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Response Letter

Dear Editor and Reviewers,

Thank you for taking the time to review the proposal. Here is a list of our responses to your feedback and how
we will address it.

[R1]: https://drive.google.com/file/d/1iW8f7YHESrHZ-KHI-0jcw-pfQJKsKX15/view?usp=drive_link

[R1.1]: Pl clearly states they will compare their results with "known fire events". This is good empirical evidence
to have, but how will you measure similarity? Who produced the "known fire events" dataset - is it public and
trusted?

Response: The “known fire events” will be coming from historical data sources such as MODIS (NASA),
FIRMS (Fire Information for Resource Management System), or the Global Fire Atlas — which provide time-
stamped satellite detections and burn perimeters. In order to measure similarity, we are considering using
spatiotemporal metrics, such as using visual similarity score using SSIM (Structural Similarity Index) if using
video generation outputs.

[R2]: https://drive.google.com/file/d/1mMFENtdojtoKiSbmStxfth-0sOZsnoTAZZ/view?usp=drive_link

[R2.1]: The proposal is scientifically grounded, with strong motivation for incorporating oxygen as a variable
and a solid literature foundation. However, details on evaluating predictive performance (e.g., what constitutes
"good" performance, which fire events will serve as validation, and what kind of error analysis will be
conducted) are not fully developed, which limits the rigor.

Response: Predictive performance will be evaluated using spatial overlap (loU), spread rate error (<10%

deviation), and video similarity (SSIM/FVD) metrics. Error analysis will involve sensitivity tests to identify which
environmental variables most strongly affect predictive deviation

[R2.2]: The proposal's timeline is ambitious if the author pursues a full 3D simulation.

Response: The reviewer’'s concerns are valid and the ambitiousness of the project is a factor we have
considered as well. In order to stay grounded, the project will first implement a 2D spatiotemporal simulation to
validate model performance. The 3D video generation phase will build on pre-trained architectures (e.g., Video
Diffusion Models, NeRF-based methods).

[R3.1]: The plan mentions collecting historical data in Weeks 1-2, but doesn't state whether this data has
already been located or if access has been secured, which could be a potential bottleneck


https://drive.google.com/file/d/15FpohB5zmKICK-iC1jH9E2HbDOynBMnC/view?usp=drive_link
https://drive.google.com/file/d/1iW8f7YH6SrHZ-KHl-0jcw-pfQJKsKX15/view?usp=drive_link
https://drive.google.com/file/d/1mMFNtdojtoKiSbmStxfh-0sOZsnoTAZZ/view?usp=drive_link
https://drive.google.com/file/d/1hVcB6HemR5TrB2FwXC_p4QpsnV_QZeGa/view?usp=drive_link

Response: Our project looks to avoid these bottlenecks by using open-source datasets, including NASA
FIRMS for fire events and ERA5/NOAA reanalysis data for atmospheric and oxygen parameters. Data retrieval
pipelines have been identified and will be implemented in Python to ensure timely access during Week 1.

[R4]: https://drive.google.com/file/d/1gLSWyhS03RRuEeJxLiwg37LVcn1ZPzSl|/view?usp=drive_link

[R4.1]: The proposal lays out how it will use oxygen data, but is there anything visually novel about its output?
In 2D, what would this output look like? Would it be overlaid on a map? The proposal also mentions 3D
simulations. How would these simulations be rendered?

Response: For the 2D visualization, the outputs will be overlaid on geospatial maps with heat-based color
coding of oxygen and temperature fields. The novel 3D representation will have the generative video model will
produce volumetric fire spread animations, with interpretable visuals of the ecological factors

[R4.2]: How would this tool be evaluated? How could it be compared with past fire events? Is there a way to
quantify improvements in user experience?

Response: We will be conducting a preliminary evaluation with environmental scientists to assess visual
clarity, interpretability, and usability. The users will rate the system on visual realism, data transparency, and
ease of pattern recognition, providing qualitative feedback for iterative refinement.
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Abstract

Forest fires can be extremely complex and difficult to simulate. In this project, we propose a novel
method to extract climate patterns and oxygen interactions with climate factors from historical data,
and create a video generation tool to simulate future conditions which may lead to fires. Our work
links climate—oxygen interactions to predictive fire spread modelling, while providing intuitive dynamic
visualizations.



1 Aims

Forest fires are highly dynamic and influenced by complex interactions between climate, ecology, and at-
mospheric conditions. The aim of this project is to develop a visual analysis framework that links historical
climate trends with oxygen availability and other ecological factors to improve fire spread simulations. The
framework will generate dynamic video-based visualizations of simulated fire events, enabling interpretable
spatiotemporal understanding and supporting proactive management strategies.

The aim of this project is to develop a deep learning—based 3D video generation framework for forest
fire simulations that explicitly integrates oxygen flux / atmospheric oxygen concentration and ecologically-
relevant microclimatic and soil variables, to improve both the predictive accuracy and interpretability of fire
spread models. Specifically, the project will:

* Extract climate, atmospheric (especially oxygen), ecological, and soil-moisture patterns from histori-
cal data, quantifying how oxygen availability (e.g. oxygen flux or concentration) modulates burning
dynamics in forest fuel beds, building on experimental work by Thomas et al. (“Experimental inves-
tigation of the impact of oxygen flux...”).

* Condition simulation models on those extracted patterns, then translate outputs into 3D dynamic
videos via deep learning (e.g. conditional video/diffusion/GANSs or neural rendering) that reveal spa-
tiotemporal fire spread under different oxygen/climate/ecological regimes.

* Identify and rank which variables (oxygen flux, microclimate, soil moisture, fuel properties, etc.)
most strongly drive fire behaviour, especially under non-standard atmospheric oxygen conditions (e.g.
higher oxygen concentrations), filling gaps where current fire models typically assume “normal” at-
mospheric oxygen or neglect oxygen as an explicit input.

* Use the visualized simulations to support testing of intervention strategies (e.g. modifying fuel mois-
ture, controlling oxygen flux, etc.), providing a tool for exploring “what if” scenarios under future
climate or atmospheric oxygen shifts.

The oxygen flux- fire relationship is a gap in which current research hasn’t filled. It is important to explore
this angle for several reasons:

* The Thomas et al. experiments show that oxygen flux has strong effects on burning dynamics: in-
creasing O flux increases peak heat release rate, reduces flaming duration, changes combustion effi-
ciency and CO/CO ratios. This implies that oxygen is a controlling variable in how fires burn, not just
temperature / moisture / wind.

* Vitali et al. show that under elevated atmospheric oxygen concentration, fire activity increases, but
forests may still persist under certain ecological feedback. That suggests that future atmospheric
conditions (or microenvironments with altered oxygen) could shift fire behavior significantly.

* Yet most simulation and visualization models ignore oxygen (or assume standard atmospheric O),
which may lead to underestimation or mis-estimation of fire spread, heat and burning rates, or mis-
ranking of feature importance.

So, investigating oxygen (both concentration and flux) along with climate and ecological variables fills a
systemic gap: it may improve both the physics of simulation (make them more accurate under broader con-
ditions) and the interpretability of models (which factors are really crucial under different oxygen regimes).



2 Significance

Forest fires are among the most destructive natural hazards, yet current simulation models often oversim-
plify or exclude critical drivers such as microclimatic conditions, oxygen interactions, and soil moisture.
By systematically identifying and ranking the most influential variables and translating these insights into
a visualization pipeline, this project offers both scientific significance—improving predictive accuracy and
interpretability—and practical significance—providing decision-makers with tools to test ecological inter-
ventions virtually.

Intellectual Merit: The project introduces a novel coupling of climate—oxygen interactions with fire
simulations, supported by data-driven feature importance analysis. It also advances methodological fron-
tiers by adapting video generation models for spatiotemporal ecological visualization, a task not yet widely
attempted.

Broader Impact: Beyond forest fire research, the proposed pipeline has potential for generalizable use
in other climate hazard domains (e.g., flood or hurricane modeling). It can improve public communication
of fire risk through accessible visualizations and provide educational value in climate science courses. Ul-
timately, it contributes to proactive fire prevention and mitigation strategies that safeguard ecosystems and
communities.

Additionally, dynamic, deep learning-based 3D video generation conditioned on those interactions will
enhance interpretability: stakeholders can see how changes in oxygen along with climate or fuel moisture
affect spread patterns, fire front intensities, etc., rather than just numeric outputs. This has both scientific
impact (improving model fidelity, new knowledge about what drives fire dynamics) and practical impact
(decision support, policy, forest management under changing atmospheric/climatic conditions). This project
is highly interdisciplinary, lying at the intersection of computer science, environmental science, and climate
studies. By integrating deep learning models with ecological simulation data, we bridge technical advances
in artificial intelligence with pressing societal challenges in fire ecology and disaster management. The
proposed visualization pipeline also overlaps with human—computer interaction and science communication,
broadening its impact across disciplines.

The evaluation methods and data collection methods are also significant contributions and important
steps in the process.

This project relies on the integration of observational, experimental, and simulated data sources.

Key datasets will include:

* Climate and Atmospheric Data: Historical climate variables (temperature, humidity, wind speed,
precipitation) will be obtained from NOAA, ERAS, and NASA’s Bioclim2 datasets. Oxygen-related
atmospheric data will be derived from ERAS reanalysis outputs (air composition, O flux proxies such
as vertical wind and pressure gradients) and, where available, from specialized combustion experi-
ments (Thomas et al., 2017).

* Fire and Ecological Data: MODIS Fire Radiative Power (FRP) and burned-area products (MCD64A1)
will be used to capture fire occurrence and spread patterns. Fuel and vegetation structure will be ex-

tracted from GEDI LiDAR products (canopy height, cover fraction) and corroborated with regional
land cover maps (ESA CCI or USGS NLCD).

* Soil and Terrain Data: Soil moisture and composition will be sourced from SoilGrids and SMAP
satellite products, while topography and slope will be derived from SRTM or ALOS DEM datasets.



» Data Harmonization: All datasets will be reprojected to a common coordinate system (WGS84) and
temporally aligned to the simulation period. Interpolation (e.g., kriging) will fill gaps where necessary,
and normalization/scaling will prepare data for model input.

» Feature Extraction: Statistical and machine learning techniques (e.g., PCA, correlation clustering)
will be applied to derive dominant ecological and atmospheric patterns, including oxygen-related
variables (flux gradients, near-surface concentration). Extracted features will condition both the sim-
ulation and the deep learning—based video generation model.

Empirical evaluation will combine quantitative performance testing and qualitative expert validation,
ensuring that both scientific accuracy and visual interpretability are assessed. The evaluation framework
will address three dimensions:

* Simulation Accuracy and Sensitivity:

— Compare predicted fire spread metrics (rate of spread, flame height, burned area, heat release)
from the proposed oxygen-integrated simulations against baseline models that omit oxygen flux.

— Use statistical measures such as RMSE, MAE, and R? to quantify improvement.

— Conduct sensitivity and feature-importance analysis (e.g., SHAP, Sobol indices) to verify that
the model correctly identifies oxygen flux and related variables as influential parameters.

* Video Generation Quality:

— Evaluate generated 3D fire simulations using standard video generation metrics (Fréchet Video
Distance, Structural Similarity Index).

— Solicit expert feedback from fire ecologists and atmospheric scientists to score realism, inter-
pretability, and ecological plausibility of generated visuals on a 5-point Likert scale.

— Solicit expert feedback from fire ecologists and atmospheric scientists to score realism, inter-
pretability, and ecological plausibility of generated visuals on a 5-point Likert scale.

— Compare model outputs with real fire imagery (MODIS/VIIRS) for spatiotemporal pattern fi-
delity.

* Interpretability and Practical Utility:

— Assess how effectively the visualizations help users understand cause—effect relations (oxygen
vs. temperature, moisture, or wind).

— Conduct a small user study measuring accuracy and response time for interpretive tasks (e.g.,
identifying key fire spread drivers from visual output).

— Collect qualitative feedback on clarity, usability, and potential decision-support applications.
* Generalization Tests:

— Train the framework on subsets of environmental variables (with and without oxygen flux, or
with varying soil and moisture conditions) to assess robustness and generalization across ecosys-
tems.

— Report consistency of variable rankings and simulation outcomes across scenarios.

4



3 Related Work

Current fire simulation and visualization models have advanced significantly in coupling climate/weather,
terrain, fuel type, and moisture, enabling 3D immersive visualizations that help with understanding fire
spread and extinguishing behavior (e.g., [2], [6]). However, many of these models assume standard atmo-
spheric oxygen and do not include oxygen flux or altered oxygen concentration.

A range of modelling and visualization techniques have been developed to simulate forest fire spread
under differing environmental conditions. Cellular automata (CA) models, improved Huygens’ principle,
finite state machines, and statistical/Al approaches are frequently used. For example, [2] produce immersive
3D visualizations of fire spread and extinguishing (sprayed retardants, precipitation) using CA combined
with dynamic weather, terrain, and fuel moisture. [6] approximate tree morphology and use finite state
machines to model pyrolysis, heating, and burning, enabling real-time 3D visualization of fire over extended
landscapes.

Experimentally, [3] investigate how oxygen flux into fuel beds affects burning dynamics: flame duration,
heat release, combustion efficiency, etc. [4] simulate at the global scale how increased atmospheric oxygen
leads to higher fire activity, yet forests may still survive under feedbacks.

Although there are Al / statistical fire spread models (e.g., [5]), and classical models like cellular au-
tomata (e.g., [1]), these works rarely incorporate oxygen as an explicit modulating variable; seldom provide
dynamic video generation or deep learning-conditioned visualization; and often do not allow the user to
explore how changing oxygen/flux in combination with ecological parameters or microclimate alters out-
comes.

4 Research Plan

The schedule for this project is six weeks, including time for writing the final abstract and preparing the
final presentation. Weekly milestones are as follows:

* Week 1-2: Data extraction and preprocessing. Collect historical climate datasets, oxygen flux
measurements, and ecological records. Standardize and preprocess the data to align temporal and
spatial resolution. Begin exploratory analysis to confirm variable distributions and correlations.

* Week 3: Simulation model training and feature ranking. Train baseline deep learning models on
the processed datasets. Implement systematic feature importance ranking to identify which ecological
and atmospheric variables most strongly affect fire dynamics (e.g., oxygen availability, soil moisture).
Begin comparing against existing feature sets used in the literature.

* Week 4: Visualization pipeline development. Construct a pipeline that transforms model outputs
into dynamic 2D animated video simulations. Optimize the system for interpretability and ensure the
spatiotemporal fidelity of fire spread patterns. Address challenges in training the video generation
model on extracted climate—oxygen features.

* Week 5: Evaluation and testing. Perform user-level evaluations of the visualization outputs for
clarity, interpretability, and ecological realism. Compare model outputs with known fire events to
validate predictive performance. Conduct error analysis and refine the pipeline accordingly.

* Week 6: Refinement and final deliverables. Improve the visualization quality and streamline the
pipeline. Draft the final project abstract, prepare a comprehensive report, and design the final pre-



sentation. Demonstrate the tool’s use for proactive intervention planning by simulating ecological
prevention strategies.

Doability: A 3D simulation/video may be ambitious within this timeframe, but a 2D animated video
generated according to ecological parameters is feasible. This project will leverage deep learning libraries,
existing simulation datasets, and visualization platforms to ensure progress.

5 Resources

This project will require both computational and software resources for successful implementation:

Hardware

* High-performance GPU compute nodes (NVIDIA A100, V100, or equivalent) to train deep learning
models for fire simulation and video generation. A single multi-GPU server with at least 40GB of
GPU memory will be sufficient for the proposed scale.

* Multi-core CPU cluster access for preprocessing large climate and ecological datasets (temperature,
oxygen, soil moisture, etc.).

* Local workstation (laptop/desktop) with moderate GPU (e.g., NVIDIA RTX 3060 or above) for
development, debugging, and small-scale visualization testing.

» Storage capacity of at least 2-3 TB for storing raw historical datasets, intermediate simulation out-
puts, and generated video visualizations.
Software

* Programming languages: Python (primary for data processing, deep learning, visualization), C++
(optional for simulation backends).

* Deep learning frameworks: PyTorch or TensorFlow for model training and video generation.

* Visualization tools: ParaView, Blender, or Unity for rendering dynamic fire simulations and produc-
ing 2D/3D video outputs.

* Scientific libraries: NumPy, Pandas, SciPy for numerical analysis; Matplotlib and Seaborn for ex-
ploratory visualization.

* Geospatial/Climate data handling: GDAL, xarray, and netCDF4 for handling large-scale climate
and ecological datasets.

* Version control and collaboration: GitHub/GitLab for code management and documentation.

Facilities

The project will leverage Brown University’s computing resources, including GPU clusters available through
the Center for Computation and Visualization (CCV). In addition, open-source datasets (e.g., NASA climate
archives, SoilGrids, and forest fire incident reports) will be accessed as inputs to the model.
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Abstract

Power transmission grids are complex systems that require extensive monitoring. Visualizing the
data from these complex systems has become a challenge in recent years. Previous works ultimately fail
to completely capture all the dynamics of these multivariate systems. We propose a novel approach that
leverages 3D visualization methods with the potential for immersive virtual reality (VR).



1 Aims

The primary aim of this project to is implement a 3-dimensional power transmission grid visualization util-
ity. Specifically, we aim to provide an immersive virtual reality experience for all types of users, whether
they have a background in electrical engineering or not. The scientific contribution is that subject matter
experts (SMEs) will be able to more quickly gather insights into the dynamics of power grid transmission
systems, specifically when there are anomalies or other grid disruptions. Our visual contribution will be to
provide an innovative and intuitive visualization utility that is effective at displaying the complexity of the
multivariate data that power transmission grids produce.

We also aim for our software to be robust and abstract enough to operate on many different sources of
transmission grid data. As described in section 4.2, not all of the data that needs to be visualized is available
in the public domain. As a result, we propose building software that can work at any geographic location,
so long as the data is complete.

2 Significance

The intricate workings of power transmission grid systems are difficult to explain, even for SMEs. The
current state of the art is limited as the data cannot be explained in an intuitive manner to those that are
not SMEs. Although those who work with this type of data may have developed an innate intuition as to
what features are important during analysis, those who are not experts (such as shareholders, executives,
project managers, etc) will likely not have such an intuition. Additionally, the current 2D representations
contain lots of visual clutter, as demonstrated in figure 3, which can make analysis tricky and features left
indiscernible. This is where 3D data representations, such as immersive virtual reality, have the potential to
provide visual information in ways the previous state of the art has not been able to.

3 Related Work

The most recent work concerning the effectiveness of current power transmission data visualization methods
has explored the usefulness and correctness of existing power grid data, such as with 2D contour maps [2],
which were found to largely misrepresent the data. The main weakness of these 2D contour map representa-
tions is their inability to provide a streamlined representation of multivariate data, resulting in indiscernible
data streams, particularly for voltage violations (i.e. the voltage exceeds or goes below its standard operating
range). The human subjects tasked with finding these violations in the data were ultimately only to correctly
identify (on average) five out of fifteen violations. We expect 3D representations to be a plausible solution
to this problem as 3D representations, in general, are able to display data at a higher fidelity.

In 2011, Zhu et. al [8] took a data-driven approach to visualization of power grid data. This includes
the paradigm of “query-driven” visualization, where the authors focus their visualization efforts on the data
that users frequently query. This only addresses the issue of how large amounts of data are filtered, not nec-
essarily the mechanics how it is presented. Our approach will differ in that we propose a volume-agnostic
approach in the sense that users should be able to visualize all of the data, not just the most frequently
queried data.
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Figure 1: Recent 2D Visualization Method [2]

In the year 2000, Overbye et al [6] provided a novel 3D visualization method of transmission grid data.
This approach was extremely limited in the sense that the authors only provided 3D projects on to existing
2D maps. Our approach will differ in that we will implement a 3D visualization method with existing 3D
representations of transmission grid locations.

Other notable work includes physics-based visualizations [7], the use of broadband cable TV data [3]
and web-based applications [4].

4 Research Plan

4.1 Western Electricity Coordinating Council (WECC)

The source of our data for this project will be from the western electrical coordinating council (WECC). We
have already been provided approximately 200MB of WECC data in CSV format.

4.2 New York Power Authority (NYPA)

One target user for our novel visualization method will be the New York Power Authority, which monitors
the transmission grids for the entire State of New York. We propose initially implementing our prototype
with the WECC data and then adding a level of abstraction that can support data from other sources, such
as the NYPA. Because the NYPA data is proprietary, we will require close collaboration with our contacts
at the NYPA to ensure our data specifications are congruent.



Week

Task

Deliverables and Outcomes

1-2

3-4

5-6

Implement the existing SOTA 2D
method [5], get to know the data,
collaborators and develop initial
infrastructure.

Develop a 3D model of the trans-
mission grid system and begin
VR implementation.

Conduct evaluation studies with
users for 2D and 3D models.

A replication of what is shown in
3, with working codebase.

A deliverable 3D product that
can be shipped to users for eval-
uation.

Qualitatve and empirical results
from user studies.

Table 1: Detailed weekly work plan

4.3 Evaluation

In coordination with our collaborators at the New York Power Authority (NYPA) and The National Renew-
able Energy Laboratory (NREL), we will task human evaluators with comparing our new 3D visualization
method with the previous state of the art. We expect users to find our approach to be more intuitive and
informative when compared to the previous SOTA. As many parts of this visualization task are subjective
and user specific, we propose two evaluation studies: a qualitative and empirical analysis.

Qualitative Analysis The first will be a qualitative study for users at the NREL and NYPA where each
participant evaluates their perceived usefulness with a likert scale. We will conduct two studies, one on the
2D evaluation method shown in 3 and the other on our 3D implementation. We will ask users to evaluate
the ease of use, clarity, interactive-ness and perceived value.

Empirical Analysis The second study will consist of testing users on their ability to identify features of
the data. This process will consist of 1.) creating a ground truth subset from the WECC dataset for various
features (i.e. voltage, power, current, etc.). We will test the users ability to depict the correct values of these
features for certain time steps for both the 2D and 3D models. In addition to testing how much of the data
the users are able to accurately depict, we will also measure the time it takes for the users to make such
depictions.
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Response Letter

Dear Editor and Reviewers,
Thank you for your attention to our proposal. We have addressed your concerns below:

R 1.1]
https://drive.gooqgle.com/file/d/19pxabQ10Si3BaELVOdL2PkN2ak2rkrT6/view?usp=shari

ng

Feasibility concerns: achieving robust 3D interactivity, real-time data integration, and
meaningful user evaluation within six weeks may not be realistic.

We understand that this is an optimistic timeframe, but want to stress that the main goal
is to implement an intuitive 3D representation of the data; not necessarily to have a
fully-implemented VR environment.

[R2.1]
https://drive.google.com/file/d/1TSAj_t4WdAOr8Pb4d6jZPzOaywrKTizv/view?usp=shari
ng

Placed strong emphasis on "intuitiveness" but lacks a clear definition over the term.

We understand that the intuitiveness may be vague, but we want to stress that
ultimately we are looking for a “one size fits all” approach that any user of any
experience level can use. That is what we ultimately mean by intuitiveness.

R 2.2]

Lack a detailed description about what new visualization approaches to take in addition
to the existing ones.

We understand that saying “visualize in 3D space” may be vague, but ultimately we are
looking for a semi-realistic representation of the transmission grids. This includes
illustrations of the infrastructure, with overlays representing the various measurements
that are being taken at any given time.
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Abstract

We present VisArch, a three-part visualization for exploring how LiDAR preprocessing affects archaeological
visibility. The approach improves upon standard visibility modeling, which often relies on raw surfaces that ob-
scure distinctions between architecture and vegetation. In a comparative case study, VisArch more clearly revealed
architectural features and structure-to-structure relationships at a Chachapoya site.



1 Reviews & Responses

Dear Reviewers,

We appreciate the constructive feedback on the proposal, and we have prepared a revision accordingly. Please see
below for an itemized list of your feedback and a brief description of how each is addressed in the revised manuscript.

[R1] Gordan Milovac

Overall: 3
[R1.1] Interdisciplinary: 2; A good interdisciplinary project connecting computer science (machine learning, data vi-
sualization) with archaeology to solve a domain-specific problem.

[R1.2] Scientific: 3; The project’s goal to make the effects of LiDAR preprocessing choices transparent and un-
derstandable is a valuable scientific contribution to archaeology. It addresses a real-world problem where technical
decisions can significantly alter scholarly interpretations of historical sites.

[R1.3] Visualization: 2; The core of the project is to build an interactive tool that allows users to see how different data
cleaning methods change the resulting visibility networks. This is a direct and significant visualization contribution.

[R1.4] Significant: 3; The work is significant within its niche. For archaeologists working with LiDAR data in vege-
tated areas, a tool like this could be very useful for improving the rigor and transparency of their spatial analyses.

[R1.5] Novel: 3; While using machine learning to classify LiDAR data isn’t new, the specific application: creating
an interactive visualization tool to compare the interpretive consequences of these methods, appears to be a novel
approach.

[R1.6] Goals clearly stated: 1; Excellent. The two primary aims are laid out as clear, numbered points, making the
project’s objectives easy to understand.

[R1.7] Likelihood of Success: 4; The technical plan to use XGBoost and develop a Shiny app is sound and seems
achievable. The lack of a detailed week-by-week work plan makes it harder to assess, but the overall scope feels
appropriate for a 6-week project.

Response: The work plan has been further elaborated, with additional details such as concrete plans for user testing.

[R1.8] Strengths:

¢ Clear, Focused Problem: The proposal identifies a specific, practical problem in archaeological research and
proposes a direct, targeted solution.

* Sound Technical Approach: The plan to use established machine learning (XGBoost) and visualization (R
Shiny) tools is sensible and realistic.

* Well-Defined Goals: The project’s two main objectives are stated with clarity and precision.

[R1.9] Weaknesses:

» Missing Visuals: The proposal repeatedly refers to figures and visualizations that are placeholders, which makes
it difficult to fully grasp the intended output.

Response: The final proposal contains two figures, including a mock-up image that depicts the anticipated output of
the tool.



[R2] Haonan Zhang

Overall: 2
[R2.1] Interdisciplinary: 1; Excellent integration of archaeology, machine learning, and visualization. The collabora-
tion with an archaeologist strengthens relevance.

[R2.2] Scientific: 2; Methodologically sound, using appropriate ML techniques (XGBoost, Random Forest) and quan-
titative validation. Could expand on error analysis or statistical robustness.
Response: The revised proposal strengthens robustness through the addition of k-fold cross-validation.

[R2.3] Visualization: 2; Strong visualization rationale—linking preprocessing to interpretive consequences is concep-
tually novel. Would benefit from more detail on visual encoding and interaction design.

Response: The final proposal will include details about color visual encoding, side-by-side layout and organization,
and interaction design.

[R2.4] Significant: 2; Addresses a real research gap in archaeological transparency and could meaningfully influence
how LiDAR data are interpreted.

[R2.5] Novel: 2; Innovative in connecting preprocessing decisions to interpretive visualization rather than perfor-
mance metrics.

[R2.6] Goals clearly stated: 1; Clear objectives, milestones, and deliverables. The plan is realistic for the timeframe.

[R2.7] Likelihood of Success: 3; Technically feasible, but integration and Shiny app design may be time-intensive;
risk of limited user feedback.

Response: After discussing with our collaborator, the Shiny app has been replaced with a dashboard due to factors
besides time. Additionally, the final version of the proposal more clearly states the inclusion of both non-expert and
expert test audiences. It also outlines efforts to recruit expert archaeologists across different areas of the subject.

[R2.8] Strengths:

* Clear, research-driven motivation grounded in archaeological relevance.
* Combines ML classification and visualization transparency—a unique interdisciplinary niche.

[R2.9] Weaknesses:

» Limited user-testing scope may restrict interpretability evaluation.
¢ May need careful scoping to ensure full app integration within time.

Response: See response to R2.7.



[R3] Juliana Escuti

Overall: Not provided
[R3.1] Interdisciplinary: 1; This proposal combines visualization and archaeology.

[R3.2] Scientific: 2; This proposal clearly lays out how current preprocessing is limited in its application to the
Chachapoyas region, and how solving this problem could improve interpretation of this data.

[R3.3] Visualization: 2; This proposal improves on the preprocessing step in this pipeline with the explicit goal of
differentiating between architecture and vegetation.

[R3.4] Significant: 2; This proposal states how it will solve a current problem in this field using preprocessing. Finding
ways to accurately reconstruct the history of the Chachapoya will offer new insight into indigenous communication
systems and politics.

[R3.5] Novel: 2; This is a novel way of approaching the problem of classification in preprocessing for LiDAR point
clouds in archaeology.

[R3.6] Goals clearly stated: 1; This project clearly lists two goals: evaluating preprocessing methods and building an
interactive tool.

[R3.7] Likelihood of Success: 3; This is a challenging problem which has not been solved yet, but it seems to be
within the skillset of this team.

[R3.8] Strengths:

* This proposal clearly defines the problem it aims to solve, and how solving the problem of classifying architec-
ture could lead to significant new knowledge in this field.

[R3.9] Weaknesses:

¢ How will different preprocessing methods visually affect the final result? Will this be visible both to experts and
non-experts? How will the feedback be quantified?

Response: Firstly, the aim of the project will be further emphasized to ensure its significance is clearly conveyed.
Secondly, although the tool will be tested with both expert and non-expert audiences, the intended primary audience
is academics. This distinction will be made clearer in the final version. Lastly, feedback is planned to be largely qual-
itative, but new edits also include simple 1-5 rating metrics on factors such as clarity, usability, and interpretability.



[R4] Korey Sam

Overall: 4.7/5
[R4.1] Interdisciplinary: 5/5; It bridges archaeology, geospatial data science, and visualization—linking LiDAR pre-
processing (computer science) with interpretive archaeology (humanities) and UX/interface design.

[R4.2] Scientific: 4.2/5; The problem is well defined, and the approach comparing XGBoost vs. Random Forest vs.
raw surfaces is methodologically rich.

[R4.3] Visualization: 4.7/5; The Shiny app enables direct interpretive comparisons of preprocessing choices—a bril-
liant example of transparency in modeling.

[R4.4] Significant: 5/5; Addresses an important methodological blind spot in archaeological LiDAR use, how prepro-
cessing choices shape interpretation. The potential to uncover hidden site networks and challenge colonial biases in
Andean archaeology adds social and cultural depth to its significance.

[R4.5] Novel: Not provided; Combining ML-based classification with interpretive visualization of visibility networks
is original. Related work has focused on accuracy, this reframes the problem around interpretive consequences taking
a conceptual leap.

[R4.6] Goals clearly stated: 5/5; The 6-week plan is realistic, milestones are measurable, and deliverables (Shiny app,
user feedback, report) are clearly articulated. Stretch goals are properly scoped.

[R4.7] Likelihood of Success: 4.5/5; The core deliverables (classification and visualization) are well within reach,
given existing R libraries and available data. The only mild risk lies in the limited timeframe for comprehensive user
testing and polishing of the Shiny app.

[R4.8] Strengths:

¢ There is a seamless integration of ML, LiDAR science, and archaeological theory. This proposal presents a focus
on transparency and interpretive awareness, not just algorithmic performance. Finally, I felt that real cultural
significance is tied to Chachapoya heritage and decolonizing research perspectives.

[R4.9] Weaknesses:

* The user evaluation is small-scale and largely qualitative. A wider study could validate interpretive consistency.
Further, there is limited detail on the visualization design, and the user interface may constrain replicability.

Response: See responses to R2.3 and R3.9.



[R4] ChatGPT

Overall: 2

[R4.1] Interdisciplinary: 1; Integration of computer-science visualization and archaeology is exemplary. Collaborator
VanValkenburgh’s expertise in Andean LiDAR interpretation ensures direct scientific grounding. Roles and collabo-
ration plan are explicit.

[R4.2] Scientific: 2; Quantitatively links LiDAR filtering parameters to visibility metrics and site-placement hy-
potheses. This could revise long-standing assumptions about Chachapoya fortification and signaling networks. Clear
research question, measurable outcomes.

[R4.3] Visualization: 2; Interactive side-by-side rendering of raw, filtered, and bare-earth DTMs for viewshed mod-
eling is innovative. The design directly addresses interpretive uncertainty by enabling archaeologists to see how
preprocessing changes visibility. Interface sketches and described controls (slider-based parameter exploration, over-
lay toggles) are concrete.

[R4.4] Significant: Not provided

[R4.5] Novel: 3; Prior work (e.g., Doneus 2008; Richards 2021) visualized visibility results but not preprocessing
effects. VisArch adds an explanatory layer between data processing and interpretation, an area rarely addressed in
archaeological visualization.

[R4.6] Goals clearly stated: 3; Timeline—prototype by Week 3, pilot testing by Week 6—is realistic. Dataset already
acquired. User testing limited to domain collaborators, which is feasible.

[R4.7] Likelihood of Success: 2; Balanced technical and domain expertise; prior collaboration on LiDAR datasets
ensures productivity.

[R4.8] Strengths:

 Excellent problem framing with direct scientific payoff.
 Concrete visualization methods and evaluation design.
* Feasible timeline and authentic data.

[R4.9] Weaknesses:

» Uncertainty visualization not explicitly addressed (e.g., error bands in DTMs).

Response: The final version of the proposal includes the stretch goal of uncertainty visualization.



2 Aims

We propose VisArch, a visualization tool for evaluating how Light Detection and Ranging (LiDAR) preprocessing
choices affect intra-site visibility at Chachapoya hilltop settlements. In densely vegetated regions, raw LiDAR surfaces
often conflate standing architecture with vertical vegetation, reducing confidence in visibility models. Our goal is
to clarify how different preprocessing decisions shape local spatial conclusions and make these effects transparent
through interactive visualization. To do so, we aim to:

1. Evaluate how different LiDAR preprocessing methods affect structure-to-structure visibility and site interpreta-
tion.

2. Build and evaluate a tool to visualize and compare the interpretive consequences of those preprocessing choices.

Raw (Unclassified) Random Forest XGBoost

B

Show confidence Show viewshed zones §
Highlight areas of lower - Display the visible area from

classification certainty using each structure as

color thresholds (yellow = semi-transparent polygons.

moderate, red = low).

Show visibility network
Draw light gray lines between
structures with mutual visibility.

Figure 1: Preliminary mock-up of the visualization dashboard showing three LiDAR preprocessing outputs (Raw,
Random Forest, and XGBoost) on a synthetic test site. Interactive controls are illustrative only.

To address the first goal, we will classify LiDAR point clouds using extreme gradient-boosted (XGBoosted) trees in
R, trained on multiscale geometric features extracted with lidR to separate architecture from vegetation. We chose
XGBoost because it is well-suited for complex datasets like LiIDAR point clouds. For example, each point is described
by multiple geometric features, such as slope and curvature, creating a high-dimensional space. Additionally, there
are fewer architecture points than vegetation or ground points, making the dataset imbalanced. XGBoost has proven
effective under these conditions.

Then, from the classified point cloud, we will generate cleaned surface models using terra. We will apply this process
to a well-documented Chachapoya settlement and compare results to two baselines: (1) the unprocessed raw LiDAR
elevation surface, and (2) the Random Forest pipeline published by Abate et al. [I]. Quantitative evaluation will
include calculating metrics such as precision, recall, and F1 score on manually labeled subsets, alongside k-fold
cross-validation to test model robustness. We will also visualize classification uncertainty to identify areas of lower
confidence, with the exact threshold for uncertainty visualization determined after initial results.



For the second goal, we will develop a comparative dashboard (R flexdashboard) that integrates raw surfaces, Random
Forest outputs, and XGBoost classifications into a unified visual environment. The dashboard will display surfaces
alongside corresponding intra-site visibility maps, allowing archaeologists to evaluate how preprocessing decisions
alter modeled visibility within the site. The visualization contribution lies in the design of an interactive dashboard
that enables layer toggling, color-based visual encodings for classification confidence, and side-by-side comparative
map alignment.

We will gather informal feedback from a group of 4-6 users, including domain experts (e.g., Dr. Parker VanValken-
burgh) and non-experts (e.g., classmates). While the project will be tested with both expert and non-expert audiences,
the intended primary users are archaeologists and researchers. Non-expert feedback will focus on usability and layout,
while expert input will target analytical clarity and interpretive accuracy. To diversify perspectives, we will also seek
input from archaeologists working in other subfields. Feedback will be primarily qualitative, supplemented by simple
1-5 rating metrics on clarity, usability, and interpretability.

As a stretch goal, we will incorporate uncertainty visualization that highlights areas of lower classification confidence,
determined post-evaluation.

3 Significance

Archaeologists use visibility analysis to understand how ancient populations selected settlements and how structures
may have been visually related within sites. In densely forested regions, where walls and structures are often obscured
by vegetation, airborne LiDAR is one of the only tools that can reveal these features. However, visibility models
often rely on raw LiDAR elevation surfaces, which do not reliably distinguish vegetation from built architecture.
This limitation reduces confidence in local visibility results and may obscure important spatial relationships between
structures.

This project introduces a visualization tool that makes the interpretive consequences of LiDAR preprocessing on
intra-site visibility transparent. Existing approaches typically focus on classification accuracy or feature detection,
but they rarely reveal how preprocessing choices alter later interpretations. By integrating machine learning (ML)-
based classification into visibility modeling, researchers can compare spatial outcomes derived from raw and cleaned
surfaces. The tool thus links technical preprocessing decisions directly to shifts in visibility networks and interpretive
conclusions. In doing so, it contributes to archaeological research and to studies on transparency and interpretability
in scientific modeling.

Improved visibility modeling may also help uncover local architectural relationships associated with the Chachapoya
culture. Although the limited LiDAR data do not support regional intervisibility, this project establishes a framework
for site-level visibility analysis that can inform future landscape-scale studies. Because Spanish colonization disrupted
and dismissed Indigenous communication systems, much of what is known about their Chachapoya communication
systems is limited. Additionally, insights could broaden attention beyond well-known destinations like Machu Picchu,
supporting preservation and interpretation of less-studied landscapes.

4 Related Work

Airborne LiDAR has become an essential tool in archaeological research, particularly for detecting structures beneath
vegetation. Stular et al. [4] emphasize that although LiDAR visualizations are often treated as straightforward products,
they are the result of many subjective processing decisions. Their QGIS toolbox was designed to provide a transparent,
archaeology-specific pipeline for point cloud classification and interpolation. By standardizing these steps, their work



Figure 2: Example of a reconstructed Chachapoya house showing original foundations and rebuilt structure.

highlights the efficiency of automated workflows and the interpretive risks of opaque preprocessing. Our project builds
on this focus on transparency but goes further by providing an interactive comparative visualization that explicitly
shows how preprocessing differences alter interpretive outcomes.

To reduce subjectivity, machine learning classifiers have been introduced into archaeological LiDAR analysis. Abate et
al. [L] employed Random Forest models within CloudCompare to detect anthropogenic features at the Kastri-Pandosia
site in Epirus, Greece. They demonstrated that classifiers can outperform manual segmentation, but their evaluation
was limited to reporting accuracy and did not explore consequences for archaeological interpretation. VisArch extends
this approach by visualizing interpretive changes directly, emphasizing the downstream analytical effects rather than
classification precision alone. Additionally, unlike Abate et al., our project tests a newer ensemble model (XGBoost)
within the same comparative framework to evaluate whether it improves interpretability.

Serrano et al. [3] extended this line of work by applying XGBoost to large-scale digital elevation model (DEM)
comparisons at the Valdecafias Reservoir in Cédceres, Spain. Their study showed strong predictive performance and
provided insight into feature importance, suggesting the potential of ensemble methods for LiDAR analysis. Yet,
as with earlier approaches, the focus remained on performance metrics rather than interpretive outcomes. Our work
differs by assessing interpretive visibility networks and communicating these changes through visualization rather than
statistical summaries.

Visualization techniques represent another critical dimension. Jaturapitpornchai et al. [2] compared multiple DEM-
derived visualizations in semantic segmentation tasks and found that performance could vary by as much as 25%
depending on the chosen visualization. Their findings demonstrate that visualization itself can bias detection and
reinforce the view that LIDAR images must be treated as interpretive representations rather than neutral evidence.
Similarly, Stular et al. [4] stress that LIDAR images are not “hard” data but require contextual interpretation. VisArch
builds on these insights by treating visualization as an analytical tool in itself, using comparative layouts and coloring
to expose uncertainty introduced by preprocessing choices.

Together, these studies establish advances in the use of LiDAR for archaeological classification and visualization.
However, none explicitly evaluate how different classification approaches affect the outcomes of intra-site model-
ing. This project responds to this gap by integrating XGBoost-based classification with a comparative visualization
framework comparing raw, Random Forest, and XGBoost outputs.



5 Research Plan

We propose a 6-week plan:

* Week 1: Prepare and clean LiDAR data for one well-documented Chachapoya site and label a small subset of
points for training. Deliverable: initial labeled dataset.

* Week 2: Train XGBoost classifier and compare to Abate et al.’s Random Forest baseline. Generate cleaned
surfaces and establish evaluation metrics using labeled subsets. Deliverable: validated classification outputs
and performance metrics.

* Week 3: Generate DTMs and compute structure-to-structure visibility for each surface. Deliverable: visibility
networks for raw, Random Forest, and XGBoost surfaces.

* Week 4: Develop prototype R flexdashboard. Integrate surfaces and visibility maps, including interactive fea-
tures such as layer toggling, zoom, and visibility overlays. Deliverable: working dashboard prototype with core
visualization functions.

* Week 5: Gather feedback from 46 users (experts and non-experts). Evaluate the dashboard’s usability and in-
terpretive clarity using qualitative comments and 1-5 rating metrics. Make interface revisions based on results.
Deliverable: feedback summary and revised interface.

* Week 6: Finalize dashboard, summarize classification and visualization results, and prepare final report and
presentation. Deliverable: final comparative dashboard and complete project report.

The plan is ambitious yet achievable given the available data and the team’s expertise. Dr. VanValkenburgh will
provide access to the necessary LiDAR datasets. The machine learning components will be implemented using existing
libraries, such as lidR, xgboost, and terra. Dashboard development via flexdashboard replaces the previously planned
Shiny app, aligning better with available data and project scope.
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Abstract

We propose an interdisciplinary project to visualize patterns of public trust in U.S. government agen-
cies. By combining survey-based trust dimensions with interactive visualization techniques, we aim to
reveal comparative trust dynamics across agencies. A collaboration between computer science and social
psychology, the project will evaluate novel visual encodings through user studies. Beyond this specific
case, we seek to design a generalizable framework for visualizing any multidimensional dataset, thereby
broadening the impact of our work across domains.



1 Response to Reviews

We appreciate the time and effort put into reviews and have included responses to reviewers’ feedback on
the attached proposal.

1.1 Haonan Zhang

Overall: 2

A well-structured, interdisciplinary, and clearly motivated proposal with high potential for impact. Slightly
ambitious for the 6-week scope but overall very strong.

Interdisciplinary: 1

Excellent integration of computer science and social psychology. The collaboration effectively combines
data visualization methods with conceptual modeling of public trust.

Scientific: 2

Grounded in relevant literature with clear methodological reasoning. Could further specify statistical vali-
dation or data-processing details.

Visualization: 2

Strong focus on multidimensional, interactive visualization using glyphs and radial encodings. Promising
approach, though perceptual clarity and user-load management will be important to evaluate.

