part B, with descriptions on how Ethan
Widener and his teammates in M.Q.Z.’s Software Engineering class contributed to the
development of CSViewer v0.1.

GUI

[Mavigation Contral)

Fig. 2. Layered architecture with Data accessibility, Business Managers, and GUL

With such a template, each layer is responsible for a distinct set of operations and is in
contact with the layers directly above and below it, ensuring a stable chain of command
for efficient and clear communication of data from the back end to the front end of the
system.

D. Graphical User Interfaces

The graphical user interface displayed upon launch of the application is the user’s means
of interacting with and navigating the program. The CSViewer window (Fig. 3) features
amyriad of menus to support various visualization and analytical tasks. The main results
of the current task are displayed in the main content panel (matrilineal family trees as in
the screenshot). Views for multiple tasks can be displayed as tabbed pane structures for
easy navigation.
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Fig. 3. Screenshot of the Main Window of CSViewer v1.0. (with the About Box laid over)

Below the tabbed pane structure, a summary pane is used to display animal summary
information on the selected subject when interacting with one of the tabbed pane views.
Any additional relevant information is displayed to the right of the tabbed pane structure.
This information can include measure data in table format, and/or images relating to the
subject and measure data.

E. Data Structures

As mentioned above, this version (v1.0) reads data from local files. Animal records are
already sorted in a sequential order based on mother or father bloodlines. Internally,
the managers use collection classes in the standard Java collections framework (JCF) to
store data, and prepare bean objects to feed to various content panes using Java Swing
classes, such as JTree and JTable. The JTree view and related data model, a Java-specific
implementation of an n-tree data structure, plays an important role in rendering family
trees. In this project, the founders of each matrilineal line serve as top-level nodes, while
their offspring are displayed as expandable child nodes. Direct children of founders can
further be expanded to show their children, and so on to provide a complete and navigable
view of the dataset and the relationships between each specimen. The Patrilineal trees are
constructed from each animal’s father identity and can be traced back to the earliest male
subject (with DNA screening) of a respective tree. The construction process also uses the
animal information as available in the matrilineal tree input file to reduce redundancy.
Map types as available in JCF are also used to track cross-referencing patterns between
animals and their catalog entries, and through which linking to measure/image data when
they exist.
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3 Software Engineering Education

Martin Q. Zhao has been teaching various software and database courses at Mercer
University in the undergraduate Computer Science (CSC) and Information Science and
Technology (IST) programs, and recently also teaching for the graduate Software and
System Engineering (SSE) program.

A. Teaching Pedagogies and Student Engagement

We believe that software and database development topics can be best learned by applying
design principles and programming techniques in practice; and ideally, in real-world
projects. The case studies and project topics used in M.Q.Z.’s classes evolved from
workshops [12] extended from popular textbooks [1], to externally funded research and
development projects [§-10, 13].

Courses involved and teaching/learning activities:

1) Database implementation and essential queries have been assigned to student teams
in several database and software engineering classes since the NSF grant was awarded
in 2019.

2) The recent CSViewer release was refactored and extended from the codebase finished
by a team in the latest Software Engineering I (CSC 480). The student project was
based on CSV files listing animal entries sorted by father/mother in chronicle order
that are prepared by M.Q.Z. and a layered software architectural template introduced
in class.

3) Analytical result visualization (using the JFreeChart API [21]) and related selection
features are then added to form version 1.0. As a member of the CSC 480 team,
Ethan Widener continues to contribute to source control and redesign for v1.1 (to be
detailed in the next section), while taking research and internship courses.

Implementation, testing, and continuation among classes:

4) Providing DB and GUI design and codebase to student teams with specific tasks seems
to be more effective. Incremental development process and source and document con-
trol can help establish a foundation securing continued feature building across many
classes during subsequent academic terms. Students can contribute through class
assignments, volunteer and paid commitments in multiple (software engineering,
database systems, research and internship) courses.

B. Student Contributions in Building the CSViewer App

Certain details about contributions made by the student team in a Software Engineering
class in Fall of 2022 will be presented here. Their work helped with the integration of
partially working modules into CSViewer (version 0):

1) Merged separate tree views for matrilineal and patrilineal lineage, using a single
CSFamilyTreePanel class as provided by M.Q.Z.
2) Laid out four major content panes in the CSViewer main window, as described in
Section I Part D.
3) Implemented the “measure partition” in the middle layer, which includes
a. A MeasureHash class using the DAO object to access measure data in a CSV file,
and
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b. Generating “measure bean” objects with attributes holding values that can be used
by the JTable in the MeasureTablePanel.
4) Established cross-references among the CSFamilyTreePanel, the subject summary
pane (beneath the main content pane), and the MeasureTablePanel.

The students were trained with several workshops demonstrating topics like layered
architectural design, GUI and JDBC programming. A team of five helped with this
project, including Ethan A. Widener, who continues to work in this project with additional
research and internship courses.