Significant: 2

Addresses an important social-science challenge—making trust data interpretable and comparable—and
offers generalizable visualization principles.

Novel: 3

New in context and application; however, the chosen glyph and radar metaphors have known perceptual
limitations that should be acknowledged and mitigated.

Goals clearly stated: 1

Objectives, milestones, and evaluation strategy are clearly articulated and logically sequenced.

Likelihood of Success: 2

Timeline and deliverables are realistic, and the team’s technical background is strong. Main risk is limited
time for user-study recruitment and analysis.

Response: We acknowledge this potential bottleneck. To mitigate this risk, we have updated the Re-
search Plan and Aims sections to clarify that our collaborator, Professor Bertram Malle, will manage
the recruitment and compensation of study participants. This streamlines the process, allowing us to
stay on schedule and focus our efforts on the analysis and development phases.

Strengths:

- True interdisciplinary collaboration between visualization and psychology.

- Timely and socially meaningful topic (public trust) with potential generalization to other multidimensional
datasets.

- Explicit inclusion of a user study to assess interpretability and usability.

Weaknesses:

- The claim of a “generalizable framework” would benefit from clearer design.

Response: We agree that this point needed more detail. The proposal has been revised to clarify
the design of the generalizable framework. We now specify in the Aims and Research Plan sections
that the system will be built using a parametric approach, consisting of a modular data-processing



pipeline and adaptable visualization components (e.g., radial plots) that can be reconfigured for other
multidimensional datasets with different structures.

1.2 Juliana Escuti

Overall: 2

This proposal is both a novel visualization method and a novel application in this field.

Interdisciplinary: 1

This proposal combines visualization with psychology and political science.

Scientific: 2

This framework extends the applicability of the visualization system described. It will also clearly evaluate,
using surveys, to what extent the new multi-dimensional visualization system is to use.

Visualization: 3

Enabling the visualization of multivariate data on trust profiles is a novel application. Developing a frame-
work for multivariable glyphs, radial plots, and comparative grids will reveal new insights into this data.
Significant: 3

Visualizing and comparing trust between government agencies is very important. Additionally, this frame-
work can extend to other applications outside of politics/psychology.

Novel: 4

How will these new multivariate trust profiles improve upon previous versions? Is there a way to make the
similarity between trust profiles visually evident?

Response: This is an excellent point. The revised Aims section now details a dual-visualization
strategy to make similarities visually evident. We specify that we will use UMAP to provide a high-
level overview that clusters agencies with similar trust profiles, making broad patterns immediately
apparent. For detailed analysis, we will use interactive, overlaying radial graphs that allow for direct,
multi-attribute comparisons between a small selection of agencies.

Goals clearly stated: 1

This proposal clearly states its goals and timeline.

Likelihood of Success: 2

The visualization part of this proposal seems doable in the given timeframe.

Strengths:

This proposal clearly states how a multivariate visualization method would be helpful in this field. It pro-
poses three methods for visualization, and will evaluate to what extent they are effective and usable using
surveys. Especially if it is interactive and online for anyone to use, this could be a valuable tool for visual-
izing trust in political agencies.

Weaknesses:

It is hard to visualize how these new multivariate visualizations would look different from current visualiza-
tions. How will the glyphs/Chernoff faces be mapped? How will it better show relationships between the
data for each agency?

Response: Thank you for this feedback. To improve clarity, we have revised the proposal to de-
emphasize a broad exploration of glyphs like Chernoff faces and state a clear focus on our primary
methods. The revised Aims and Related Work sections now explain that relationships will be shown
through UMAP'’s spatial clustering and the direct comparison facilitated by the interactive radial
graphs, which we believe are more effective for this specific dataset.



1.3 Korey Sam

Overall: 4.8/5

This proposal combines social science rigor with computational visualization design in a way that is both
ambitious and feasible.

Interdisciplinary: 5/5

The focus in Computer Science and social psychology, and political science provides the visualization meth-
ods and theoretical grounding in trust metrics. Collaboration with Bertram Malle, a leading expert in moral
cognition and trust, ensures conceptual rigor and support for achievability.

Scientific: 4.6 /5

The scientific motivation is clear and methodologically strong. The use of user studies and graphical percep-
tion tests grounds the evaluation in empirical methodology. A small limitation is that the proposal doesn’t
specify the sample size or statistical analysis plan for the user study.

Visualization: 5/5

It demonstrates extensive background in visualization theory referencing Chernoff faces, radial plots, glyph
design, and perceptual bias research.

Significant:

Public trust in institutions is an issue of immense civic and scientific importance. By making trust data
interpretable and explorable, this project offers real contributions to policy communication and media lit-
eracy in a time of significant mistrust of government institutions. There are also significant generalization
opportunities to other domains (health, consumer behavior, psychology), amplifying its potential impact.
Novel: 4.5/5

The conceptual novelty lies in fusing multivariate visualization design with psychological constructs of trust.
Goals clearly stated: 5/5

The aims are explicit and coherent: build a visualization platform, prototype multiple encodings (glyphs,
radial wheels, comparative grids), and evaluate through user studies.

Likelihood of Success: 4.3/5

The main constraints are time and the scope of user evaluation to ensure the product is viable. A small-scale
but well-designed usability study should still yield strong insights.

Strengths:

- Deeply interdisciplinary, integrating visualization science, social psychology, and political communication.
- Ambitious yet concrete deliverables (interactive prototypes + empirical validation).

- Explicit plan for generalizability, increasing long-term research value.

Weaknesses:

- User study design could be elaborated (sample size, statistical power, tasks).

Response: We have expanded the description of the user study in the Aims and Research Plan sections.
The proposal now specifies a sample size of approximately 100 paid participants. We have also
clarified that the study will be coordinated by Professor Bertram Malle and will involve tasks where
participants directly compare our visualizations against baseline methods to measure accuracy and
intuitiveness.

- Tight 6-week schedule may limit polish and robustness of final web platform.

Response: We recognize this constraint. By having Professor Malle manage the logistics of the user
study (as noted in our response to 1.1), we can dedicate more focused development time to ensuring
the final prototype is robust and functional for the purposes of our evaluation, even within the tight
schedule.



1.4 Kyle Wisialowski

Overall: 2-3

Interdisciplinary: 1

Collaboration between visualization, social psychology and political science.

Scientific: 3

Discovery of latent dimensions of trust, expose agency similarities / differences, generate new comparisons
that were previously impossible with 2D models.

Visualization: 2

Design a generalizable framework for visualizing any multidimensional dataset.

Significant: 3

More accurate / interpretable visualizations of trust + methods of extrapolating these techniques to other
domains.

Novel: 3

Previous work uses glyph-based designs (like Chernoff faces). This builds upon these strategies by using
novel tools like radial plots and comparative grids with interactive elements like linked views and filtering.
Goals clearly stated: 4

The central goal of the project is to improve existing methods of conveying trust in various government
agencies by exploring Chernoff faces, radial plots, and comparative grids.

Likelihood of Success: 3

Strengths:

This is an interdisciplinary project that combines visualization, social psychology, and political science. The
PI has done a great job explaining the problem statement and current approaches to conveying trust visually.
They have proposed several interesting ideas about how to improve current visualizations and have made
it clear that their methods will be relevant to domains outside of political science. There are clear gaps in
current work that this project seeks to resolve.

Weaknesses:

- Though the proposal does a great job proposing solutions to the problems at hand, I wish there was a
bit more specificity in describing the goals. For example, “We will prototype and refine encodings such
as Chernoff faces [3], radial trust wheels, and comparative agency grids, integrating them into the web
platform.” I think statements like this could be solidified if the PI made some stronger choices about which
techniques they plan to use and how they plan to implement them, rather than just throwing them out as
possible avenues as exploration. If the PI was more specific about the visualization strategies, I would have
rated the goals + likelihood of success a bit higher.

Response: We have revised the proposal to reflect a more decisive and focused research plan. The
Aims and Related Work sections now clearly state that our primary implementation will concentrate
on two specific techniques: UMAP for high-level pattern discovery and interactive radial graphs for
detailed comparison, rather than a general exploration of all possible encodings.

- Also, the significance has potential to be even stronger, too. Why should I even care about trust in govern-
ment agencies? That is a question I would consider answering in the final proposal.

Response: We have strengthened the Significance section to more forcefully articulate the project’s
real-world importance. The revised text now explains that tracking trust provides a powerful tool
for predicting public behavior(e.g., economic confidence, policy compliance) and serves as an in-
valuable feedback mechanism on government performance through consistent monthly and yearly
comparisons.
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Figure 1: Radial trust profiles for agency groupings; similarity is suggested but comparisons remain unclear.

2 Aims

The primary aim of this project is to design and implement an interactive visualization system that reveals
comparative levels of public trust in different U.S. government agencies. Existing survey-based visual-
izations often struggle to represent complex, multidimensional trust metrics in a way that allows users to
intuitively compare agencies or understand underlying patterns. Current displays are frequently incomplete,
omitting some agencies or key dimensions, and in general lack intuitive design, making it difficult for re-
searchers and the public to glean actionable insights (Figures 1, 2a and 2b). Our approach will explore a
range of multidimensional visualization techniques, drawing inspiration from foundational work on glyph-
based methods like Chernoff faces and comparative grids [3, 2]. While these methods will be considered,
our primary focus will be on implementing interactive and comparative visualizations. Specifically, we will
concentrate on using UMAP to reveal high-level structural patterns across all agencies [6, 8] and develop-
ing interactive, overlaying radial graphs to facilitate detailed, multi-attribute comparisons between a small
selection of agencies [11].

By enabling these novel interactions, this project moves beyond static representations to provide a dy-
namic tool for exploratory data analysis. The key relevance of this work lies in its ability to make complex
social data transparent and actionable. For researchers and policymakers, this system will facilitate the
discovery of latent dimensions of trust and reveal subtle inter-agency similarities and differences that are
currently obscured. For the public, it offers an intuitive way to engage with and understand the nuances
of institutional trust, fostering greater data literacy. Furthermore, a central component of the project is the
development of a system that generalizes to other multidimensional datasets. This will be achieved through
a parametric approach, allowing the framework to be applied broadly in future data research across domains



that involve complex multivariate relationships. We will incorporate interactive elements, such as linked
views, filtering, and dimensionality controls, to provide users with both overview and detail, improving in-
terpretability for non-expert audiences [7, 12].

To evaluate the effectiveness and usability of our visualizations, we will conduct a rigorous user study
involving approximately 100 paid participants. The recruitment and compensation for this study will be
coordinated by our collaborator, Professor Bertram Malle, ensuring a timely and organized process. Partic-
ipants will be asked to directly compare our new visualizations against baseline methods, and the study will
measure not only how accurately they can interpret trust relationships but also their subjective assessments
of intuitiveness and clarity, drawing from established methodologies in graphical perception [5]. The result-
ing insights will guide refinements to the system and provide empirical evidence of its value. Overall, the
project aims to: visualize complex relationships within survey data from 30 government agencies, represent
multidimensional trust metrics more clearly than existing techniques, generalize the framework to diverse
datasets, and validate effectiveness through rigorous user testing. In doing so, we aim to produce a tool that
is both scientifically useful and practically accessible for research, policy, and public engagement.
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Figure 2: Visualizations of trust relationships (a) and interpersonal styles (b) across 16 agencies. Both
displays become complicated and unintuitive even with fewer than the full set of agencies.

3 Significance

Trust in institutions is a central theme in political science, sociology, and psychology, influencing civic en-
gagement, policy compliance, and social cohesion. The ability to track these trust metrics on a monthly or
yearly basis provides invaluable insight into how public sentiment shifts in response to government deci-
sions, offering a powerful tool for analysis and accountability. Despite its importance, survey data on public
trust is frequently presented in simple bar charts, tables, or other static visualizations that fail to capture the
multidimensional nature of trust judgments across different agencies. These traditional displays often omit
agencies or key dimensions and provide little opportunity for users to explore the relationships among trust
metrics in a meaningful way (Figures 1, 2a and 2b). This limitation can obscure latent patterns, prevent
accurate comparisons, and reduce the overall interpretability of survey results.



Our project addresses this gap by introducing interactive visualizations that leverage UMAP to provide
a high-level overview of agency clusters and interactive, overlaying radial graphs to reveal the subtleties of
trust profiles across U.S. government agencies. By enabling side-by-side comparisons and interactive explo-
ration, users can observe emergent patterns and interdependencies that are difficult to perceive in traditional
static charts. This approach bridges disciplines, combining computational techniques for high-dimensional
data visualization with conceptual frameworks from psychology and political science to ensure that repre-
sentations of trust are both accurate and meaningful.

A further contribution of this work is the creation of a reusable visualization framework that general-
izes beyond trust data. The system is designed to accommodate any multidimensional dataset, whether
it concerns personality scales, product comparisons, health metrics, or other survey-driven research. By
providing tools for interactive exploration and comparison, our project facilitates more nuanced interpre-
tations, encourages responsible use of complex data, and supports broader efforts in data science to make
multidimensional information comprehensible to both researchers and non-experts [5, 12]. Ultimately, the
significance of this project lies not only in producing more accurate and interpretable visualizations of trust
but also in establishing methods and principles that can enhance the study and communication of complex
relationships across a wide range of domains.

4 Related Work

The challenge of representing multidimensional data has a rich history in the visualization community.
Foundational work, such as Chernoff’s use of facial features [3], demonstrated that carefully designed vi-
sual metaphors could reveal complex data structures. Broader surveys on glyph-based design have since
provided principles for encoding multiple variables into single perceptual objects [2, 10]. While our project
will review these foundational ideas, our implementation will focus on modern, interactive techniques that
are better suited for dynamic data exploration.

Our primary approach is informed by recent empirical studies that evaluate the efficacy of specific visu-
alization types. For detailed comparisons, we will focus on interactive radial charts. The literature highlights
that while static radial visualizations can suffer from perceptual bias, their effectiveness is significantly im-
proved through careful design and interactivity [11, 1, 9]. We will directly incorporate the findings from
these comparative papers, using their conclusions as a driving force for our design to mitigate known is-
sues and enhance user comprehension. This evidence-based approach ensures our visualizations are built
on proven principles of graphical perception [5].

For providing a high-level overview of the agency landscape, we will leverage UMAP, a powerful dimen-
sionality reduction technique. Research in other complex domains, such as genomics, has shown UMAP’s
exceptional ability to reveal cryptic population structures and heterogeneity from large datasets [6]. By
applying this to trust data, we anticipate uncovering novel groupings and relationships between agencies.
We are also mindful of the potential pitfalls of such techniques and will follow best practices to ensure its
appropriate application for visual analytics [8].

While techniques like UMAP have been used to analyze complex data from transformer models [4]
or in biology, their application to social-psychological survey data remains underexplored. This project



situates itself at this intersection, combining advanced visualization methods with the conceptual rigor of
trust research, aided by consultation with experts like Prof. Bertram Malle. Furthermore, a key contribution
is our focus on a generalizable framework. Whereas many systems are domain-specific, our design will
be reusable for other multidimensional datasets, extending the applicability of these advanced visualization
principles to new areas of social science research.

5 Research Plan

The proposed six-week project will proceed in three phases, each focused on a major milestone of develop-
ment and evaluation.

Weeks 1-2: Foundation and Infrastructure.
We will begin by reviewing relevant visualization literature, with a focus on multidimensional encoding and
graphical perception. During this phase, we will also plan the system architecture, which will include a
modular data-processing pipeline and adaptable visualization components, and build a website to serve as
the platform for the interactive visualizations.

Weeks 3—4: Visualization Development and Generalization.

The core focus of this phase will be designing and implementing interactive visualizations of trust across
government agencies. We will prototype and refine encodings such as radial trust wheels and UMAP, and
explore possibilities with Chernoff faces [3] and comparative agency grids, integrating them into the web
platform. At the same time, we will extend the framework to support generalization to other multidimen-
sional datasets (e.g., personality measures or product ratings), ensuring broad applicability beyond the initial
case study. To achieve this, we will ensure that the data ingestion pipeline and visualization components are
built parametrically, allowing them to adapt to new datasets with different structures and dimensions.

Weeks 5-6: Evaluation and Dissemination.
In the final phase, we will coordinate with Prof. Bertram Malle to design and conduct a qualitative user study,
where 100 participants will directly compare our visualizations against baseline methods. The evaluation
will focus on intuitiveness, interpretability, and usefulness. To mitigate the risk associated with participant
recruitment, our collaborator, Prof. Bertram Malle, will manage the recruitment and compensation of study
participants. Based on these results, we will prepare a final paper, develop a polished presentation, and
demonstrate the website to showcase the research outcomes.

We will use standard facilities: Python for data preprocessing, D3.js/Plotly for interactive visualization,
and survey distribution platforms for user evaluation. The website will serve as both a research tool and
dissemination medium, enabling others to explore and build on our approach.
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Interactive Visualization for Pre-hospital Stroke Screening:
Comparing BEFAST and LAMS.
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October 13, 2025

Abstract

We present a novel framework for evaluating pre-hospital stroke screening tools by comparing BE-
FAST and LAMS. Our approach centers on an interactive confusion heatmap with subgroup filters
(e.g., by age, sex, onset time, or hospital type) and confidence-based uncertainty overlays, enabling
EMS providers and researchers to explore nuanced misclassification patterns. This visualization in-
creases interpretability, supports transparent comparison, and informs improved triage decisions and
patient outcomes.



1 Response to Reviewers

We appreciate the constructive feedback on the manuscript, and we have prepared a revision accordingly.
Please see below for an itemized list of comments and our corresponding responses.

Reviewer 1

Source: https://drive.google.com/file/d/1xw6010ffn5Z273WSLyLJKTGI jJBx64CqC/
view?usp=drive_link

R1.1

R1.2

“Although this is a novel application of confusion heatmaps, they are not new in the field of visual-
ization. Is there anything else that could be added to improve the novelty of this visualization?”

Response: We agree that novelty could be enhanced. The final proposal will add interactive subgroup
filters (e.g., by age, onset time, and vital signs) and confidence-based uncertainty overlays to extend
the analytical capacity of confusion heatmaps. These additions promote exploration and insight gen-
eration.

“How feasible would it be to launch this as a web tool?”

Response: We will add a Feasibility subsection detailing deployment using Plotly Dash and Flask.
The project remains within schedule and technical scope.

Reviewer 2

Source: https://drive.google.com/file/d/1-KM2P081X0oBXxEOKC8SH7D1g74KUXENk/
view?usp=drive_link

R2.1

R2.2

R2.3

“The analysis plan could use more quantitative detail, like sample size, power, and statistical valida-
tion methods.”

Response: We appreciate this valuable suggestion. The final proposal will include additional clari-
fication of the data scale and validation approach once the dataset is finalized. While precise sample
sizes and statistical methods are still being refined, we plan to outline a general strategy for subgroup
comparison and accuracy evaluation, ensuring that the analysis maintains both transparency and clin-
ical relevance.

“The evaluation phase might be too compressed for deep feedback.”

Response: We agree that the evaluation phase could benefit from more time for user feedback. The
revised proposal will clarify that initial evaluation will focus on usability and clarity, with opportuni-
ties for additional feedback if time permits. Although the schedule remains tight, we will prioritize
gathering meaningful qualitative input from EMS collaborators to inform future iterations.

“There’s a mild risk that clinicians won’t immediately engage with an unfamiliar visualization inter-
face without guided context.”

Response: We appreciate this observation. The revised proposal will note plans to improve ac-
cessibility through clear labeling and in-tool usage guidance. We also intend to provide contextual
explanations so that clinical users can easily interpret the visual elements and findings.



R2.4 “The main risks are data complexity (missing or inconsistent pre-hospital records) and limited user
testing.”

Response: We acknowledge these potential challenges. The revised proposal will include a brief
discussion of data quality considerations, noting that we will address missing or inconsistent records
during data preprocessing.

Reviewer 3

Source: https://drive.google.com/file/d/1luJuuWVTa9f9gKVdsRLb5ZUdHHddhJHJIt /
view?usp=drive_link

R3.1 “The visualization design section could use more detail or sketches.”

Response: We appreciate this helpful suggestion. The final proposal will expand the Visualization
Design section to include clearer descriptions of the planned interface layout and potential interaction
features.

R3.2 “The proposal doesn’t specify how large or complete the dataset is.”

Response: The revised Data and Methods section will briefly describe the dataset’s scope and struc-
ture, including the approximate number of EMS records available and the types of variables (e.g.,
vital signs, screening scores) used for analysis.

Reviewer 4

Source: https://drive.google.com/file/d/1V1cEwnNg4Y72ctmf5251X0U1BaNXdIcz/
view?usp=drive_link

R4.1 “I would be interested in learning more about what researchers could learn from this comparison.”

Response: We will note that researchers can use the heatmap to explore which screening tool performs
better across different patient groups, offering insights that can guide future stroke triage studies.

R4.2 “The PI briefly mentions that they can explore misclassification patterns, but I would like to see a
little bit more detail here.”

Response: We agree that this point deserves more attention. The revised proposal will elaborate
on how the visualization supports pattern exploration—for example, by allowing users to observe
how false positives and false negatives vary by subgroup. This helps both clinicians and researchers
identify where screening tools may need refinement, strengthening the project’s scientific relevance.

2 Aims

The aim of this project is to evaluate the effectiveness of the BEFAST screening tool in comparison with
the Los Angeles Motor Scale (LAMS) [4] for pre-hospital stroke triage, and to develop a visualization
framework that makes their differences transparent for EMS decision-making. Specifically, the project will:



2.1 Comparative Evaluation

Compare BEFAST and LAMS in predicting stroke severity (e.g., NIHSS at hospital arrival), treatment
received (TPA, mechanical thrombectomy), and functional outcomes (Rankin at discharge), extending prior
work that used LAMS as the standard screening tool [5].

2.2 Stroke Subtype Differentiation

Investigate whether BEFAST indicators (balance, eyes, facial droop, arm/leg weakness, speech) combined
with vital signs (blood pressure, glucose) can help differentiate ischemic from hemorrhagic stroke, building
on findings that pre-hospital scores may provide early clues for subtype classification [1].

2.3 Interactive Visualization Design

The visualization component will extend a standard confusion heatmap into an interactive analytical in-
terface. Users will be able to filter results dynamically by subgroup variables such as sex, age, transport
time, and hospital type. Each cell in the matrix will include tooltips and contextual annotations show-
ing classification counts, proportions, and confidence intervals, allowing users to identify where specific
misclassification patterns occur (e.g., false positives among older patients).

To enhance interpretability for clinical users, the tool will include guided explanations and labeling
conventions that clarify visual encodings and metrics. An optional overlay of uncertainty values (e.g.,
prediction confidence or statistical variance) will promote a deeper understanding of model reliability and
limitations. The design will thus serve not only as a diagnostic visualization but as an educational and
decision-support resource for EMS personnel.

2.4 Feasibility and Deployment

The visualization will be implemented using Python-based libraries (P1ot 1y Dash, Flask,and pandas),
enabling lightweight deployment as a web dashboard. The system can be hosted locally or on institutional
servers, requiring only a standard browser for interaction. This approach ensures compatibility with exist-
ing EMS IT infrastructure while maintaining flexibility for research-oriented expansion. Given the modest
dataset size and moderate computational complexity, deployment within the six-week schedule remains
fully feasible.

3 Significance

This project is significant across multiple dimensions, including its medical relevance, methodological con-
tributions, and broader interdisciplinary impact.

3.1 Medical and Clinical Impact

Stroke is a leading cause of death and disability worldwide, where timely and accurate triage in the pre-
hospital setting is critical for patient outcomes. While the Los Angeles Motor Scale (LAMS) has been
widely validated, Polk County EMS has recently transitioned to the BEFAST tool, creating an opportunity
to evaluate its effectiveness in real-world practice. Beyond predicting overall stroke severity, BEFAST may
also provide early clues for differentiating ischemic from hemorrhagic stroke, an essential distinction since



hemorrhagic patients require neurosurgical care available only at comprehensive stroke centers. Demon-
strating whether BEFAST improves upon LAMS could directly inform EMS transport decisions—whether
to route patients to the nearest primary stroke center for rapid thrombolysis or bypass to a comprehensive
center for advanced interventions. [2] By addressing this decision point, the project has the potential to im-
prove survival, reduce disability, and support more balanced resource utilization across stroke systems of
care.

3.2 Technological and Methodological Contributions

Traditional evaluations of stroke scores rely on static tables or bar charts, which obscure complex rela-
tionships between patient variables, screening results, hospital decisions, and outcomes. Our framework
introduces a novel visualization method—an interactive confusion heatmap—that makes these relationships
transparent and interpretable. Unlike static plots that only display classification results, our visualization
functions as ananalytical reasoning interface, enabling hypothesis generation about how demographic or
operational factors affect stroke screening accuracy. Beyond comparative analysis of BEFAST and LAMS,
the framework represents a methodological innovation for evaluating screening tools in real-world EMS
data.

3.3 Broader Interdisciplinary Impact

By integrating clinical evaluation with advanced visualization techniques, this project exemplifies the inter-
disciplinary potential of medicine and computer science. The resulting framework is not limited to stroke
triage: it can be adapted to other pre-hospital decision-making scenarios, such as trauma or sepsis screen-
ing. Moreover, interactive visualizations provide value not only to clinicians and researchers but also to
policymakers, supporting evidence-based resource allocation across EMS systems. In this way, the project
contributes to both clinical practice and the broader goal of making complex medical data accessible and
interpretable.

4 Related Work

4.1 LAMS in Pre-hospital Stroke Screening

The Los Angeles Motor Scale (LAMS) has been widely used and validated as a pre-hospital screening tool
for stroke. For example, Stead et al. [5] evaluated LAMS in real-world EMS settings and showed that it
could predict stroke severity and the need for advanced interventions with reasonable accuracy. Their study
demonstrated that paramedics can reliably apply LAMS in both urban and rural environments. However,
the study did not consider BEFAST, which has been adopted in more recent EMS practice and may capture
additional neurological deficits such as balance and visual disturbances. This opens the opportunity to
systematically compare BEFAST against LAMS using updated EMS data.

4.2 Confusion Heatmaps for Error Analysis

Confusion matrices, often visualized as heatmaps, are a standard tool in classification research to illustrate
how predicted labels align with true outcomes. They are commonly used in fields such as computer vision
and natural language processing to identify misclassification patterns and to evaluate model performance. In
medical contexts, confusion heatmaps have also been applied to summarize diagnostic accuracy of predictive



models. However, most implementations remain static, limiting the ability to explore subgroup-specific error
patterns.

Recent advances such as Neo [3] extend confusion matrix visualization to hierarchical and multi-output
classification, demonstrating the potential of more interactive and generalizable designs. While Neo focuses
on methodological generalization across diverse machine learning domains, our project addresses a different
gap: enabling EMS providers to interactively filter confusion heatmaps by clinically relevant subgroups
(e.g., sex, age, hospital type, transport time). This specialization ensures that misclassification patterns in
stroke triage can be explored in a way that is directly interpretable and actionable for medical decision-
making.

4.3 Gap in Interactive Visualization for EMS

Despite their utility, confusion heatmaps have rarely been applied in an interactive way to clinical decision
support. In EMS stroke triage, there is a clear gap: while LAMS has been validated and confusion heatmaps
are standard tools for error analysis, few studies have developed interactive frameworks that allow filtering
by patient subgroups (e.g., sex, age, transport time, hospital type). Our project aims to fill this gap by
implementing an interactive confusion heatmap to compare BEFAST and LAMS, enabling EMS providers
and researchers to explore misclassification patterns more transparently and to support data-driven triage
improvements.
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Figure 1: Example of advanced confusion heatmap visualization from Neo [3]. Our project adapts this
concept to pre-hospital stroke triage by introducing subgroup filtering and uncertainty overlays for domain-
specific interpretability.

5 Research Plan

The project will be completed in three phases over six weeks, with milestones every two weeks. Each phase
emphasizes both technical development and iterative evaluation to ensure that the visualization framework
remains clinically relevant and interpretable.



Weeks 1-2: Data Preparation and Baseline Analysis

We will clean and preprocess the EMS stroke dataset, focusing on aligning BEFAST and LAMS variables
with outcome measures such as NIHSS at arrival, treatment received, and Rankin at discharge. The dataset
currently includes approximately 10,000-15,000 EMS records collected over multiple years. Data cleaning
will address missing or inconsistent pre-hospital records through imputation and normalization procedures.
Baseline performance metrics (accuracy, sensitivity, specificity) will be computed, and static confusion
matrices will be generated to establish a reference point for later interactive design. We will also outline
a validation plan using stratified sampling and subgroup-level accuracy comparison to ensure statistical
transparency.

Weeks 3-4: Interactive Visualization Development

We will design and implement an interactive confusion heatmap that allows subgroup filtering by variables
such as sex, age, transport time, and hospital type. The first prototype will include core visualization func-
tionality (dynamic filtering, tooltips, normalization). Iterative refinement will focus on improving readability
and clinical interpretability, with feedback collected from collaborators.

Weeks 5-6: Evaluation and Finalization

The interactive confusion heatmap will be tested with EMS collaborators and classmates to evaluate usabil-
ity and interpretability. Given the tight schedule, initial evaluation will emphasize usability, clarity, and
perceived clinical relevance. If time permits, additional feedback sessions will be conducted for deeper
iterative refinement. Feedback will be incorporated into the final version of the tool, ensuring that the visu-
alization is both functional and informative for end users. The final deliverables will include the completed
web tool, an abstract suitable for conference submission, and a short demonstration video.

Facilities

Development will be carried out using Python (pandas, seaborn, plotly) or R (shiny, heatmaply) on standard
computing resources. Collaboration and user testing will be conducted virtually or in person, depending on
availability. Throughout the six-week timeline, the design process will include reflection and iteration based
on user feedback and visualization principles discussed in class, ensuring both analytical rigor and effective
visual communication.
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Distributed Systems & Messaging: Apache Kafka, Quartz Scheduler
Tools & Platforms: Git, Linux, Docker, RESTful APIs, Spring Actuator, Maven
EXPERIENCE
Shenzhen Zhuoying Technology Co., Ltd., Software Engineer Intern  Shenzhen | Jan 2025 - May 2025
e Engineered an internal knowledge-sharing platform with Spring Boot + SSM, standardizing
transaction and exception handling.
e Implemented RBAC with Spring Security, enabling fine-grained access control for employees,
managers, and external partners.
e  Optimized hot content access with Redis + Caffeine caching, achieving >80% hit rate in production
and sustaining 8k QPS/node in load tests.
e Developed an async notification pipeline with Kafka and deployed Elasticsearch-based search,
improving documentation retrieval efficiency.
e Automated routine maintenance with Quartz Scheduler and integrated Spring Actuator health
endpoints; validated 1M+ synthetic user workloads for scalability testing.
RESEARCH PROJECT
Deep Learning-Based Object Recognition System Development Nov 2023 - Jan 2024
e Integrated Fast-MTCNN and affine alignment into the recognition pipeline, improving robustness.
e Applied SphereFace + OpenCV on 3,000+ images, achieving ~90% accuracy with k-fold validation.
Facial Detection and Recognition in Video Oct 2023 - Nov 2024
o Applied PCA feature extraction and trained AdaBoost classifier on 10k+ images.
e Reached >70% recognition accuracy, demonstrating strong performance on preprocessed datasets.




Link to Proposal: @ jescuti.pdf
Response Letter

Dear Reviewers,
Thank you for taking the time to review the proposal. Here is a list of our responses to
your feedback and how we will address it.

[R1]
https://drive.google.com/file/d/1JXo 97Q0VbOWHFzY720uckARIzPnKkLU/view?usp=sharing

[R1.1] The scientific motivation is solid, and the method contributes to better data
understanding. However, the evaluation of the proposal lacks rigor and specifics; there’s no
quantitative validation of scientific insight beyond surveys.

Response: In addition to surveys, we will also use insight based evaluation.

[R1.2] Evaluation is solely qualitative, and scalability and performance testing could use more
concrete metrics to validate achievability and success.

Response: For each of our decals, we will note load time and average frames per second to
add more concrete metrics to evaluate performance.

[R2]
https://drive.google.com/file/d/1UAVgxckst14D AQaVQ4oVLMIlgsa5kFOn/view?usp=sharing

[R2.1] The scientific significance of the project is what | would look at for areas of improvement.
It’s clear that this visualization tool will have a lot of practical applications (commercial fishing,
for example). | would be interested in exploring how this project could support ecological
studies. Also, narrowing the use-cases might help make the significance more targeted.
Response: For early testing, we will pick a feedback loop with definable variables that are
measured by CoastWatch. An example is coral bleaching, which involves surface temperature,
ocean color, and coral reef watch bleaching hotspots, which are all measured and available for
download.

[R3]
https://drive.google.com/file/d/1zIITYsGt_Ld1f8MDzovfDAYyApSPysjgb/view?usp=sharing

[R3.1] However, it’s not fully clear how the “insight-based evaluation” will be measured beyond
surveys.

Response: Insight-based evaluation is detailed in this paper. (‘An_Insight-Based Methodology
for Evaluating Bioinformatics Visualizations”, Saraiya et al., TVCG, 2005.) We will have a 30
minute session with our collaborators where we will measure the number of facts observed, time
to first insight, and number of incorrect insights. We will edit the proposal to make this
methodology more clear.



https://drive.google.com/file/d/1XdVaNNw96-ex_OggRoV4UXp4Y13OnOan/view?usp=share_link
https://drive.google.com/file/d/1JXo_97Q0VbOWHFzY720uckARlzPnKkLU/view?usp=sharing
https://drive.google.com/file/d/1UAVgxckst14D_AQaVQ4oVLMlgsa5kF0n/view?usp=sharing
https://drive.google.com/file/d/1zIITYsGt_Ld1f8MDzovfDAyAp5Pysjqb/view?usp=sharing
https://cs.brown.edu/courses/csci2370/2025/files/insight_bio.pdf
https://cs.brown.edu/courses/csci2370/2025/files/insight_bio.pdf

[R3.2] The technical scope (building multiple decals and layers) might be too large for the
timeline.

Response: Given the past experience of our team in this field, we expect to be able to
successfully develop a rendering method for each decal listed. While the effectiveness of each
decal is unknown, we will be able to visually present them. We will edit our proposal to make
sure this distinction is clear.



Virtual Reality Assisted Maritime Decision Making: Visualizing
Oceanographic Layers

Juliana Escuti Simon Su Guangming Zheng
PI Collaborator Collaborator
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October 13, 2025

Abstract

Traditional methods of visualizing multivariate oceanographic data involve layering datapoints over
a 2D map or comparing two 2D maps. We propose a novel method of visualizing multivariate oceano-
graphic data in 3D using decals to represent different data sources. This will improve insight and reso-
lution in comparison to CoastWatch.



1 Aims

1.1 Overlaying Data

Displaying data from a singular single-variable source on a map is relatively simple. For each point on
the map, the corresponding datapoint needs to be rendered, using a color map to communicate its value.
Displaying data from multiple sources or multivariate data is harder. One solution is to render two maps,
one for each source of data. However, visually looking back and forth between maps slows down decision
making, and obscures relationships between the data sources.

Another solution is to overlay two data sources on top of each other on the same map. In 2D, this
can quickly become cluttered and unclear. We propose to add a third dimension to improve the clarity of
overlays. Through navigating a 3D representation of the map with multiple sources of oceanographic data
layers displayed, new insights can be gained.

1.2 Development of Decals

In a visual art context, a decal is a pattern or image that can be placed on a 3D surface. Text, colors, or
symbols can all be represented using decals. It is hard to represent multivariate data using colors alone, but
putting two different decals next to each other preserves clarity.

Here are examples of decals we will render and a possible data type they could represent:

* A colored point or stack of colored points on the ocean’s surface (Sea Surface Temperature, Salinity,
Ocean Color, Altimetry, Ocean Heat Content, Windspeed)

* A vector/arrow lying tangent to the ocean surface (Ocean Surface Winds)
* Lines lying tangent to the ocean surface (Currents)

* A colored overlay which recolors the ocean surface (Sea Surface Temperature, Ocean Color, Altime-
try, Ocean Heat Content, Windspeed, Turtle Watch Zones)

* Non-photorealistic shaders which add a pattern over the ocean surface (Sea Surface Temperature,
Ocean Color, Altimetry, Ocean Heat Content, Windspeed, Turtle Watch Zones)

* An image plane lying tangent or orthogonal to the ocean surface (Hurricane paths, Turtle Watch
Zones, SAR Products)

* Descriptive text (Tides, Turtle Watch Zones, Port/Geographical Names)

We envision this visualization being used not only by researchers in ocean science, but also in the field
by sailors or fishers. Therefore, we include data which may be useful to a user on the water, like current tide
levels and the names of ports and geographical features. Given this use case, our visualization will be on the
scale of a human field of view.

1.3 Evaluation

To determine the success of our visualization method in comparison to CoastWatch, we will survey collab-
orators using two questions for each decal:

* How easy is it to understand this data representation? (1 (very hard) to 5 (very easy))



* When displayed with other decals, how cluttered does this data representation feel? (1 (not cluttered)
to 5 (very cluttered))

We will survey our collaborators throughout the project as decals are developed. This will allow us to iterate
on our design to make sure it is being developed effectively.

At the end of our project, we will use insight based evaluation to determine what new insights on
relationships between the data sources can be gained. In an hour long session with our collaborators, we
will measure number of observations, time to first observation, and number of correct observations.

1.4 Stretch Goal: Augmented Reality Pipeline

We predict that this visualization will have the most utility in augmented reality for our target users, sailors
and fishers. Since augmented reality hardware is not widely available, and because of the limited timeline
of this project, we plan to develop this visualization in Unity’s virtual reality pipeline, which will allow our
visualization to be ported to augmented reality for future projects.

2 Significance

Oceanographic data does not exist in a vacuum. From phytoplankton to megafauna, the ocean is a vast,
interconnected system of nodes, and changes to one node ripple to the whole system. Therefore, it is
important to visualize relationships between sources of oceanographic data.

Accessible ocean data is not just important for research, but also for commercial, military, and recre-
ational purposes. For example, a fisher might be in search of tuna. In order to find where the tuna population
might be concentrated, the fisher would need to consider phytoplankton content, ocean temperature, and
ocean depth. Having a tool which could visualize these three data sources at the same time would decrease
the mental load of the fisher and aid their decision making.

Additionally, having an augmented reality focus on this project will lead to opportunities for expansion
in the future, when augmented reality is commercially available. Doing this preliminary work will aid in the
transition from desktop based visualizations like CoastWatch to fully augmented reality based visualizations.

3 Related Work

Kehrer et al. utilize the “multiple views” approach in this paper to visualize climate data. [3] They note how
visualization is an improvement over simply computational approaches, but their visualizations are utilized
for parameter tuning, and do not have wide public appeal. Ocean Data View allows users to display ocean
data over terrain, but this application is aimed at researchers. [6] Our visualization will be accessible to
both researchers and the general public. Other public ocean data visualization applications are CoastWatch
[4] and OceanPaths [5]. CoastWatch and OceanPaths are both 2D, web-based applications. Our application
will be 3D. We aim to improve upon visual clarity, resolution, and load time at local scales in comparison to
CoastWatch for our application.

The use of decals in visualization was first described in this paper. [1] This team went on to apply decals
to oceanographic data in this paper. [2] They map three data sources, density, salinity, and ocean currents.
We intend to extend the types of data which can be visualized to include the CoastWatch data sources and
more.



4 Research Plan

4.1 Week1

We will set up the virtual reality rendering pipeline using the Unity game engine.

We plan to have a way of loading data into Unity in a usable format. This means being able to read from
a CSV or ASCII file and place the points of data in the scene in a visible way. Additionally, points from two
different data sources need to line up based on their geospatial coordinates.

4.2 Week2-3

We will develop a small scale example for each of the decals in this list.
* A colored point or stack of colored points
* A vector/arrow
* Lines lying tangent to the ocean surface
* A colored overlay
* Non-photorealistic shaders
* An image plane

* Descriptive text

4.3 Week4-5

Once the decals are developed, we will scale them so that a wide geospatial area can be represented (within
the field of view of a human) and overlaid on top of each other. We will implement strategies such as
downsampling to make sure the visual representation is performant and has a high frame rate.

Once the VR visualization is satisfactory, we will meet with collaborators. Using surveys and insight
based evaluation, we will determine to what extent this novel visualization offers new insight in comparison
to CoastWatch.

44 Week 6

We will finalize our abstract and presentation using the data collected. If time permits, we will develop a Ul
for the application specialized for augmented reality.
S Collaborators

5.1 Simon Su

Simon Su is a computer scientist at NIST. He specializes in scientific visualization and 3D interactive and
immersive application research and development.



5.2 Guangming Zheng

Guangming Zheng is an Associate Research Scientist at ESSIC/UMD. He earned his PhD from Scripps
Institution of Oceanography, University of California San Diego. His research centers on creating and
utilizing remote-sensing algorithms for the observation and prediction of water quality in both coastal and
freshwater environments.

5.3 Extenuating Circumstances

Due to the lapse in appropriations brought on by the United States government shutdown, starting on Oc-
tober 1st, Su and Zheng are currently in a furlough status. They have not been able to respond to email
correspondences.
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Abstract

We present an interactive desktop 3D method that encodes frequency, voltage, and active/reactive
power on transmission topology. Using WEC events (generator trips, line outages, cascades), the tool
reveals disturbance propagation. We benchmark against a 2D baseline on arrival-order and voltage-triage
tasks, reporting accuracy, time, and effort for engineers and non-experts.



1 Reviewer Feedback and Responses

1.1 Reviewer: Ryan Huang

[R1.1] Interdisciplinary: 1

Comment: The project integrates concepts of visualization research, electrical engineering (grid modeling),
and human-factors evaluation.

Response: In the revised version, we will clarify the role of each disciplinary component, for instance, how
the grid simulation data informs spatial encoding, and how cognitive load theory influences interface design
choices.

[R1.2] Scientific: 2

Comment: The project identifies and solves a concrete scientific problem: the cognitive burden imposed by
current 2D grid dashboards.

Response: We agree. The revised manuscript will include a short subsection that quantifies this cognitive
burden through prior work and positions our 3D prototype as a potential remedy, emphasizing measurable
hypotheses about reduced information-switching cost.

[R1.3] Visualization: 1

Comment: The project is designed very well. The plan to encode voltage, frequency, and active/reactive
power directly on the network graph is interesting and technically feasible.

Response: We will add detailed design schematics in the appendix illustrating the glyph encoding and
labeling choices for voltage phase, magnitude, and power flow, to make implementation reproducibility
clearer.

[R1.4] Significant: 2

Comment: Addresses a meaningful challenge in energy grid monitoring, a domain where better visualiza-
tion can have real operational impact.

Response: We plan to add a brief subsection discussing how the visualization could be extended for live
grid operators (e.g., NYPA/NREL collaborators) and scaled for digital twin dashboards.

[R1.5] Novel: 1

Comment: Advances beyond prior work by combining real WEC simulation data with a single-scene 3D
prototype that unifies spatial and topological relationships.

Response: In the revision, we will expand the Related Work section to more explicitly contrast our proto-
type’s unified single-scene design with existing multi-view or time-separated visualization systems in grid
analytics.

[R1.6] Goals clearly stated: 1

Comment: Goals are clear and the six-week plan seems reasonable; each milestone corresponds to deliver-
ables and includes both technical and evaluative outcomes.

Response: We will retain this structure but add short validation checkpoints for each milestone to make
progress measurement more concrete.

[R1.7] Likelihood of Success: 2

Comment: Very feasible; the main scopes and logistics seem manageable.

Response: We will add a short risk-mitigation subsection specifying fallback strategies in case of technical
delays during prototype integration.

Weaknesses

[R2.1] Limited information on sample size.

Comment: There isn’t much information on the sample size for user evaluation.

Response: We will clarify the sample size of the initial study, serving as a pilot study to test interaction



design hypotheses before a larger-scale deployment in a follow-up phase.

[R2.2] Scalability for large datasets.

Comment: It’s unclear how the system scales for large grid models.

Response: We have added a new subsection (Section 8.2, “Scalability and Data Abstraction”) describ-
ing multi-resolution rendering strategies and GPU-based edge aggregation techniques to handle large grid
topologies (>10k nodes). We also outline future work involving level-of-detail (LOD) filtering to maintain
interactivity as dataset complexity increases.

Other Comments for Discussion

[R3.1] General comment:

Comment: Overall excellent and ambitious project. May consider how this could extend toward operational
or educational contexts in the future.

Response: We will incorporate a new paragraph in the conclusion discussing future use cases—specifically
how the prototype could be adapted for grid operator training modules or STEM educational visualization
tools.

1.2 Reviewer: Olivia Heng

Overall Score: 2

Comment: The proposal is a compelling and technically sophisticated plan to visualize grid disturbances
through interactive 3D methods. The work builds upon strong foundations in human—computer interaction
and energy systems visualization, and it articulates a clear gap in current practice.

Response: Thank you for this positive assessment. In the revision, we plan to strengthen the introduction
by explicitly connecting the identified gap in current 2D grid dashboards with our proposed 3D prototype,
clarifying the real-world operational scenarios where improved spatiotemporal awareness could make a
significant difference.

[R1.1] Interdisciplinary: 1

Comment: This bridges power systems engineering and human-factors research well. The dual emphasis
on technical and non-technical users, and the consideration of immersive visualization, demonstrate inter-
disciplinary awareness and application.

Response: We plan to expand this section to clarify how insights from cognitive visualization theory inform
encoding design, and how collaboration with power system engineers (via NYPA/NREL) ensures domain
fidelity. We also added examples of potential non-technical user roles (e.g., educational simulation users,
policy trainees) to show broader interdisciplinary applicability.

[R1.2] Scientific: 2

Comment: The scientific motivation is strong, referencing well-established literature on human—computer
interaction and power system analysis.

Response: Thank you. In the revised manuscript, we plan to dive deeper into additional HCI studies on
visual cognitive load and situation awareness to better ground our evaluation hypotheses.

[R1.3] Visualization: 3

Comment: The proposed encodings of frequency, voltage, and power directly on network elements, com-
bined with overlays for ROCOF and excursion duration, are well justified. The single-scene 3D design
effectively addresses “view-switch tax” issues common in 2D dashboards.

Response: We plan to expand our figures and their captions to include explicit mappings for how ROCOF
and excursion overlays appear and evolve.

[R1.4] Significant: 2

Comment: The project’s significance is high, offering potential real-world impact on how engineers and



operators monitor and interpret grid events. Its emphasis on human-factors validation ensures practical
utility.

Response: In the Impact and Future Directions, we plan to add concrete examples of operational use cases
provided by NYPA collaborators such as disturbance propagation visualization during fault replay, and
comparative training scenarios for new engineers.

[R1.5] Novel: 3

Comment: While immersive visualization in power systems has been explored, this project’s single-scene
desktop 3D approach is novel and well-motivated (avoiding costly VR setups while preserving perceptual
benefits).

Response: We have expanded the Related Work section to explicitly contrast our approach with prior im-
mersive VR visualization systems (e.g., PowerVR 2018, NREL’s EnergyViz). The discussion now highlights
how our desktop-based single-scene design is purposefully scoped for accessibility and cost-efficiency.
[R1.6] Goals Clearly Stated: 2

Comment: Provides an organized and logical week-by-week plan with specific, feasible, and sequential
deliverables. Each phase builds directly on the last.

Response: Thank you. We will keep the week-by-week format but add a validation milestone at Week 4
to ensure participant recruitment and usability testing occur before final visual refinements. This makes
progress tracking and feasibility evaluation more transparent.

[R1.7] Likelihood of Success: 5

Comment: No resume was given so the author’s credibility is unknown, but look forward to seeing it in the
final proposal. Success will largely depend on participant recruitment and ensuring performance evaluation
aligns with human-factors best practices.

Response: We will append a resume section in the final submission for both the PI as well as the Collabo-
rators.

Weaknesses

[R2.1] Clarity on user study participant criteria and sample size.

Comment: More detail on user study participant selection would improve robustness.

Response: Will be addressed by adding a more robust participant description section, outlining inclusion
criteria, target size, and recruitment strategy.

1.3 Reviewer: Kyle Wisialowski

Overall Score: 3-4

Comment: The project presents an ambitious and technically detailed visualization plan but could benefit
from more clarity and focus in communicating its goals and scope.

Response: We appreciate this feedback and agree that clarity is essential. In the revised version, we will
simplify the technical language in the Aims and Methods sections and include illustrative figures to help
communicate complex ideas visually. The revised version will also highlight the central research question
so the proposal feels more focused.

[R1.1] Interdisciplinary: 2

Comment: This project combines visualization with civil engineering and ecology.

Response: The reviewer is correct that the work bridges visualization and energy systems, though the
primary domain connection is electrical engineering, not civil or ecology.

[R1.2] Scientific: 4

Comment: The scientific contributions are not entirely clear; it seems primarily focused on visualization.
Response: We will revise Section 3 (“Scientific Motivation”) to explicitly identify the scientific contribu-



tions: introducing measurable hypotheses about how 3D topology-embedded visualization affects cognitive
load and situational awareness in grid analysis, and demonstrating how spatiotemporal data fusion can reveal
patterns in system disturbances not visible in 2D.

[R1.3] Visualization: 2

Comment: This is a visualization-driven project with interesting ideas, though many were difficult to fully
understand.

Response: To improve clarity, we plan on including a figure, a simplified annotated mock-up of the main
prototype, and a short table summarizing how each visual encoding maps to a specific grid metric (e.g.,
voltage = color, power flow = arrow length).

[R1.4] Significant: 3

Comment: The project’s goals (e.g., blackout analysis) are important, but the explanation made it difficult
to follow the full significance.

Response: We have revised the Significance section to concisely describe how the system can support
(1) event replay after generator disturbances, (2) detection of cascading outages, and (3) operator training.
These real-world cases simplify the paragraph from the original draft.

[R1.5] Novel: 2

Comment: The project is more complex and higher-dimensional than existing models.

Response: We have expanded Section 5 (“Novelty and Contribution”) to explicitly contrast this prototype
with prior 2D grid dashboards and fully immersive VR systems. We highlight how our single-scene 3D
desktop visualization fills a gap between expensive VR environments and static 2D interfaces.

[R1.6] Goals Clearly Stated: 5

Comment: The proposal includes several thoughtful goals but too many to digest, with limited space for
explanation.

Response: We agree and have consolidated the aims into three core goals: develop the 3D network visu-
alization for voltage, frequency, and power flows; evaluate its impact on user comprehension and cognitive
workload; and explore scalability and design implications for future operational tools.

[R1.7] Likelihood of Success: 6

Comment: The proposal is ambitious, but the large number of goals and technical jargon made it difficult
to see how all the parts fit together.

Response: In the final version, we will include a system overview diagram (Figure 3) showing how each
component (data ingestion, simulation playback, interaction layer) connects; provide a short Implementation
Feasibility paragraph describing available data, development tools (Unity + Python pipeline), and project

LIS

milestones; and simplify language to use consistent, common visualization terms (“encoding,” “attribute
mapping,” “interaction mode”) instead of dense technical phrases.

Strengths (Reviewer Summary)

Clear visualization focus that could meaningfully improve understanding of grid dynamics.

Ambitious integration of temporal, spatial, and topological data in an interactive environment.

Response: Thank you. We will emphasize these as the core contributions in the revised Abstract and
Conclusion to ensure reviewers and readers immediately grasp what is novel and impactful.

Weaknesses

[R2.1] Overuse of jargon and unclear feature descriptions.

Comment: The technical density made it difficult to follow key ideas.

Response: Will address through extensive rewriting for clarity. All specialized terminology will be made
semantically clearer, acknowledging the reader audience.

[R2.2] Too many goals for the scope.



Comment: Narrowing down the aims would improve coherence and make success more achievable.
Response: Implemented as described above, three main goals now anchor the entire structure, each tied
directly to a deliverable milestone in the six-week plan.

2 Aims

This project investigates whether a unified 3D spatial representation of grid dynamics can improve compre-
hension, confidence, and decision-making efficiency compared to traditional 2D dashboards. Building on
prior visualization research on multi-view dashboards [8} 9] and human-factors studies on spatial reasoning
[LL 7], we pursue three integrated aims that link technical development to testable research outcomes.

1. Develop an interactive 3D visualization prototype. Construct a single-scene desktop environment
that encodes frequency (f), voltage (V), and active/reactive power (P/Q) on network topology with-
out spatial smoothing, using perceptually uniform color and motion encodings to preserve local ex-
tremes and temporal coherence. This prototype will integrate real WEC event data and provide syn-
chronized time playback, event bookmarks, and geography<-electrical-proximity layouts. Deliver-
able: Open-source 3D and 2D baseline systems with loaders, normalization scripts, and legends.

2. Evaluate cognitive and analytical impact through controlled study. Conduct a contrasted user
study comparing 3D and 2D interfaces on two realistic disturbance-analysis tasks: (1) identifying
arrival order of regional impacts and (2) triaging voltage excursions. Metrics include accuracy, re-
sponse time, self-reported confidence, NASA-TLX workload, and interaction cost (clicks, toggles,
pan/zoom). We will be notating quantitative and qualitative evidence on how integrated 3D design
affects cognitive workload and situational awareness, supporting or refuting hypotheses about visual-
cognitive load reduction.

3. Assess scalability and pathways to operational use. Test performance on larger network graphs and
document design considerations for scaling to operational and educational contexts such as NYPA’s
control-room visualization and future VR or digital-twin systems. Deliverable: Design guidelines
and scalability benchmarks informing future immersive and real-time visualization tools.

3 Contributions

* A desktop 3D technique that encodes frequency (f), voltage (V), and active/reactive power (P/Q)
directly on buses and lines using complementary visual channels; shows each bus/line’s true peaks
without smoothing across space; keeps changes aligned over time; supports geography and electrical-
proximity layouts.

» Propagation analytics overlays for both technical and non-technical users: arrival time (first threshold
crossing), ROCOF (Rate of Change of Frequency), excursion duration, and corridor hints (shortest-
path bands by graph distance).

* Guided Disturbance Replay with bookmarks (before/after, regional peaks, damping return) and a
geography<+electrical-proximity toggle to avoid cross-view switching.

* Packaged WEC scenarios with loaders, normalization scripts, and unit tests; baseline & 3D code; task
scripts; anonymized study data; and a short replication readme.



» Exportable snapshots and short clips (with legends/annotations) for executive briefings.

4 Significance

Major disturbances remain consequential like the 2003 Northeast blackout (roughly 50 million customers)
and the September 8, 2011 Arizona—Southern California outage (about 2.7 million customers) [[10} 2]]. Cur-
rent practice relies on multi-view 2D dashboards that place the integration burden on analysts and can over-
load non-experts during events [i8,9]]. Layout choices compound the problem: geographic diagrams preserve
regional context but clutter in dense areas, while schematic/topological views aid legibility at the cost of
users’ spatial mental map; linking map<topology reduces but does not remove the view-switch tax [, 16]].
Human-factors results show spatial cues help when matched to task demands, and that 3D/immersive com-
ponents can improve spatial reasoning [, [7]. We therefore test a single-scene desktop 3D view, replays
events with bookmarks and geography<electrical-proximity toggles, and layers propagation overlays, eval-
uated head-to-head against a strong 2D baseline on arrival-order and voltage-triage tasks with accuracy and
time as primary outcomes.

5 Related Work

Existing methods. Modenr power-system visualization methods center on multi-view 2D dashboards that
combine a geographic network diagram with synchronized per-bus time-series plots and, in stronger sys-
tems, panels for comparing generator behavior [8) 9]. Layout strategies typically oscillate between geo-
graphic embeddings, which preserve regional context but clutter in dense corridors, and topological dia-
grams, which improve legibility at the cost of users’ spatial mental map [5]]. To reconcile the two, linked
map<>topology views are used, but operators must still mentally integrate across panes [6]. Distorted-
topology approaches such as GreenGrid emphasize electrical relationships by warping geography (e.g.,
force-directed distortion), revealing stress pathways but compromising real-world spatial reasoning and of-
fering limited temporal support [[11]]. Parallel work in immersive visualization demonstrates the promise of
“being inside the phenomenon” [3], while human-factors results caution that added spatial cues help only
when matched to task and that 3D/immersive components can improve performance for spatial-reasoning
tasks [1, [7]].

How we improve on prior methods. The literature lacks techniques for time-varying, multivariate net-
work data that both preserve per-element fidelity and reduce cross-view cognitive overhead. We therefore
adopt a single-scene desktop 3D approach, adding time playback and geography<-electrical-proximity tog-
gles, and layers analytic overlays. Concretely, we use Molnar-style 2D as the primary baseline and test where
3D yields measurable gains [8]. Relative to multi-pane 2D visual analytics [9] and linked map/topology
views [6l], our single-scene design aims to reduce view switching and shorten reasoning time. Rather than
distorting geography [[11]], we preserve it and expose reactance-based layout (electrical closeness), aligning
with evidence that spatial context helps when matched to task [15, [1]. Finally, we follow guidance from im-
mersive work [7, 3] but start with desktop 3D to lower adoption cost and meet timeline constraints, yielding
intuitive, testable improvements over the best available 2D baselines.

Motivation and hypotheses. The scientific question we plan on answering is: How does embedding
time-based signals and electrical grid network connections in a single 3D scene affect cognitive workload
and situational awareness compared to a traditional multi-view 2D dashboard [8]? Hypotheses Switching
cost: A single-scene 3D view reduces information switching (fewer layout/view switches and lower NASA—
TLX workload [4]). Task performance: 3D improves accuracy and reduces time on arrival-order and



voltage-triage tasks. Confidence without extra effort: 3D increases user confidence without increasing
effort. Operationalization. We measure NASA-TLX workload [4], task time, error rate, confidence, and
interaction cost (clicks, toggles, pans/zooms, layout switches) in a counterbalanced 2D (Molnar-style) vs.
our 3D comparison [8, 9]. This treats the study as a human-cognition test, not merely a usability check.

6 Evaluation and Validation Framework

To evaluate both the technical performance and cognitive effectiveness of the proposed 3D visualization, we
employ a mixed evaluation strategy combining quantitative user study methods with expert validation and
system performance testing.

6.1 Controlled Comparative Study

We conduct a within-subjects, counterbalanced experiment comparing the 3D prototype with a 2D baseline
following prior visualization studies [i8, 9]. Participants perform two representative disturbance-analysis
tasks:

1. Arrival-Order Identification: Determine which regions of the grid experience disturbances first.

2. Voltage-Triage Prioritization: Detect and rank buses exhibiting voltage excursions.

Participants: 6-7 users (balanced between domain experts and non-experts) drawn from NYPA and NREL
collaborator networks.

Measures: Task accuracy, completion time, self-reported confidence, NASA-TLX workload, and logged
interaction cost (clicks, toggles, pans/zooms, layout switches).

Method: Each participant completes both conditions (2D then 3D or vice versa), with scenario order coun-
terbalanced. Post-task debriefs collect qualitative feedback on clarity, trust, and mental effort.

6.2 Expert Walkthroughs and Design Reviews

Complementing the controlled study, subject-matter experts at NYPA and NREL will perform guided walk-
throughs using WEC event data. These sessions will further focus on:

* Visual clarity of network overlays;
* Interpretability of layout transitions;

* Trust and situational awareness in disturbance replay and bookmark functions.

Feedback from these sessions will be coded for common design and interpretability issues and incorporated
into Week 4.
6.3 Technical Performance Evaluation
To validate scalability and robustness, we plan to measure:
* Frame rate and interactivity under varying network sizes and sampling rates;
* Effectiveness of level-of-detail (LOD) filtering and caching in maintaining responsiveness.

Results will be summarized in performance charts and inform design guidelines for real-time deployment.



6.4 Integration and Validation Outcome

Findings from the comparative user study, expert walkthroughs, and system performance benchmarks col-
lectively provide a multi-dimensional validation of the visualization approach. Together, they assess (1)
cognitive impact, (2) perceptual clarity, and (3) technical feasibility—ensuring the 3D method can be confi-
dently compared against state-of-practice 2D tools and extended toward operational use.

7 Research Plan

Week 1

* Finalize task specs & metrics: accuracy, time to answer, self-reported confidence; brief workload
survey log interaction cost (clicks, toggles, pan/zoom).

* Implement WEC data input, unit/range normalization; topology parser for buses and lines.

* Build baseline 2D dashboard: linked geographic network, synchronized per-bus time-series, oscilla-
tion/trajectory panel.

Week 2

* Implement 3D scene with per-bus/line encodings: Voltage; Frequency; Power (edge thickness/arrow
flux).

* Time playback/scrubbing with fixed timestep and real-time speed options.

Week 3
* Disturbance Replay: event bookmarks (start time, regional peaks, damping return).

* Layout toggle: Geography — Electrical-proximity with smooth transitions (reactance-based weights
by default).

* Analytics overlays: per-bus arrival time and excursion duration.

Week 4
* Onboarding: one-click data ingest, default camera at disturbance locus, and preset views.
* Verification view: selected buses and sensitivity toggles for scale/colormap.

* Pilot user study (clearly contrasting 3D vs 2D); capture feedback and refine tasks.

Week 5
* Run main study; compute per-task accuracy/time; report effect sizes.

* Analyze interaction cost: number of view/layout switches, toggles, pans/zooms.



Week 6

* Package the repository: baseline 2D, 3D app, task/study scripts, anonymized data, and a replication
readme.

* Prepare the final abstract and presentation.
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Korey Sam
(617)-967-0381 « korey sam@brown.edu ¢ LinkedIn

EDUCATION

Brown University Providence, RI
Master of Science Candidate in Computer Science Expected May 2026
Bachelor of Science in Computer Science, GPA: 3.84 May 2025

Relevant Coursework: Intro to Software Engineering, Fundamentals of Computer Systems, Program Design with Data Structures
and Algorithms, Introduction to Object-Oriented Programming, Logic for Systems

TECHNICAL SKILLS
Programming Languages: Java, React/TypeScript, C, C++, C#, HTML, CSS, and Python

Software: Adobe Creative Suite, SQL Server, ASP.Net
Certifications: AWS Cloud Practitioner

PROJECTS

Maps | Java / React / TypeScript
e Developed a full-stack web application mapping historical redlining data from the U.S. Census using Mapbox for interactive and
customizable map views.
e Implemented API endpoints to overlay redlining data with advanced filtering and search capabilities, enhancing user experience
and data accessibility.
e Integrated user-specific map pins linked to Google Firestore, allowing users to securely add, store, and delete pins, persisting
data across sessions.
Eco Equity | Java / React / TypeScript
e Created a full-stack application with Java for backend API connections and React/TypeScript for a dynamic, responsive front-
end user experience.
e Integrated Google’s Moshi Adapter for efficient JSON parsing from API requests, converting data into usable objects.
e Enabled sustainably conscious investors to access ESG and financial data, allowing them to favorite, search, and filter companies
and relevant financial articles through seamless Google Firestore and Microsoft Bing integration.

WORK EXPERIENCE

Accenture, Technology Architecture Analyst Boston, MA | Summer 2024
e Supported a $45M Higher Education Workday implementation to bridge international campus financial systems
e Led a successful integration of Grants and Customer Accounts, achieving 35% completion of client data migration
Built a dynamic excel tracking system to optimize project management and milestone tracking for 53 deliverables
e Developed a customer confirmation deck to ensure project alignment with client needs and facilitate decision-making
Novanta, Cambridge Technology, Sofitware Engineering Intern Bedford, MA | Summer 2023
e Developed a full-stack web application using C# and HTML, enhancing UI/UX and ensuring smooth data handling
with an asynchronously updated SQL server
e Gained proficiency in frameworks like Avalonia UI, Microsoft Blazor, and ASP.Net for web development

e Presented web application to a group of 10 engineers and business executives to support a seamless deployment
e Ensured project alignment through bi-weekly meetings with engineering team and senior leadership
Brown University, Community Coordinator Providence, RI | Fall 2022 - Current
e Developed a vibrant residential community for 110 residents, assuming the role of a peer leader
e  Addressed resident concerns and mediated conflicts in weekly community hours, enhancing satisfaction
e Execute 3 large-scale educational and wellbeing programs each semester, boosting community participation
LEADERSHIP AND PROFESSIONAL DEVELOPMENT
Beta Omega Chi, Chapter President Providence RI | Spring 2024 — Current
e Directed a 10-member board, organizing bi-weekly meetings to ensure task completion and team collaboration
Raised $15,000 through fundraising initiatives, funding community outreach and chapter activities
e Implemented diversity, equity, and inclusion initiatives into recruitment, ensuring a culture of safety for all members
e Launched an alumni mentorship program, pairing members with experienced alums for professional development
National Society of Black Engineers, Executive Board Member Providence, RI | Fall 2022 - Current
e Boosted member engagement and attendance by 25% through sponsor-backed events and corporate raffles
e Organized community service projects with local nonprofits, increasing chapter visibility and impact
e Led career development workshops, increasing participation by 30% and securing sponsorships from top tech firms
e Led collaborations with Fortune 500 companies, creating unique recruitment opportunities for chapter members

INTERESTS

Basketball, photography, weight training, leisure autobiographical and fictional reading, travel




Yonas Amha

Providence, RI | Phone: (703) 772-1887 | E-mail: yonas_amha@brown.edu |
linkedin.com/in/yonas-amha-a85a5525b | github.com/yonasA2025

EDUCATION

Brown University, M.S. Computer Science Providence, RI | Expected Graduation May 2026
Relevant Courses: Machine Learning, Reintegrating AI, Computer Security, Computer Architecture

Brown University, B.S. Computer Science, 3.6/4.0 GPA Providence, RI | September 2021 - May 2025

Relevant Courses: Computer Systems, Program Design: Data Structure & Algorithm, Logic of Computer Systems, Cryptographic
Systems, Software Security Exploitation, Computational Molecular Bio, Applied Cryptography

EXPERIENCE

HP Inc., DevOps Engineer Houston, TX | June 2024 — September 2024
e Assigned to the Data Science Scrum Team for the launch of HP Al Studio. Implemented database management, telemetry,
and API connection using MongoDB, Azure DevOps, Kubernetes, and GoLand
Communities Together, Web App Development New York, NY | July 2023 — Present
e Built a website that prepares Amharic speakers to take the U.S. Civics Test in Ambharic. The website is equipped with full
text-to-speech capabilities. Website link: https://usacivicstest.web.app/
e  Website uses Azure Text-to-Speech
Ringle, Tutor Fairfax, VA | June 2023 — September 2023
e Tutored 18 high school students in weekly English lessons, advising them on grammar, vocabulary and sentence structures
e Assigned a reading for each lesson and sent detailed feedback analyzing student’s performance during the lesson along with
exercises and worksheets to target areas of weakness
Second Brain Foods, Product Marketing Intern Alexandria, VA | June 2022 — September 2022
e Assisted with packaging, presentation and pricing of the health snacks product-line for the startup company
e Conducted market analysis on six barley products within the company's main line focusing on performance and visual appeal

PROJECTS

Database | C github.com/yonasA2025/database
e Created a fully functioning database in which the user can store, pop and search for given values
e Implemented thread safety with coarse and fine grain locking

Ambharic Civics Test | TypeScript | JavaScript | HTML | CSS github.com/yonasA2025/amhariccivicstest-v3
e Built a website that prepares Amharic speakers to take the U.S. Civics Test in their native language
Ratty Reviews | JAVA | TypeScript github.com/yonasA2025/rattyReviews

e C(Created a website that allows users to rate the meals that they have at the Ratty (popular Brown dining hall) on any given day
e The website uses web scraping to acquire the meals from brown.dining.edu and uses caching to store user ratings
e  Google authentication was implemented so the user could sign into their gmail to submit a rating

Maze | C https://github.com/yonasA2025/maze
e Built a 2D maze generator that could generate up to 25x25 size mazes
e  Generated solutions to the maze using Breadth First Search (BFS), Depth First Search (DFS), and Dijkstra Algorithms and

then encoded the solution in hexadecimal

Search | Python github.com/yonasA2025/search
e Created a search engine that queries all wikipedia pages for any given search
e Search engine implements PageRank and handles WikiLinks

LEADERSHIP & PROFESSIONAL DEVELOPMENT

Brown Ethiopian Eritrean Student Association, Senior Executive Board Member Providence, RI | October 2022 — Present
e Design Instagram posts, merch, and coordinate with other clubs around promoting events and general board meetings
e Design posts have yielded an 70% increase in engagement for the Instagram page
Merrone Teklu for Alexandria City Council, Election Campaign Volunteer Alexandria, VA | May 2021 — July 2021
e Increased public awareness and advertising for Meronne Teklu, an Alexandria City Council candidate by actively engaging in
phone banking, election-day campaigning, and distributing campaign flyers
e Participated in bi-weekly phone banking in the lead up to the election and called 100 voters and encouraged them to get to the
polls and provided closest voting locations
Georgia Canvassing Project, Election Outreach Volunteer Atlanta, GA | October 2020 — November 2020
e (Collaborated on a team of 50 volunteers to help canvas voters for Georgia's runoff election
e Separated a list of 5,000 names into various nationalities so that they could be canvassed in their native language.

SKILLS

Front-End Development: React, TypeScript, JavaScript, Java, Python, C
Languages: English (fluent), Spanish (fluent), Amharic (speaking: fluent)




Kenny Gruchalla, Ph.D.

Curriculum Vitae
(June 6, 2025)

Personal Information

Postal Address: (available upon request)
Golden, CO 80401
Office: 303-275-3713
Cell: 720-394-9347
E-mail: kenny.gruchalla@nrel.gov
Web: http://gruchalla.github.io
Education
2009 Ph.D. Computer Science, University of Colorado at Boulder, Boulder, CO
Thesis: Progressive Visualization-Driven Multivariate Feature Definition and Analysis
Advisor: Professor Elizabeth Bradley
GPA: 3.9/4.0
2003 M.S. Computer Science, University of Colorado at Boulder, Boulder, CO
Thesis: Immersive Well-Path Planning: Investigating the added value of immersive visualization
Adbvisor: Professor Clayton Lewis
GPA: 3.9/4.0
1995 B.S. Computer Science, New Mexico Institute of Mining and Technology, Socorro, NM
GPA: 3.5/4.0
Experience

National Renewable Energy Laboratory (NREL), Golden, CO (June 2009 - present)

Jul 2024 - present
Jun 2009 - Jul 2024

Distinguished Member of Research Staff

Principal Scientist

Senior Scientist

My core responsibilities include the design and management of a state-of-the-art visualization
laboratory, collaboration with NREL domain scientists to visualize complex, large, multivariate
data, and frequent interaction with C-level executives to align lab capabilities with their needs
and expectations. As a Principal Investigator, I successfully led a portfolio of over $7 million
in competitively funded research projects, managing diverse technical teams.

University of Colorado at Boulder, Boulder, CO (April 2001 - Mar 2006, May 2011 - present)

Mar 2025 - present

May 2011 - Mar 2025

Apr 2001 - Mar 2006

Jan 2004 - Aug 2004

K. Gruchalla

Assistant Professor Adjoint

Assistant Professor Adjunct,

Department of Computer Science

I provide mentorship to doctoral-level students in the field of scientific data visualization,
supporting the development of gradute students’ research skills, including project design, data
analysis, software development and effective visualization techniques.

Professional Research Assistant,

CADSWES (Center for Advanced Decision Support for Water and Environmental Systems)
I worked in an interdisciplinary research center on the design and the development of a
commercial graphically-based decision support software system, RiverWare, implementing
object-oriented simulation, rule-based simulation, and linear optimization to model watershed
physical processes, water ownership, and policy.

Professional Research Assistant,

Department of Molecular, Cellular, and Developmental Biology

I collaborated on the design and development of a pilot study to investigate the added value of
using immersive visualization as a molecular research tool.



Jul 2002 - Aug 2003

Graduate Research Assistant,

BP Center for Visualization

I designed and developed an interactive 3D immersive application capable of integrating
geological, geophysical, reservoir and well data with drilling and platform planning in an
immersive virtual environment.

Colorado State University, Fort Collins, CO (October 2021 - present)

Oct 2021 - present

Affiliate Faculty,

Richardson Design Center

As an Advisor for the Richardson Design Center (RDC), I support the development and
execution of their graduate certificate program in human-centered design thinking. I bring
industry experience and technical expertise to my advising role, providing a valuable resource
for faculty and students as they navigate the rapidly evolving field of VR.

Red Canyon Engineering, Denver, CO (June 2000 - January 2009)

Jun 2003 - Jun 2009
Jun 2000 - Jun 2003

Research Scientist / Principal Software Engineer

Software Engineering Consultant

I spearheaded the creation of new business proposals and successfully led two NASA-funded
projects - the Mars Flight Simulator and Lunar Base Simulator. In addition, I conducted
comprehensive software architecture and algorithm reviews for the Mars Odyssey and Genesis
spacecraft programs, ensuring technical accuracy and project success.

National Center for Atmospheric Research (NCAR), Boulder, CO (May 2006 - October 2008)

May 2006 - Oct 2008

Visitor Appointment

I collaborated on the design and development of VAPOR, a state-of-the-art volume visualiza-
tion suite designed to interactively explore large-scale time-varying multivariate computational
fluid dynamics (CFD) data.

Raytheon, Aurora, CO (July 1995 - February 2001)

Jul 2000 - Feb 2001

Oct 1997 - Jun 2000

Jul 1995 - Oct 1997

Senior Analyst / Medical Officer,

United States Antarctic Program

Raytheon Polar Services

I managed the data acquisition and visualization laboratory aboard the National Science
Foundation’s Antarctic research vessel, the Nathaniel B. Palmer, providing scientific support
to NSF grantees. I also sailed as Medical Officer (EMT) aboard the Palmer.

Technical Software Lead,

Space and Science Systems, Raytheon Systems Corporation

I designed and developed animated meteorological visualization tools for the Cape Canaveral
and Vandenberg space lift ranges that included the development of both real-time and analysis
visualization algorithms and image processing software for radar and satellite instrumentation.
As the technical lead I served as technical mentor, providing technical guidance across projects
and organizations.

Software Developer,

Satellite Mission Management Organization, Hughes Space Systems (purchased by Raytheon in 1997)

I designed and developed a distributed satellite mission planning and scheduling software
system that included interactive 2D computer graphic models of satellite and ground station
resource allocation and 3D modeling tools used for satellite payload constraint analysis. I also
helped design, develop, and maintain object-oriented class libraries designed for reuse and
rapid development of satellite space and ground applications.

Brookhaven National Laboratory (BNL), Upton, NY (January 1994 - May 1994)

Jan 1994 - May 1994

K. Gruchalla

Science and Engineering Research Intern,

Advanced Technology Division

I designed and developed interactive 2D visualizations of subsurface radioactive waste plumes
created by a physically-based model of the breach, leach, and transport of radioactive waste
material.



Funding (selected)

(>$7M total competitive awards as PI or Co-PI)

August 2024
July 2024
December 2023
August 2023
October 2020
August 2019
April 2016
September 2014
September 2014
January 2013
September 2012
September 2010
January 2009
March 2005

March 2003

Publications

EVision 2040: Visualizing a Path Toward Sustainable Mobility, PI

JOET

Immersive Visualization Architecture for the NYS Power Grid Digital Twin, PI
WFO-New York Power Authority

DEWA Energy Visualization Analysis, co-PI

WFO-Dubai Energy and Water Authority

Immersive Digital Twin Laboratory for Engineering Education, PI

WFO-Fort Lewis College

Collaborative Visualization and Analysis for the Control Room of the Future, PI
DOE/NREL LDRD

Cluster Perception in Scatterplots, PI

DOE/NREL LDRD/PI4

Advanced Energy Systems Design Architecture, PI

DOE/NREL LDRD

Immersive Computational Steering & Modeling, PI

DOE/NREL LDRD

Visualization and Simulation of a Manufacturing Line, PI

WFO-Abengoa

Integrated Energy Management and Analysis for the ESIF’s Computational Systems, Co-PI
DOE/NREL LDRD

Novel Visualization and Analysis for Extreme-Scale Wind Turbine Array Simulations, PI
DOE/NREL LDRD

Wind Turbine Array Fluid Dynamic and Aero-Elastic Simulations, Co-investigator
DOE/NREL LDRD

Lunar Base Simulator, PI

NASA Glenn Research Center

MarsFlight — An Immersive and Interactive Mars Airplane Simulator, Co-PI
NASA Glenn Research Center

Immersive Technology for Engineering Education, Co-investigator

University of Colorado Engineering Excellence Fund

(1000+ citations, g-index:31, h-index:15, i10-index:25, il-index:56)

Book Chapters: (2)

Refereed Papers: (40)

K. Gruchalla

E. Gould, S. Guerin, C. Smith, S. Smith, B. Bush and K. Gruchalla. Learning and Tracking Ad
Hoc Fiducial Markers in Spatial Augmented Reality In J.G. Michopoulos, C.J.J. Paredis, D.W.
Rosen, J.M. Vance (Eds.), Advances in Computers and Information in Engineering Research
Vol. 2 ASMEE Press June 2021.

K. Gruchalla and N. Brunhart-Lupo. The Utility of Virtual Reality for Science and Engineering
In W.R. Sherman (Ed.), VR Developer Gems, CRC Press, May 2019.

S. Molnar, G. Johnson, K. Gruchalla, K. Potter. Opportunities and Challenges in the Visualiza-
tion of Energy Scenarios for Decision-Making Energy Visualization 2024, November 2024.
N. Brunhart-Lupo, K. Gruchalla, L. Williams, S. Elias. Situated Visualization of Photovoltaic
Module Performance for Workforce Development. Energy Visualization 2024, November
2024.

G. Johnson, S. Molnar, N. Brunhart-Lupo, K. Gruchalla. Architecture for Web-Based Visual-
ization of Large-Scale Energy Domains. Energy Visualization 2024, November 2024.

G. Johnson, K. Gruchalla, M. Ingram, N. Guba, R. Cruickshank, and S. Caruso. Vis-SAGA:
Visual Analytics for Situational Awareness of Grid Anomalies VizSec2023, October 2023.

S. Molnar, K. Gruchalla, S. Dong, and J. Tan. Visualization of the Oscillatory Dynamics of an
Island Power System. Energy Visualization 2023, October 2023.

I. Lyons-Galante, M. Karimzadeh, S. Molnar, G. Johnson, and K. Gruchalla. Alternatives to
Contour Visualizations for Power Systems Data. Energy Visualization 2023, October 2023.
N. Brunhart-Lupo and K. Gruchalla. Immersive Particle Advection: Through the Scales of
Renewable Energy. ACM PEARC23, July 2023.

K. Gruchalla, S. Molnar, and G. Johnson. Reevaluating Contour Visualizations for Power
Systems Data. IEEE Transactions on Smart Grid, March 2023.
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K. Gruchalla

A. Podder, K. Gruchalla, N. Brunhart-Lupo, S. Pless, M. Sica and P. Lacchin. Immersive
Industrialized Construction Environments for Energy Efficiency Construction Workforce.
Frontiers in Virtual Reality, March 2022.

S. Molnar, E. Bradley, K. Gruchalla. Oscillatory Spreading and Inertia in Power Grids. Chaos:
An Interdisciplinary Journal of Nonlinear Science, December 2021.

H. Sitaraman, N. Brunhart-Lupo, M. Henry de Frahan, S. Yellapantula, B. Perry, J. Rood, R.
Grout, M. Day, R. Binyahib, and K. Gruchalla. Visualizations of direct fuel injection effects
in a supersonic cavity flameholder. Physical Review Fluids, November 2021.

K. Gruchalla, S. Raghupathi, N. Brunhart-Lupo. Structure Perception in 3D Point Clouds
ACM SAP 2021, September 2021.

N. Brunhart-Lupo, S. Yellapantula, K. Gruchalla, R. Grout. Visualization of Jet Impingement
and Ignition in a Piston-cylinder Chamber. Energy Visualization 2021, June 2021.

M. Whitlock, D. Albers Szafir, K. Gruchalla. HydrogenAR: Interactive Data-Driven Presenta-
tion of Dispenser Reliability. ISMAR 2020, November 2020.

N. Brunhart-Lupo, B. Bush, K. Gruchalla, K. Potter, S. Smith. Collaborative Exploration
of Scientific Datasets using Immersive and Statistical Visualization. Improving Scientific
Software. NCAR/TB-564+PROC, August 2020.

A.L. Figueroa-Acevedo, C.-H. Tsai, K. Gruchalla, Z. Claes, S. Foley, J. Bakke, J. Okullo,
A.J. Prabhakar. Visualizing the impacts of renewable energy growth in the U.S. Midcontinent.
IEEE Open Access Journal of Power and Energy, January 2020.

B. Bugbee, B.W. Bush, K. Gruchalla, K. Potter, N. Brunhart-Lupo, V. Krishnan. Enabling
Immersive Engagement in Energy System Models with Deep Learning. Statistical Analysis
and Data Mining: The ASA Data Science Journal, June 2019.

P.A. Fleming, J. Annoni, L.A. Martinez, S. Raach, K. Gruchalla, A. Scholbrock, M. Church-
field, and J. Roadman. Investigation into the shape of a wake of a yawed full-scale turbine
Journal of Physics: Conference Series volume 1037, June 2018.

S. Molnar and K. Gruchalla. Visualizing Electrical Power Systems as Flow Fields. In
proceedings of Workshop for Visualisation in Environmental Sciences (EnvirVis 2018), June
2018.

P.A. Fleming, J. Annoni, M. Churchfield, L. Martinez, K. Gruchalla, M.J Lawson, and P.J.
Moriarty. A simulation study demonstrating the importance of large-scale trailing vortices in
wake steering Wind Energy Science, volume 3, May 2018.

P.A. Fleming, J. Annoni, M.J. Churchfield, L. Martinez, K.M. Gruchalla, M.J Lawson, and P.J.

Moriarty. From wake steering to flow control Wind Energy Science Discussions, November
2017.

K. Gruchalla, N. Brunhart-Lupo, K. Potter, J. Clyne. Contextual Compression of Large-Scale
Wind Turbine Array Simulations. In proceedings of Workshop for Data Reduction for Big
Scientific Data (DRBSD-2), November 2017.

B. Bush, N. Brunhart-Lupo, B. Bugbee, V. Krishnan, K. Potter, and K. Gruchalla. Coupling
Visualization, Simulation, and Deep Learning for Ensemble Steering of Complex Energy
Models. In proceedings of Data Systems for Interactive Analysis DSIA’17, October 2017.

B. Bugbee, C. Phillips, H. Egan, R. Elmore, K. Gruchalla, and A. Purkayastha. Prediction
and characterization of application power use in a high-performance computing environment.
Statistical Analysis and Data Mining: The ASA Data Science Journal February, 2017.

G.A. Ferguson, V. Vorotnikov, N. Wunder, J. Clark, K. Gruchalla, T. Bartholomew, D.J.
Robichaud, and G.T. Beckham. Ab Initio Surface Phase Diagrams for Coadsorption of
Aromatics and Hydrogen on the Pt(111) Surface. The Journal of Physical Chemistry C,
November 2016.

K. Gruchalla, J. Novacheck, A. Bloom. Visualization of the Eastern Renewable Generation
Integration Study. In proceedings of SC16, Salt Lake City, UT, November 2016.

C. Zhang, S. Santhanagopalan, M.J. Stock, N. Brunhart-Lupo, K. Gruchalla. Interpretation of
Simultaneous Mechanical-Electrical-Thermal Failure in a Lithium-Ion Battery Module. In
proceedings of SC16, Salt Lake City, UT, November 2016.

D. Macumber, K. Gruchalla, N. Brunhart-Lupo, M. Gleason, J. Abbot-Whitley, J. Robertson,
B. Polly, K. Fleming, M. Schott. City Scale Modeling with OpenStudio. In proceedings of
ASHRAE and IBPSA-USA SimBuild 2016.



Non-refereed Papers: (17)

K. Gruchalla

N. Brunhart-Lupo, B. Bush, K. Gruchalla, S. Smith. Simulation Exploration through Immer-
sive Parallel Planes. In proceedings of IEEE Workshop on Immersive Analytics, March 2016.
J. Hinkle, P.N. Ciesielski, K. Gruchalla, K.R. Munch, B.S. Donohoe. Biomass accessibility
analysis using electron tomography. Biotechnology for Biofuels volume 8, November 2015.

S. Li, K. Gruchalla, K. Potter, J. Clyne, and H. Childs. Evaluating the Efficacy of Wavelet
Configurations on Turbulent-Flow Data. in In proceedings of IEEE Symposium on Large Data
Analysis and Visualization, Chicago, IL, 2015.

M. Lunacek, A. Nag, D. Alber, K. Gruchalla, C.H. Chang, and P.A. Graf. Simulation
characterization and optimization of metabolic models with the high-performance systems
biology toolkit. SIAM Journal on Scientific Computing, volume 33, pages 3402-3424, 2011.

K. Gruchalla, M. Rast, E. Bradley, and P. Mininni. Segmentation and visualization of
multivariate features using feature-local distributions. In Advances in Visual Computing,
volume 6938 of Lecture Notes in Computer Science, pages 619-628. Springer Berlin /
Heidelberg, 2011.

M.A. Sprague, P.J. Moriarty, M.J. Churchfield, K. Gruchalla, S. Lee, J.K. Lundquist, J.
Michalakes, and A. Purkayastha. Computational modeling of wind-plant aerodynamics. In
proceedings of SciDAC 2011, Denver, CO, 2011.

M. Guy, P. Earle, C. Ostrum, K. Gruchalla, and S. Horvath. Integration and dissemination of
citizen reported and seismically derived earthquake information via social network technolo-
gies. In Advances in Intelligent Data Analysis IX, volume 6065 of Lecture Notes in Computer
Science, pages 42-53. Springer Berlin / Heidelberg, 2010.

J. Clyne, K. Gruchalla, and M. Rast. VAPOR: Visual, Statistical, and Structural Analysis
of Astrophysical Flows. In proceedings of Numerical Modeling of Space Plasma Flows:
Astronum-2009 (Astronomical Society of the Pacific Conference Series), volume 429, pages
323-329, 2010.

K. Gruchalla, M. Rast, E. Bradley, J. Clyne, and P. Mininni. Visualization-driven structural and
statistical analysis of turbulent flows. In Advances in Intelligent Data Analysis VIII, volume
5772 of Lecture Notes in Computer Science, pages 321-332. Springer Berlin / Heidelberg,
20009.

K. Gruchalla, M. Dubin, J. Marbach, and E. Bradley. Immersive examination of the qualitative
structure of biomolecules. In proceedings of International Workshop on Qualitative Reasoning
about Physical Systems, pages 36—41, 2008.