What impressed EAW the most is to work closely with a “client” on a complex
system with evolving needs. Instead of being given with a clearly defined problem and
a fixed set of steps to write a program, students need to communicate with the client
to analyze what exactly is needed, and translate that model into a product. In addition,
using third APIs (such as JFreeChart [21] and Tablesaw [20]) significantly extended the
capability of the software solution, and exposed students to component-based design
and development.

C. Enhancements Leading to CSViewer v1.0

The integrated system (Version 0 of CSViewer) was then refactored by M.Q.Z. to give
it a consistent look. Additional features have been added to make the app to take the
shape that can be a useful tool for researchers managing and analyzing the valuable data
collected from the CS colony.

1) A menu structure has been added, with a tabbed panel to hold major contents.

2) A ChartPanel (opened in the Analytics menu) is added to display analytical results.

3) Professional graphics design elements are used, as app logo and on the About box,
etc.

4) An easy to deploy set of deliverables are zipped and sent out for user testing.

Significant features of CSViewer v1.0 will be summarized in the next section.

4 Results and Redesign

A. Results of the Current Design

By the time of writing this paper, CSViewer is now in v1.0.3, and just started user testing.
Essential functions in this version can be accessed through its menu structure, which
include:

1) Matrilineal and patrilineal family trees starting from 77 founders or first male ances-
tors with DNA tracing data. The trees are expandable, and a search function can auto-
matically expand and show the path leading to a chosen animal in either a matrilineal
or patrilineal family tree.

2) Cross-reference between animal family information (in the tree panel and the sum-
mary pane beneath it) and bone measure data (in table pane on the right) is established.
Animal summary and available measure data can be displayed when a tree node is
selected.
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3) For selected measure data (using the Search menu), scatter plots of measure vs.
animal’s estimated age at death (EAAD) can be displayed through the Analytics
menu (Fig. 4). Analytic plots are generated using JFreeChart API [21] and support
a. Tooltips when moused over and popup menus for left mouse click;

b. Short menu with built-in functions for right mouse click. These functions include
Save chart as an image (PNG) file, Copy it to a Word file or send to print, as well
as Zoom in and Zoom out.

c. Planned redesign using Tablesaw API [20] (to be discussed next) will make
selection and chart generation more streamlined.

4) While large-scale picture taking is still ongoing, linkage between the family tree and
corner image pane is established. An available image (though limited in amount so
far) can be displayed when the corresponding tree node is selected.

5) A small number of group transfer entries and images taken from earlier studies are
included in this current version for proof of concept and are planned into the next
release (as v1.0.4).

B. New Design with Tablesaw

While enhancements are still being added to the current version (v1.0), a redesign is
carried out to streamline data analytic support. One important goal is to use the Tablesaw
API (which was initiated in 2017 and is still in version 0) to provide a generic DataFrame-
like construct that is widely used in data analytics. This addition will make the CSViewer
application not just a visualization tool, but also a real toolkit for Analysts, supporting
endless analytical and modeling tasks upon this comprehensive CS rhesus monkey data
collection. The Tablesaw API allows software developers to organize data into tables and
manipulate those tables in ways that core Java does not support. Given the vast amount
of data involved in this project, as well as the myriad of categories the data falls under
which often intersect and need to be cross-referenced with one another, an underlying

] CS DB Viewer - olEd

File Search Famiy Measure Image Group Catalog Analytics Dental Psychology Help
| Watril | Matril-"00R" | Matril"00V" | Zy-Zyvs. EARD | Data Type Data Value
Skull Measure Trends -

Measure (mm)

Subjid:  “DO1”
Pedigree: 5

Founderld: “01029"
Unicode: _“G-638

Fig. 4. Screenshot of a chart tab for analytical results, with features like copy, save, and print.
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table structure is preferred. Tablesaw API will allow the data to be placed into large
tables that can then be cut down into relevant subsets without additional overhead.

The new design will be included in version 1.1, which aims to utilize Tablesaw and
related new development (such as the XChart API [22]) to help make the system more
modular and extensible. It will pave the way for additional features in future iterations
and fulfill the goal of a Knowledge Model for hypothesis-based investigations.

5 Conclusions and Future Work

An initial version of the CSViewer for Analysts (v1.0) has been developed and sent for
user testing. This user-friendly application helps make it easy to access and analyze data
from the Cayo Santiago rhesus colony, one of the most useful primate sources in biomed-
ical and anthropological research. Essential visualization features are now available for
family trees based on historical records and recent census data, as well as dimension mea-
sures collected from the derived skeletons. Design and development topics of this real
world application have been used in related courses (including programming, database,
software engineering, and data science) offered by the Computer Science Department at
Mercer University. Undergraduate students in those courses have been involved through
lectures, hands-on exercises, and contributing to building parts of the system. Teams of
students worked to analyze the needs of the client, design a solution using third party
APIs, and translate their models into working software.

With more existing datasets (such as dental data) and new data being collected
(such as imagery and pathological data), we will continue to build both the backend
database system and add more features to CS Viewer. Efforts will be made to make cross-
referencing data from different sources consistent and to provide more data analysis
and modeling support to establish a unique Knowledge Model for hypothesis-based
investigations.
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