K. Gruchalla, J. Marbach, and M. Dubin. Porting legacy applications to immersive virtual
environments - a case study. In proceedings of International Conference on Computer
Graphics Theory and Applications (GRAPP 2007), pages 179—184, 2007.

K. Gruchalla. Immersive well-path editing: investigating the added value of immersion. In
proceedings of IEEE Virtual Reality, 2004., pages 157 — 164, March 2004.

K. Gruchalla. Immersive Digital Twin Laboratory for Engineering Education: Cooperative
Research and Development Final Report, CRADA Number CRD-23-23838, NREL/TP-2C00-
93161, June 2025.

S.L. Choi, R. Jain, P. Emami, K. Wadsack, F. Ding, H. Sun, K. Gruchalla, J. Hong, H. Zhang,
X. Zhu, and B. Kroposki. eGridGPT: Trustworthy Al in the Control Room NREL Technical
Report NREL/TP-5D00-87740, May 2024.

1. Manogaran, A. Farthing, J. Maguire, K. Gruchalla. Savings in Action: Lessons Learned for a
Vermont Community with Solar plus Storage NREL Technical Report NREL/TP-7A40-84660,
January 2024.

M. Ingram, A. Florita, M. Martin; K. Gruchalla, X. Fang, M. Cai, G. Johnson, N. Guba, A.
Hasandka, M. Mooney, et al. Situational Awareness of Grid Anomalies (SAGA) for Visual
Analytics NREL Technical Report No. NREL/TP-5D00-85187, February 2023.

K. Gruchalla, G. Johnson. Heterogeneous Visualization: A Call for Empirically Driven
Technology Advancement and Adoption. ASCR Workshop on Visualization for Scientific
Discovery, Decision-Making, and Communication, January 2022

R. King, A. Glaws, K. Gruchalla, M. Henry de Frahan. Extracting Maximum Information
from Exascale Simulations ASCR Workshop on Reimaging Codesign, March 2021.

M. Lawson, J. Melvin, S. Ananthan, K. Gruchalla, J. Rood, M. Sprague. Blade-Resolved,
Single-Turbine Simulations Under Atmospheric Flow NREL Technical Report No. NREL/TP-
5000-72760, January 2019.

W



Video (selected):

Published Data (4):

K. Gruchalla

B. Palmintier, J. Giraldez, K. Gruchalla, P. Gotseff, A. Nagarajan, T. Harris, B. Bugbee, M.
Baggu, J. Gantz, E. Boardman. Feeder Voltage Regulation with High Penetration PV using
Advanced Inverters and a Distribution Management System: A Duke Energy Case Study
NREL Technical Report No. NREL/TP-5D00-65551, November 2016.

A. Bloom, A. Townsend, D. Palchak, J. Novacheck, J. King, C. Barrows, E. Ibanez, M.
O’Connell, G. Jordan, B. Roberts, C. Draxl, K. Gruchalla. Eastern Renewable Generation
Integration Study. NREL Technical Report No. NREL/TP-6A20-64472, August 2016.

NREL 2017 Innovation & Technology Transfer Outstanding Public Information Award

R. Elmore, K. Gruchalla, C. Phillips, A. Purkayastha, N. Wunder. An Analysis of Application
Power and Schedule Composition in a High-Performance Computing Environment. NREL
Technical Report No. NREL/TP-2C00-65392, January 2016.

R.W. Grout, K. Malhorta, P. Ciesielski, K. Gruchalla, B. Donohoe, M. Nimlos. Computational
Assessment of the effect of realistic intraparticle geometry on biomass heating rates and
pyrolysis yields. 8th US National Combustion Meeting, May 2013.

G. Pech, K. Gruchalla, and J. Marbach. The case for visualization. Exploration & Production,
January 2009.

G.A. Dorn, G.S. Pech, K. Gruchalla, J. Marbach The Value of Visualization in Exploration and
Production: Anecdotal Evidence and Quantitative Data 70th EAGE Conference & Exhibition-
Workshops and Fieldtrips June 2008.

K. Gruchalla and J. Marbach. Interactively exploring multiple characteristics of hurricane
simulation data. Advanced Imaging, 22, 2005.

G. Dorn, K. Gruchalla, J. Carlson, J. Marbach, T. Southren, and A. Jamieson. A visualization-
driven paradigm for adaptive well-path planning. In Offshore Technology Conference, 2004.

K. Gruchalla and E. Joynt. Late Cretaceous and Cenozoic Reconstructions of the Southwest
Pacific, Data Report NBP0O-07B. United States Antarctic Program, 2000.

K. Bliss, K. Gruchalla, and K. Gavahan. OBS Refraction Profiling for Crustal Structure in
Bransfield Strait, Data Report NBP0O-07A. United States Antarctic Program, 2000.

H. Sitaraman, M. Henry De Frahan, S. Yellapantula, B. Perry, J. Rood, R. Grout, M. Day, N.
Brunhart-Lupo, R. Binyahib, K. Gruchalla. Direct fuel injection effects in a supersonic cavity
flameholder APS Division of Fluid Dynamics Gallery of Fluid Motion, Chicago, IL, 2020.
Gallery Award

S. Witter Hicks, M. Churchfield, K. Gruchalla. Visualization of a Simulated LiDAR-Based
Wind Turbine Wake Measurement Campaign, SuperComputing 2016 (SC16), Salt Lake City,
UT, November, 2016.

K. Gruchalla, M.J. Churchfield, P.J. Moriarty, , S. Lee S. Li, J.K. Lundquist, J. Michalakes, A.
Purkayastha, and M.A. Sprague. Computational modeling of turbine-wake effects. SciDAC
2011, Denver, CO, 2011.

Awarded SciDAC 2011 People’s Choice Award

K. Gruchalla, O. Desjardins, P. Pepiot, and A. Purkayastha. Numerical simulation of a turbulent
liquid jet. SuperComputing 2010 (SC10), New Orleans, LA, 2010.

K. Gruchalla, M.J. Churchfield, P.J. Moriarty, and L. Martinez. Eddy simulation of wind farm
/ atmospheric boundary layer interaction. SuperComputing 2010 (SC10), New Orleans, LA,
2010.

K. Gruchalla, P. Pepiot, and O. Desjardins. Particle dynamics in a fluidized bed reactor. SciDAC
2010, Chattanooga, TN, 2010.

Awarded SciDAC 2010 Outstanding Achievement in Scientific Visualization

K. Gruchalla and J. Marbach. Atmosv: Immersive visualization of the hurricane Isabel dataset.
IEEE Visualization 2004, Austin, TX, 2004.

Awarded second place in the 2004 IEEE Visualization Contest

I. Lyons-Galante, M. Karimzadeh, and K. Gruchalla. Alternatives to Contour Visualization for
Power Systems Data. https://github.com/isaiahlg/voltage-tiling, 2023.

K. Gruchalla, S. Molnar, and G. Johnson. Visualization Encoding Experiments for Power Sys-
tems Analysis. National Renewable Energy Laboratory. https://data.nrel.gov/submissions/200,
2022.

S. Raghupathi, N. Brunhart-Lupo, and K. Gruchalla. Caerbannog Point Clouds. National
Renewable Energy Laboratory. 10.7799/1729892, 2020
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Preregistrations (2):

Motion Picture Credits (1):

Thesis (2)

Posters (selected):

Press (selected):

K. Gruchalla

C. Phillips, K. Gruchalla, R. Elmore, A. Purkayastha, and N. Wunder. HPC Energy Research.
National Renewable Energy Laboratory. https://cscdata.nrel.gov/#/datasets/d332818f-ef57-
4189-bald-beea291886eb, 2017.

K. Gruchalla, G. Johnson, and S. Molnar. Voltage Outlier Detection. OSF Preregistration,
https://osf.io/tmv6s, July 2022.

K. Gruchalla, G. Johnson, and S. Molnar. Frequency Distribution Analysis. OSF Preregistra-
tion, https://osf.io/zn7ag, July 2022.

K. Gruchalla. Computer Graphics Rendering, Green China Rising. National Geographic Film,
2012.

K. Gruchalla. Progressive Visualization-Driven Multivariate Feature Definition and Analysis.
PhD thesis, University of Colorado at Boulder, 2009.

K. Gruchalla. Immersive well-path planning: The added value of immersive visualization.
Master’s thesis, University of Colorado at Boulder, 2003.

M. Sprague, S. Ananthan, K. Gruchalla, M. Lawson, J. Rood, K. Swirydowicz, S. Thomas, G.
Vijayakumar, P. Crozier, C.R. Dohrmann, J.J. Hu, A.B. Williams, J. Turner, A. Prokopenko,
R. Moser, and J. Melvin. ExaWind: Exascale Predictive Wind Plant Flow Physics Modeling.
Poster at 2019 Exascale Computing Project Annual Meeting, Houston, TX. January 2019.

B. Bugbee, C. Phillips, K. Gruchalla, R. Elmore, and A. Purkayastha. Exploring HPC Applica-
tion Power Usage. Poster at 2016 Conference on Data Analysis (CODA), Santa Fe, NM, 2016.
J. Hinkle, P. Ciesielski, K. Gruchalla, B. Donohoe, and K. Munch. Segmentation of Lamellar
Sheets of Cellulose using Electron Tomography. Poster at 2014 Annual BioEnergy Science
Center (BESC) Retreat, Chattanooga, TN, 2014.

H. Scharf, K. Gruchalla, R. Elmore, N. Brunhart-Lupo, A. Purkayastha. Optimal Prioritized
Compression using Wavelets for Analysis and Visualization of Extreme-Scale Wind Turbine
Simulations. Poster at 2014 Conference on Data Analysis (CODA), Santa Fe, NM, 2014.

R. Elmore, M. Sheppy, N. Wunder, K. Munch, K. Gruchalla, A. Purkayastha. A Case Study
in Demand-Response Strategies for Managing Power in HPC Environments. Poster at 2014
Conference on Data Analysis (CODA), Santa Fe, NM, 2014.

M. Dubin, A. Pardi, and K. Gruchalla. Using immersive virtual reality for visualization of
macromolecules. Poster at 2004 Butcher Symposium on Genomics and Biotechnology, Boulder,
CO, 2004.

K. Gruchalla and J. Marbach. Atmosv: Immersive visualization of the Hurricane Isabel dataset.
Contest Entry at IEEE Visualization 2004, Austin, TX, 2004.

Awarded second place in the 2004 IEEE Visualization Contest

38th Annual Gallery of Fluid Motion award winners announced, AAAS EurekAlert!, November
2020.

The Man Behind the Goggles: Meet NREL’s Visualization Guru, NREL News, June 3, 2019.
R. Gold, Superpower: One Man’s Quest to Transform American Energy. Simon & Schuster,
June 2019.

Decoding the Weather Machine. PBS Nova, Episode 7, Season 45, April 2018.

Scientists Break This Virtual Power Grid to Save the Real One. Popular Mechanics,
July/August 2015.

Daley, D. Visualize the Future: Simulation helps NREL troubleshoot scenarios yet to happen.
Sound & Communications, August 2014. (Cover article)

Scanlon, W. Scientists go eye to eye with research at ESIF. NREL News Feature, July 2013.
(http://www.nrel.gov/news/features/feature_detail.cfm/feature_id=2254)

Pierce, E.R. Tour the National Renewable Energy Lab’s Latest Research Center energy.gov
June 2013. (http://energy.gov/articles/slideshow-tour-national-renewable-energy-lab-s-latest-research-
center)

Tucker, E. Supercomputing Drives Innovation. Continuum Magazine, (2), 6-9. 2012.

Mosher. D. 10 Award-Winning Scientific Simulation Videos Wired.com Wired Science August
2011. (http://www.wired.com/wiredscience/2011/08/science-simulation-videos/)



Presentations (selected)

Keynotes (2) .

Invited (selected) .

K. Gruchalla

“Immersive Analytics: Knowledge Discovery from the Inside,” Keynote Address to the 2016
CSU Virtual Reality Symposium, Fort Collins, CO, October 2016.

“Scientific Data Analysis and Knowledge Discovery through Advanced Visualization,
Keynote Address to the 2016 CAAV Conference, Denver, CO, June 2016.

“Visualization for Insight, Analysis, and Decision Support in Energy Systems,” NITRD-DOE-
NSF DECIDE Workshop: Computational Decision Support for High-Consequence, Complex
Problems, Falls Church, VA, March 2025.

“Immersive Visualization for Scientific Data Analysis and Knowledge Discovery,” Surveying
VR Data Visualization Software for Research Seminar, Brown University, Providence, RI
(virtual). January 2025.

“Visualization within the Department of Energy: NREL,” IEEE VIS Application Spotlight.
IEEE VIS 2024, (virtual), October 2024

“Immersive Visualization for Scientific Data Analysis,” Immersive Visualisation for Science,
Research, Art and Digital Twins Applications BOF, SIGGRAPH 2024, Denver, CO, August
2024

“Advanced Visualization for Scientific Data Analysis and Insight,” Computational Science
Department Seminar, Princeton Plasma Physics Laboratory, Princeton, NJ (virtual), November
2023.

“The Future of Visualization Technology,” Visualization in Practice, IEEE VIS, Melbourne,
Victoria, Australia, October 2023.

“Visualization of Energy Systems,” Monash University, Clayton, Victoria, Australia, October
2023.

“From Data to Discovery at NREL,” Computer Science and Engineering Seminar. New
Mexico Tech, Socorro, NM. September 2023.

“Advanced Visualization for Scientific Data Analysis,” Summer Workshop on Energy Educa-
tion for Teachers (SWEET). Colorado School of Mines, Golden, CO. June 2023.
“Sustainable Immersive Visualization: The Tale of Two Visualization Labs,” Workshop on
Immersive Visualization Laboratories, IEEE VR 2023, Shanghai, China (virtual). March
2023.

“Immersive Visualization for Scientific Data Analysis,” VR Data Visualization Software for
Research Seminar, Brown University, Providence, RI (virtual). January 2023.

s

i

“Advanced Visualization Infrastructure for Scientific Data Analysis and Knowledge Discovery,
International Computing in the Atmospheric Sciences (iICAS2022). Stresa, Italy. September
2022.

“Embodied Cognition and Perception: Immersion for Scientific Data Analysis,” The CAAV
Speaker Series, Virtual, August 2022.

“Visualization-Supported Energy Analysis for Resilient Cities,” Workshop on Urban Visuali-
sation: Energy Resilient Cities, Melbourne, Australia (virtual due to COVID). June 2020.
“NREL Visualization Overview,” Electronic Visualization Lab, University of Illinois, Chicago,
IL. June 2019.

“NREL Visualization Overview,” SCI Institute, University of Utah, Salt Lake City, UT. May
2019.

“NREL Visualization Overview,” Emerging Analytics Center, University of Arkansas, Little
Rock, AR. April 2019.

“Computational Science,” JeffCon 2019, Golden, CO, January 2019.

“Immersive Analytics: Knowledge Discovery from the Inside,” LANL Information Science
and Technology Institute (ISTI) Seminar, Los Alamos National Laboratory, NM, July 2016.
“Visualization and Analysis of Large-Scale Wind Turbine Array Simulations,” Boulder Fluids
Dynamics Seminar, Boulder, CO, February 2015.

“Enabling Renewable Energy Research through Scientific Visualization,” Data Visualization
Summit, Boston, MA, September 2013.

“Computational Modeling and Visualization of Turbine-Wake Effects,” Frontiers in Computa-
tional Physics, Boulder, CO, December 2012.



Contributed (selected)

K. Gruchalla

“Visualization-Driven Multivariate Feature Analysis using Feature-Local Distributions,” Col-
orado School of Mines, Joint Colloquia of AMS and EECS, Golden, CO, December 2011.

“Enabling Renewable Energy Research through Scientific Visualization,” University of Col-
orado, Department of Computer Science Colloquium, Boulder, CO, March 2011.

“Statistically Guided Multivariate Visualization and Analysis of Turbulence Structures,” Na-
tional Renewable Energy Laboratory (NREL), Golden, CO, April 2009.

“Interactive visualization and analysis of turbulence structures and their statistics,” Laboratory
of Computational Dynamics Turb-Helio Seminar. Boulder, Colorado, February 20009.

“Extending VAPOR ‘s hardware-accelerated volume rendering capabilities,” Computational
and Information Systems Laboratory (CISL) Seminar, National Center for Atmospheric
Research (NCAR). Boulder, Colorado, August 2007.

“Multivariate volume visualization,” Laboratory of Computational Dynamics Turb-Helio
Seminar. Boulder, Colorado, November 2005.

99

“Situated Visualization of Photovoltaic Module Performance for Workforce Development,
EnergyVis 2024, IEEE VIS 2024, October 2023.

“Vis-SAGA: Visual Analytics for Situational Awareness of Grid Anomalies,” IEEE Sympo-
sium on Visualization for Cyber Security (VizSec2023), IEEE VIS 2023, Melbourne, Victoria,
Australia, October 2023.

“Visualization of the Oscillatory Dynamics of an Island Power System.” EnergyVis 2023,
IEEE VIS 2023, Melbourne, Victoria, Australia, October 2023.

“Alternatives to Contour Visualizations for Power Systems Data,” EnergyVis 2023, IEEE VIS
2023, Melbourne, Victoria, Australia, October 2023.

“Reevaulating Heatmaps for Power Systems Visualization,” 2023 DOE Computer Graphics
Forum, Idaho National Laboratory, Idaho Falls, ID, April 2023.

“Immersive Digital Twins and Decision Making,” 2023 DICE Digital Engineering Conference,
Idaho National Laboratory, Idaho Falls, ID, April 2023.

“Finding the Killer Rabbit of Caerbannog,” 2022 DOE Computer Graphics Forum, Eugene,
OR (virtual), September 2022.

“Structure Perception in 3D Point Clouds,” ACM Symposium on Applied Perception, Paris,
France (virutal), September 2021.

“Knowledge Discovery through Immersive Analytics,” High Performance Computing Sympo-
sium 2021, Boulder, CO, May 2021.

“Visualization Paradigms in the Renewable Energy Space,” IEEE VIS 2019, Application
Spotlight, Vancouver BC, Canada, October 2019

“Visualizing Electric Power Systems as Flow Fields,” 2019 DOE Computer Graphics Forum,
Monterey, CA, March 2019

“Contextual Compression of Large-Scale Wind Turbine Array Simulations,” Workshop for
Data Reduction for Big Scientific Data, SC17, Denver, CO, November 2017

“Coupling Visualization, Simulation, and Deep Learning for Ensemble Steering of Complex
Energy Models,” DSIA: Data Systems for Interactive Analysis, Phoenix, AZ, October 2017

“Visualization of a Simulated LiDAR-Based Wind Turbine Wake Measurement Campaign,”
RMACC High Performance Computing Symposium 2017, Boulder, CO, August 2017

“Interpretation of Simultaneous Mechanical-Electrical-Thermal Failure in a Lithium-Ion
Battery Module,” SuperComputing 2016 (SC16), Salt Lake City, UT, November 2016

“Visualization of the Eastern Renewable Generation Integration Study.,” SuperComputing
2016 (SC16), Salt Lake City, UT, November 2016

“Virtual Reality Panel,” 2016 CSU Virtual Reality Symposium, Fort Collins, CO, October 2016

“Transmission Grid Visualization,” Grid Modernization Laboratory Consortium: Tools and
Data for Production Cost Modeling Workshop, Golden, CO, October 2016.

“ESIF Insight Center: Visualization Hardware Panel,” 2013 DOE Computer Graphics Forum,
Portland, OR, April 2013

“Quantifying and Meshing Features in Microscopy Data,” 2012 NREL High-Performance
Computing Workshop, Golden, CO, August, 2012

“Visual Analysis of Fluidized Bed Reactor Dynamics,” DOE Computer Graphics Forum,
Albuquerque, NM, April 2012.
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Honors and Awards

i

“Segmentation and visualization of multivariate features using feature-local distributions,
International Symposium on Visual Computing 2011, Las Vegas, NV, September, 2011

“The Dawn of Scientific Visualization at NREL,” 2010 DOE Computer Graphics Forum, Park
City, Utah, April 2010.

“Visualization-Driven Structural and Statistical Analysis of Turbulent Flows,” 2009 Intelligent
Data Analysis Conference, Lyon, France, September 2009.

“Immersive Examination of the Qualitative Structure of Biomolecules,” 2008 International
Workshop on Qualitative Reasoning about Physical Systems, Boulder, Colorado, June 2008.
“Porting legacy applications to immersive virtual environments — a case study,” The 2007
International Conference on Computer Graphics Theory and Applications, Barcelona, Spain,
March 2007.

“Hardware-accelerated visualization of non-uniformly gridded volume data,” 2007 DOE
Computer Graphics Forum, Peaceful Valley, Colorado, May 2007.

“Accounting network visualization,” 2005 Annual RiverWare User Group Meeting, Boulder,
Colorado, March 2005.

“Optimization and rules policy editor,” 2005 Annual RiverWare User Group Meeting, Boulder,
Colorado, March 2005.

“Workspace migration to Qt,” 2005 Annual RiverWare User Group Meeting, Boulder, Col-
orado, March 2005.

“Immersive well-path editing: Investigating the added value of immersion,” IEEE Virtual
Reality 2004 Conference, Chicago, Illinois, March 2004.

“The COE Kansas City flood control method,” 2004 Annual RiverWare User Group Meeting,
Boulder, Colorado, March 2004.

“The added value of immersive visualization,” 2004 Drilling Visualization Research Consor-
tium Meeting, Boulder, Colorado, January 2004.

“Corps of Engineers flood control methods,” 2003 Annual RiverWare User Group Meeting,
Boulder, Colorado, June 2003.

“Plotting simulation data,” 2001 Annual RiverWare User Group Meeting, Boulder, Colorado,
June 2001.

“Visualization and user interface development for breach, leach, and transport models,
Brookhaven National Laboratory SERS Seminar. Upton, NY, May 1994

99

Research .
Industry (selected) .
Academic .

K. Gruchalla

Distinguished Visitor, IEEE Computer Society, 2025 Class

ACM/Eurographics High Performance Graphics (HPG) 2024 Chair’s Award

NREL December 2024 Employee Team of the Month

(with J.D. Laurence-Chasen, G. Johnson, and E. Grant)

NREL Distinguished Member of Research Staff (2021-present)

APS DFD 2020 Gallery of Fluid Motion Award

NREL 2018 Innovation & Technology Transfer Outstanding New Partnership Award
NREL 2017 Innovation & Technology Transfer Outstanding Public Information Award
NREL May 2016 Employee Team of the Month

(with N. Brunhart-Lupo and M. Stock)

NREL FY 14 Staff Award — Outstanding Achievement

NREL 2013 President’s Award

DOE ACSR SciDAC 2011 People’s Choice Award

DOE ACSR SciDAC 2010 Outstanding Achievement in Scientific Visualization
Advanced Imaging Magazine 2005 Imaging Solutions of the Year

IEEE Visualization 2004 Visualization Contest Second Place

Raytheon Space and Science Systems CHIP Award

Raytheon Systems Company Outstanding Achievement Award

Hughes Space Systems Team Achievement Award

New Mexico Tech Regents’ Scholarship (4 years tutition)
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Students

Ph.D. Advising

Postdoc Advising

Ph.D. Committee

Samantha Molnar, University of Colorado, Aug 2015 - Dec 2021,
Inertia, Network Structure, and Power System Oscillations
Outcome: Hired as NREL Staff Scientist

Nicholas Brunhart-Lupo, NREL, Nov 2014 - Oct 2016

Outcome: Hired as NREL Staff Scientist

Roba Binyahib, NREL, Apr 2020 - July 2021

Outcome: Hired as Intel Graphics Engineer

Sandra Bae, University of Colorado, March 2025,

Advancing Interactive Physicalizations

Matthew Whitlock, University of Colorado, November 2021,
Immersive Augmented Reality for Data-Driven Workflows
Nicholas Brunhart-Lupo, Colorado School of Mines, Oct 2014,
Morse decompositions of three-dimensional piecewise constant vector fields

External Examiner Cian Kelly, University College of Dublin, June 2025
Interns Sandra Bae, CU-Boulder (APUP), 2024-2025
Isaiah Lyons-Galante, CU-Boulder (APUP), 2022-2024
Sunand Raghupathi, Cornell (SULI), 2019
Matthew Whitlock, CU-Boulder (RPP), 2019
Samantha Molnar, CU-Boulder (APUP), 2016-2020
Sean Yang, University of Washington (RPP), 2017
Shane Witter Hicks, Principia College (SULI), 2016
Nicholas Brunhart-Lupo, Colorado School of Mines (APUP), 2012-2014
Expertise
Languages C++, R, Python, Lisp, Fortran, IDL, JavaScript, OpenGL Shading Language, CUDA
Libraries OpenGL, Qt, VTK, ITK, Openlnventor, NetCDF, MPI, d3, X-Windows
Software VAPOR, ParaView, Avizo, IMP, ETgX, Unity, Godot
Areas Scientific visualization, immersive visualization, human-computer interaction, high-

performance scientific computing, object-oriented development, numerical algorithm de-
velopment, GUI, real-time programming, interactive computer graphics, and simulation

Professional Affiliations

Senior Member IEEE, IEEE Computer Society
Member IEEE Visualization and Graphics Technical Committee
Professional Member Association for Computing Machinery (ACM)
Professional Member ACM SIGGRAPH, ACM SIGCHI
Member SIAM
Member Sigma Xi
Professional Member American Institute of Aeronautics and Astronautics (AIAA)
Service
Board Member Computer Science & Engineering Advisory Board, New Mexico Tech, 2023-present

Steering Committee
Chair

Local Chair

Chair

Co-Chair

Chair

Co-chair

Program Chair

Site Chair

Program Committee
Program Committee
Program Committee

Mentor

K. Gruchalla

DOECGEF 2016 - present

EnergyVis 2024, St. Pete Beach, FL.

High Performance Graphics 2024 (HPG24), Denver, CO

EnergyVis 2023, Melbourne, Australia

Data Challenges in Sustainable Urban Energy, October 2023, Monash University, Australia
Visualization Paradigms in Renewable Energy, IEEE VIS 2019, Vancouver, Canada
EnergyVis 2021, Torino, Italy

DOECGF 2018, Savannah, GA

DOECGF 2017, Golden, CO

SimAUD 2017 - 2021

CityVis 2020

Intelligent Data Analysis 2011-2016

IEEE VR Doctoral Consortium, 2021
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Coach Maple Grove Math Olympiads Team, 2018-2019, Golden, CO

Judge CSU Virtual Reality Hackathon, 2016, Fort Collins, CO

Instructor Maple Grove Minecraft Club, 2016-2017, Golden, CO

Judge Korea Institute of Science and Technology Information Visualization Competition, 2014
Research Diver Pacific Whale Foundation, Summer 1998, Wailuku HI

Reviewing IEEE TVCG, IEEE Visualization, LDAV, SIGCHI, IEEE VR, IEEE Access, PRESENCE,

EuroVis, PacificVis, IDA, SimAUD, Journal of Information Science and Engineering
R Journal, DOE ASCR
DOE Workshops Autonomous Research for Real-World Science (ARROWS), 2025
NITRD/DOE/NSF DECIDE Workshop: Computational Decision Support for High-Con-
sequence, Complex Problems, 2025
ASCR Workshop on Visualization for Scientific Discovery, Decision-Making, and Communi-
cation, 2022
Computational Challenges in Energy Systems Integration and Grid Modernization, 2015
DOE Exascale Workshop on Data Analysis, Management, and Visualization, 2011
NREL Workshop on Scientific Data Management and Informatics, 2009
Graduate Graduate Representative, 2005-2006 Faculty Search Committee
Undergraduate Member, Solar Car Team, 1993-1994
Senator, Student Senate, 1991-1992
Member, Student Judiciary Board, 1990-1991

Open-Source Development

FLC Solar Lab, https://github.com/FLC-Solar-Lab
Role: Principal Investigator, Design, Development
Hardware and software infrastructure for integrating digital twin simulations with physical
objects in a laboratory setting.
NOODLES, https://github.com/InsightCenterNoodles
Role: Design
NOODLES is a protocol specification for scenegraph synchronization, based off GLTF, using
CDDL for the specification and CBOR as the message format.
3D Power Flow Visualization, https://github.nrel.gov/nbrunhar/Intellicamp3
Role: Design / Developer
An immersive software suite to visualize power flow simulations.
CatCost (Catalyst Cost Estimation Tool), catcost.chemcatbio.org
Role: Design
Cost estimation tool designed to reduce the cost uncertainty associated with pre-commercial
catalyst materials development.
Surface Phase Explorer, spe.nrel.gov
Role: WebGL Development
Understanding the coadsorption of two species on a surface requires the exploration of phase
diagrams. To facilitate exploration this web tool creates interactive and downloadable phase
diagrams from ab initio data.
kaleidescope, github.com/NREL/kaleidoscope
Role: Sole Author
An R package developed to visualize PLEXOS scenarios.
VAPOR, www.vapor.ucar.edu
Role: Developer
Contributions: Volume rendering engines, transfer function interface, model parsing and rendering
An interactive 3D visualization and quantitative analysis software suite tailored towards
terascale computational fluid dynamics data.
MarsFlight, education.grc.nasa.gov/MarsFlight
Role: Principal Engineer
Contributions: Terrain rendering, subsystems interface, map interface, and front-end configuration & deploy-
ment interface
An interactive flight simulator of a Mars airplane concept vehicle, which includes a complete
model of the Martian terrain based on MOLA data and rover imagery. The flight simulator is
based on the open source FlightGear (www.flightgear.org) project.
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iPyMOL, contact dubin@colorado.edu
Role: Principal Engineer
Contributions: Immersive port
An immersive port of the PyMOL (pymol.sourceforge.net) molecular visualization system,
adding interactive visualization support for head-tracked, stereoscopic immersive virtual

environments.
Other
Certifications Wilderness EMT / EMT-B
Open Water SCUBA Diver
Hobbies Traditional rock climbing, mogul skiing, additive manufacturing, wood working
Development Portfolio (available upon request)
Security Clearances (available upon request)
References (available upon request)
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Dear Olivia, Ryan, and Shravya,

Thank you for your feedback! The consistency of observations made it clear that my proposal
would benefit from improving my visualization specificity and survey explanation. I also noticed
a few comments about the novelty and feasibility of my project. I’ve grouped these comments
into four categories and have provided my plan to reconcile your suggestions (in the blue boxes).

1) Tech Specs
“Think about more details on the actual visualization component.”

“Needs more details beyond concept, such as a possible example layout or mock-up prototype.
Who are you aiming to prioritize for the audience (experts or broad)?”

)

“Visualization design lacks concrete examples or prototypes.’

“Could maybe more explicitly define how the “interactive” component will be implemented
(web-based? Python notebook? JavaScript app?)”

“The ideas are strong conceptually but would benefit from tighter focus and clearer
implementation details”

“The idea of using toggles and overlays to visualize hyperparameter effects is promising, but the
plan leans more conceptual than technical. Details on how interactivity will be achieved (e.g.,
libraries, Ul structure, user interaction flow) would strengthen this section.”

To make my visualization plan more concrete, I propose using the following tools to generate
an interactive UMAP model:

- I'will design a static webpage using Typescript, which will host all of the information
and interactions available to the user

- I'will generate each UMAP permutation using the Python-learn library*

- I will generate interactive parameter toggles, UMAP feature tooltips, and metric keys
using React components

*Since it takes awhile (several minutes) to render large UMAP models, it would be
challenging to re-render each permutation in real time. I plan on rendering each permutation as
a static image, which can then be presented to the user depending on which parameter settings
they select.




Here is the mock-up I generated for my presentation:
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2) Survey Explanation
“Success will depend on survey recruitment and execution.”

“Evaluation plan could include more detail on survey design, like the participant numbers and
overall analysis.”

“This needs to be user-tested, but: slight risk of oversimplification when communicating
complex UMAP behaviors to non-experts”

“Evaluation strategy (survey) is vague and the criteria for success and participant demographics
are not clearly stated.”

To clarify my survey, I’ve created a more structured plan:

Survey 1 (Non-Domain-Specific): This survey will be provided to 20-30 students who are not
domain-specific experts (they do not have a strong background in population genetics). Half of
the participants will be presented with a static UMAP plot. The other half will be presented
with an interactive UMAP plot generated from the same underlying high-dimensional data.
Both groups will have 2 minutes to explore the features of the plots before they may begin
answering questions (though they will have access to the plots throughout the entire duration).




Quiz: There will be 10-15 multiple choice questions that will test the students’ understanding
of key UMAP concepts as well as specific inferences related to the data on their plots. The
questions will have objectively correct answers. Here is an example:

What is the distance between the CEU cluster and the MXL cluster?
A) 10 U (UMAP units)
B) 10 BP (basepairs)
C) Distance is proportional to the distance between sampling locations
D) Distance can only be expressed relative to other distances on the plot
E) I am not sure

Qualitative analysis: Following the quiz, the students will be presented opportunities to
express opinions about their experience. Here is an example:

Were the clusters more, less, or equally related as you would have expected? Please explain.

Survey 2 (Domain-Specific): This survey will be presented to 5 experts in the domain of
population genetics (or similar fields). These questions will be more centered around the utility
of the toggle functionality and less focused on inference accuracy. Here is an example:

How do you typically decide which parameter values to use in your dimensionality reduction
plots? How would this toggle functionality impact this exploration process if you were to
integrate this into your research plan?

3) Novelty

“It primarily repackages known ideas in an interactive form rather than introducing
fundamentally new techniques.”

“It lacks depth on how the experiments will be structured or how the results will be validated
quantitatively.”

“Similar ideas exist in explainable Al and dimensionality reduction research. The novelty lies
more in its application context (population genetics) and user-centered design than in algorithmic
innovation.”

I would like to defend the novelty of my project by breaking it down into 2 sections:

Biological novelty: I would like to extend current parameter optimization strategies by
studying the impact of parameter adjustments on local and global distance preservation. These
metrics will provide a comprehensive, qualitative, and novel understanding of how well a
low-dimensional embedding preserves relationships from the high dimensional data. By




emphasizing these distance preservations, diversity will be prioritized over group separation in
the final plot (as opposed to focusing on formulating distinct clusters). I will emphasize the
difference between diversity preservation and categorical accuracy in my final proposal to
ensure the novelty of my plan is clear to the reader.

Visualization novelty: Perhaps I could rephrase my goal as “educational clustering,” rather
than “explainable clustering” (as not to be conflated with explainable AI). Methods for
dimensionality reduction strategies are well-understood by researchers. Conveying this
intuition quickly to a less experienced audience is where the novelty of my project exists.
There is also novelty in how this project can serve experts. In my literature review, I found that
“many studies mention future or ongoing efforts to improve parameter selection” [Bae et. al.].
There is a clear need for novel parameter visualization strategies — especially as a toolkit for
biologists. I will emphasize this need in my final proposal and during my project.

4) Feasibility

“Completing both the computational experiments and user study in six weeks seems optimistic.”

To improve the feasibility of my timeline, I will consider developing the survey in tandem with
the visualization tool. By designing these two products at the same time, I can ensure that they
are tailored to one another while also working more efficiently. This way, as soon as I am
complete with the visualization tool, I can release the survey (rather than dedicating an entire
week to survey design).
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Abstract

We present a novel, interactive method of visualizing UMAP plots that emphasizes the volatility of
the plots with respect to their hyperparameters. This method overcomes a limitation of the traditional
UMAP model, which does not capture this volatility, nor does it properly attempt to explain general
UMAP features — particularly for lay users. We report findings from a survey which shows that an
interactive model improves expert performance in determining optimal hyperparameter settings and non-
expert performance in drawing accurate inferences.



1 Aims

1) Determine how key UMAP parameters preserve local and global distances. Our central goal is to
explore and expose the underlying mechanisms that give rise to clusters on UMAP plots. These mechanisms
are often briefly represented in UMAP captions or in the methods section of scientific papers. A comprehen-
sive literature survey has shown that these explanations are not sufficient in conveying the abstract features
of UMAP models or how these features can be used to draw inferences. [3] Our goal is to make these mech-
anisms more intuitive and interpretable by proposing a method for visually highlighting how key parameters
influence how clusters form. The parameters we will investigate include the number of neighbors used to
draw inferences, the minimum distance between clusters, the dimensionality of the embedding (2D versus
3D), and the distance metric used to generate the plot. The dependent variables of this experiment include a
local distance metric (to measure how well the low-dimensional embedding maintains the distances present
between individual samples in the high-dimensional data) and a global distance measurement (to measure
how well the low-dimensional embedding maintains the distances present between distinct clusters in the
high-dimensional data), as explained in Figure 1.
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Figure 1: A mock-up for the proposed interactive UMAP mode. A “standard” UMAP model will be pre-
sented to the user with adjacent toggles to view the model with alternative parameter settings. There will
be a key of local distance metrics (trustworthiness and continuity) and a global distance metric ( cluster
distances) corresponding to the current parameter setting. The tooltip in this image displays the intuition
behind the coloring for the selected group of clusters.

2) Render an interactive UMAP model that visualizes hyperparameters, as shown in Figure 2. The
model will include 16 example UMAP plots (only one plot will be viewable at a time) that iterate across 2
permutations of the following variables: n_neighbors (number of neighbors), min_dist (minimum distance
between clusters), n_dim (number of dimensions), and dist_metric (distance metric). Each hyperparameter
will have a toggle between two distinct values that will allow the user to understand how the parameter im-
pacts the results, as well as an informational overlays providing an intuitive explanation of the plot features
such as color gradients, axes, parameters, and distance preservation metrics.
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Figure 2: A mock-up for the proposed interactive UMAP mode. A “standard” UMAP model will be pre-
sented to the user with adjacent toggles to view the model with alternative parameter settings. There will
be a key of local distance metrics (trustworthiness and continuity) and a global distance metric ( cluster
distances) corresponding to the current parameter setting. The tooltip in this image displays the intuition
behind the coloring for the selected group of clusters.

3) Compare results between novel UMAP renderings and traditional UMAP renderings with a
survey of experts and non-experts. This non-expert survey will be provided to 20-30 students who are
not domain-specific experts (they do not have a strong background in population genetics). Half of the
participants will be presented with a static UMAP plot. The other half will be presented with a novel
interactive UMAP plot generated from the same underlying high-dimensional data. Both groups will have
2 minutes to explore the features of the plots before they may begin answering questions (both groups will
have the same questions), as shown in Figure 3. The expert survey will be presented to 3-5 researchers in
the domain of population genetics (or similar fields). These questions will be more centered around the
utility of the toggle functionality and less focused on inference accuracy, with questions like: How do you
typically decide which parameter values to use in your dimensionality reduction? How would this toggle
functionality impact this exploration process if you were to integrate this into your research plan?

The distance between the CEU
cluster and the MXL cluster?

A 10 U (UMAP units) Were the clusters more, less, or
equally related as you would have
expected? Please explain.

B 10 BP (basepairs)

o

Distance is proportional to the
distance between sampling locations

o

Distance can only be expressed
relative to other distances on the plot

m

I'm not sure

Figure 3: The left image shows an example of how a student’s comprehension of the UMAP rendering will
be measured through objective quiz-like questions. The right image shows an example of how the survey
will include a qualitative analysis.



2 Significance

Biological significance. The hyperparameters that we will investigate (n_neighbors, min_dist, n_dim,
and dist_metric) are common “knobs” in UMAP plot design that scientists tune to best fit the data they are
trying to present. Previous studies have explored the effects of these parameters, but these studies only
emphasize the overall clustering accuracy (i.e. if samples are grouped into the correct clusters) rather than
how the parameters affect the preservation of local and global distances. [2] By extending the analysis of
hyperparameters beyond the clustering accuracy, we can better understand how to select hyperparameter
values that maintain the most accurate preservation of local and global distances. It will also be interesting
to optimize these parameters on the distance metrics, then visualize the associated plot to determine how
these mathematical optimizations correlate with visual representations.

Visualization significance. The biological inferences drawn from the above experiments, combined with
survey results, will inform a method of determining how to visually display the influence of hyperparameter
modifications on UMAP clustering results. The visualization significance can be divided into 2 categories:
explorative (for experts) and educational (for non-experts). The explorative significance is that our proposed
project will provide an opportunity for experts in the field to easily toggle between hyperparameter values
to determine which set of values produce the most optimal plot for their research purposes. The educa-
tional significance is that, in addition to the hyperparameter exploration, our project will present informative
overlays which will help develop and reinforce non-experts’ understanding of UMAP features. If integrated
into scientific literature, this interactive visualization may increase the clarity of plots and the rate at which
readers (expert and non-expert) can draw meaningful and accurate inferences.

Sociopolitical significance. The central reason why the non-expert use-case is included in this proposal is
to decrease the likelihood of misinterpretation or manipulation of analyses pertaining to population genetics.
There have been historical instances where dimensionality-reduction plots have been annotated with mis-
leading labels to corroborate white-supremacist and eugenic agendas. By making more nuanced, interactive
UMAP visualizations, drawing these malicious conclusions will be more challenging. The plots that have
led to these misrepresentations are static and contain rigid boundaries. By providing an interactive display
that accurately conveys the volatility and triviality of cluster distances, it will be much more challenging to
extract these extremist and reductionistic conclusions, as shown in Figure 4.
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Figure 4: Example of a UMAP plot with rigid boundaries and definitive labels. This is a static image that
does not present information in an appropriately nuanced manner. There is little intuition about how the
clusters are grouped together, nor any gradient representing genetic overlap between clusters.



3 Related Work

The emphasis on visualizing the effects of UM AP hyperparameters and providing educational tooltips is mo-
tivated by a survey conducted by Bae et. al. After surveying over 100 papers related to human-visualization
interaction in the context of clustering plots, they determined that explainability and confidence were among
the most influential qualities associated with the user’s overall understanding and attitude towards the fig-
ures. [3] Since this is a survey paper, it is limited in that the authors did not include any practical applications
of their results. Our proposed project aims to verify the results of this survey by focusing on an explainable
visualization that also conveys the volatility of results — ultimately providing the end-user with a better
overall understanding of the data as well as an accurate metric (local and global distance preservation) that
can inform the confidence in which they can draw inferences.

Other methods of visualization were considered because there is sparse literature on interactive UMAP
visualizations — specifically in the context of population genetics. Palma-Martinez et. al. propose an en-
tirely different method of visualization in which genetic differences are displayed as SNP (single-nucleotide
polymorphism) plots grouped by sampling region. [4] This method was considered because it emphasizes
cross-group similarity (different regions may have similar SNP ratios) and in-group variation (a geographic
population may have a diverse range of SNPs), which would be helpful in preserving sample distances be-
tween high dimensional data and low dimensional visualizations. While these features are useful, reducing
the metric of genetic differentiation to SNP ratios makes it difficult to draw more complex conclusions.
Additionally, the overlay of discrete pie-charts above geographic regions makes it difficult to visualize how
different populations are related to each other; on these maps, distance is purely geographically-rooted and
there is no gradient between populations.

One important consideration in this project is who the end-user will be. The most practical end-user is
domain-specific scientists who will use UMAP visualizations to draw conclusions about population dynam-
ics. Das et. al. explore this use-case in a study that prepares an intuitive toolkit for biologists to interactively
study clustering data [5]. The benefit of this approach is that by building dynamic tools, the computer sci-
entists can offload the biological exploration onto the biologists. We will incorporate some of this approach
in our work by developing interactive hyperparameter modification. As mentioned, the focus for the experts
is to provide a tool for them to determine which hyperparameters best fit their research interests. We will
extend this work by considering the possibility of lay-users as well. This use case requires attention to edu-
cational features (like information overlays) and careful labeling strategies to avoid misuse.

One final study that provides motivation for this project is from Lawson et. al., who developed a tuto-
rial on how to avoid over-interpretting Structure and AdMixture plots. [6] This study is instructional in
teaching scientists how to critically examine dimensionality reduction plots. Their central concern is that
highly similar low-dimensional plots can be rendered from highly deviant high-dimensional data. Rather
than offloading this interpretive burden onto scientists, our proposal seeks to make these misconceptions eas-
ily understandable by the user by visualizing the volatility of UMAP plots with regard to the modification
of hyperparameters.



4 Research Plan

Weeks 1-2

We will generate a summary of results from an experiment that permutes over an array of hyperparameter
values. The summary will include how these hyperparameters influence local cluster distances (trustwor-
thiness and continuity), and global cluster distances (centroid euclidean distances). To run this experiment,
we will use the Python-learn library to generate UMAP plots and the biopython library to evaluate distance
metrics.

Week 3

Using Typescript and React, we will produce a basic UMAP display that dynamically updates depending
on which parameter settings the user has selected. Since UMAP renderings take a while to load, all of the
preprocessing will be complete before the interactive visualizations gets rendered; the toggles simply switch
between a series of static images. We will also curate a set of questions for experts to receive preliminary
feedback.

Week 4

We will collect survey results from experts and modify visualizations to best capture the expert recom-
mendations. We will also create a non-expert survey with quiz-like questions and qualitative analyses, and
send out this survey to a group of 20-30 students.

Week 5

We will synthesize the results from the non-expert survey and modify the visualizations to account for
any feedback. We will then review any visualization updates with the expert population from the Week 3
survey to ensure project updates are compatible with both the expert and non-expert users.

Week 6

We will summarize the results in a final paper.
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6 ONLINE CONTENT

Dimension reduction workshop - An interactive introduction to dimension reduction of
genetic and single-cell data for the McGill Initiative in Computation Medicine.

Introduction to statistics in R - An introductory workshop for students in biology to learn the
theory and application of statistics in R. Covers hypothesis testing, ANOVA, and regression.

Introduction to linear regression workshop - An introductory workshop on theory and
applications of linear regression with accompanying code.

Dimension reduction of genotypes - Repository of code used to study dimension reduction
on genotype data and to accompany my PLOS Genetics publicaiton.

An interactive demonstration of dimension reduction on genotype data - A jupyter
notebook comparing PCA, t-SNE, and UMAP on 1000 Genomes Project data.

Modelling population growth using ordinary differential equations - An introduction to
using ODEs to solve models of population dynamics.

Death by Car - A project designed to collect and analyze news stories of traffic violence against
cyclists and pedestrians in Canada.
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Link to the manuscript reviewed pdf:
https://drive.google.com/file/d/1C7T_PdHYMHvSSMVW_Ix5IrCJwcwP6hoh/view?usp=drive_link

Response Letter

Dear Editor and Reviewers,

We thank you for the thoughtful and encouraging feedback on our proposal, “Visualizing Wind-Driven Vorticity
in Wildfire Simulations.” We appreciate that both reviewers recognized the project’s clarity, interdisciplinary
relevance, and feasibility. Below, we respond to each comment and describe how the proposal has been
strengthened accordingly.

[R1]: Ryan Huang
[https://drive.google.com/file/d/1yTOgzbLIU_3EEV]9TKOEM2jkedrseldX/view?usp=drive_link]

[R1.1] Could provide more detail on visual design choices.

Response:

We have expanded the Research Plan section to provide a more detailed rationale for the visualization design
choices. Specifically, we describe how streamline seeding strategies, contour thresholds, and glyph density will
be varied to highlight different vorticity structures and temporal dynamics. These additions clarify the intended
design space exploration and align with Lam et al.’s Evaluating User Performance (UP) scenario, in which
visual encodings are iteratively refined for clarity and interpretability rather than stylistic variation.

[R1.2] How “interpretability” will be assessed remains vague.

Response:

We have clarified that interpretability will be evaluated through expert assessment rather than case studies or
general-user testing. Our collaborator, an expert in wildfire modeling at LANL, will review the visualization
outputs in consultation with other domain specialists. Expert assessment will examine whether vortex
visualizations successfully reveal airflow features relevant to known fire-spread mechanisms and whether the
visualization aids domain understanding.

[R2]: Shravya Munugala
[https://drive.google.com/file/d/1GPl-eFMb3BIgAvtaSYO04c5zKjegsLzx/view?usp=drive_link]

[R2.1] Limited discussion of evaluation methodology; “informal feedback” is vague.

Response:

We have replaced the “informal feedback” plan with a structured expert evaluation conducted by our
collaborator and her network of wildfire researchers. This assessment will use targeted prompts to evaluate:

1. Interpretive accuracy (does the visualization correctly convey vorticity structures?), and
2. Analytic usefulness (does it reveal new or confirm known relationships between airflow and fire spread?).

[R2.2] Methods (streamlines, contours, glyphs) are standard—novelty lies mainly in application, not technique.
Response:

We have clarified in the Significance and Related Work sections that the innovation of this project is conceptual
and domain-oriented, focusing on surfacing underexplored vorticity structures rather than proposing a new
rendering algorithm.

[R2.3] Scope limited to exploratory visualizations rather than methodological innovation.
Response:



We have explicitly acknowledged in the Aims section that this project’s contribution lies in developing an
exploratory framework rather than algorithmic innovation. TOur work contributes both to fire science, by
exposing wind-driven vorticity patterns, and to visualization methodology, by showing how insight-based
evaluation can be applied to ensemble simulation data.

[R2.4] Could benefit from having a better evaluation plan.

Response:

We have strengthened the evaluation plan to include two complementary phases:

- Direct qualitative assessment of interpretive clarity and scientific validity.

- Comparative review of vorticity-focused versus conventional fire-intensity visualizations.

This approach ensures that evaluation is contextually rigorous (via domain expertise) and feasible within the
project timeline, aligning with Lam et al.’s guidance that expert review is an appropriate form of summative
evaluation for specialized visualization tools.

[R3]: Sir Dylan Allotey
[https://drive.google.com/file/d/1Qx2Vy4AjY|jvrf-7mVwinPLLZHYoaepgb/view?usp=sharing]

[R3.1] Could strengthen the quantitative validation beyond visual inspection.

Response:

We have addressed this by expanding the Evaluation to include quantitative comparison metrics in addition to
expert assessment. Specifically, we will compute feature agreement between visually identified vortices and
analytic vorticity magnitude fields, and measure spatiotemporal coverage of vortex structures across ensemble
simulations. These metrics provide numerical evidence of interpretive accuracy and coverage, ensuring that the
evaluation goes beyond qualitative visual inspection.

[R3.2] Insights could be better tied to quantitative improvements in interpretation or prediction.

Response:

We have clarified in the Significance section that quantitative insight will be assessed through measurable
agreement between visualized features and model-computed fields, as well as through expert ratings of
interpretive clarity on a scale. While predictive modeling lies beyond the project scope, this evaluation directly
quantifies the visualization’s contribution to model interpretability and validation.

[R3.3] Future work could explore real-time interactivity.

Response:

We agree that interactive exploration would meaningfully extend the framework. While not feasible within the
six-week project scope, we have noted this as a direction for future development in the Research Plan.
Specifically, we envision that real-time streamline manipulation could support dynamic analysis of evolving
fire—wind interactions.

*only 3 reviews were done on my proposal as of 10/13*

Summary of Revisions

-Expanded explanation of visual encoding choices and design rationale

-Reframed “informal feedback” as expert assessment and interpretive validation.

-Clarified the conceptual novelty of applying standard methods to an underexplored domain

-Strengthened evaluation plan with two-phase structure (qualitative insights + iterative refinement).

We thank all reviewers again for their constructive feedback. These revisions improve the methodological
grounding of our proposal and situate it clearly within established frameworks for visualization evaluation.


https://drive.google.com/file/d/1Qx2Vy4AjYjvrf-7mVwinPLLZHYoaepgb/view?usp=sharing

Sincerely,
Olivia Heng
Brown University
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Abstract

We propose a novel visualization framework WindVis for exploring wind-driven vorticity in wildfire
simulations. While existing wildfire visualization emphasizes terrain, vegetation, and fire intensity, air-
flow structures remain underexplored despite their critical role in lateral fire spread. Using ParaView and
Python/VTK, we will design methods to reveal vortex structures and streamline dynamics across ensem-
ble simulations, producing visualizations that connect airflow features to fire behavior. By addressing
this gap, this framework contributes to wildfire science and to visualization research on exploratory
multifield analysis.



1 Aims

Our project aims to create exploratory visualizations that expose wind-driven vortices in wildfire simu-
lations. Vorticity structures are implicated in rapid, lateral fire spread and “blow-up” events, yet current
visualization pipelines rarely foreground these features. We will investigate how targeted visual encodings
of wind-driven vorticity can improve interpretability in wildfire simulations. Specifically, we will:

1. Design and implement vortex-centered visual encodings using ParaView and Python/VTK, including
streamlines, contours, and glyphs optimized for highlighting airflow structures.

2. Compare these vortex-focused visualizations to baseline fire-intensity renderings across ensemble
simulation data.

3. Evaluate interpretive value through expert assessment, measuring clarity, feature detectability, and
analytic usefulness in collaboration with wildfire scientists.

4. Analyze results to identify how visual encoding choices affect expert reasoning about wind-fire inter-
actions.

1.1 Evaluation and Validation Plan

We will evaluate WindVis using both qualitative expert feedback and quantitative visual metrics:

* Expert Assessment: Wildfire modelers and wildfire scientists will compare baseline and vortex-
focused visualizations, rating interpretability, clarity, and analytic usefulness on a scale.

* Feature Agreement: We will compare identified vortex regions with computed vorticity magnitude
fields to measure alignment between visual and analytic representations.

* Coverage Metrics: We will quantify the spatial and temporal coverage of vortex structures captured
in each visualization to assess how well different strategies expose relevant airflow patterns.

These evaluations will generate quantitative and qualitative evidence of interpretive improvement, link-
ing visualization design decisions to domain insight.

2 Significance

Wildfires are increasingly destructive events that affect human communities, ecosystems, and climate dy-
namics. Accurate models and visualizations of wildfire spread are essential for understanding behavior and
informing fire management strategies, such as prescribed burns and suppression tactics. While prior work
has visualized fire intensity, terrain coupling, and vegetation effects, wind-driven vortices are rarely targeted
as primary visualization objects.

This project introduces a visualization framework that makes vortex structures visible in ensemble sim-
ulations, thereby addressing a critical interpretive gap. Fire science has documented that vortices can trigger
sudden lateral fire expansions and complicate suppression efforts. By making these features accessible to vi-
sual exploration, we connect small-scale airflow dynamics to broader fire spread outcomes. Beyond domain
applications, this work contributes to visualization studies by demonstrating how choices in representation
can either obscure or reveal consequential structures in multifield data.



Beyond its domain application, this project contributes to visualization research by investigating how
specialized visual encodings influence interpretive reasoning in complex, multifield datasets. WindVis
serves as a case study in applying expert-centered evaluation (Lam et al., 2012) to environmental simu-
lations, emphasizing interpretability, trust, and analytic value over purely aesthetic or algorithmic improve-
ments. Quantitative measures of vortex coverage and expert agreement will help formalize the link between
visualization design and domain insight, which is an underexplored dimension in wildfire visualization re-
search.

3 Related Work

Visualization of wildfire simulations has a strong foundation in scalar field analysis.

The 2022 IEEE Scientific Visualization Contest winners [1] produced ensemble wildfire visualizations
that clarified terrain-fire interactions but did not highlight wind fields or vorticity. Our project builds directly
on this work by narrowing attention to vortex structures.

In fire behavior modeling, FIRETEC [4, 3] remains a cornerstone of physics-based wildfire simula-
tion. Subsequent studies [5, 2] use such models to investigate coupled fire-atmosphere dynamics, but the
visualizations presented are often static and do not isolate vortices.

Wildfire science research [7, 6] has emphasized pyrogenic vorticity and fire whirls as destructive haz-
ards, motivating our focus on vortex visualization. These studies underscore the real-world significance of
vortices, but they rely primarily on analytic and mathematical descriptions rather than visual representation.

Finally, broader visualization work [8] demonstrates the role of high-resolution modeling in capturing
turbulence in fire simulations, yet stops short of proposing interactive frameworks. Our project responds by
creating exploratory visualization pipelines that make wind-driven structures explicit.

Previous IEEE SciVis and VisContest challenges (2019-2023) have featured airflow and turbulence
visualization tasks that partially overlap with this project’s focus. While those studies demonstrated the
aesthetic and computational challenges of representing vortical structures, they did not evaluate interpretive
usefulness or domain relevance. WindVis extends this tradition by explicitly connecting airflow visualization
to wildfire-specific scientific questions.

4 Research Plan

We propose a six-week timeline modeled on comparable visualization projects:

* Weeks 1-2: Load wildfire ensemble datasets into ParaView and Python. Extract vector fields for
wind and scalar fields for fire intensity. Produce baseline scalar visualizations.
Milestone: working dataset pipeline and fire intensity visualization.

* Weeks 3—4: Implement vorticity visualizations using streamline tracers, glyphs, and contours. Test
seeding strategies and thresholds to emphasize vortex structures.
Milestone: preliminary vortex visualizations for selected timesteps.

* Weeks 5-6: Develop comparative animations (wind-focused vs. intensity-focused). Gather informal
feedback from collaborator Divya Banesh (LANL) and peers. Refine for interpretability and prepare
deliverables.

Milestone: completed visualization narrative and presentation.
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EDUCATION

Brown University, Providence, Rhode Island | Computer Engineering, Sc.B. & Computer Science, Sc.M. September 2022 — Expected Graduation May 2026

. Relevant Coursework: Data Structures and Algorithms, Deep Learning, Computer Vision, Computer Systems, Digital Electronics Systems Design, Design of
Computing Systems, Digital Integrated Circuits, Pattern Recognition and Machine Learning, Linear Algebra, Multivariable Calculus, Differential Equations

. Current Coursework: Embedded Microprocessor Design (Capstone), Interdisciplinary Scientific Visualization, Electricity and Magnetism

ENGINEERING EXPERIENCE

School of Engineering, Brown University

. Teaching Assistant ENGN0030: Introduction to Engineering September 2024 — Present
o  Host office hours and teach EMG Claw project for 40+ students in Wearables module focusing on Arduino sensors in addition to course grading

e Lead Teaching Assistant ENGN0032: Introduction to Engineering: Design February 2023 — January 2024

o Lead Studio TA: Instruct 25+ students in a weekly studio focusing on engineering concepts, such as vectors, coupling, moments, and MATLAB
o The Chair Prototype Project Lead: Coordinate weekly development meetings, ensure clear communication with Design Workshop and 50+ staff
o Communications Lead: Redesigned lecture structure and content based on previous iterations of the course, coordinate TopHat and EdStem tools,
analyze feedback data to propose changes to course, develop the course website and update content on a weekly basis for the 340+ student course
. Teaching Assistant ENGN0040: Dynamics and Vibrations January 2024 — May 2024
o Host weekly office hours aiding students with problems sets and design projects focused on course topics, such as kinematics of rigid bodies/systems

COMPUTER SCIENCE EXPERIENCE

Microsoft, Azure Data Analytics
. Software Engineer Intern May 2025 — August 2025
o  Implemented serialization pipelines for Substrait query plans using alternative frameworks (FlatBuffers, Cap'n Proto, FBE) across C# and C++
o  Designed and benchmarked TPC-H workloads to assess performance trade-offs (schema translation complexity, memory footprint, message size) in
real-world data warehousing scenarios, contributing findings to internal tooling and future architectural decisions
o  Partnered with engineers across Azure Data Analytics to validate cross-language compatibility, troubleshoot runtime integration issues, and refine
schema evolution strategies, contributing to a more resilient and scalable serialization layer for internal and external consumers
. Software Engineer Intern May 2024 — August 2024
o Integrated an open-source specification for complex query plans into SQL Server Management Studio, which is currently in deployment (SSMS 21)
o  Developed a unique graphical visualizer with the open-source integration using C#, Visual Studio, and .NET libraries, enhancing the efficiency of
query development processes by providing intuitive access to critical performance data
o  Collaborated with the Azure Data team to enhance and leverage their robust cloud computing capabilities while learning best development techniques
Oak Ridge National Laboratory, Oak Ridge Leadership Computing Facility
. Education Collaboration Software Engineer Intern January 2024 — May 2024
o Project: Exploring the Integration of Tensorflow Models into NVIDIA FLARE
. Integrated an open-source Tensorflow model into NVIDIA Federated Learning Application Runtime Environment for supercomputer Frontier
. Utilized Python, reStructuredText, and Tensorflow for integration and contributed to NVIDIA FLARE and OLCF documentation
. Technical and Professional Software Engineer Intern August 2023 — December 2023
o Project: Utilizing Asynchronous Dynamic Content Rendering with Hotwire’s Turbo and Applying Code Efficiency to ORNL Existing Applications
. Implemented Hotwire’s Turbo within the website application: Facility Efficiency Tracking Application
. Establish the software lifecycle for the provided project for operational software systems in a production environment
. Pathways to Computing Software Engineer Intern
o Project: Improving Metric Granularity to Enable Research on Optimal Work Situations through Software Development May 2023 — July 2023
. Built a full stack website application, the Facility Efficiency Tracking Application (FETA), to track the ORNL Software
Services Development Team’s efficiency using Ruby on Rails 7, JavaScript, Git, and CI/CD
. Resulted in greater issue granularity, a 29% increase in Search Engine Optimization, and 20% increase in Accessibility compliance
Hack@Brown, Brown University September 2022 — March 2025
. Director
o  Direct event logistics for Brown University’s oldest and largest hackathon, hosting 500+ students annually for an in-person 24-hour hackathon
o  Lead and coordinate with 41 members across Sponsorships, Experience, Dev, Workshops, and Design Teams to prepare for hackathon, raising $26k+
. Experience Team Lead: Lead Experience Team to design the ideal hacker experience by planning all hackathon logistics, such as publicizing, sourcing panelists
and judges, etc; Coordinated with team leads and directors throughout the year to effectively lead the executive team on the day-of the hackathon
. Experience Team Member: Connect with industry alumni and professionals and coordinate swag and registration
Kode With Klossy February 2023 — August 2023
. A 501(c)(3) charitable organization that creates learning experiences and opportunities for women and gender expansive youth through passion igniting programs
e Machine Learning and Artificial Intelligence Instructor Assistant
o Led Culture of Tech sessions “Creating Opportunity” and “Designing Tech Responsibility” to inform scholars of the unique challenges that women,
gender non-conforming people, and people of color face in tech along with forwardly thinking of solutions — working individually with ~30 scholars
o Support scholars with debugging, troubleshooting, and adapting content to meet scholar needs throughout the program, specifically using Co-ML

SKILLS AND INTERESTS

Technical: Java, Python, C#, JavaScript, HTML, CSS, Verilog, C, C++, MATLAB, SQL, Swift, Ruby, Ruby on Rails, ReasonML, Racket; Git, Bash, Linux,
Tensorflow, NumPy, Docker, Google Colab, .NET libraries, Quartus, Sequel Pro, Fusion360, OnShape

Certifications: Azure Data Fundamentals, Azure Al Fundamentals (Microsoft); Cybersecurity (Google); High Performance Computing (ORNL, Purdue University)
Industrial: Laser cutting, woodworking, metalworking, 3D printing, soldering Other Skills: American Sign Language (basic), certified in CPR

PROFESSIONAL ACTIVITIES

Publication: DOI: 10.1145/3626203.3670571 - “Improving Metric Granularity to Enable Research on Optimal Work Situations through Software Development”
Conferences: PEARC24: Human Powered Computing (Student Poster), Supercomputing ’25, °24, and ’23 (Lead Student Volunteer, HPC Immersion Program),
PEARC?23: Computing for the Common Good (Student Volunteer, Student Program), Richard Tapia Celebration of Diversity in Computing Conference ‘23
Extracurriculars: Girls Who Code College Loops (Treasurer), Society of Women Engineers, Mosaic+, Society of Asian Scientists and Engineers, Women in CS
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EDUCATION

Brown University, Providence, RI

Master of Science in Computer Science Expected May 2027
Relevant Coursework: Deep Learning, Interdisciplinary Scientific Visualization

Shiv Nadar University, Chennai, India

Bachelor of Technology in Computer Science Engineering July 2025
Relevant Coursework: Machine Learning, Embedded Al, Artificial Intelligence, Distributed Computing

Honors: First Class with Distinction

SKILLS

Computer Skills: C, C++, Java, Python, Arduino, NS2, CARLA, TensorFlow, Keras, PyTorch, HTML, CSS, JavaScript, React,
Node, Streamlit, MySQL, Cypher, Git, Llama
Research Skills: Microsoft Excel, Tableau

ACADEMIC PROJECTS

Loan Status Prediction Model [Github] September 2022 - December 2022
®  Developed a machine learning-based loan status prediction model tailored to the needs of small financial
institutions and non-bank financial companies.
o  The model leverages the Support Vector Machine (SVM) and Linear Regression algorithms to analyze borrower
data and predict the likelihood of loan approval or default.
GPU Accelerated Brain Simulations with Procedural Connectivity September 2024 - February 2025
®  The project accelerates the Spiking Neural Network (SNN) simulation of Biological Neural Networks, on a single
GPU system, using parallel computing methods and simulate the trials using GeNN simulator.
Stock Price Prediction Using Gen Al and Opinion Mining March 2024 - November 2024
® The model predicts the market value of stocks using a generative Al model, such as a transformer model to
perform opinion mining and judge the value of the stock. A financial RNN, FinBERT, which is a Transformer based model
and VADER, was used for the opinion mining.

PROFESSIONAL EXPERIENCE

Zoho Corporation, Chennai, India December 2023 - January 2024
Internship

®  As a part of the Key Manager Plus team, | worked with SSL and SSH key certificates and developed a system of
storing and verifying security certificates using Java and JavaScript
PurpleSlate Ltd, Chennai, India May 2024 - June 2024
Internship

o  Worked mainly with Generative Al, Large Language Models, Prompt Engineering and Transformer model based
chatbots, with the ParrotGPT team. Built a custom chatbot [Github]

LEADERSHIP POSITIONS

English Literary Club, Shiv Nadar University, Chennai July 2022 - May 2025
Club President

®  Organized several events and club activities, implemented and managed the club structure.
SSN-SNUC MUN, Shiv Nadar University, Chennai August 2024 - September 2024

Under Secretary General of Technology
®  Worked along with my team of developers to redesign the conference website and worked on a lunch
verification application.
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e Banesh, Divya © Wed, Sep17,11:05PM Y% € &

to ahrens@lanal.gov, laidlaw.david@gmail.com, David, Sir, Aditi, me ~
Hello all,

It was nice to meet you today. As we discussed, here are a few resources to get your started on your project proposals:

1. The LANL websites are currently being updated. Here is the new link to the 2022 SciVis Contest: https://www2.lanl.gov/
projects/sciviscontest2022/index.html

2. This website above links to both the document regarding the data details and the open data server, named Oceans11, that hosts the data.

3. As we started discussing today, the wildfire data can be visualized in Paraview. Paraview can be downloaded here: https://www.paraview.org/

4. The tutorial to help you get started with Paraview can be found here: http:/docs.paraview.org/en/latest/Tutorials/SelfDirected Tutorial/index.
html

5. Attached is a .pvsm file. It's called a Paraview State File and allows us to pass visualization workflows from one person to another to help
share some initial information about how to get started. To use this particular state file:
a. Download the data from here: output.70000.vts
i. Right click and “Save As” and name it: backCurve40.70000.vts
b. Open Paraview, go to “File”, “Load State”, and navigate to the location of the pvsm from this email you've downloaded.
c. Once you select the pvsm, it should open another window that allows you to Load State Options.
d. In the drop down, select “Choose File Names” and select the vts file you'vejust downloaded. Then hit Ok at the bottom.
e. It might take a few minutes, but at the end, you should see the view attached.
f. This now visualizes the landscape, the vegetation, the fire and the smoke. From here, you should be able to do more
interesting things for your project.

Good luck and let me know if you have questions.
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Abstract

We propose a novel clustering and visualization pipeline for population genetics data. Standard
approaches such as UMAP scatterplots emphasize differences while encoding non-informative global
distances, which undermines interpretability and seeds unscientific claims. Our method instead grounds
the representation in genetic similarity, arranging samples into planar constructions that maximize neigh-
borhood connections and shared relatedness. Projecting these embeddings onto a sphere enables refine-
ment of edge lengths to reflect similarity, yielding a globally stable, crossing-free layout. Through the
barycentric dual, this process produces a spherical tiling in which polygon shape, size, and color convey
both global and local structure.



1 Aims

The goal of this project is to develop, implement, and evaluate a novel graph-based visualization pipeline
for population genetics data. Specifically, we aim to:

* Experiment and evaluate the application of Planar Maximally Filtered Graphs (PMFGs) and
related weight maximal, triangulated, non-crossing graphical constructions for the analysis of
genotype similarity matrices.

* Develop approaches that balance near-optimal edge selection (i.e. high overlap with MSTs and
PMFGs) with the geometric flexibility required for encoding visual features and maintaining
interpretability.

* Generate interpretable spherical tilings based on the duals of these graphical constructions, em-
ploying layout optimization techniques to drive correlation between similarity and edge length.

* Experiment and evaluate coloring and edge thickness schemes to communicate gene flow, group-
ings, centrality, and other aspects of the network to increase interpretability and limit misuse.

* Compare with previous population genetics visualization methods such as UMAP, PCA, and
TMAP through statistical metrics and user studies.

2 Motivation

Recent critiques and debates underscore methodological and ethical shortcomings in current approaches
to human population genetics visualization. Standard methods—t-SNE, PCA, and UMAP—exaggerate
separation, distort global distance, and invite over-interpretation. PCA scatter-plots are sensitive to sampling
and scaling and can yield contradictory narratives [12], while UMAP and t-SNE optimize local neighbor-
hoods at the expense of meaningful global geometry [2]. Coupled with categorical labels and color schemes,
the resulting figures emphasize difference and separation among populations, fueling narratives with roots
in scientific racism and eugenics [5]. Recent cases show genetics figures appropriated or altered online to
promote this sense of division founded on misinterpretations of the underlying data [15, 6]. Some have
proposed guidelines and optimization techniques to ameliorate these issues [8, 14], but the overarching
DR-based approach persists.

Standard DR-based methods represent individual samples in two-dimensional and three-dimensional
embedding space, endowing points with Euclidean (¢3) distance metrics; however, the underlying high-
dimensional genotype data comprise discrete—and relatively rare—variations of allelic states. We argue
that the limitations of current approaches stem from a mismatch between data and representation—e.g.,
(i) visualizing k-nearest-neighbor graph—based embeddings as scatter plots in R?/R3 (UMAP/t-SNE), and
(ii) projecting samples that are ~ 99.9% identical onto axes of maximal variance (PCA) [21]. These issues
motivate designs that foreground continuity and relatedness, and that communicate uncertainty and gradients
rather than categorical separations [5].



3 Approach and Related Work

Graph-centric approaches illustrate networks of connectivity and similarity for analysis and visualization.
Findings from across population genetics suggest graph-based methods are a natural fit for genetic data. Our
work will directly build on TMAP, which popularized an MST-first mapping for high-dimensional genetic
datasets via LSH/MinHash neighbor search and Kruskal-based spanning trees [23]. Even while enforcing
a single-path connectivity structure, TMAP outperforms UMAP on local neighborhood preservation when
applied to the ChEMBL dataset.

Population Graphs model conditional genetic covariance and prune redundant links, recovering a sparse
network of effective connectivity rather than an arbitrary spatial embedding [11, 10]. For human genetics
data, spectral and graph-partitioning approaches to individual-level similarity graphs detect substructure
without projecting onto axes with uninterpretable distances [16, 28]. At the population scale, admixture
graphs such as TreeMix make drift and mixture explicit in an interpretable topology [22], and IBD networks
in large cohorts recover fine-scale, demographically coherent communities [20, 3].

This past literature provides grounding for a more expansive graph-centric approach that couples visual
and analytical expression and precision. We borrow TMAP’s scalable neighbor construction but visualize a
maximal planar mesh instead, preserving cycles/triangles critical for expressing overlapping affinities, while
retaining the option to overlay an MST skeleton for overview. In our pipeline, similarity defines the object
of inference and the canvas alike: we first construct a sparse connectivity graph that preserves conditional
relationships, then arrange nodes to maximize adjacency among genetically similar samples. To initialize
and stabilize this topology at scale, we filter the full similarity matrix with a planar backbone—starting from
a maximum-similarity spanning tree and expand via similarity and geometric quality towards a complete
planar triangulation [29, 18]. Independent evaluations show that planar graph filters (PMFG/TMFG) retain
substantially more edge-level agreement with the full network than MST and support both intra-cluster and
inter-cluster hierarchies [27, 19].

DBHT is a hierarchical clustering algorithm that takes ad-
vantage of this exact feature, exploiting separating 3-cliques in
PMFG/TMFG to induce a deterministic, parameter-free hier-
archy of “bubble” clusters [27, 26]. As shown in the figure on
the right, DBHT provides competitive accuracy while avoid-
ing tunable parameters, aligning with our goal of interpretable,
cycle-preserving structure.

PMFG and TMFG yield maximal planar triangulations YTV

Adjusted Rand Index

H

with up to 3n — 6 edges, which imposes an extremely rigid Fi58 piiF
topology. Much of our work will involve testing and imple- & 57

menting strategies to select and align edges with preferred ge- Mean Adjusted Rand Index (ARI) over multi-
ometric qualities at construction or through edge-swapping. In Ple clustering techniques on cDNA microarray
. . o datasets [27].

our final step, we will take the barycentric dual tiling of our

crossing-free spherical layout, encoding multi-scale structure—polygon adjacency for local neighborhoods;
polygon shape/area/color for gradients of relatedness and uncertainty. This similarity-first, graph-grounded
visualization preserves the analytic virtues of network models while providing a compact, interpretable dis-
play that resists spurious geometric inference. The resulting visualizations would emphasize connections
and overlap rather than distances and separation, while also fitting better to the underlying data. The visu-
alization below shows a direct TMFG applied on the sphere: starting from the canonical tetrahedral seed
(Ky), vertices are inserted into triangular faces and all edges are rendered as minor geodesic arcs, which is



essential for downstream layout optimization tasks.

4 Preliminary Results

(a) View 1 (b) View 2
TMFG non-crossing spherical embedding with 1,000 samples from the 1000 Genomes Project with tetrahedral faces distin-
guished by color.

The visualization above does not incorporate these additional layout optimizations for aligning arc lengths
with the underlying similarity values; nevertheless, it performs comparably to UMAP even without explicit
distance calibration.

Global Local (k=25) Local (k=5)

Method Stress Mantel r Spearman Trust Cont. Jacc. Trust Cont. Jacc. Time (s)

TMFG (Euclidean)  0.6068  0.7702 0.8627 09112 09172 0.0640 0.9154 0.9282 0.0690 1.42
TMFG (Topological) 0.6076 0.7688 0.8598 0.9118 0.9191 0.0850 0.9265 0.9323 0.1148 1.42
UMAP (Spherical)  0.4376 0.1068 0.0688  0.7783 0.6442 0.0501 0.8022 0.6502 0.0169 21.37
UMAP (2D) 0.5347 0.6848 0.5372  0.9409 0.9580 0.0846 0.9376 0.9648 0.0349  7.48

Comparison of raw TMFG construction (no arc length or distance optimization), Spherical UMAP, and 2D UMAP on similarity
metrics on the complete 1000 Genomes Project (3450 samples). Similarity matrix from GRM pairwise distances.Spherical UMAP
uses the haversine distance, as specified in documentation.

Our research will involve testing and implementing strategies to select and align edges with preferred
geometric qualities at construction or through edge-swapping. To control geometric quality, we experiment
with post-selection layers that prioritizes short geodesic edges and favor non-separating 3-cycles, as well as
constraints during construction. Since the final graph forms a fully triangulated mesh, we can also make use
of algorithms from computer graphics, such as SDEM [17, 1]. Another potential approach involves adding
a loss term to a stress optimization objective to penalize crossings. Then, starting with the MST, we can add
batches of highest similarity edges and remove those that still remain after a set number of iterations.



(a) MST Seed (b) During Training
Iterative Non-Crossing Layout Optimization with MST Backbone.

These steps all contribute towards the final spherical tiling, which we realize by taking the barycentric
dual of the triangulated, planar graph. The tiling therefore encodes a multiscale structure: polygon adja-
cency denotes local neighborhoods; polygon area reflects variation and centrality; color represents gradients
of similarity and other correlative measures; and further emergent features arise naturally. This similarity-
first, graph-based visualization preserves the analytic virtues of network models while providing a compact,
interpretable display that resists spurious geometric inference. The resulting visualizations emphasize con-
nection and overlap rather than distance and separation, aligning more closely with the structure of the
underlying data. The final visualizations would likely resemble the figure below.

S Significance

Clustering and visualization as a single construct. In our
approach, clustering and visualization are the same operation:
the similarity graph we construct is precisely the structure we
render. This collapses the usual pipeline (cluster — embed —
plot) into a single, connectivity-first representation in which
adjacencies directly encode relatedness, reducing the inter-
pretive gap between analysis and figure and mitigating com-
mon misreadings of global distances found in scatterplots (e.g.,
PCA/UMAP) [8, 9].

Building on DBHT (clustering on maximal planar sub-
strates). DBHT derives a deterministic, parameter-free hi-
erarchy from a filtered maximal planar graph, using separating
3-cliques to define “bubble” clusters and assemble a directed
bubble tree [29, 18, 27]. We adopt the same filtration step to obtain a maximal planar substrate but preserve
the full mesh instead of outputting only a dendrogram. The result is a visual realization of DBHT’s clus-
ters in which the cluster structure and the visualization coincide, modified only insofar as such adjustments
improve interpretability of the underlying data [26, 24].

Illustrative Final Result with Synthetic Data.



Graph drawing and planar spherical embeddings. Tutte’s barycentric embedding guarantees a pla-
nar, crossing-free drawing inside a convex boundary; related planar/spherical layout techniques and circle-
packings are surveyed in the graph drawing literature [13, 7, 30]. A fundamental finding in graph theory
is that all planar graphs can be embedded on a sphere, and this proposal seeks to explore stochastic and
deterministic approaches for realizing these constructions. Further layout optimization yields stable, re-
producible meshes that balance graph theoretic and geometric glyph-related optimums. Advances in the
drawing of planar graphs could help address the ever-present “hair-ball” problem in graph visualization
[25].

From mesh to tiling via the barycentric dual. From the crossing-free spherical triangulation, we con-
struct the barycentric dual by connecting triangle centroids across shared edges. On the sphere, this yields
a boundary-free tiling with one polygon per sample whose boundary follows the cyclic order of its one-
ring neighbors. The dual preserves adjacency semantics and solves overplotting/labeling issues inherent
to scatter-plots. At the cell level, polygon area can encode local similarity density; shape captures direc-
tional neighborhood structure; and color conveys metadata or centrality—making overlap, continuity, and
admixture visually explicit [4, 31].

Impact on Population Genetics Visualizations and Beyond. Together, these choices replace distance-
first scatter-plots with a stable, connectivity-first spherical tiling. This emphasis on networks of connection
and diversity could lead to new avenues of population genetics research and fewer cases of harmful mis-
interpretation and misuse. As previously argued, network-based visualizations may prove a better fit for
population genetics data. This approach allows for us to perform an efficient, graph-theoretic alternative to
dimensionality reduction, which could be expanded on further. The visualization technique is generalizable
to any similarity matrix, so other scientific domains could also benefit.

6 Research Plan

* Weeks 1-2 — Robust, flexible end-to-end pipeline: Build a documented, reproducible pipeline
with clear explanations and visuals for each stage: data loading — similarity matrices (e.g., GRM,
Jaccard, LSH) — planar substrate (PMFG/TMFG or order-based triangulation) — planar embedding
and spherical lift — no-crossing geodesic optimization — barycentric-dual tiling and encodings.

* Weeks 3—4 — Applications on real datasets: Apply the pipeline to human population datasets and
animal species cohorts; stress-test scalability, run parameter sweeps, and collect qualitative feedback
from domain users. Evaluate case-studies with human testers with before/after visuals and notes on
interpretability and stability.

* Weeks 5-6 — Final evaluation, testing, and deliverables: Quantitatively compare against PCA/UMAP
(stability under resampling, kNN neighborhood preservation, triangle quality/area uniformity, pla-
narity invariants, and agreement with known structure). Conduct a small human evaluation with
domain users (task accuracy/time on structure-identification tasks; ratings of interpretability/trust;
general feedback). Finalize artifacts: open-source repository with documentation, figures, slide deck,
and illustrative examples.
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Abstract

We present a novel method called OHCA-Vis for visualizing pediatric out-of-hospital cardiac arrest
(OHCA) data using interactive alluvial plots. The method overcomes a limitation in registry dashboards
that lack data insights and standard alluvial plots that become overly convoluted. To illustrate the in-
terpretablility of OHCA-Vis, we will conduct user studies and compare findings with state-of-the-art

methods.



1 Response to Reviewer Comments

We appreciate the constructive feedback on the manuscript and have revised the proposal accordingly. Below
we provide an itemized list of reviewer comments and summarize how each has been addressed in the revised
version.

Reviewer 1 (R1)

Link to R1

[R1.1] The interpretability metrics could be more detailed.

Response: We have expanded the discussion of interpretability in the Color-encoded Feature Importance
Integration section. The revised text now describes how color and opacity encodings will represent feature
importance and confidence levels based on perceptual uniformity principles. We also note that we are going
to compute feature importance scores using random forest or SHAP-based models.

[R1.2] Limited discussion of data.
Response: We have elaborated on the dataset description within the Aims section, describing the size of the
data and presenting a snapshot of the dataset in Figure 1.

[R1.3] Evaluation relies only on qualitative user feedback; consider quantitative metrics.

Response: The Evaluation section has been substantially expanded to include both quantitative and qualita-
tive measures. In addition to clinician feedback and usability observations, quantitative metrics such as task
completion time, accuracy of insights, and visual clarity metrics have been added to assess system perfor-
mance.

[R1.4] The proposal’s novelty may be somewhat incremental, combining existing visualization and
interpretability techniques.

Response: The revised manuscript clarifies that the novelty lies in dynamically integrating feature impor-
tance with interactive alluvial visualization. OHCA-Vis uniquely allows users to add, remove, and filter
variables in real time, with corresponding visual and computational updates to the importance encodings.
These visual additions have never been investigated before.

Reviewer 2 (R2)

Link to R2

[R2.1] The proposal acknowledges scalability and readability issues with alluvial plots but does not
offer a concrete strategy to address them.

Response: The revised Interactive Plot Implementation and Color-encoded Feature Importance Integration
sections describe several strategies for maintaining readability and scalability. These include allowing users
to add or remove variables dynamically to manage visual complexity, applying edge overlap minimization
algorithms such as NeighborNet and Force-Directed Layouts, and using opacity to reduce clutter in less
influential pathways.


https://drive.google.com/file/d/15y3lZTq72MeZQJZnrNUC3auSF0bPv02j/view?usp=sharing
https://drive.google.com/file/d/1IV66Aka7wPL7UJpNxqHvIam_jzLDXfUM/view?usp=sharing

[R2.2] The real-world clinical impact remains speculative, with no clear evidence it will change decision-
making or outcomes.

Response: We have clarified in the revised Evaluation section that the study’s immediate goal is to enhance
interpretability and hypothesis generation for clinicians. The tool is intended to support exploratory data
analysis and pattern recognition, providing a foundation for future research rather than immediate changes
in clinical decision-making.

[R2.3] The proposal combines known methods (alluvial plots + feature importance) rather than intro-
ducing a genuinely new visualization or analysis paradigm.

Response: As mentioned in the Aims and Significance sections, the novelty of this work lies in the integration
and interactivity of these methods. Unlike previous static approaches, OHCA-Vis dynamically recomputes
and encodes feature importance values as users adjust filters or variables.

Reviewer 3 (R3)

Link to R3

[R3.1] The novelty of the project could be elaborated. Are there visualization elements that have not
been tried before in other fields?

Response: The revised manuscript expands on novelty in both the Significance and Visualization Design
sections. The contribution of OHCA-Vis lies in two major design innovations:

* Dynamic feature-importance recalibration: Importance scores and visual encodings are updated in
real time as users modify filters or variable selections.

* Interactive alluvial manipulation: Users can add, remove, or refine variable ranges to explore clin-
ically relevant subgroups, minimizing clutter while preserving interpretability.

These features extend beyond traditional visualization practices in clinical data exploration.

[R3.2] Are there examples of explicit relationships that this visualization enables which are not visible
in other methods?

Response: We have clarified in the revised text that OHCA-Vis enables identification of complex relation-
ships such as:

* Interaction effects: How combinations of factors—such as bystander CPR and early AED place-
ment—affect survival likelihood more strongly than either factor alone.

* Feature Importance: By visualizing the feature importance of all variables of interest, the user can
easily determine which factor is most associated with the survival.

These examples illustrate how the visualization uncovers multi-factor patterns not apparent in static sum-
maries or univariate analyses.


https://drive.google.com/file/d/1tUVGrxWP4P_cUlLwMyzleow0v2OnFZ--/view?usp=sharing

2 Aims

The goal of this project is to develop an interactive visualization tool, OHCA-Vis, that uses an alluvial plot
to reveal the factors that most strongly determine the outcomes in pediatric OHCA.

The OHCA dataset consists of 133 patients, each containing information for 29 variables, including age,
time of collapse, drug administered, and more. A subset of the dataset is shown below in Figure 1.

Figure 1: OHCA Dataset

To create the visualization for this data, the project will be completed in three main steps.

2.1 Interactive Plot Implementation

OHCA-Vis will be created to allow clinicians to visualize EMS data without visual clutter and to interact
with the data. Two levels of user interactivity will be designed.

I. Interactive Variable Selection. Users will be able to add or remove variables of interest (such as age,
sex, CPR provider, placement in AED), and the system will dynamically generate corresponding alluvial
plots.

II. Interactive Variable Range Selection. For each variable selected, the user will be able to select a
range of the variable. For example, they can select ages 1-5 instead of viewing all ages.

2.2 Color-encoded Feature Importance Integration

OHCA-Vis will integrate interpretation techniques directly into the visual interface. Rather than displaying
separate charts, feature importance values will be visually encoded into the alluvial plot itself—by varying
flow opacity and color intensity according to importance scores.

These colors will be selected based on perceptual uniformity principles, ensuring that equal differences
in data correspond to equal perceptual differences. Then, the color opacity will serve as a secondary visual
channel to indicate the confidence or relative magnitude of the importance of the feature. In doing so,
lower opacity fades less influential or statistically insignificant flows, reducing clutter and directing attention
toward clinically meaningful pathways.

Edge overlaps in the alluvial plot can cause confusion due to mixing of colors. Thus, to ensure the clarity
of color differences in the alluvial plots, we will investigate edge overlap minimization algorithms, such as
NeighborNet [9]] and Force-Directed Layout Algorithms [S], while accounting the colors that overlap as
shown in Figure 2.
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2.3 Evaluation

An extensive evaluation will be conducted with EMS providers and pediatric emergency physicians to assess
the usability, interpretability, and clinical relevance of the OHCA-Vis system. The evaluation will employ a
mixed-methods approach, combining quantitative performance metrics with qualitative feedback.

Participants will complete a series of task-based assessments designed to measure how effectively they
can extract insights from the visualization compared to state-of-the-art methods like standard alluvial plots.
Tasks will include identifying key predictors of survival, comparing intervention outcomes, and filtering by
demographic subgroups. Several quantitative metrics will be collected including task completion time, ac-
curacy of insights, and visual clarity metrics. On the qualitative side, we will ask users to describe perceived
reduction in visual clutter, clinical utility, and clarity of color encodings.

3 Significance

Out-of-hospital cardiac arrest in children is a rare but devastating event, with only a 2-9.6% survival rate [7]].
Improving outcomes requires understanding which patient characteristics and interventions most strongly
influence survival. Although national and regional registries capture rich event-level data, current report-
ing methods rely on static tables and summary statistics that obscure variable interactions and prevent ex-
ploration of how different factors shape outcomes. As a result, valuable information for guiding clinical
decision-making, protocol design, and quality improvement often remains hidden.

This project addresses that gap by introducing OHCA-Vis, an interactive visualization tool that uses
alluvial plots to reveal which clinical and demographic factors influence outcomes. There are two key
visualization components as mentioned in Section 2]

Interactive Plot. By allowing users to dynamically select variables and refine their ranges, the system
promotes targeted exploration and hypothesis generation of key outcome determinants without overwhelm-
ing visual clutter. This approach can help clinicians identify meaningful trends, compare interventions, and
better understand patient subgroups.

Color-encoded Feature Importance. Embedding feature importance directly within alluvial plots will
allow users not only to visualize patient trajectories but also to visually identify predictors of survival.
Moreover, the use of color encodings for feature importance has never been done before.

Overall, the significance of this work lies in its ability to shift registry data from a retrospective reporting



mechanism into an active, exploratory resource for hypothesis and insight generation. For EMS agencies and
pediatric emergency departments, this approach can uncover critical delays, identify effective interventions,
and ultimately inform strategies to improve survival in one of the most challenging clinical contexts.

4 Related Work

In clinical and biomedical contexts, prior work has focused on static dashboards, tables, timelines, or sur-
vival summaries that aggregate patient outcomes by individual factors such as age, sex, or intervention
type [2,3]. These methods are limited because they obscure interactions between variables, prevent explo-
ration of how combinations of factors affect outcomes, and do not allow dynamic comparison of different
predictors.

Alluvial and Sankey-style visualizations have been used to summarize categorical flows and transitions
in various domains, including bibliometrics and demographic studies [10]. Moreover, alluvial plots have
been used to evaluate factors in relation to COVID-19 survival rates [8]. However, there has been no work
in making these plots interactive or exploratory for users to evaluate and choose which factors/variables to
visualize. Given the complexity and magnitude of EMS data, these plots can be convoluted and difficult to
understand.

It has been shown that the complexity of alluvial plots (number of flows) are inversely correlated with
the understandability of the diagram [[1]. With the amount of data that exists in EMS data, the number of
flows would inevitably increase. Thus, a traditional alluvial plot would not suffice. The introduction of
an editable and interpretable plot is hypothesized here to improve user understanding, as the plot would be
easily simplified and user-modifiable.

While interpretability techniques such as partial dependence plots and feature importance rankings can
identify influential predictors, they are typically applied in isolation to predictive models rather than in
conjunction with patient event data [4]. The integration of alluvial plots and feature importance has been
done as shown in Figure 3 below [l6]. Yet, it doesn’t consider user inputs and interactivity and, as previously
mentioned, is created in conjunction with the alluvial plot.

By embedding these methods within interactive and editable alluvial plots, the proposed approach aims
to provide clinicians with both interactive visualization and interpretable insights, addressing the limitations
of existing static methods.

Together, these limitations motivate the need for a tool that can both visualize patient pathways and
integrate interpretable analyses of factor influence, enabling clinicians to explore outcomes in a flexible and
actionable way.

5 Research Plan

The project will be completed over six weeks, progressing from data preparation to system implementation,
integration of interpretability features, and a structured evaluation with clinicians. Each stage will build
upon the previous one to ensure both technical robustness and clinical relevance.

1. Week 1: Data Preparation and Initial Development

Clean and preprocess pediatric OHCA registry data by standardizing variable names, encoding cate-
gorical fields, and filtering incomplete records. Implement a base alluvial plot in Plotly or D3.js to
visualize patient pathways across sequential EMS and hospital events (e.g., CPR provider, AED use,
initial rhythm, and outcome).
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Figure 3: Alluvial Plot with Feature Importance Bar Graph for Housing Prices

. Week 2: Add Interactivity to Plot

Integrate interactive controls that allow users to dynamically select and remove variables of interest,
as well as filter variable ranges (e.g., age groups, intervention times).

. Week 3: Integrate Color-encoded Feature Importance

Compute feature importance scores using random forest or SHAP-based models trained on the dataset
to identify key predictors of survival. Integrate these scores into the alluvial plot using perceptually
uniform color gradients and opacity scaling to indicate feature relevance and confidence.

. Week 4: System Refinement

Implement edge overlap minimization algorithms such as Force-Directed Layout or NeighborNet to
preserve interpretability of overlapping flows. Refine visual encoding schemes to ensure consistent
interpretability across monitors and color vision profiles. Prepare finalized interface for clinician
evaluation.

. Week 5: User Study and Evaluation

Conduct structured user studies with EMS providers and pediatric emergency physicians. Participants
will perform standardized tasks (e.g., identifying key predictors of survival, comparing intervention
outcomes) using both OHCA-Vis and baseline tools (e.g., standard alluvial plots). Quantitative met-
rics—task completion time, accuracy, and visual clarity—will be collected, alongside qualitative feed-
back on usability, interpretability, and perceived clinical utility through post-task questionnaires and
semi-structured interviews.



6. Week 6: Analysis, Reporting, and Dissemination

Analyze both quantitative and qualitative data to assess visualization effectiveness. Statistical tests
will evaluate improvements in task performance and insight accuracy. Qualitative results will be
coded for recurring themes related to interpretability, cognitive load, and perceived impact on clinical
decision-making.

6 Proof of Collaboration

Ganti, Latha MD @ Tue, Sep 30, 8:28PM (2daysago) Yy €
to Juliana, Korey, Timothy, Shravya, me

Hi Ryan & team,
here is the data for adult cardiac arrest years 2022-2024.

here is the pediatric cardiac arrest data. 2017-2024. The data from 2012-2016 is nice and cleaned up, (2nd file), and that was the data from which we wrote the paper | had sent the group.
It would be great if we can put the 2017-2024 data into the cleaned up 2012-2016 sheet. When they are in a single sheet, | can import into JMP and run stats.

| would suggest maybe you split up and one group work on adult cardiac arrest and one group work on peds arrest.
We will be writing at least 1 publication from each dataset, and you are welcome to co-author the manuscripts with my team and I.

We also collect sepsis and STEMI data, | just havent seen that to be as useful, but | will try to do another look tomorrow and see if there’s anything worth exploring.

Also FYI, another one of your classmates not in this group also asked me about the PCFR data, and | sent him the stroke data.

I
»

4 Attachments - Scanned by Gmail ®

4 B3 2012-2016 pedscc... y

RAW ADULT Rese... 4 B3 adult cardiac arre.... y B3 Pedi cardiac Arre...

Figure 4: Email with Latha
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EDUCATION
Brown University Providence, Rl | Expected Graduation: May 2026
Bachelor of Science in Computer Science GPA: 4.0/4.0

e Relevant Courses: Data Structures & Algorithms, Deep Learning, Computer Systems, Software Engineering, Computer
Vision, Graphics, Statistical Inference, Computer Security, Discrete Mathematics, Linear Algebra
e Honors/Awards: Brown Undergraduate Research Award, Hack@Brown 2024 Winner, Regeneron STS Semifinalist
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Languages: Python, Java, JavaScript, TypeScript, C/C++, HTML/CSS, SQL, Go, R
Technologies: React, Node, Flask, Docker, MongoDB, AWS, PyTorch, MySQL, PostgreSQL, Git, Bash, Linux, Blender

EXPERIENCE

Google, Software Engineer Intern, YouTube Team San Bruno, CA | May 2025 — Aug 2025
e Enhanced the YouTube comments section by migrating translation state management from a global storage to local
state in TypeScript, improving efficiency and reducing translation response payloads by 53%
e Built infrastructure for Google DeepMind’s new machine translation model for YouTube comments in C++
e Expanded translation feature to both video and notification comments, supporting design for all 2.5 billion users
using i0S, Android, and web clients across all apps including YouTube Main App, YT Studio, and YT Music
Amazon Robotics, Software Development Engineer Intern, Movement Team Boston, MA | Jan 2025 — May 2025
o Developed a React app to dynamically monitor and configure 10,000+ autonomous robots in Fulfillment Centers
e Designed new RESTful APIs that retrieve and modify robot configurations (e.g. path and speed) in the DynamoDB
database, including endpoints for real-time data monitoring, comparing robot models, and editing configurations
e Created scalable infrastructure in Java using AWS Lambdas to call the APIs and AWS SNS topics and SQS queues to
get real-time metadata updates, allowing administrators to retrieve data 62% faster

ModernVivo, Al/ML Software Engineer Intern Seattle, WA | Jan 2024 — Jan 2025
e Created and deployed an LLM-guided system in Python that semantically clusters texts from the PostgreSQL database
with 97% accuracy, allowing customers to find clinical trials (Best Paper Runner-up at GLOW @ 1JCAI 2024)
e Utilized multithreading to run OpenAl API requests in the system concurrently, decreasing clustering times by 55%
e Incorporated Google BigQuery to store large text datasets, and utilized it to test the clustering system

Brown Visual Computing Lab, Machine Learning Research Intern Providence, RI | Sep 2022 — Present
e Created a shape editing system in Python that lets users augment 3D furniture meshes with natural language by
leveraging Chain-of-Thought prompt requests to the OpenAl APl (Accepted to SIGGRAPH Asia 2024)
e Rendered edited meshes into Blender with Python scripts and a web app via WebGL with JavaScript for visualization
e Contributed to developing a novel 3D mesh generation method using Python and R (Published in biorXiv)

PERSONAL PROJECTS

MemoTech Python, Flask, TypeScript, React, Redis, MongoDB
e Won 1st Place out of 300+ Participants at Hack@Brown 2024 for a React application that provides detailed feedback
for users’ answers to flashcards using the OpenAl API
e Made flashcard recommendation by storing embeddings in MongoDB and creating Flask vector search endpoints
e Deployed database onto AWS EC2 Instance through MongoDB Atlas, supporting backend for 200+ users

Pokémon GAN (Gotta generate ‘em all) Python, PyTorch, Spark
e Created a DCGAN in PyTorch with Python to generate synthetic Pokémon images with an FID of 126.7
e Employed Apache Spark for distributed preprocessing of large Pokémon datasets, enhancing training efficiency

Brown Puzzlehunt React, TypeScript, Python, PostgreSQL
e Developed a website using Django and React for Brown’s annual puzzlehunt with over 5,000+ participants
e Set up RESTful API hooks for users to submit puzzle answers, which were securely validated on the backend
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PointPipe: A Point-Cloud classification pipeline for Archaeology in
Dense Vegetation

Sir Dylan Allotey Charly Castillo
PI Co-PI
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Parker VanValkenburgh
Collaborator

parker_vanvalkenburgh@brown.edu

October 14, 2025

Abstract

Most LiDAR processing in archaeology focuses on identifying low, mounded features, but ex-
isting workflows frequently mistake structures for trees when there is substantial standing architec-
ture. Currently, the only effective approach is manual editing. This study seeks to develop PointPipe,
a pipeline combining LiDAR data cleaning and tailored deep learning models to reduce vegetation-
structure confusion and improve the reliability of point-cloud classification for archaeological sites in
the Andes.



Response Letter

Dear Editor and Reviewers,
We appreciate the constructive feedback on the manuscript, and we have prepared a revision accordingly.
Please see below for an itemized list of your feedback and a brief description of how each is addressed in the

revised manuscript.

R1: htt;

[R1.1] Lack of explanation of visualization components or novelty in model/dataset methods.

Response: We added a section describing three visualization tools: a semantic labeling viewer, an uncertainty
heatmap, and a change-detection overlay. These will help archaeologists interpret model outputs interactively,
which is not available in standard LiDAR workflows. We also introduce a geometric-prior fusion layer tailored for
archaeological scans.

[R1.2] Expand on how the proposed method differs from previous work.

Response: PointPipe fuses geometric covariance features (curvature, planarity) with PointNet++ embeddings
using a late-fusion design. Unlike prior urban-focused models, ours is trained on irregular, vegetation-heavy
archaeological data. This adaptation directly targets false positives from tree trunks and dense foliage.

[R1.3] Uncertain about dataset cleaning and feasibility

Response: We now outline a two-stage cleaning workflow using PDAL and CloudCompare. Automatic filtering
will handle most vegetation noise, with manual validation on 5-10% of points. The process fits comfortably
within the first two weeks of the project timeline.

[R1.5] Lack of detail of datasets
Response: We will be using a data set provided by our collaborator as well as open source sets that we can
use to train our program on.

R2: https://drive.google.com/file/d/159DCLS8rQilZkyHOBajbBe2gHLkz6XSw/view?usp=sharing

[R2.1] Clarify scientific merit and anthropological relevance
Response: The visualizations help archaeologists interpret the cleaned models interactively, offering insight
into spatial organization and human modification of the landscape.

[R.2.2] How does annotated data look

Response: Each point will be annotated as one of five classes: vegetation, bare ground, structure, rock, or
artifact cluster. We added sample annotation visualizations (Section 5) to demonstrate labeling density and
class balance across scenes.

[R2.3] How is proposal different than SOTA methods
Response: PointPipe will incorporate a feature that reweights geometric features based on canopy density.
This will hopefully improve segmentation in densely vegetated areas.



R3: https://drive.google.com/file/d/1H4ZISMLZ1L5TShxX3b6Xr7WH60-UUoED/view?usp=sharing

[R3.1] Clarify visualization goals related to reducing false positives
Response: We have expanded a section that details how confidence-based overlays and heatmaps will help
archaeologists identify and correct false positives interactively.

[R3.2] The significance of the proposal could be more clearly articulated
Response: We have revised the introduction and conclusion to emphasize how PointPipe will reduce manual
cleaning time for archaeologists.

R4: https://drive.google.com/file/d/1D4iNHaRI91stZ6xdUUY52Du-zus5h2jE/view?usp=sharing

[R4.1] Clarify how the method will advance disciplines involved

Response: We have expanded the broader impacts section to specify that PointPipe contributes to 3D vision
through denoising for Lidar data and to archaeology by creating an automatic workflow that replaces manual
terrain modeling.

[R4.2] Clarify how to prove improvement over baseline statistics
Response: We now specify that we will use semantic 3D.net metrics (loU) to compare PointPipe to standard
baselines like PointNet++.

[R4.3] Visualization utilities seem under developed
Response: We have added a visualization module to display confidence-weighted classifications and a false
positive heat map. This will help archaeologists interpret the model’s outputs more intuitively.

[R5.1] Consider adding ablations and target priors

Response: We now include ablation studies to measure the impact of geometric priors on trunk-wall
disambiguation and preprocessing steps. This will clarify which components contribute most to improved
performance.

[R5.2] Data scarcity and domain may limit generalization
Response: We describe a workflow that could be used in other domains, and we plan to use data sets from
semanti3D.net to limit domain shift.

[R5.3] Reproducibility of the pipeline
Response: We plan to package all scripts PDAL pipeline, environmental files, and model weights into a
reproducible release, ensuring that the workflow can be replicated for future archaeological sites.



Confidence Heatmap of Archaeological Classification
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Figure 1: Figure 1 depicting example of Confidence Heatmap
1 Aims

1. Develop a reproducible pre-processing pipeline for cleaning raw LiDAR point-clouds from archae-
ological sites using PDAL and CloudCompare, including automated vegetation noise removal and
normalization.

2. Train and evaluate a point-cloud classification model that integrates geometric covariance features
with PointNet++ embeddings to reduce misclassifications between vegetation and walls.

3. Compare model performance to baseline semantic3D.statistics using Intersection-over-Union (IoU)
and conduct ablation studies to quantify significance of geometric priors.

4. Produce a small reliable dataset with five semantic classes (vegetation, bare ground, structure, rock,
artifact cluster) and visualization tools such as uncertainty heatmaps (similar to Figure 1) and confi-
dence overlays to assist archaeological interpretation.

5. Measure expert trust in PointPipe having them complete manual labeling, labeling with PointPipe,
and leading point-cloud classification using semenatic3D.net.



Method ToU 0A t[s] | IoUy IoUz 10Uz IoUs IoUs 1oUs IoUr IoUs
TMLC-MSR | 0.542 0.862 1800 0.898 0.745 0537 0.268 0.888 0.189 0.364 0.447
DeepNet 0437 0772 64800 0.838 0385 0.548 0.085 0.841 0.151 0.223 0423
TML-PCR 0.384¢ 0.740 unknown | 0.726 0.73 0485 0.224 0.707 0.050 0.0* 0.15

Figure 2: Figure 2 depicting IoU Scores [5]

2 Significance

This project addresses an enduring challenge for remote sensing in archaeology: distinguishing man-made
structures from dense vegetation in LiDAR data. By introducing a reproducible, geometry-aware workflow,
PointPoipe reduces manual cleaning and labeling time, making studies that were not feasible before, namely
large-scale landscape analysis, possible.

Beyond improving efficiency, PointPipe enhances interpretability and trust in automated classification. The
integrated visualization tools such as confidence weighted overlays, uncertainty heatmaps, and change de-
tection maps allow archaeologists to interactively evaluate model predictions and identify potential false
positives. This transparency supports informed decision making during planning and site validation, allow-
ing archaeologists to save time, money, and effort during site tours.

Furthermore, the pipeline contributes to 3D vision research by addressing noise and irregular point dis-
tributions in natural terrain, a domain often neglected in rural-centric LiDAR studies. The inclusion of
geometric priors enables more robust classification under vegetation occulusion, offering insights that can
be generalized to forestry, environmental monitoring, and heritage conservation.

Figure 2 compares IOU scores for baseline models across urban and rural environments that have vary-
ing degrees of vegetation density. The low score for IoU3 shows a sharp decline in accuracy for densely
vegetated areas; this low score underscores the importance of having a specialized model like PointPipe to
detect structures in populated areas.

An archaeologist might use PointPipe by loading a LiDAR scan of a densely vegetated Andean site. This
system allows interactive inspection of uncertain classifications via heatmaps and confidence overlays, en-
abling the expert to quickly flag candidate walls or other structures for further study. This workflow reduces
the need for labor-intensive manual labeling while improving interpretability and trust in automated classif-
cation.

By bridging archaeological field practice and modern 3D computer vision, this project lays the ground-

work for reproducible open-source tools that publicizes access to large scale interpretable LiDAR analysis
in cultural heritage research.

3 Related Work

Point-cloud classification has been studied extensively in computer vision, remote sensing, and archaeol-
ogy. Early deep learning approaches such as PointNet [7] and its successors demonstrated that point sets



with neural networks can outperform traditional voxel or image-based methods. Building on this, Uy et al.
[9] introduced real-world benchmark datasets to evaluate generalization, while Zhang et al. [11] provide a
systematic survey of deep learning—based 3D point-cloud methods and future outlooks.

Alternative representations have also been explored. Ben-Shabat et al. [3] proposed 3DmFYV, which en-
codes local point distributions into Fisher Vectors for efficient convolutional processing, achieving real-time
classification. More recently, Diab et al. [4] applied deep learning directly to LIDAR data in remote sensing
contexts, showing the benefits of combining geometric features with deep models.

Traditional methods still play a role, especially when annotated data is scarce. Rutzinger et al. [8] pi-
oneered object-based analysis of full waveform airborne LiDAR for urban vegetation classification, while
Aljumaily et al. [1] demonstrated voxel-based random forest classification with engineered attributes. These
methods highlight the importance of feature design when data is noisy or domain-specific.

Within archaeology, airborne LiDAR has opened new possibilities for site detection under dense vegeta-
tion. Balsi et al. [2] presented a UAV-borne LiDAR survey for archaeological site mapping, and Vinci et
al. [10] offered a systematic review of LiDAR applications in archaeology, emphasizing vegetation filtering
challenges. Poux et al. [6] further advanced integration of 3D point-clouds with archaeological knowledge,
focusing on quasi-planar structures common in built heritage.

Despite these advances, a consistent limitation persists: false positives in vegetated archaeological con-
texts. Tree trunks are often misclassified as walls or other human-made structures, particularly when vege-
tation is dense. Current deep learning approaches [7, 9, 11, 3, 4] are optimized for generic urban or natural
scenes, and traditional methods [8, 1] depend heavily on hand-crafted features. Archaeological applications
[2, 10, 6] recognize the issue but rely largely on manual verification or site-specific heuristics.

Our contribution, PointPipe, directly addresses this gap by creating a tailored classification pipeline for
archaeological sites under vegetation cover. Unlike prior work, we combine LiDAR data cleaning (ground
normalization, vegetation-aware preprocessing) with a customized classification model that integrates ge-
ometric priors specifically designed to reduce tree trunk—wall confusions. This approach builds on deep
learning advances while grounding them in domain specific archaeological constraints, enabling automated
labeling at scales not feasible with manual effort.

4 Research Plan

Week 1: Data Acquisition

* Aquire or request LiDAR/ point-cloud datasets of archaeological sites from collaborators and open
sources.

* Set up Python development environment and configure PDAL and CloudCompare for preprocessing.
Week 2: Data Cleaning and Preprocessing Pipeline:

* Implement data cleaning process: noise removal, ground normalization, and vegetation segmentation
using PDAL filters.



* Validate cleaning quality through manual inspection of small subset and generate visualizations show-
ing vegetation vs. structure segmentation.

* Milestone - show cleaned dataset and initial visualization that distinguishes vegetation from structures.
Week 3: Baseline Model Training
* Train baseline classifier using cleaned data with PointNet++.

* Evaluate model’s ability to distinguish between vegetation, ground, walls, and structures using stan-
dard metrics like IoU.

* Evaluate the performance in distinguishing walls versus tree trunks. Milestone - present accuracy
metrics of classifications.

Week 4: Model Improvement

* Integrate geometric priors into the classification model and conduct ablation studies to measure their
contribution.

* Add visualization utilities such as uncertainty maps and confidence weighted overlays to help archae-
ologists interpret outputs.

Week 5: Evaluation and Error Analysis
* Conduct testing on multiple sites to assess generalization and domain robustness.
* Analyze error using heatmaps and propose improvements.

* Begin drafting abstract and final report. Milestone - present confusion score, underscoring improve-
ment in detecting archaeological structures.

Week 6: Finalization and Presentation

* Finalize cleaned dataset, model weights, and PDAL pipeline scripts for reproducibility and package
them in a markdown file.

* Write the final presentation summarizing contributions, results, and archaeological significance.

* Prepare slides and walkthrough.
* Milestone - Final presentation with a demo of PointPipe.

Facilities to Be Used:
* Computing: Personal machine with CUDA-enabled GPU
* Software: Python, PDAL for LiDAR processing, CloudCompare for manual visualization

» Data: Requested datasets and open-access datasets of archaeological sites
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EDUCATION

Brown University, Providence, RI Expected Graduation May 2026
Master of Science in Computer Science

Brown University, Providence, RI Graduated May 2025

Bachelor of Science in Computer Science GPA: 3.75
Honors: Sydney Frank Scholarship (2021), Zeta Boule Scholarship (2021)
PROFESSIONAL EXPERIENCE & LEADERSHIP

Modern Railway Systems, Littleton, CO; Windsor, CA; Los Angeles, CA May 2023 — Present
Systems/ Software Engineering Intern

e Fall 2025 - Maintained backend systems for applications managing live trains
o Designed and optimized database update mechanisms
o Implemented access controls and safety restrictions
*  Summer 2025 — Contributed to multibillion-dollar new rail infrastructure project for LA Metro
o Performed duct bank cross-section calculations
o Coordinated with contractors, stakeholders, and multidisciplinary teams to support engineering tasks
*  Summer 2024 - Used data collections to design and test hardwate systems for use in the field
o Developed software in Python to model aspects of vehicles and city plans such as approach velocity
and warning time
o Designed and wired several routers and switches to achieve redundancy and cyclic connections in the
network
*  Summer 2023 - Worked with engineering teams to model several road conditions to create safe track speed
restrictions for trains using kinematics
o Designed router systems and CAD drawings to test and improve the current system’s redundancy
o Developed software in Python to represent data including time, costs, and resources a project

PROJECTS

Ray Tracer December 2023
Developer

*  Designed ray tracer to build 3d scenes like Maya

*  Rendered navigable scenes using primitive shapes (cone, cylinder, cube, sphere)
* Implemented Phone lighting reflection model

* Coded in C++ using the QT creator framework and the Open Graphics Library

Computer Shell December 2023
Developer

* Coding in C with Ubuntu and Docker

* Featured memory allocation, extensive error-checking, background processes, and signal handling

SKILLS

Computer: Proficient in Microsoft Applications (Excel, Word, & PowerPoint), Intermediate in Blender and Maya,
Building Computers

Languages: Basic in Korean
Coding Languages: Korean Basic (Writing, reading, and speaking), Proficient in Java, Python, C, C++
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Weehawken, NJ | (201) 682-5540 | charly_castillo@brown.edu | LinkedIn

EDUCATION

Brown University, Providence, RI Expected Graduation 05/2026
* Sc.B. in Statistics and International and Public Affairs, Security

* D.E. Shaw Discovery Fellow: 1 of 49 sophomores nationwide selected for all-expenses paid program at DESCO HQ

*  Undergraduate Teaching and Research Award: Fall °23; 1 of ~100 Brown students awarded $1,200 research stipend

* Relevant Coursework: Undergraduate: Stochastic Calculus, Computational Probability, Modeling, Optimization,
Theoretical Linear Algebra, Scientific Computing, Regression; Graduate: Scientific Visualization, Cybersecurity

WORK EXPERIENCE

Bank of America, Quantitative Analyst Intern, New York, NY 06/2025-08/2025

Evaluated 2024 policy replacing aging fees with desk-specific aged inventory limits, applying ITS analysis to measure
shifts across BofA’s 6 Global Credit flow desks (ASIA, CEEMEA, EMEA, LATAM, US HY, US IG).

* Found 15-37% reductions on EMEA and CEEMEA desks; normalized aged inventory by book size across 12 US 1G
traders using coefficients of variation; proposed orthogonal random forest to isolate overlapping policy effects.

JPMorgan Chase & Co., Investment Banking Summer Analyst, New York, NY 06/2024-07/2024
* Analyzed $11B cross-border merger, assessing strategic fit by through revenue segmentation and market scope.

Brown University Department of Biostatistics, Research Intern, Providence, RI 09/2023-12/2023

* Benchmarked 46 distance and similarity metrics using philentropy to evaluate accuracy in matching multi-part names
across datasets without unique identifiers; simulated 10 data corruption scenarios (substitutions, insertions, deletions,
transpositions) on 1,000+ records using stringr and purrr to assess robustness under realistic data issues.

New Jersey Cybersecurity and Communications Integration Cell, SECOPS Intern, Newark, NJ 06/2023-07/2023
* Developed logistic regression pipeline with scikit-learn to classify 10,000+ algorithmically generated domains
(AGDs), engineering 10 predictive linguistic features (e.g., consonant length, domain length, vowel/consonant ratio).
Achieved 64% precision in correctly identifying AGDs; improved model performance by 8% (F1 score) through
hyperparameter tuning with GridSearchCV; benchmarked against Random Forest and Gradient Boosting classifiers.

LEADERSHIP EXPERIENCE

Brown Office of Undergraduate Admissions, Student Head, Providence, RI 02/2024—Present
* Lead campus tour program and conduct 3 weekly campus tours for audiences of up to 180; represent Brown as a
keynote speaker at ADOCH, the official virtual tour, and on Brown’s official Instagram account (25k+ followers).

Brown Statistics Department Undergraduate Group, President, Providence, RI 10/2023—Present
* Organize academic events (e.g., alumni panels, course registration Q&As) attended by 200+ students annually;
manage $1,500 budget and negotiate program funding through UFunds to expand department programming.

PROJECTS

Total Variation Image Denoising via ADMM, Class Project 04/2025-05/2025
* Applied ADMM with Gauss-Seidel iterations to Rudin-Osher-Fatemi total variation denoising; evaluated convergence
(L2 norms, iteration counts) and output quality across eight regularization parameters on grayscale images.

Estimating U.S. Inflation Divergence from G7 Economies, /ndependent Project 05/2024-09/2024
* Analyzed U.S. inflation trends using Difference-in-Differences, Bayesian Structural Time Series (Causallmpact), and
Synthetic Control (Synth); processed IMF data in R using fixed effects regressions and counterfactual simulations.
Estimated inflationary effect of 30-140 basis points attributable to U.S. policies, including global spillover effects.

SKILLS

* Technical Skills: Python (pandas, NumPy, scikit-learn, statsmodels, JAX, SciPy, Plotly), R, MATLAB, Julia, SQL
* Tools: IBM SPSS Statistics, Excel (PivotTables, VBA), Bloomberg, Git, LaTeX, Google Workspace
* Languages: English (native), Castilian Spanish (native), Galician (native), French (intermediate), Portuguese (basic)
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NATHANIEL PARKER VANVALKENBURGH

128 Hope St., Providence, RI / parker_vanvalkenburgh@brown.edu / Phone (401) 863-3251

ACADEMIC EMPLOYMENT

2015-

Brown University, Providence, RI

Associate Professor of Anthropology, 2022-

Elected Fellow, Institute at Brown for Environment and Society, 2018-

Faculty Fellow, Joukowsky Institute for Archaeology and the Ancient World, 2022-
Stanley J. Bernstein Assistant Professor of Social Sciences, 2020-22

Assistant Professor of Anthropology, 2015-2022

2013-15 University of Vermont, Burlington, VT
Assistant Professor of Anthropology
2012-13 Washington University in St. Louis, St. Louis, MO
Andrew Mellon Postdoctoral Fellow in Modeling Interdisciplinary Inquiry
Research Associate, Department of Anthropology
EDUCATION
2012 Harvard University, Cambridge, MA
Ph.D., Anthropology
2005 Institute of Latin American Studies, University of London, UK
M.A., Latin American Studies
2004 University of Cambridge, Cambridge, UK
M.Phil., Archaeology, with Distinction
2003  Stanford University
B.A., Anthropological Sciences; Honors, with Distinction
ADDITIONAL EDUCATION
2013 Washington U. in St. Louis - Advanced GIS; Database Design, Spatial Modeling
2009 Mellon Summer Seminar in Spanish Paleography, Pasadena, CA

PRIMARY RESEARCH PROJECTS

2017-

Principal Investigator, Paisajes Arqueolégicos de Chachapoyas (PACha)

Regional archaeological project focused on long term histories of (Inka and Spanish)
colonialism in the Middle Utcubamba Valley. Survey conducted in 2017; excavations in
Choctamal (La Fila, Llaucan, and Changali), lidar survey at Kuelap in 2018; excavations in
Purun Llagta del Maino, 2019. Collaborators include Zachary Ahonen-Critchley, Matthias
Kucera, Megann Phillips, Daniel Plekhov, Alexis Reategui Diaz, Sophie Reilly, Carol Rojas
Vega, ]. Marla Toyne, and Bethany Whitlock.

11
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2016-

2019-

2008-17

2011-15

Co-Principal Investigator, GeoPACHA: Geospatial Platform for Andean
Colonial History and Archaeology

Development of a browser-based, edited geospatial platform for discovering and mapping
archaeological sites in the Andean region; designed to facilitate the identification of
archaeological sites through “virtual survey” of satellite and aerial imagery. Co-PI - Steven
Wernke (Vanderbilt University).

Co-Principal Investigator, Mapping Historical Trauma in Tulsa, 1921-2021

Collaborative, community-based research project on the Tulsa Race Massacre of 1921 and
its legacies, including geophysical survey, excavations, digital storytelling and museum
exhibition. Also includes development of Greenwood Historical GIS, a series of resources
for visualizing the effects and experiences of the Tulsa Massacre. Co-PI - Alicia Odewale
(University of Tulsa).

Principal Investigator, Proyecto Arqueolégico Zafia Colonial (PAZC)

Regional survey, excavation, and archival project examining Indigenous experience and
landscapes in Peru’s Zafia and Chamén valleys. Regional survey, 2008-10; From 2012-2016,
excavations concentrated at the site of Carrizales, focusing on the effects of forced
resettlement and environmental change on domestic economies and residential life.
Served as umbrella for series of additional subprojects, including chemical
characterization of ceramics, collaboration with Federated Archaeological Information
Management System, isotopic studies. Collaborators included Katherine Chiou, Natalia
Guzmaén Requena, Sarah Kelloway, Sarah Kennedy, Alexis Redtegui Diaz, Carol Rojas
Vega, Rocio Torres Mora, Chester Walker, and Daniela Zevallos Castafieda.

Principal Investigator, Archaeometry of Early Green Glazed (EGG) Ware

Investigation of glazed vessels made by Indigenous potters on Peru’s north coast in 16t
century. Thin section petrography, Instrumental Neutron Activation Analysis (INAA),
Laser-Ablation Inductively Coupled Mass Spectrometry (LA-ICP-MS), and re-firing
studies using Scanning Electron Microscopy (SEM). With Laure Dussubieux (Field
Museum), Sarah Kelloway (University of New South Wales), Jeffrey Quilter (Harvard),
Bill Sillar (UCL), Karen Privat (UNSW), and Michael Glascock (MURR).

OTHER RESEARCH

2022-23

2019-22

Co-Organizer, Deep Displacement: Excavating Histories of Migration and Settlement

Planned conference in Spring 2022, focusing on comparative approaches to displacement,
migration and settlement in archaeology, leading to edited volume. Co-organized with Dr.
Melissa Rosenzweig (Northwestern University). Preparing Workshop Grant resubmission
for Wenner-Gren Foundation for Anthropological Research, May 1, 2021.

Steering Committee, FAIMS 3.0 Electronic Field Notebooks: A Platform for Field
Research Supporting Digital Data Capture and Management in Diverse Situations

Software development program for mobile digital recording platforms for archaeological
research. Funded by Australian Research Data Commons. As steering committee member,
provide design input and testing.

12
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2016-  Project Member, Colonial Modernity in the Andes: A Comprehensive Study of Viceroy
Toledo’s General Resettlement

Collaborative research project on Indigenous forced resettlement in colonial Peru, linked
to two books and several conferences. Japan Society for the Promotion of Science
KAKENHI Grant Number 15H01911. PI Akira Saito, National Museum of Ethnology,
Japan. Have participated in three workshops and contributed two research papers.

2021-23 Partner Investigator, Archaeology, Material Culture and Identity in Colonial Peru

Research project focused on the study of transformations in material culture change
(primarily ceramics) at a series of distinct Peruvian sites. Chief Investigators - Sarah
Kelloway, James Flexner, and Fernanda Pefialoza (University of Sydney). Proposal
currently under review with Australian Research council. Would contribute previously
excavated samples for analysis, assist in interpretations, and contribute to publications.

EXTERNAL RESEARCH GRANTS
For Paisajes Arqueoldgicos de Chachapoyas (PACha)

09/2021 “Collaborative Research: Adaptive Strategies under Empire Transitions” - NSF Senior
08/2025 Archaeology Award 2114106, co-PI J. Marla Toyne, University of Central Florida

04/2020 “Imperial Transitions in the Upper Amazon Basin: Forced Resettlement, Diet, and Political
09/2022 Subjectivity at Purun Llagta del Maino, Peru” - American Philosophical Society Franklin
Research Grant

05/2018 “’Warriors Above the Clouds’: Exploring Settlement History and Landscape Change in
10/2018 Peru's Chachapoyas Region Using Airborne LiDAR and Photogrammetry.” National
Geographic Committee for Research and Exploration (grant HJ-044R-17)

2017 “Employing TanDEM-X to Analyze Settlement History and Landscape Change in Peru's
Chachapoyas Region” - TanDEM-X Science Grant

2016 “Settlement History in Peru’s Chachapoyas Region” - Digital Globe Foundation Grant

For Geospatial Platform for Andean Culture, History, and Archaeology (GeoPACHA)

10/2021 “Collaborative Research: RI: Medium: Deep Generative Modeling for Urban and

09/2024 Archaeological Recovery” (IIS - Robust Intelligence Grant 2106766) PI - Daniel Aliaga,
Purdue University; co-PIs Rajesh Salnayam, Purdue University; lan Lindsay, Purdue
University; Steven Wernke, Vanderbilt University

01/2018 “Extending GeoPACHA: Geospatial Platform for Andean Culture, History, and
06/2021 Archaeology” - ACLS Digital Extension Grant, w/ Steven Wernke

01/2017 “Developing GeoPACHA: Geospatial Platform for Andean Culture, History, and
12/2018 Archaeology” - Spatial Archaeometry Research Collaborations (SPARC) grant -
University of Arkansas, with Steven Wernke

For Mapping Historical Trauma in Tulsa, 1921-2021

6/2022 ”Archaeology of Greenwood: Bearing Witness to a Century of Resilience,” Co-PI with Dr.
6/2024 Alicia Odewale, National Geographic Azimuth Grant NGS-94600R-22

13
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01/2019 “Mapping Historical Trauma in Tulsa, 1921-2021" - Tulsa Race Massacre Centennial
08/2021 Commission, with Alicia Odewale

For Deep Displacement Conference

01/2022 “Deep Displacement: Excavating Histories of Migration and Settlement” - Wenner Gren
06/2022 Foundation Workshop Grant, with Melissa Rosenzweig (Northwestern University)

For Proyecto Arqueoldgico Zafia Colonial (PAZC)

10/2014 “Imperial Households: Forced Resettlement, Diet and Daily Life at Carrizales, Peru.”
03/2018 National Endowment for the Humanities Collaborative Research (grant RZ-51748-14)

07/2013-“The Archaeology of Forced Resettlement and Daily Life at Carrizales and Conjunto 131,
08/2014 Zana, Valley, Peru.” National Geographic Committee for Research and Exploration (grant
9334-13)

04/2012 “Reduccién and Policia: Spanish Colonial Forced Resettlement and Daily Praxis at
12/2012 Carrizales (Zafia Valley, Peru)” Wenner-Gren Post-Ph.D. Research Grant & Osmundsen
Supplement

2010 Program for Cultural Cooperation (Spain’s Ministry of Culture)
2009 International Dissertation Research Fellowship, SSRC

For Archaeometry of Colonial Chimu-Inka Glazed Ceramics (EGG Ware)

2014 “A SEM microstructural investigation of Peruvian EGG ware: exploring potting practices
in 16th Century Peru Wainwright Analytical Centre Research Grant, U. of New South
Wales, with Sarah Kelloway and Karen Privat

2014 “Characterization of Early Green Glazed Wares and Tin-Enameled Wares from Colonial
Peru, Using Instrumental Neutron Activation Analysis” - National Science Foundation
Subvention, U. Missouri Research Reactor

2010 “LA-ICP-MS analysis of Chimu-Inka glazed ware,” NSF Subvention Field Museum
Analytical Research Facility

INTERNAL RESEARCH GRANTS

2019 Summer Undergraduate Teaching and Research Award (UTRA x 3)

2020 Richard B. Salomon Faculty Research Award

2020 Institute at Brown for Environment and Society Seed Grant, with Stephen Porder
2019 Faculty Development Funding, Brown University Dean of Faculty

2019 Social Science Research Institute Seed Grant

2019 Summer Undergraduate Teaching and Research Award (UTRA x 2)

2018 Interdisciplinary Team UTRA Grant (3 students)

2017 Social Science Research Institute Seed Grant

14
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2016
2009
2008
2006

Brown University Interdisciplinary Team UTRA Grant (4 students)
Frederick Sheldon Traveling Fellowship, Harvard University
Summer Research Travel Grant, David Rockefeller Center, Harvard University

Graduate Society Summer Research Grant, Harvard University

FELLOWSHIPS AND AWARDS

2021
2017
2017
2017
2016
2014
2012
2010
2010
2008
2007
2008
2008
2004
2003
2003
2003

William G. McLoughlin Award for Excellence in Teaching in the Social Sciences (Brown)
American Council of Learned Societies Fellowship

Visiting Fellow, McDonald Institute of Archaeology, University of Cambridge
Cogut Center for the Humanities Faculty Fellowship (deferred to 2018-19)
Haffenreffer Museum of Anthropology Faculty Fellow

Kroepsch-Maurice Excellence in Teaching Award (Nominee), UVM

Harvard Extension School Student Choice Teaching Award Nominee
Dumbarton Oaks Junior Fellowship

Cora DuBois Dissertation Completion Fellowship

Harvard University Certificate of Distinction in Teaching

Harvard University Certificate of Distinction in Teaching

Graduate Society Merit Fellowship, Harvard University

Jens Aubrey Westengard Scholarship, Harvard University

Fellow, Cambridge Overseas Trust Society

Phi Beta Kappa, Stanford University

Firestone Medal for Undergraduate Research, Stanford University

British Marshall Scholarship

WORK UNDER REVIEW OR CONTRACT

Under

VanValkenburgh, Parker and Steven A. Wernke (joint first authors). The Archaeology of

Contract Spanish Colonialism in the Central Andes. Cambridge University Press World Archaeology

Under
Review

Under
Review

Under

Series.

Smit, Douglas K. and Parker VanValkenburgh. Indigenous labor and the Circulation of
Majolicas in the Colonial Andes. Submitted to Journal of Archaeological Science: Reports

Jiachen Xu; James Zimmer-Dauphinee; Quan Liu; Yuxuan Shi; Junlin Guo; Parker
VanValkenburgh; Steven A. Wernke; Yuankai Huo. Submitted to International Journal of

Remote Sensing.

Morrow, Giles S; Steven Wernke; Parker VanValkenburgh,. Christopher Wai. “Seeking
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Review Refugia on the North Coast of Peru: Expanding the ‘Total Coverage” Archaeological
Surveys of the Jequetepeque and Lower Santa Valleys through systematic analysis of
satellite imagery using the GeoPACHA.” Submitted to Antiquity.

Under ~ Wernke, Steven A; Parker VanValkenburgh; et al. “GeoPACHA: An online platform
Review for collaborative imagery-based survey in the Andes” Submitted to Antiquity.

Under  Marcone, Giancarlo; Steven Wernke; James Zimmer-Dauphinee; Parker VanValkenburgh
Review and Justin Moat “Lomas in the mist: Late pre-Hispanic Fog oasis settlements and the
long-term human occupations on the Peruvian Central Coast from satellite imagery”

BOOKS

2021 VanValkenburgh, Parker. Alluvium and Empire: The Archaeology of Colonial Resettlement
and Indigenous Persistenice on Peru’s North Coast. Tucson: University of Arizona Press.

2013 Osborne, James F. and Parker VanValkenburgh, eds. Territoriality in Archaeology.
Archaeological Papers of the American Anthropological Association 22. Washington, D.C.

THEMED JOURNAL ISSUES

2020 VanValkenburgh, Parker and Andrew Dufton. Archaeological Vision in the Age of Big
Data Themed Issue of Journal of Field Archaeology. Volume 45, Supplement 1.

2016 Traslavifia, T. Abel, Chase, Zachary, VanValkenburgh, Parker and Brendan ].M. Weaver,
eds. Arqueologia Histérica en el Perii. Boletin de Arqueologia PUCP. Volumes 20 y 21.

PEER-REVIEWED JOURNAL ARTICLES

2021 Plekhov, Daniel, Parker VanValkenburgh, Paul Abrams, Amanda Cutler, Justin Han,
Alexis Reétegui Diaz, Bryn Sullivan, Steven Wernke. “Linking Past and Present Land-
use Histories in Southern Amazonas, Peru.” Remote Sensing accepted / in press.

2020 VanValkenburgh, Parker and Andrew Dufton. “Big Archaeology: Horizons and
Blindspots.” Journal of Field Archaeology 45: S1-S7. 10.1080/00934690.2020.1714307

2020 VanValkenburgh, Parker, K. C. Cushman, Luis Jaime Castillo Butters, Carol Rojas Vega,
Carson Roberts, Charles Kepler and James Kellner. “Lasers Without Lost Cities: Using
Drone-mounted LiDAR to Capture Architectural Complexity at Kuelap, Amazonas,
Peru” Journal of Field Archaeology 45: S75-588 10.1080/00934690.2020.1713287

2020 Wernke, Steven, VanValkenburgh, Parker and Akira Saito. “Interregional Archaeology
in the Age of Big Data: Building Online Collaborative Platforms for Virtual Survey
in the Andes” Journal of Field Archaeology 45: S61-574. 10.1080/00934690.2020.1713286

2019 Kelloway, Sarah; VanValkenburgh, Parker; Astuhuaman Gonzalez, César; Gonzalez
Lombardi, Andrea; Bedoya Vidal, Diego. “International Pots of Mystery: using PXRF
to identify the provenance of botijas from 16t Century sites on Peru’s north coast.”
Journal of Archaeological Science Reports 27 10.1016/].jasrep.2019.101974
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2019

2019

2019

2018

2018

2017

2017

2016

2016

2016

2016

2016

VanValkenburgh, Parker. “The Past, Present and Future of Transconquest Archaeology
in the Andes.” International Journal of Historical Archaeology 23 (4): 1063-1080
10.1007/510761-018-0484-z

Kennedy, Sarah, Chiou, Katherine and Parker VanValkenburgh. “Inside the Reduccién:
Crafting Colonial Foodways at Carrizales and Mocupe Viejo, Zafa Valley, Peru (1570-
1700) International Journal of Historical Archaeology 23(4): 980-1010 10.1007/s10761-018-
0481-2

Turner, Bethany; VanValkenburgh, Parker; Lee, Kristina; and Benjamin Schaefer.
“Paleodiet among Late Prehispanic and Early Colonial Human Remains from Carrizales,
Zana Valley, Peru.” International Journal of Osteoarchaeology 29(4): 560-573.

10.1002/0a.2752

VanValkenburgh, Parker; Silva, Luiza O. G.; Repetti-Ludlow, Chiara; Crook, Jackson;
Gardner, Jake; Ballsun-Stanton, Brian. 2018. “Mobilization as Mediation: implementing a
tablet-based recording system for ceramic classification.” Advances in Archaeological Practice
6(4): 342-356 10.1017/aap.2018.12

Kelloway, Sarah; VanValkenburgh, Parker (joint first author); Inafiez, Javier;
Dussubieux, Laure; Quilter, Jeffrey; and Michael D. Glascock. 2018. “Identifying Andean-
made Majolica from 16th-18th Century Sites on Peru's North Coast.” Journal of
Archaeological Science: Reports 17: 311-324. 10.1016/].jasrep.2017.10.008

VanValkenburgh, Parker, Kelloway, Sarah, Privat, Karen, Sillar, Bill, and Jeffrey
Quilter. Rethinking Cultural Hybridity and Technology Transfer: SEM Microstructural
Analysis of Lead Glazed Ceramics from Early Colonial Peru. Journal of Archaeological
Science 82:17-30. 10.1016/j.jas.2017.04.007

VanValkenburgh, Parker. Unsettling Time: Persistence and Memory in Spanish
Colonial Peru. Journal of Archaeological Method and Theory 24(1): 117-148. 10.1007/s10816-
017-9321-7

Weaver, B.].M., Traslavifa, A., VanValkenburgh, P. and Z. Chase. “ Arqueologia
histdrica en el Pert: La sociedad andina en la transicién econémica, politica y social.”
Boletin de Arqueologia PUCP 21: 5-12 10.18800/ boletindearqueologiapucp.201602.001

VanValkenburgh, Parker. “Produciendo Chérrepe: reduccion, etnia y performance en los
valles de Zafia y Chaman, siglos 16 y 17” Boletin de Arqueologia PUCP 20: 139-158.
10.18800/ boletindearqueologiapucp.201601.007

VanValkenburgh, Parker, Chase, Zachary ]., Weaver, Brendan ].M. and Teddy Abel
Traslavifia Arias. "Arqueologia Historica en el Perti: Posibilidades y Perspectivas." Boletin
de Arqueologia PUCP 20: 5-24. 10.18800/boletindearqueologiapucp.201601.001

Kennedy, Sarah and Parker VanValkenburgh. "Zooarchaeology and Changing Food
Practices at Carrizales, Peru." International Journal of Historical Archaeology 20(1): 73-104.
10.1007/s10761-015-0319-0

Kelloway, Sarah J., Ferguson, Timothy Ifiafiez, Javier G., VanValkenburgh, Parker, Roush,
Cody C., Gibbs, Martin, and Michael D. Glascock. “Sherds on the Edge: Characterisation
of 16t Century Colonial Spanish Pottery Recovered from the Solomon Islands.”
Archaeometry 58(4): 549-573. 10.1111/arcm.12187
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2015

2015

2013

2013

VanValkenburgh, Parker, Kelloway, Sarah, Laure Dussubieux, Quilter, Jeffrey, and
Michael Glascock. 2015. “The Production and Circulation of Indigenous Lead-Glazed
Ceramics in Northern Peru During Spanish Colonial Times.” Journal of Archaeological
Science 61: 172-185 10.1016/j.jas.2015.06.006

VanValkenburgh, Parker, Chester P. Walker, and Jennie O. Sturm. 2015. “Gradiometer
and Ground-Penetrating Radar Survey of two Reduccion Settlements in the Zafia Valley,
Peru” Archaeological Prospection 22 (2): 117-129. 10.1002/ arp.1499

VanValkenburgh, Parker. 2013. “Creolization, Hybridity and Mestizaje: A Comment.”
Archaeological Review from Cambridge 28: 301-322. LINK

VanValkenburgh, Parker and James F. Osborne. 2013. “Home Turf: Archaeology,
Territoriality, and Politics.” Territoriality in Archaeology, ed. Osborne, James F. and Parker

VanValkenburgh, eds. Archaeological Papers of the American Anthropological Association 22: 1-
27.10.1111/apaa.12000

PEER-REVIEWED BOOK CHAPTERS

Subm.

Subm.

2021

2020

2018

2017

2016

VanValkenburgh, Parker. Submitted. “The Houses and House-lives of Indios Reducidos:
Domestic Space, Food Sharing, and the Politics of Dwelling at Carrizales (Zafia Valley,
Peru),” in Akira Saito and Steven Wernke, eds. Unsettling Resettlement

VanValkenburgh, Parker. Submitted. “Seeing Through the Trees: Lidar Landscapes
and the Visual Culture of Archaeology” in Godfrey, Anne C., ed., Active Landscape
Photography: Diverse Practices (Routledge)

VanValkenburgh, Parker. “Colonial Ceramics: Commerce and Consumption,” in Jeffrey
Quilter, ed. Magdalena de Cao Viejo: An Early Colonial Town on the North Coast of Peru.
Cambridge, MA: Peabody Museum Press. Pp. 209-229.

VanValkenburgh, Parker, Kennedy, Sarah, Rojas Vega, Carol and Gabriel Hassler. “El
Contrato del Mar: Colonial Life and Maritime Subsistence at Carrizales, Zafia Valley,
Peru.” Gabriel and Daniel Sandweiss, eds. Maritime Communities of the Ancient Andes.
Gainseville, FL: University Press of Florida. Pp. 366-396.

VanValkenburgh, Parker. “Whither the History of Forced and Undocumented
Migration? Notes for Genealogical and Comparative Approaches.” In Hamilakis, Y.
(ed.). The New Nomadic Age: Archaeologies of Forced and Undocumented Migration.
Sheffield: Equinox. Pp. 231-238. DOLI: 10.1558 / equinox.34658.Nov 2018

VanValkenburgh, Parker. “Historias galonadas: la genealogia de reduccién, paisaje y
poblacién en los valles de Zafia y Chaman, Perd,” en Saito, Akira y Claudia Rosas Lauro,
eds. Reducciones: La Concentracion Forzada de las Poblaciones Indigenas en el Virreinato del
Perii. Lima: Fondo Editorial PUCP. Pp. 223-260. LINK

Sobotkova, A., Ross, S., Ballsun-Stanton, B., Fairbairn, A., Thompson, J., and
VanValkenburgh, P. Measure twice, cut once: cooperative deployment of a generalised,
archaeology-specific field data collection system. In E. W. Averett, ]. M. Gordon, & D. B.
Counts (Eds.), Mobilizing the Past: Recent Approaches to Archaeological Fieldwork in the Digital
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Age University of North Dakota Digital Press in conjunction with Mukurtu 2.0 (Center for

Digital Archaeology). Pp. 337-374. LINK

ARTICLES IN NON-PEER REVIEWED VENUES

2020

2018

2017

2013

Sarmiento, Fausto O., M.B. Bush, W. Church, P. VanValkenburgh, M. Oliva, E. Delgado,
S. Fernandez and N. Rojas. 2020. “Mountain science helps ecotourism in the cloud forests
of Peru.” PAGES Magazine. 28(1), 22-23. DOI 10.22498 / pages.28.1.22

VanValkenburgh, Parker; Sarah Kelloway, Daniela Zevallos Castafieda y Diego Bedoya
Vidal. 2018. “Caracterizacién quimica de ceramica colonial temprana en el sitio de
Carrizales,” Lambayeque, Pert. Actas del III Congreso Nacional de Arqueologia (Lima,
Peru).

Marwick, B. d’Alpoim Guedes, J.; Barton, C.M.; Bates, L.A.; Baxter; M., Bevan, A.;
Bollwerk, E.A.; Bocinsky, R.K.,; Brughmans, T.; Carter, A.; Conrad, C.; Contreras, D.A.;
Costa, S.; Crema, E.R.; Daggett, A.; Davies, B.; Drake, B.L.; Dye, T.S.,; France, P.;
Fullagar, R.; Giusti, D.; Graham, S.; Harris, M.D.; Haws, J.; Heath, S.; Huffer, D.; Kansa,
E.C.; Kansa, S.W.; Madsen, M.E.; Melcher, ]. Negre, Joah; Neiman, F.D.; Opitz, R.; Orton,
D.C; Przstupa, P.; Raviele, M. Riel-Salvatore, J.; Riris, P.; Romanoska, I. Smith, J.;
Strupler, N.; Ullah, LI, Van Vlack, H.G.; VanValkenburgh, N.; Watrall, E.E.; Webster,
J.W.; Winters, J. and C.D. Wren. 2017. “Open Science in Archaeology.” SAA
Archaeological Record 17: 8-14. DOI 10.17605/OSE.I0/3D6XX

VanValkenburgh, Parker, Carol Rojas Vega and Rocio Torres Mora. 2013. “ Arqueologia
Histoérica en los Valles de Zafa y Chaman.” Revista Arqumentos, aiio 7, n° 3. Lima: IEP.

BOOK REVIEWS

2014

2014

2012

2008

VanValkenburgh, Parker. Review of The Archaeology of Hybrid Material Culture, ed. Jeb J.
Card. American Antiquity 79(4): 802-803.

VanValkenburgh, Parker. Review of Vertical Empire: The General Resettlement of Indians in the
Colonial Andes by Jeremy Mumford (Duke, 2012) and Negotiated Settlements: Andean
Communities and Landscapes under Inka and Spanish Colonialism by Steven Wernke (Florida
2013). Colonial Latin American Review 23(2): 280-294

VanValkenburgh, Parker. Review of Converting Words: Maya in the Age of the Cross, by
William Hanks. Journal of Latin American and Caribbean Anthropology 351-353.

VanValkenburgh, Parker. Review of Heads of State: Icons, Power and Politics in the Ancient
and Modern Andes, by Denise Arnold and Christine Hastorf. Arqueolog.com.

TECHNICAL REPORTS

2021

2021

Parker VanValkenburgh and Alicia Odewale. “Report to the Tulsa Development
Authority on Geophysical Survey Conducted by the Mapping Historical Trauma in Tulsa,
1921-2021 project in October 2020.”

Alicia Odewale and Parker VanValkenburgh. “Report to Oklahoma State University -
Tulsa on Geophysical Survey Conducted by the Mapping Historical Trauma in Tulsa
project, in October 2020”

19



VanValkenburgh p. 10

2019

2018

2017

2016

2015

2014

2012

2010

Carol Rojas Vega and Parker VanValkenburgh. Paisajes Arqueoldgicos de Choctamal -
Chachapoyas - Fase I, Temporada 3 - Excavaciones en Purun Llaqta del Maino - (Informe
Técnico). Ministerio Nacional de Cultura (Peru).

Carol Rojas Vega and Parker VanValkenburgh. Paisajes Arqueolégicos de Choctamal -
Chachapoyas - Fase I, Temporada 2 - Pozos de Prueba - (Informe Técnico). Ministerio
Nacional de Cultura (Peru).

Carol Rojas Vega and Parker VanValkenburgh. Paisajes Arqueolégicos de Chachapoyas -
Fase I - Prospeccién - (Informe Técnico). Ministerio Nacional de Cultura (Peru).

VanValkenburgh, Parker and Daniela Zevallos Castafieda. Proyecto Arqueolégico Zafia
Colonial - Fase III - Investigaciones de Materiales en Laboratorio - Temporadad 2016
(Informe Técnico). Ministerio Nacional de Cultura (Peru).

VanValkenburgh, Parker and Daniela Zevallos Castafieda. Proyecto Arqueolégico Zafia
Colonial - Fase Ilc - Excavaciones en el Sitio de Carrizales (LA-057), Temporada 2015
(Informe Técnico). Ministerio Nacional de Cultura (Peru).

VanValkenburgh, Parker and Rocio Torres Mora. Proyecto Arqueolégico Zafia Colonial -
Fase IIb - Excavaciones en el Sitio de Carrizales (LA-057), Temporada 2014 (Informe
Técnico). Ministerio Nacional de Cultura (Peru).

VanValkenburgh, Parker and Natalia Guzman Requena. Proyecto Arqueolégico Zafa
Colonial - Fase Ila - Excavaciones en el Sitio de Carrizales (LA-057), Temporada 2012
(Informe Técnico). Ministerio Nacional de Cultura (Peru).

VanValkenburgh, Parker and Carol Rojas Vega. Mapeo, Prospeccién y Pozos Iniciales
en el Valle de Zafia. Temporada 2009-10 (Informe Técnico). Ministerio Nacional de
Cultura (Peru).

INVITED PRESENTATIONS

2022

2022

2021

2021

2021

2020

2020

“Rethinking the Archeology of Settlement” - Boston University Archaeology Lecture
Series, December 1st

"South American Archaeology at Scale: the Geospatial Platform for Andean Culture,
History, and Archaeology (GeoPACHA). Archaeological Institute of America “Quick
Takes:” Archaeology and Big Data.

“ Archaeology, Big Data, and Big Questions about lidar in the Andean Cordillera and
Beyond" - Texas Tech / American Institute of Archaeology, Lubbock, TX (remote)

“Lasers Below the Clouds: Mapping Kuelap with Drone-mounted and Terrestrial Lidar,”
in Dumbarton Oaks Research Library and Collections, June (remote)

“South American Archaeology at Scale?: The Geospatial Platform for Andean Culture,
History, and Archaeology (GeoPACHA),” Archaeology Seminar - Harvard University,
February (remote)

“Title TBD.” Colorado State University Department of Anthropology and Geography
Seminar Series, September 25th (canceled due to Covid-19)

“Webinar - GeoPACHA: Geospatial Platform for Andean Culture, History and
Archaeology.” Universidad de Ingenieria y Tecnologia, Lima, Peru (remote), June
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2019

2019

2019

2019

2019

2019

2018

2018

2018

2018

2018

2018

2017

2017

2017

2017

2017

“Arqueologia Aérea en la Cuenca del Rio Utcubamba: Paisajes Arqueolégicos de
Chachapoyas,” AGOPI, Chachapoyas, August

“Conferencia Magestral: Proyecto Arqueolégico Choctamal - Chachapoyas.” INAAK and
Universidad Nacional Toribio Rodriguez de Mendoza, Chachapoyas, Peru, May

Discussant, “Lost in Transition” symposium, organized by Clea Moulin, Abel Traslavifia,
and James Zimmer-Dauphinee Society for American Archaeology Annual Meetings, April

“Mapping Kuelap Using UAV-mounted LiDAR and Hyperspectral Imagery,” Harvard
University Andean Seminar, April

“LOGAR and GeoPACHA: Progress and Prospects of Collaborative Digital Humanities
Tools for the Archaeology and Ethnohistory of the Andes.” With Steven Wernke and
Akira Saito. Research Institute for Humanity and Nature, Kyoto, Japan, March

“Las Reducciones en Chachapoyas,” National Museum of Ethnology, Osaka, Japan, March

Discussant, “#MeToo and Archaeology,” panel organized by Jason De Leon and Chelsea
Fischer, American Anthropological Association Annual Meetings, November

“Becoming Indios: Genealogy, Landscape and Political Subjectivity in the Zafia Valley,
Peru, 15th-18th Centuries CE.” Department of Archaeology, Leiden University,
Netherlands, October

“LOGAR y GeoPACHA: Logros y posibilidades de humanidades digitales para el estudio
de la Reduccion General de Indios.” Un Imperio, Multiples Espacios Conference Hosted
by Qhapac Nan Project, Ministerio de Cultura, Lima, Peru, August

“LOGAR and GeoPACHA: Progress and Prospects of Collaborative Digital Humanities
Tools for the Archaeology and Ethnohistory of the Andes.” by Steven A. Wernke, Parker
VanValkenburgh, and Akira Saito. Invited talk presented at the workshop /Andean
Archaeologists of Central New York/, Syracuse University, April

“Implementing Collaborative Digital Humanities Tools for the Andean Archaeology and
History,” by Steven A. Wernke, Parker VanValkenburgh, and Akira Saito. Invited
presentation for “Thinking Through the Archives,” a Digital Humanities Best Practices
Workshop, University of Southern California, April

“Domestic Life in Toledan Reducciones and the Case of Carrizales, Zafia Valley, Peru”
Unsettling Resettlement conference, Vanderbilt University, February

“The Edges and Ends of Empire in Northern Peru, 16th-18th Centuries CE” University of
Frankfurt and Max Planck Institute of European Legal History, Frankfurt, Germany

“Building Indios: A Genealogy of Landscape and Political Subjectivity in Peru's Zafia
Valley, 12th-18th Centuries CE” McDonald Institute of Archaeology, Cambridge
University, Garrod Seminar, October

“Site-seeing: Archaeology, Aeriality and Objectivity in coastal Peru,” Smith College, April

Forum Participant, “ Afro-Latin American Archaeology,” Society for American
Archaeology Annual Meeting

“Surf and Turf: Maritime Foodways and the Challenge of Spanish Empire at Carrizales,
Peru - 12th to 17th Centuries CE. Boston University Department of Archaeology Brown
Bag Lecture Series, March
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2017

2017

2016

2016

2015

2014

2014

2013

“El Contrato del Mar: Diet, Daily Life and Political Subjectivity at Carrizales, Peru 12th-
16th centuries CE. Yale University Department of Anthropology Archaeology Brown Bag
Series, February

“Building Indios: A Genealogy of Landscape and Political Subjectivity in Peru's Zafia
Valley, 12th-18th Centuries C.E.” University of Michigan, Center for Latin American and
Caribbean Studies, January

Discussant - “Ethnohistorical Uses of Geographical Information Systems,” Panel at
American Society for Ethnohistory Annual Meeting, November

“r 7

Comparative Perspectives on the Impact of Reduccién on Indigenous Domestic Life””
Colonial Modernity in the Andes: A Comprehensive Study of Viceroy Toledo’s General
Resettlement,” hosted by Dr. Akira Saito - La Paz, Bolivia, December

“ Archaeological Perspectives on the Reduccion Process: Considering Interregional
Variation in the Movement’s Dynamics and its Afterlives.” Vanderbilt University,
November

“To See and Be Seen: Towards an Archaeology of Scopic Regimes." Artifacts as Evidence:
The Material Record of Politics Symposium at Washington University in St. Louis, October

“Drones and Bones: Digital Approaches to Archaeology in Northern Peru,” Second
Annual James B. Petersen Memorial Lecture, University of Vermont, September

“Regional Approaches to Reduccién in Northern Peru: Examples from the Zafia and
Chamaén Valleys.” Vanderbilt University, November

JURIED PRESENTATIONS AND POSTERS

2022

2022

2021

2020

2019

2019

“The Sustainability of Agricultural Terraces: Three Scales of Evaluation from
Chachapoyas, Peru” - in “Lessons from the Past: Archaeological Insights on
Environmental, Economic, and Social Sustainability” - Society for American Archaeology
Annual Meeting, Chicago, IL; Daniel Plekhov, Parker VanValkenburgh, Carol Rojas Vega,
Alexis Reategui Diaz

“Deploying GeoPACHA: An Overview of Results from Stage One,” in GeoPACHA:
Expanding scales of archaeological analysis through imagery-based survey in the
Andes; Society for American Archaeology Annual Meeting, Chicago, IL

“Examining Long-term Histories of Land Use in Peru's Chachapoyas Region” with Mark
Bush, Courtney Shadik, Daniel Plekhov and Bethany Whitlock, Society for the
Anthropology of Lowland South America, 6/2021

Roundtable Chair, “Collaborative Virtual Survey in the Andes: The Geospatial Platform
for Andean Culture, History, and Archaeology” Society for American Archaeology
Annual Meeting, 4/2020 (cancelled)

Roundtable Presenter, “Disrupting Power: Between and Beyond Hierarchy and
Egalitarianism in the Community,” American Anthropological Association Annual
Meeting, 11/2019

“Here’s Looking at You: The Politics of UAV-based and satellite-based aerial survey in the
Peruvian Andes,” Society for American Anthropology Annual Meeting, 4/2019
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2018

2017

2017

2017

2016

2016

2016

2016

2016

2015

2015

2015

2014

2014

2014

Roundtable Presenter, “Mobility, Resilience and Resistance: Migration in Historical
Perspective.” American Anthropological Association Annual Meeting, 11/2018

“Spanish Colonial Impacts on Foodways and Diet in the Zafa Valley of Peru: A Multi-
Isotopic Reconstruction” second author, with Bethany Turner-Livermore and Benjamin
Schaefer. American Association of Physical Anthropologists, 4/2017

“Site-seeing: archaeology, aeriality and objectivity in coastal Peru” (submitted; session
organized by M. Llobera), Society for American Archaeology Annual Meetings,
Vancouver, BC, 4/2017

“Chacras in the Clouds: Documenting High-Altitude Agricultural Landscapes in the
Tambillo Valley of Chachapoyas, Amazonas, Peru” - Society for American Archaeology
Annual Meetings, poster presentation, second author, with Joseph Cronin and Anna
Guengerich 4/2017

“Forced Resettlement and Governmentality in Spanish Colonial Latin America:
Comparative Approaches from Peru and New Spain” American Anthropological
Association Annual Meeting 11/2016

“Landscape, Labor and the Dialectics of Difference in Zafia, Peru during the 16t-18th and
21st Centuries, American Society for Ethnohistory Annual meetings, 11/2016”

“Caracterizacién quimica de ceramica colonial temprana en el sitio de Carrizales,
Lambayeque, Peru” Congreso Nacional de Arqueologia, 9/2016, with Diego Bedoya Vidal
and Sarah Kelloway.

“Diet, Status, and Identity in Colonial Peru: Investigations at Carrizales” (2nd author, w/
S. Kennedy). Society for American Archaeology Annual Meetings, 4/2016

“Landscape, Labor, and the Production of Difference in Colonial Peru: Indios and Negros
in the Zafia Valley, 16th through 18th centuries C.E.” Society for American Archaeology
Annual Meetings, 4/2016

“Forced Resettlement, Domestic Space and Maritime Subsistence at Carrizales (Zafia
Valley, Peru), 13th-17th centuries C.E.” Northeast Conference in Andean Archaeology and
Ethnohistory, Toronto, ON, 10/2015

"Gardens and Forking Paths: A Genealogy of Landscape and Subject Formation in the
Zafia Valley, Peru." Society for American Archaeology Annual Meetings, 4/2015

“ Architecture in Negative: Mapping Social Space at Carrizales, Peru Using Low Altitude
Aerial Photography and Photogrammetry." Society for American Archaeology Annual
Meetings, with Mark Willis and Chester P. Walker, 4/2015

“Unsettling Subjects: Strategies of Amnesia and Tactics of Remembrance in Colonial
Peru.” American Anthropological Association Annual Meetings, 12/8/2014

“Putting FAIMS (Federated Archaeological Information Management System) to use in
Coastal Peru” Australian Archaeological Association Annual Meetings - Remote
Presentation, 12/4/2014

“El Contrato del Mar: Forced Resettlement and Maritime Subsistence at Carrizales and
Conjunto 131, Zaha Valley, Peru” (with Sarah Kennedy, Carol Rojas Vega, and Gabriel
Hassler) Society for American Archaeology Annual Meeting, Austin, TX, 4/2014
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2014

2013

2012

2012

2011

2009

2008

2005

“Chérrepe in Fragments: Time, Place and Representation in Andeanist Historical
Archaeology,” Society for Historical Archaeology Annual Meeting, Quebec, QC, Canada,
1/2014

“Probing the analytical potential of low altitude aerial photography and digital
photogrammetry in the lower Zafia Valley, Perd.” (with Chester P. Walker) Northeast
Conference in Andean Archaeology and Ethnohistory, New Haven, CT, 11/2013

“The World on a Plate: Consumption and Commerce At Magdalena De Cao Viejo Through
the Lens of Ceramic Analysis.” American Anthropological Association Annual Meetings,
11/2012.

“Regional Archaeology in Coastal Peru: Adapting New Approaches to Solve Old
Problems” - Society for American Archaeology Annual Meeting 4/2012

“Urbs and Civitas: Landscapes of Forced Resettlement in the Zafia and Chaméan Valleys,
Peru - 16t through 18t Centuries C.E,” Dumbarton Oaks, 3/2011 and (with C. Rojas
Vega), Society for American Archaeology Annual Meeting 4/2011

“Home Turf: Archaeology, Territoriality, and Politics” (with J. Osborne), Society for
American Archaeology Annual Meeting, Atlanta, GA, 4/2009

“Continuity and Transformation in Indigenous Households During the Colonial Period:
Recent Insights from Magdalena de Cao Viejo, Peru” (First Author; Second Author - J.
Quilter) Society for American Archaeology Annual Meeting, Vancouver, BC, Canada,
3/2008

“The Sound of Interregionalism in the Late Initial Period and Early Horizon: Strombus
Trumpets from Chavin de Hudntar, Peru” Society for American Archaeology Annual
Meeting, Salt Lake City, 4/2005

CONFERENCE SESSION ORGANIZER / CHAIR

2022

2020

2019

2018

2016

2016

2014

GeoPACHA: Expanding scales of archaeological analysis through imagery-based survey
in the Andes; Society for American Archaeology Annual Meeting, Chicago, IL; co-
organized with Steven Wernke

Collaborative Virtual Survey in the Andes: The Geospatial Platform for Andean Culture,
History and Archaeology; Society for American Archaeology Annual Meeting, Austin, TX
(canceled); co-organized with Steven Wernke

Archaeological Vision in the Age of Big Data; Society for American Archaeology Annual
Meeting Albuquerque, NM; co-organized with Andrew Dufton

Executive Session - Mobility, Resilience and Resistance: Migration in Historical
Perspective; American Anthropological Association Annual Meeting, San Jose, CA

Deep Displacement: Excavating the History of Forced Migration and Forced
Resettlement; American Anthropological Association Annual Meeting, Minneapolis,
MN

The Spatial Production of Blackness in the Spanish Americas; American Society for
Ethnohistory, Nashville, TN; co-organized with Brendan J.M. Weaver

Las Preguntas Que Cuentan; Society for Historical Archaeology Annual Meeting, Quebec,
QC; co-organized with Ross Jamieson
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2012 Frogs Crossing the Pond: New (and Old) Frontiers in Regional Archaeology; Society for
American Archaeology Annual Meeting, Memphis, TN; co-organized with Thomas
Leppard and Bradley Sekadat

2009 Territoriality in Archaeology; Society for American Archaeology Annual Meeting, Atlanta,
GA; co-organized with James Osborne

TEACHING

Instructor of Record at Brown University

2021-  Anthropology 2202 - Advanced GIS and Spatial Analysis

2019 Humanities 1973] - How to Things with Maps: Cartography, Power and Political
Imagination, from Gilgamesh to Google

2017- Anthropology 2501 - Space, Power and Politics

2016-  Anthropology 2201 - Archaeology in the Digital Age

2016-  Anthropology 1505 - Vertical Civilization: Andean Archaeology from Monte Verde to
the Inkas

2016-  Anthropology 0500 - Past Forward: Introducing Anthropological Archaeology

2015-  Anthropology 1201 - Introduction to GIS and Spatial Analysis

Instructor of Record at University of Vermont

2014-15 Anthropology 196 - Landscape Anthropology and Spatial Analysis (52014, S2015)

2014 Anthropology 95B - Conquistadors and Cannibals, University of Vermont

2014 Anthropology 210 - Archaeological Theory, University of Vermont (S2014)

2013-15 Anthropology 24 - Introduction to Prehistoric Archaeology (F2013, S2015)

Instructor of Record at Washington University in St Louis

2013

2012

Anthropology 4092 - Vertical Civilization: Andean Archaeology and An-dean
Environments, from Monte Verde to the Inkas

Interdisciplinary Program in the Humanities 405 - History and Anthropology: Facets
of a Complex Dialogue

NATIONAL/INTERNATIONAL ACADEMIC SERVICE

2021-
2021
2020
2020
2019

2015

Editorial Board, Journal of Field Archaeology

Program Committee, Society for American Archaeology Annual Meeting
Program Committee, Society for American Archaeology Annual Meeting
Review Panelist, National Endowment for the Humanities

Host/Organizer, Northeast Conference on Andean Archaeology and Ethnohistory. Two-
day conference hosted November 2019 at Brown University; 120 attendees

Review Panelist, National Endowment for the Humanities
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2014

2014-

2012-

Host/Organizer, Northeast Conference on Andean Archaeology and Ethnohistory. Two-
day conference hosted November 2014 at University of Vermont; 80 Attendees

Editorial Board, Historical Archaeology in South America Series, University of Alabama
Press

Ad Hoc Reviewer - Advances in Archaeological Practice, American Anthropologist,
Antiquity, Anthropologica (Peru), Boletin de Arqueologia PUCP, Cambridge
Archaeological Journal, Colonial Latin American Review, Current Anthropology, Field
Museum Analytical Research Facility (NSF), Journal of Archaeological Science, Journal of
Archaeological Science: Reports, Journal of Archaeological Research, Journal of Field
Archaeology, Journal of Archaeological Method and Theory, Latin American Antiquity,
National Geographic Committee on Research and Exploration, National Science
Foundation, PLOS One, SSRC International Dissertation Research Fellowship, University
of Utah Press, University Press of Florida

UNIVERSITY ACADEMIC SERVICE AT BROWN UNIVERSITY

University Committees

2020-22 Faculty Executive Committee

2019-20 Standing Committee on Academic Code

Advisory / Executive Committees for Academic Programs

2022-
2021-
2019-
2018-

Faculty Fellow, Joukowsky Institute of Archaeology and the Ancient World
Campus Advisory Board, Brown Data Science Initiative
Academic Advisory Committee, Spatial Structures in the Social Sciences

Academic Advisory Committee, Program in Early Cultures

2018-19 John Carter Brown Library, Academic Advisory Committee

2016-17 John Carter Brown Library, Academic Advisory Committee

Review Panels for University Awards

2022
2022
2019
2018
2017
2016
2015

Center for Latin American and Caribbean Studies Dissertation Prize Committee
Spring Application Review Committee

UTRA Application Review Committee

UTRA Application Review Committee

Rhodes, Marshall and Mitchell Scholarships Review and Interview Committee
Rhodes, Marshall and Mitchell Scholarships Review and Interview Committee

Rhodes, Marshall and Mitchell Scholarships Review and Interview Committee

Undergraduate Advising

2020-21 First-Year Advisor and Second-Year Advisor
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2018-19 First-Year Advisor
2016-17 First-Year Advisor

DEPARTMENT ACADEMIC SERVICE AT BROWN UNIVERSITY
2022-23 Director of Graduate Admissions, Department of Anthropology

2022 Watson Smith Prize Review Committee, Department of Anthropology
2022-23 Faculty Supervisor, Anthropology Department Colloquium

2021-22 Faculty Supervisor, Anthropology Department Colloquium

2020-21 Faculty Supervisor, Anthropology Department Colloquium

2020-21 Department Liaison, Sheridan Center for Teaching

2018-19 Faculty Supervisor, Anthropology Department Colloquium

2019 Graduate Curriculum Review Committee, Department of Anthropology
2016 Watson Smith Prize Review Committee, Department of Anthropology
2017 Watson Smith Prize Review Committee, Department of Anthropology

2015-  Director, Brown University Digital Archaeology Lab. Hold lab meetings and workshops;
administer GIS computer cluster; provide support to student researchers

LECTURE SERIES ORGANIZED

2020-21 “The Uses of Space in Andean History and Archaeology,” with Jeremy Mumford
2019-20 “City Rhythms and Urban Forms,” with Rebecca Carter, A Suitor, M. Paulk

2018-19 “Performance, Embodiment and Identity in the Andes,” with Jessaca Leinaweaver
2018-19 “Precolumbian Dialogues,” with Andrew Scherer

2016-17 “Precolumbian Dialogues,” with Andrew Scherer and Stephen Houston

2016-17 “Approaching Race and the Politics of Indigeneity in the Andes,” with Jeremy Mumford

OTHER SERVICE
2019- Board Member, Public Archaeology Laboratory, Pawtucket, RI

MENTORSHIP

Graduate Student Primary Advisees

Matthew Balance (Brown University, Anthropology - entering fall 2022)

Alyssa Bolster (Brown University, Anthropology; co-advisor - entering fall 2022)
Daniel Plekhov (Brown University, Joukowsky Institute; co-advisor - Ph.D. 2022)
Daiana Rivas-Tello (Brown University, Anthropology, year 4)

Bethany Whitlock (Brown University, Anthropology, year 5)

Graduate Student Committees
Mark Agostini (Brown Anthropology) - Preliminary exam committee
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Omar Alcover (Brown Anthropology) - Dissertation committee, grad. 2019

Morgan Clark (Brown Anthropology) - M.A. Committee

Eve Dewan (Brown Anthropology) - Dissertation committee, grad. 2020

Fabiola Hernandez (Brown Anthropology [sociocultural]) - M.A. Committee, grad. 2019
Nkem Ike (University of Tulsa, Anthropology) - Dissertation Committee

Megann Phillips (University of Central Florida) - Dissertaiton Committee

Daniela Raillard (Northwestern University, Anthropology) - Dissertation Committee
Sophie Reilly (Northwestern University, Anthropology) - Dissertation Committee
Alejandra Roche Recinos (Brown Anthropology) - Dissertation Committee, grad. 2021
Miriam Rothenberg (Brown, Joukowsky Inst. of Archaeology) - Diss. Committee, grad. 2021
Joshua Schnell (Brown Anthropology) - Dissertation Committee

Maria Smith (Syracuse University, Anthropology) - Dissertation Committee

Dé Leonel Suares (Universidade de Sao Paulo, Brazil) - Dissertation Committee, grad. 2022
Anabelle Suitor (Brown Anthropology [sociocultural]) - Dissertation Committee

Rachel Thimmig (Brown University, Anthropology) - M.A. Committee

Jennifer Thum (Brown, Joukowsky Institute of Archaeology) - Dissertation Committee, grad. 2019
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Project Proposal  inbox x C 8 B

Allotey, Sir Dylan @ Thy, Oct 9, 10:12AM (5 days ago) ¥
Good moming Professor Parker, | have worked on my proposal, and | wanted to hear your thoughts before | revised it. | ...

VanValkenburgh, Parker @ Thy, Oct9, 1113PM (5daysago) Yy & :
tome =

Dear Sir Dylan -- thanks so much for reaching out and I'm excited to hear that you're planning on working on this project!
The LiDAR data | have will be ideal for it.

All the best,
Parker VanValkenburgh

Parker VanValkenburgh (he/him/his)
Associate Professor of Anthropology and Archaeology
Director of Graduate Studies, Department of Anthropology
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Uncovering patterns of Institutional trust and perception

Shravya Munugala Gordan Milovac
PI Co-PI
shravya_munugala@brown.edu gordan_milovac@brown.edu
Bertram Malle
Collaborator

bfmalle@brown.edu

October 14, 2025

Abstract

We present a novel tool for visualizing perceptions of government agencies across multiple trust and
style dimensions. The tool overcomes a limitation in existing two dimensional charts, which oversimplify
complex patterns. In a planned evaluation study, participants will compare this system with existing two
dimensional visualizations, and we expect the results to show that our approach is easier to interpret and
better at supporting independent insight generation.



1 Response to Reviewers

1.1 Reviewer: Sir Dylan Allotey

Overall: 2
Strong, clearly written, and well-motivated proposal. It articulates practical contributions.

Interdisciplinary: 1
Combines psychology, data science, and interactive visualization.

Scientific: 2
The evaluation design with baseline 2D plots ensures measurable outcomes, and the data preprocessing
follows sound scientific reasoning.

Visualization: 2
The visualization aims to represent trust data in an easy-to-understand way and goes beyond static 2D rep-
resentations. The plan for clustering, filtering, and profile inspection may allow for insightful visualizations.

Significant: 3
The potential impact is high for both research and practice. It could influence journalism and public com-
munication.

Novel: 2
Combining multidimensional trust metrics with interactive visualization is innovative. Prior visualizations
such as Chernoff faces have not been applied in this domain.

Goals Clearly Stated: 1
Clear articulation of objectives, methods, and outcomes. The stages of the research plan are specific, achiev-
able, and logically ordered.

Likelihood of Success: 2
Given the PI and Co-PI’s technical skills and prior experience, this project is highly feasible. The timeline
may be a little tight.

Strengths:
» Well-written and structured proposal with a clear research trajectory.
» Strong interdisciplinary integration between social science, computer science, and visualization.
* Clear evaluation plan and realistic milestones.

* Team’s technical background is extremely relevant.

Weaknesses:

* Limited discussion of data sources and how trust and style dimensions are measured.
Response: The data for this project come from an existing survey collected by the collaborator, cap-
turing public perceptions of approximately 30 U.S. government agencies. Trust is measured across



five dimensions—competence, reliability, ethical integrity, transparency, and benevolence—while in-
terpersonal style is captured along two axes: warmth and dominance. All responses have been
anonymized and structured into a consistent dataset format for analysis.

* Success depends heavily on user interface design quality, which is not deeply detailed.
Response: The current draft emphasized conceptual design, but the revised version now includes more
detail on interface planning. Specifically, we outline design principles of clarity, accessibility, and
intuitiveness, and describe how elements such as interactive clustering, hover-based agency profiles,
and dynamic filtering will be implemented using Plotly and Dash. This clarifies how interface design
decisions support interpretability and usability goals.

* Novelty leans on combination and application rather than innovation.
Response: Our aim is to bring together tools from machine learning and visualization with ideas from
social perception research in a way that hasn’t been done before. The innovation lies in how these
techniques interact to produce new forms of interpretability and user engagement, helping people see
patterns and relationships in complex trust data that would otherwise stay hidden. This revision makes
clear that the project’s strength lies in its interdisciplinary approach and its connection of technical
methods with real-world understanding.

1.2 Reviewer: Skylar Walters

Overall: 3

The proposal has incredibly strong interdisciplinary and scientific contributions. However, the proposal
would benefit from a more robust description of the proposed visualization—what does the program explic-
itly build on from dimensionality reduction? How does it achieve interpretability? How will users interact
with the visualization? Perhaps a mock-up would be beneficial in the next iteration.

Response: Thank you for the feedback! We agree that the visualization needs a clearer description. It
builds on dimensionality reduction (mainly UMAP) to position agencies based on similarity across trust and
style dimensions, making clusters and differences easier to see. Users will be able to hover or click to view
detailed profiles and use filters to explore specific dimensions. We will also include a simple mock-up in the
next version to better illustrate how the tool supports interpretability and interactive exploration.

Interdisciplinary: 1

The proposal clearly outlines the integration of visualization techniques with social sciences. Outside of the
given project, the author also discusses areas in the social sciences more broadly where this method could
be applied.

Scientific: 2
The proposal defines that the project will enable more robust knowledge of government agency perception,
which is currently lacking due to limited visual distinction in imagery.

Visualization: 5

The project outlines what is wrong with current visualization methods in the field. However, the actual de-
scription of the visualization was lacking. Example images of the display could be helpful for understanding
what additional elements this work incorporates.



Significant: 2

With political divisiveness seemingly increasing by the day, having a robust understanding of public percep-
tion of the government is essential. Creating a tool for visualization of social metrics allows exploration of
these ideas within the project and in a larger context.

Novel: 5

This builds on past work in dimensionality reduction, interactivity, and social metric tracking. However,
this appears to be the first method to include both interaction and interpretation in a visualization for social
metrics. The novelty score would benefit from a more robust description or mock-up image describing the
software in greater depth.

Goals Clearly Stated: 3
Goals are clear but could benefit structurally from an explicit goal list, though this may be a matter of
personal preference.

Likelihood of Success: 3

The PI has a background in software engineering, which will be helpful in designing interactivity. Addition-
ally, the timeframe is logical, though more time may be needed to apply changes from the interview stage
into the app.

Strengths:

* Scientific contribution and significance are very strong. The list of potential applications outside of
the project conveys this effectively.

* The current figure in the proposal emphasizes the current limitations of the state-of-the-art visualiza-
tion.

» The project is clearly interdisciplinary and, as noted above, can be applied beyond this project and
more broadly across the social sciences.

Weaknesses:

* A mock-up or more in-depth description of the proposed project would greatly benefit understanding
of the project’s differentiation from other work and emphasize its novelty.
Response: Please refer to the first reviewers response[R1.3] and [R2.1]. The mock-up will be present
in the final drafft.

1.3 Reviewer: Yonas Amha

Overall: 3
Great proposal.

Interdisciplinary: 3
Combines visualization with government agency perceptions.

Scientific: 3



The proposal highlights a novel way of visualizing government agency perceptions that builds upon the
previous state of the art.

Visualization: 4
The visualization goals seem to be straightforward.

Significant: 4
The project seeks to change how government agencies are interpreted.

Novel: 4
The visualization extends previous behavioral visualization methods by showing five trust dimensions.

Goals Clearly Stated: 3
The goals of the proposal are all clearly communicated.

Likelihood of Success: 2

Strengths:

* The proposal presents a very clear plan and accurately addresses the shortcomings of the previous
state of the art.

Weaknesses:

* The overall goals for the visualization, besides changing the trust dimensions, are a little vague and
could be expanded upon further.
Response: Thank you for pointing that out. We will expand upon the visualization aspect in the final
draft. Below are the features we plan to integrate:
1. Pattern Discovery: Highlight how users can identify clusters of agencies with similar trust profiles
or interpersonal styles.
2. Comparisons Across Agencies: Show how the tool allows side-by-side comparisons of agencies
on trust dimensions and interpersonal metrics.
3. Interactive Exploration: Explain interactive features like filtering, hovering, and selecting specific
agencies to inspect detailed data.
4. Insight into Relationships: Demonstrate how overlaying interpersonal style (warmth and domi-
nance) on trust dimensions can reveal correlations or trends.

1.4 Reviewer: Yiyang Zhang

Overall: 3
Well-motivated problem with a feasible plan that blends social science constructs and modern visualization,
though evaluation rigor and dimensionality reduction (DR) transparency need tightening.

Interdisciplinary: 2
Strong mix of social psychology, HCI, visualization, and machine learning with clear cross-domain appli-
cability and an expert collaborator.



Scientific: 4
The approach is well described, but the study needs specified inclusion criteria, target sample size, defined
tasks and metrics, and guardrails against DR-induced distortion to support valid inferences.

Visualization: 3
Interactive multi-dimensional exploration is appropriate. Could add stability and uncertainty cues, legends
for dimensions and weights, and controls to mitigate clutter.

Significant: 3
The project could materially improve public-facing analyses of institutional trust and support evidence-based
discussion, with transferability to other perception datasets.

Novel: 4
The integration is thoughtful, though the components (dimensionality reduction, clustering, and interactive
profiles) are established. Novelty hinges on the specific trust/style synthesis and evaluation.

Goals Clearly Stated: 3
Timeline and features are clear, though success criteria, preregistered hypotheses, and data-governance de-
tails should be made explicit.

Likelihood of Success: 3
With a fixed dataset of 30 agencies and mature tooling (Python + Plotly/Dash), a working interactive system
and pilot study are very achievable in six weeks.

Strengths:

* Clear motivation and a compact dataset enabling rapid iteration.

* The interface concept invites discovery while aligning with contemporary HCI guidance on interac-
tivity.

Weaknesses:

 Evaluation plan lacks sampling and analysis specifics. Dimensionality reduction may mislead without
stability and neighborhood-preservation reporting.
Response: Thank you for your feedback! The evaluation plan has been updated to specify sampling
details, analysis methods, and dimensionality reduction stability checks. It now reports neighborhood-
preservation metrics (trustworthiness and continuity) and includes tests across multiple UMAP pa-
rameter settings to ensure consistent, interpretable results.

Other Comments for Discussion:

* Consider defining study tasks and metrics such as accuracy, time on lookup, and setup comparison
tasks. Report dimensionality reduction parameters and stability (seed/split sensitivity, trustworthiness,
and continuity).

Response: The evaluation section has been revised to include clear task definitions. Dimensionality
reduction parameters and stability measures are now explicitly documented to enhance transparency
and reproducibility.



2 Aims

The main aim of this project is to develop an interactive visualization tool that helps people make sense of
how government agencies are perceived across multiple dimensions of trust and interpersonal style. Existing
approaches often condense such information into a single score or a static two-dimensional chart, which
oversimplifies complex patterns and obscures meaningful differences between agencies. Our tool addresses
this limitation by projecting agencies into a reduced-dimensional space where similarities and differences
can be explored intuitively through interactive, human-centered design.

The dataset for this project comes from an existing survey collected by our collaborator, capturing
public perceptions of approximately 30 U.S government agencies. Trust is measured across five dimen-
sions—competence, reliability, ethical integrity, transparency, and benevolence—while interpersonal style
is represented along two axes: warmth and dominance. All responses have been anonymized and structured
into a consistent dataset format for analysis.

The visualization supports multiple forms of exploration. Users can identify clusters of agencies with
similar trust profiles, compare them side-by-side across dimensions, and examine individual profiles through
hover- and click-based interactions. By overlaying interpersonal style on trust dimensions, the system re-
veals correlations and patterns that would otherwise remain hidden.

To further enhance interpretability, the visualization will include glyph-based representations that en-
code multiple agency characteristics simultaneously. Visual parameters such as color, size, and shape will
be mapped to different trust and style dimensions, allowing users to intuitively perceive complex relation-
ships at a glance. For instance, competence and benevolence—dimensions that most clearly differentiate
agencies in this dataset—will be emphasized using vivid, saturated colors. The interface will also support
flexible parameter mapping, enabling researchers to reassign visual encodings (e.g., color, size, orientation)
to variables of their choice. This adaptability makes the system more generalizable to other datasets while
empowering users to experiment with alternate mappings to uncover new insights.

Guided by the principles of clarity, accessibility, and intuitiveness, the interface- implemented using
Plotly and Dash- aims to make complex data interpretable for both experts and non-experts.

To evaluate the tool’s effectiveness, we will conduct user studies and gather expert feedback to assess
interpretability, insight generation, and usability. Ultimately, our goal is to demonstrate how an interactive,
multidimensional approach can transform the way people explore and reason about government data.

3 Significance

This project addresses a fundamental challenge in understanding public perceptions of government agencies:
representing complex, multidimensional trust data in a way that is both accurate and accessible. Traditional
approaches often reduce trust to a single score or present it in simple two-dimensional charts (refer Figure
4), which obscure important differences between agencies and fail to capture nuances in interpersonal style.

Our tool integrates social science insights on trust and interpersonal style with techniques from human-
computer interaction, machine learning, and information visualization to create an interactive, multidimen-
sional representation. By combining five trust dimensions- competence, reliability, ethical integrity, trans-
parency, and benevolence- with two interpersonal style dimensions, warmth and dominance, the tool pro-
vides a richer understanding of how agencies are perceived. Users can explore patterns, uncover clusters of
agencies with similar profiles, and generate insights independently, making the tool valuable not only for
researchers but also for policymakers, journalists, students, and engaged citizens.

The interdisciplinary nature of this work is a key strength. Social science theories guide the selection
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Figure 1: Current 2D visualization of agency trust data

and interpretation of dimensions, while machine learning techniques such as dimensionality reduction and
clustering allow visualization of complex relationships. Principles from human-computer interaction inform
the interactive design, ensuring that exploration and comparison of agencies is intuitive even for non-experts.
This integration across fields enables both technical rigor and human-centered interpretability, a combination
that is rare in current trust data visualization approaches.

The novelty of this project lies in synthesizing these multiple perspectives rather than introducing a new
algorithm. By bridging quantitative modeling with social perception theory and interactive visualization, the
approach reveals patterns and relationships that traditional methods obscure, empowering users to generate
meaningful insights independently.

Understanding relationships within government trust data is critical because trust underpins democratic
governance and effective policy implementation. When trust declines, cooperation diminishes, misinforma-
tion spreads, and policy outcomes suffer. By making trust patterns visible, this tool can guide communica-
tion strategies, highlight areas needing reform, and enable evidence-based decisions that strengthen public
confidence in institutions.

Beyond government applications, this framework is broadly applicable to any domain where multidi-
mensional perception data is important, from healthcare and corporate reputation to education and pol-
icy evaluation. By combining interdisciplinary insights with interactive, quantitative analysis, this project
demonstrates how complex datasets can be transformed into actionable understanding, advancing both sci-
entific methodology and practical engagement with social perception.

4 Related Work

High-dimensional data visualization has a long history. Parallel coordinates, introduced by Inselberg and
Wegman [1, 2], were among the first techniques for representing multidimensional datasets in two dimen-
sions. While useful for expert analysis, these methods are mostly static and require significant training,
which makes them difficult for general users to adopt. Similarly, metaphorical approaches like Chernoff
faces [3] or symbolic representations such as trees and castles [4] make complex data more interpretable,



but they are still static, can only handle a limited number of dimensions, and do not scale well to larger
datasets. These foundational methods are valuable, but they do not support interactive exploration or the
simultaneous investigation of multiple trust dimensions, such as warmth and dominance.

Dimensionality reduction techniques, like Sammon mapping [5] and UMAP [6], offer ways to project
high-dimensional data into lower-dimensional spaces while keeping the underlying structure intact. They
make patterns and clusters easier to see, but in most prior applications, the resulting visualizations are static.
Users cannot interact with the data, filter it, or explore patterns dynamically, which limits their usefulness
for tasks that rely on human judgment or nuanced interpretation.

Our visualization builds directly on the interpretive capacity of dimensionality reduction (specifically
UMAP) by projecting agencies based on similarity across trust and style dimensions. To maintain analytical
validity, we will report measures of stability and neighborhood preservation—such as trustworthiness and
continuity—to ensure local relationships are accurately represented. Unlike most static UMAP projections,
this tool integrates dynamic overlays and clustering features that enhance interpretability and transparency
of reduced-dimensional representations.

Recent research emphasizes the role of human-centered design and interactivity in making visualiza-
tions more understandable, reducing mental effort, and producing actionable insights [7, 8]. Techniques
such as filtering, interactive exploration, and detailed profile inspection have been shown to improve user
performance and reduce cognitive load, especially for non-experts. Our project builds on these principles
by creating an interactive, multidimensional tool for trust data, where users can explore clusters, filter by
dimensions, and examine detailed agency profiles. This approach directly addresses the shortcomings of
previous methods and aims to make patterns more discoverable, interpretable, and meaningful.

By combining dimensionality reduction with interactivity and the layering of multiple trust dimensions,
our tool fills an important gap in the literature. To our knowledge, no existing approach allows users to
simultaneously explore multiple trust dimensions in a way that is both interactive and interpretable. We
will evaluate the effectiveness of our tool through user studies and expert feedback, comparing it against
baseline 2D visualizations and static projections. This will provide evidence for whether interactive multi-
dimensional visualization can make trust relationships easier to understand, more actionable, and ultimately
more insightful than current approaches.

5 Research Plan

Outlined below is the proposed research plan, covering all stages from preparing the dataset to completing
the final proposal.

* Week 1-2: Data Preparation and Exploration The first two weeks will be devoted to cleaning
and organizing the trust and interpersonal style dataset for all 30 government agencies. Exploratory
analysis will be performed to examine distributions and relationships, followed by preliminary dimen-
sionality reduction to identify clustering patterns. By the end of this stage, the dataset will be prepared
for visualization and an initial 2D plot will be available.

* Week 3—4: Prototype Development Weeks three and four will focus on building the interactive
visualization. The prototype will represent agencies in reduced-dimensional space, with hover or click
functionality to display agency-specific details. Optional filtering and grouping by trust dimensions
will be added, and visual clarity of clusters will be improved. This two-week period ensures a robust
and usable prototype is in place.



* Week 5: Iteration and Feature Refinement During the fifth week, feedback will be gathered from
collaborators or a small group of users, while continued development and refinement of the tool takes
place. New features, usability improvements, and adjustments based on feedback will be implemented
to enhance interpretability, interactivity, and user experience.

¢ Week 6: Evaluation and Finalization

The final week will be dedicated to structured evaluation of the tool as detailed in Section 5.1, com-
pleting documentation, and preparing a concise abstract and presentation/demo. At this stage, the
functional prototype will be finalized and ready for submission.

5.1 Evaluation

The evaluation phase will involve approximately 20-30 participants, including students and early-
career researchers familiar with social data. Each participant will use both the new visualization and a
baseline 2D plot to perform comparison and interpretation tasks. We will define measurable outcomes
such as task accuracy, completion time, and the number of insights reported.

The evaluation will use trust and style data from approximately 30 U.S. government agencies. For
each agency, responses contributing to the five trust dimensions and two interpersonal style met-
rics will be aggregated and standardized prior to analysis. We will explicitly document how many
responses contribute to each dimension and report these statistics in the evaluation summary. Di-
mensionality reduction outputs will be validated using neighborhood-preservation metrics such as
trustworthiness and continuity, ensuring that the 2D projection preserves meaningful agency relation-
ships. To confirm stability, UMAP will be re-run under multiple parameter settings and random seeds,
and consistency of clustering patterns will be quantified across runs.

In designing the study, we will explicitly test several criteria that align with our visualization goals: (1)
users’ feeling of understanding- how clearly they perceive trust and style relationships; (2) likelihood
of discovery- whether the tool enables users to uncover previously unnoticed patterns; (3) accuracy
of interpretation- the degree to which users correctly identify underlying relationships; and (4) enjoy-
ability and engagement- how intuitive and satisfying the interactive experience feels. Selecting these
criteria early allows us to prioritize design features that enhance interpretability and exploration from
the start.

Evaluation will also include survey-based measures of clarity, interpretability, and user satisfaction.
Dimensionality reduction metrics- particularly local neighborhood preservation—will be calculated to
ensure relationships in high-dimensional space are faithfully represented. Consistency will be checked
across different UM AP parameterizations and subsampling runs to validate robustness.

Success will be defined through a combination of these criteria: users’ ability to identify clusters and
relationships accurately, high ratings of clarity and usefulness, stability of structure under parameter
variation, and overall satisfaction with interactivity and design.

Facilities and Resources Development and analysis will be conducted on a personal computer using
Python for data processing and dimensionality reduction, with Plotly and Dash for interactive visualization.
GitHub will handle version control, and cloud resources may be used if additional computational capacity
is needed.
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Figure 3: Resume of Co-PI
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Good morning Bertram!

Thank you for taking out the time to explain your idea earlier this semester.
I'm writing to let you know that | have decided to work on your project this semester. I've attached the first draft of my proposal, and I'd love any thoughts or suggestions you might have for improving it.

1 :also wanted to confirm with you whether the beer data is the right dataset to be working with. If there’s any additional data or context that could help strengthen my proposal, I'd really appreciate it if you could let me know.
For the first submission, | need to include an email confirming the collaborator's participation. If you could just reply to this note with a quick confirmation, that would be perfect.
Looking forward to working together this semester!

Best,
Shravya

One attachment - Scanned by Gmail ®
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tome v

Hello Shravya,
Happy to collaborate with you on this project. Just to confirm that it's ok for me to work with two students? (Gordan also decided to work on this one.) If that's all good, then I'll send you thoughts about the proposal over the next few days.
Best,

Bertram Malle

Bertram F. Malle [he]
Professor

Figure 4: Collaborator Agreement Email
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Link to the manuscript pdf:
https://drive.google.com/file/d/1FOUOEe5DIpmy99 j7rm8kpYZ8xE2KXrP/view?usp=drive link

Response Letter
Dear Editor and Reviewers,
We appreciate the constructive feedback on the manuscript, and we have prepared a revision
accordingly. Please see below for an itemized list of your feedback and a brief description of

how each is addressed in the revised manuscript.

[R1]:
https://drive.google.com/file/d/1aqSkiIMnX730ONtolMoOyttD9K5gx4h76L/view?usp=drive link

[R1.1] Limited detail on IRB/ethics and survey methodology

Response: The goals of the survey have been updated so as not to need IRB approval. First,
all scientists surveyed are surveyed in the capacity that they are providing professional/design
feedback, rather than studying some notion of human behavior. Second, all non-scientists
surveyed will be taken from 1) the CSCI2370 course or 2) BIOL1430 course (population
genetics). These courses are responding with feedback and opinions about their view of “better”
visualization practice. Since these results are strictly qualitative and feedback-based, we do not
need IRB approval. Should an advising board (ie., Prof. Laidlaw) think this would need IRB
approval, we will submit an application at the soonest possible time.

[R1.2] Feasibility of SHAP for nonparametric UMARP is nontrivial

Response: The proposal was edited to add further clarity on how SHAP will be applied to
UMAP values. More specifically, we plan to create parametric UMAP _embeddings of the initial
data— in effect, creating a neural network that can approximate the UMAP embedding for the
data— and calculate SHAP values from these results. This enables us to conduct SHAP-based
analysis “on” the UMAP approximation, providing greater insight into biological drivers.

[R1.3] The timeline may be a bit tight for tool building with human-subjects evaluation.
Response: The timeline has been adjusted to begin reaching out to human subjects earlier.
Further, the exact groups targeted for interviews were clarified and the role of the IRB was
discussed.

[R1.4] Consider adding a minimal statistical analysis plan, pre-registering survey
prompts/metrics, and defining success criteria.

Added discussion on prompts and success criteria to survey discussion. Due to qualitative
nature of survey, no statistical analyses were included.

[R2]:
https://drive.google.com/file/d/11titolze AinxOGFPoOJFKclzpC8gUUaN/view?usp=drive link



https://drive.google.com/file/d/1F0UOEe5Dlpmy99_j7rm8kpYZ8xE2KXrP/view?usp=drive_link
https://drive.google.com/file/d/1aqSklMnX73ONtoIMo0yttD9K5qx4h76L/view?usp=drive_link
https://umap-learn.readthedocs.io/en/latest/parametric_umap.html
https://drive.google.com/file/d/11titoIzeAjnxOGFPoOJFKclzpC8gUUaN/view?usp=drive_link

[R2.1] The general plan for the proposal seems a little vague on some of the weeks.
Added detail to the weekly plan, including:

1. Subgoals in both the UMAP and PCA creation pipelines

2. Subgoals in the multiview discussion

3. Questions to include in the surveying process

[R3]:
https://drive.google.com/file/d/1Ir2QXoVIQhOBxeGXO1Ncil06puTOhbHd/view?usp=drive link

[R3.1] Limited innovation in visualization techniques.
Visualization advances were clarified, particularly in comparing the built-in visual interpretations
to present options.

[R4] https://drive.google.com/file/d/1m4IVsT2ZKcBj49IDb02kXoP6bdda-IvE/view?usp=drive_link

[R4.1] Only the visualization is novel

Adds discussion on novelty aspect of the guidelines for ethical visualization, adds discussion on
the novel discoveries that can be driven in the biology field (ex. sharing preliminary findings on
drivers of differentiation in the Y chromosome)

[R4.2] Authors could think a bit deeper about what their "very broad" impacts may be. In terms
of the public eye, what makes the visualization of this data so important?

We appreciated this comment. We greatly expanded discussion of the project’s societal
relevance. Draft revision:

Visualizations of human genetic variation have powerful cultural and ethical implications, as they
often shape how both scientists and the public perceive population differences.
Misinterpretations of such plots have historically fueled deterministic or racialized narratives. By
developing interactive, context-rich visualization tools that highlight uncertainty and explain
underlying features, our work promotes accurate understanding of human diversity and
responsible communication of genomic data. These visualizations therefore serve not only as
analytical tools for researchers but also as a safeguard against public misuse or
oversimplification of population structure.

[R4.3] Figure 1 could be bigger
Figure 1 was made larger (ie., now 80% of page width).

[R5] (additional student review?)
https://drive.google.com/file/d/1wQmAKpwVIyFPVepVIWXUyRDGKnav9vUl/view?usp=drive lin
k

R[5.1] Survey analysis could be described more rigorously

See [R1.1], [R1.4].

R[5.2] Ethical outcomes depend on the quality and diversity of survey participants


https://drive.google.com/file/d/1lr2QXoVlQhOBxeGXO1Ncil06puT0hbHd/view?usp=drive_link
https://drive.google.com/file/d/1m4lVsT2ZKcBj49lDb02kXoP6bddq-lvE/view?usp=drive_link
https://drive.google.com/file/d/1wQmAKpwVIyFPVepVIWXUyRDGKnav9vUI/view?usp=drive_link
https://drive.google.com/file/d/1wQmAKpwVIyFPVepVIWXUyRDGKnav9vUI/view?usp=drive_link

The authors made explicit note of this relationship between survey quality and participant
diversity and engagement.
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Abstract

We present a novel method for visualizing human population genomic data through interpretable,
multi-view PCA/UMAP plots, integrating scientific context and minimizing risk of misinterpretation.
We incorporate interactive annotations and alternative-view dashboards to highlight contributing varia-
tion and clustering variability, enabling responsible exploration. Effectiveness was measured via surveys
of researchers and non-scientists, resulting in a new guideline for human population visualization.
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1 Aims

We aim to extend the standard PCA/UMAP visualizations used in population genetics to incorporate greater
scientific context and emphasize the variability in a single cluster plot. In assessing these advances, we
seek to create a list of guidelines describing how to create socially-responsible human population genomics
visualizations. Therefore, our aims include:

1. Integrating hoverable interpretations explaining differentiating features between points, a novel visu-
alization framework,

2. Adding alternative views below main plot,

3. Surveying a group of non-scientists to determine the robustness to misinterpretation in standard
UMAP/PCA vs. proposed method, and

4. Creating a novel set of guidelines based on results of survey.

1.1 Hoverable Interpretations and Interpretation Panel

To create hoverable interpretations in PCA and UMAP plots, we will calculate feature contributions for each
selected data point using SHAP values for UMAP and component loadings for PCA. When a user selects
a series of points, the corresponding side panel will add the selected point to the interpretation table. This
table displays the most contributing loci to the locations of each point. By linking these annotations to
known population and functional genomic features, users can gain insight into genetic structure, therefore
enhancing interpretability, highlighting biological drivers, and reducing the risk of misinterpretation.

Calculating SHAP values directly from UMAP projections is not possible. However, we can create
approximations of the UMAP projections with neural network embeddings [8]. These embeddings enable
us to run the UMAP embeddings through the standard Shapley value mechanism, then yield an interpreted
result.

In a preliminary study, we created a PCA of the Y chromosome data from the 1000 Genomes Pilot
data [3] (Fig. 2). Here, we were able to use loading data (left) to understand the most contributing values
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Figure 2: Preliminary PCA interpretation results for PC2

to family differentiation. These scores and mutant positions are annotated with their corresponding genes,
providing an example of new biological information that can be found through this method. Additionally,
we were able to gain information on the most contributing PCs between the selected points, which were PCs
2,3, and 19. Incorporating these findings into the results will create a better understanding of what each PC
could represent as well as factors explaining differentiation.

1.2 Multiview Design

The multi-view design provides additional context by presenting supplementary views beneath the main
plot. These views contain alternative embeddings from subsampled datasets or alternative PCs, capturing
the variability in points across samplings. This layered approach reinforces the concept of dimensionality
reduction and clustering being a “fuzzy” source of information, further preventing misuse.

1.3 Evaluation

To evaluate these enhancements, we will conduct a survey of scientific and non-scientific participants. Three
domain experts will review the tool from a genomics perspective, providing insight into how built-in inter-
pretability impacts the exploration process as compared to standard UMAP/PCA. Planned survey questions
include:

1. Preliminary question: How do you use UMAP and PCA to visualize human genomic data? What
methods do you use to interpret these results, if at all?



2. How does this tool compare to standard UMAP/PCA in ability to interpret results? Does it provide
any additional or reduced granularity in ability to understand contributing genes or genomic features?

3. How could you deliberately misinterpret the results shown in these visualizations?

Meanwhile, non-scientific participants will be given both standard plots and enriched plots and asked to
state 1) their analysis of the image and 2) attempt bad-faith misinterpretations. This will therefore give us
feedback from both an exploratory lens from the researchers and an explanatory lens from the participants.
Participants in this survey come from Brown’s BIOL1430 course, a class on mathematical theory of pop-
ulation genetics. These students represent a number of academic backgrounds and experiences, bearing in
mind that the quality of a survey is dependent on audience diversity.

All results in this study are qualitative. Thus, these qualitative observations about preferred visualization
strategies and elements will also form preliminary guidelines on creating best practices for visualization of
human genetic variation. This consequently provides a novel, practical resource for researchers and reinforce
a socially-responsible scientific environment.

2 Significance

This work addresses two critical gaps in population genetics research: deliberate misinterpretation and clus-
tering interpretability. Traditional methods like PCA, t-SNE, and UMAP often exaggerate population dif-
ferences, which can lead to misinterpretation and the reinforcement of harmful narratives about biological
race [1]. By integrating multiple views of a visualization, we support that these images are highly vari-
able, reinforcing the idea that cluster boundaries and population separations are not fixed biological truths
but are sensitive to analytic choices, data sampling, and methodological parameters. This approach helps
viewers recognize the inherent uncertainty and complexity in genetic data, discouraging oversimplified or
deterministic interpretations of human population structure.

This problem is somewhat fed by the problem of interpretability: standard visualizations will present
clusters as discrete, biologically-significant groupings, yet the “reasoning” behind assignment of individuals
to clusters is left out of the visualization. Likewise, methods like UMAP exaggerate distinctiveness and
produce clusters whose global relationships do not always correspond to true genetic similarity, leading to
risks of misinterpretation for both scientists and the public [9]. In directly integrating interpretability into
the visualization, we provide direct and actionable insight into cluster decision-making, enabling viewers to
understand what genetic features drive form. Critically, by making these feature contribution explicit, we
also promote the exploration of areas of understanding human genetic structure, therefore contributing to
biological discovery in the process.

This work therefore has three sources of novelty. First, the visualization is novel in its integration
of hoverable interpretation and multiple views to display human genomic data. Next, it presents novel
biological knowledge in the outputs of the interpretabilty features. Finally, the suggestion framework for
responsible visualization is a novel scientific and sociological guideline.

We anticipate that this interpretable dashboard framework can be adapted to fields outside of population
genetics, acting as a broader technical contribution.

3 Related Work

Clustering and dimensionality reduction are critical tools in visualizing human population data. These
are usually computed over genotype arrays, which show any SNPs (single nucleotide polymorphisms, or
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mutations) over whole populations. Conducting a dimensionality reduction over this matrix can display
relationships in shared mutations and alleles, reflecting lineage and different human genotypes [6].

Principal component analysis (PCA) and UMAP are widely-used methods for this task. PCA projects
high-dimensional data onto orthogonal axes (or principal components) that capture the greatest variance,
enabling the visualization of variably similar elements. Since PCA is a linear algorithm, it often fails to
capture nonlinear relationships. Depending on the principal components being used, the outputted visual-
izations may have strong differences in view [5].

More recently, UMAP has emerged as a dimensionality reduction alternative. UMAP aims to preserve
local and global structures in a population, but the quality and usefulness of the outputted visualization is
highly dependent on hyperparameter choices. This element of hyperparameter-based variability can make
UMAP harder to interpret directly [4].

This method builds on the preexisting use of UMAP and PCA and seeks to fill in the gaps in their
abilities. Critically, neither have explicit interpretations built into their visualization systems, proliferating
the problems of lack of scientific context. Furthermore, both of these models can have strong visuals change
depending on hyperparameters or the PCs in use. Acknowledging this limitation of the models via multi-
view integration enables a greater understanding of this shortcoming.

Past work in improving these visualizations has incorporated integrated interpretation. GAUDI (Group
Aggregation via UMAP Data Integration) is a recent unsupervised method for interpretability of multi-omics
data visualizations [2]. GAUDI applies UMAP independently to each inputted omics dataset, then concate-
nates the embeddings and applies a second UMAP is applied to the dataset, allowing for the identification of
underlying biological patterns that may not be evident in higher dimensions. For interpretation, they employ
SHAP values [7], which correspond to contribution in the output location. Our work differs in that we 1)
extend interpretability to also include PCA and 2) apply our method to population genetics.

4 Research Plan

Week 1:
* Set up Python environment, Jupyter notebooks with numpy, pandas, scikit-learn, seaborn, UMAP, etc
* Download and preprocess dummy 1000 Genomes Project dataset CITE
¢ Generate baseline PCA, UMAP visualizations
e Deliverables: baseline PCA, UMAP visualizations
Week 2:
* Generate alternative views of PCA/UMAP visualizations by resampling data
* Automate pipeline for generating the multiview visualizations
* Deliverable: pipeline for multiview generation
Week 3:
* Create interpretability portal: PCA loading scores

* Time-dependent, start looking at integrating SHAP values for UMAP embeddings



* Deliverable: demonstrate that interpretability portal works on PCA
Week 4:

* Create interpretability portal: UMAP-based SHAP values. First, we create parametric UMAP em-
beddings of the initial data. Then, calculate SHAP values from these neural network-based results, in
effect creating a contribution score-based system for interpretation.

* Start of week: contact possible interviewees for project (Scientific audience confirmed, BIOL1430
class confirmed) Scientific sources: Professors in the DSI (Dan Weinreich, Emilia Huerta-Sanchez,
associates) Non-scientific sources: Students in BIOL1430 (Population Genetics), students in BIOL0200
(general biology-aware audience).

Week 5:

* Survey interviewees for project

* See Section 1.3 for question list

* Deliverable: Guidelines for human population genomic visualization based on interview responses
Week 6:

* Draft final paper/presentation/demonstration

* Deliverable: Finished paper/presentation

Facilities:

» Computational facilities: Standard laptop, OSCAR if computational power needed

* Data: 1000 Genomes Project

* Survey Search - Domain experts: email collaborators for contacts, reach out to professors who have
taught population genetics courses

* Survey Search - Non-scientific: email to Today @ Brown
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e  Granted $2,500 Brown University Undergraduate and Teaching Research Award to continue research
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« Restructured the above Docker workflow into a script compatible with Brown’s High Performance Computing cluster
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Center for Computation and Visualization, Research Assistant Providence, RI | June 2024 — May 2025
« Student researcher under Dr. Katherine Siddle’s SARS-CoV-2 genome study with Brown’s Computational Biology Core
» Hosted and edited Nextstrain phylogeny software on Brown’s High Performance Computing cluster to produce phylogenetic
analyses for a dataset of 9 million SARS-CoV-2 genomes
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script-running workload for Dr. Siddle and a doctoral student by 50%
« Developed R-analyses for phylogenetic data (temporal distribution plots, frequency distribution plots, variance calculations)
« Synthesized results in semesterly presentations for a group of researchers, doctoral students, and undergraduates
Brown University Department of Biology, Teaching Assistant Providence, RI | January 2024 — May 2024
« Graded weekly lab write-ups and provided feedback for students in BIOL 0285 (Inquiry in Biochemistry)
« Assisted students during lab exercises, including gel electrophoresis, PCR reactions, protein induction, and kinetics assays
« Helped students produce Michaelis-Menten and Lineweaver-Burke plots to interpret their results
Pods Swimming, Head Instructor Providence, RI | March 2023 — August 2024
« Taught weekly lessons in water safety and basic swimming techniques for kids aged 3-9, teens, and adults
« Cultivated a fun learning environment where students mastered lifesaving skills like floating/kicking comfortably on their back
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« Used Excel, Unito, Trello, and Zapier to automate the client onboarding process for a college application consulting firm
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Hi Skylar,

This looks really interesting and like a worthwhile direction, thanks for sending me the slides. Prof. Laidlaw has
a PhD student that's working on a similar idea (Jasmine Liu, who is looking at subsets of SNPs and seeing
how that impacts visualization), though her project is larger in scope and thus incorporates many other
measures and approaches. Measuring which SNPs give weight to points in embeddings is also something I've
been curious about, as well as interactive visualizations and subclustering. With respect to the first point, |
think it's an underexplored area (here is a paper that tries to find how much influence alleles have within
UMAP embeddings; there are a smattering of other papers but | think this is the most relevant for you). If you'd
like some code and data, | have a repo that has some interactive plots using plotly that you may find useful:
https://github.com/diazale/1KGP_dimred. | also have a version of the 1KGP data on dropbox that could save
you some pre-processing time in the notebook.

Also for what it's worth, Otto (one of your classmates) has spoken to me about doing a project related to my
presentation as well---his is not as thought out as yours at this point, but again it could be worth discussing in
the case the two of you find some common ground.

Thanks again for the slides, and let me know if you have any more questions.
Alex.
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Abstract

We present a novel and immersive 3D method for visualizing the dynamics of the transmission grid
and the spatio-temporal dynamics of the transmission grid data, with a specific emphasis on illustrating
how network disturbances affect voltage in the wider electrical grid. Our visualization harnesses data
from the Western Electricity Coordinating Council (WECC) and depicts transmission grid variables
(frequency, voltage, fluctuations, etc.) in an intuitive manner for users with a non-technical electrical
engineering background.



Link to the manuscript pdf:
https://docs.google.com/document/d/1QmM_0OQI_EuJDu-ZKafb RBOeFDFLxIAKVxMdolYGP1g/edit?tab=t.0

Response Letter

Dear Editor and Reviewers,

We appreciate the constructive feedback on the manuscript, and we have prepared a revision accordingly.
Please see below for an itemized list of your feedback and a brief description of how each is addressed in the
revised manuscript.

[R1.1] The researchers offered a very clear explanation about the purpose of mobilizing the VR system: why it
is necessary to make use of it, and what advantage it will have over the traditional methods. However, the
authors can certainly benefit from explaining more about how their approach will be different from previous
works - how would they benefit from previous works, and how will they improve them? | think this part is not
clearly stated in the related works section.

Response: This is a very valid point that | will factor into the next revision of the proposal. The main way in
which | am trying to improve upon previous works is to automate 2D designs with timestamps and immersive
VR modeling of spatiotemporal interactions and variables.

[R1.2] Most of the envisioned scientific components of the project are solid, especially in simulating WECC
dynamics and electricity flow in various regions. The researchers connected these components effectively.
However, | found the methodology and evaluation design is slightly undermining the scientific merit - the
definition of "intuitiveness" (as a part of aims) is not defined clearly enough. | would love to learn more about
the methodology, expected difficulties, and the metrics for subjective evaluations a bit more.

Response: The intuitiveness metric is going to be determined in week 1-2 of the proposal. It is a little hard to
ascertain what exactly we are looking for in terms of intuitiveness because the immersive VR design hasn’t
been fleshed out yet.

[R2.1] The research plan is not just ambitious; it's impossible. Planning to recruit, test, and analyze feedback
from 50-100 end users within a single week is not feasible for a project of this scale. In my opinion, this
suggests a major misunderstanding of the time required for human-subject studies.

Response: The number 50-100 is a little unreasonable. | will amend the amount of users to a more suitable
number, but for the purposes of this proposal, the more individuals the better. The amount of end users is
meant to be more of goal rather than a necessary benchmark.

[R3.1] The proposal is novel because, based on the text, immersive VR in this context is uncommon. The
proposal could be strengthened with a description of the "non-extensive prior work" in the field beyond CSLens,
even if it is not as developed. This additional detail could help reinforce novelty and provide helpful background.

Response: | have added additional information to the novelty section to address this shortcoming. It was well
spotted.



1 Background

Voltage {p.u.) "™ sun Nov 212021 5:30:42.219

Ll

Frequency (Hz)
Uil L
5
[ ]
Reactive Power (MW)
2 05
.;, s ’_L. ' o
H § ~y 5 Q 7
“ j \ i v
=
4 -2 [ 2 I w
Active Power (MW) a5
) f
\ / w0
o k} f :
|
- / \'a
5 0

Figure 1: The image above depicts a current two-dimensional prototype for visualizing spatio-temporal transmission
grid dynamics on island of the Kauai in the Hawaiian archipelago. The developers of this visualization are Kenny
Gruchalla and Rahul Kadavil, both of whom are collaborators on this project. This visualization will serve as the
inspiration for this project as the variables encoded are almost identical those that we plan to implement in our immer-
sive 3D visualization.

In the past, transmission grid dynamics has traditionally been depicted through 2D visualizations. How-
ever, these visualizations have a few major shortcomings. The first is that 2D visualizations tend to model
solely a single variable, almost always frequency, rather than modeling multiple variables at once. Modeling
multiple variables allows us to gain understanding how their interactions influence widespread grid behav-
ior. The second is that 2D visualizations are extremely difficult for users to interpret, especially stakeholders
from a nontechnical background, which can be a major issue when stakeholders rely on these 2D visualiza-
tions to make real-time decisions regarding power distribution and blackouts. Traditional 2D visualizations
often lead to miscommunications between stakeholders from a technical background and users from a non-
technical background. These miscommunications can be extremely costly for companies which could end
up in delayed decision making and losses of millions of dollars.

Additionally, 2D visualizations do a poor job of overlaying grid variables over network topography
in a dynamic manner. Almost all visualizations that overlay grid variables over network topography use
clusters or heatmaps to indicate the location and size of those variables.
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Figure 2: 2D heatmap visualization of the 2008 Figure 3: 2D heatmap visualization of the 2008
Florida Blackout prior to the power outage Florida Blackout during the power outage

Shown above is a traditional 2D visualization that illustrates the 2008 Florida blackout. The major
shortcomings are traditional 2D visualizations highlighted earlier are clearly shown in this visualization. The
visualization only models frequency rather than modeling multiple variables and interplay those dynamic
grid variables. Additionally, although the heatmap visualization shows the cascading domino effect of the
Florida outage on the major U.S. grid, the 2-dimensional nature of the visualization does really capture the
dynamic nature of the grid variables on the network topography. Our immersive visualization will build
upon these shortcomings and create an immersive and intuitive expirience for the user.

2 Aims

The proposal’s objectives are divided into two categories, primary goals and stretch goals, that are clearly
delineated in the outline provided.

Primary Goals

1. Accurately use the dynamic variables present within the WECC metadata (frequency, voltage, fluc-
tuations, active power, reactive power, and topological data) to depict multivariate spatiotemporal
interactions in transmission grid dynamics through immersive three-dimensional visualizations.

2. Create an intuitive visualization that improves on the shortcomings of two-dimensional visualizations.

3. Visualize the effect of local disturbances on nationwide grids, with an emphasis on how said distur-
bances influence the power flow and voltage fluctuations in various regions.

b

Develop the immersive visualization through a desktop/web application that has an intuitive design
and is easily exportable to end users

5. Develop a visualization prototype that encodes multiple variables (frequency, voltage, power, reactive
power, active power) simultaneously across the network topography

a

Utilize the grid data to achieve a better understanding of behavior, stability, and vulnerabilities with
power grids

7. Limit the effect of background noise (topological disturbances, frequency oscillations) on the data
projections from the visualizations.



8. Conduct field testing on 5-10 end users (most of whom hail from a non-technical background in
electrical engineering) to ascertain the intuitiveness of the visualization as well a quantitative and
qualitative analysis. End users are a culmination of electrical engineers and other specialists that
have ties to the New York Power Authority

Stretch Goals

1. Expand upon the three dimensional immersive visualization by implementing a large-scale visualiza-
tion that will be designed for a Cave Automatic Virtual Environment (CAVE) that accurately utilizes
the WECC metadata.

2. Conduct field testing on a further 5-10 users, most of whom hail from a non-technical background in
electrical engineering

3 Significance

The significance of the work put forth by this proposal is noteworthy on several fronts. Immersive 3D vi-
sualization would improve upon existing two-dimensional models by encoding multiple different variables
to dynamically model multivariate spatiotemporal interactions. Three dimensional immersive visualization
allows the end users to focus in on distinct variables within the visualization and interact with those variables
and the network topography to develop a deeper understanding of how the topography interacts with power
fluctuations and larger grid disturbances. In other words, this method of visualization can build a better
understanding how voltage, frequency power, active/reactive power, current flow, and network topography
are interconnected, and how distinct behavior in one variable can influence the remaining variables.

From the perspective of the end users, one of the current major complaints about existing two-dimensional
visualization is that it’s difficult for those with a non technical background to interpret the data being shown
from the modeling. This leaves a disconnect between the end users, many of whom come from a nontechni-
cal background, and the electrical engineering specialists who come from a well verse technical background.
Transferring the visualization into an immersive 3D environment would make it easier for end users to de-
velop intuition surrounding spatiotemporal interactions and their effect on grid dynamics and be better in
tune with electrical engineers and other stakeholders hailing from a technical background.

Additionally, an immersive 3D visualization may be more effective in helping researchers understand
the cascading effect of small disturbances and how they ultimately influence the large transmission grid
chain. According to Kenny Gruchalla, the Principal Scientist at the National Renewable Energy Laboratory,
and Rahul Kadavil, the AGILe Manager at the New York Power Authority, one of the major areas that two-
dimensional visualization struggle to visualize is the cause and effect relationship between local disturbances
and statewide power dips and oscillations. Our visualization will seek to improve upon providing immersive
modeling on local disturbance events so that researchers can zoom in and isolate the connection between
those local disturbances and larger transmission grid dynamics.

4 Related Work

While the prior work in this field of study has not been extensive, there are have been a few notable projects
that utilized a similar type of visualization of that found in this project. One of these notable projects



was called CSLens, which seeks to implement “a condensed three-dimensional visual representation of
fluctuations in traffic hotspots and charging demand” with specific emphasis on overlaying the visualizations
analytical variables over the topography of a selected region [1]. The goal of CSLens was to create a dynamic
3-dimensional visual model, fully equipped with analytics that model the affect of traffic on the fluctuation
in usage of different charging stations over a certain region. The model contained a “Map View” which
overlaid the variables of the model over the topography of a given region, which is extremely similar to the
implementation that we are trying to do with our immersive 3-dimensional visualization. While this proposal
will look to CSLens for notes of inspiration, there are several ways in which our immersive visualization
will differ from that of the former. Our immersive visualization will contain dynamic modeling, rather than
capturing the visualization at select points during the day. Additionally, the CSLens visualization does not
do a good job encapsulate the cascading affect that local disturbances (a power outage, accident, or abnormal
amount of traffic for instance) can have on the behavior of certain variables and affect the larger charging
grid network

5 Research Plan

The workflow for the proposal will be as follows. There will be milestones inserted throughout the duration
of the proposal to make sure that all aspects of the project are moving forward as planned. The duration of
the project will be 6 weeks.

* Week 0: Final proposal approved and ready for implementation.

* Week 1: The drafting an immersive 3D Prototype has been completed. Collaborators have met and
discussed the desktop/web application that will house the 3D visualization. The coding repository has
been setup and is reading for implementation.

* Week 2: Coding for the immersive 3-Dimensional visualization is nearly 25% implemented. Visual
projections have been implemented but fine-tuning is needed to accurately portray spatiotemporal grid
dynamics.

* Week 3: Coding for the immersive 3-Dimensional visualization is nearly 75% implemented. PI's and
Co-PI's meet with Kenny and Rahul to discuss progress. A feedback survey for the end users testing
the immersive visualization has been completed and is ready to be sent to the end users.

* Week 4.5: The implementation of the immersive 3-Dimensional prototype application has been com-
pleted. The prototype is ready for qualitative and quantitative field testing among end users. The
variable data (all of which is contained in CSV and text files) has been fully incorporated into the final
design. Live demo with collaborators Kenny and Rahul, followed by active feedback. Field testing to
promptly begin as ~5-10 end users will be asked to demo the prototype design and submit feedback.

* Week 5: Field testing with end users has been concluded. The feedback has been analyzed by the PI
and Co-PIs. The final abstract regarding the findings of field testing is in the drafting process.

* Week 6: Final presentation and demonstration ready. The final abstract has been fully completed.
Final comments regarding the project are retrieved from Kenny and Rahul.

6 Collaborators



Yonas Amha

Providence, RI | Phone: (703) 772-1887 | E-mail: yonas_amha@brown.edu |
linkedin.com/in/yonas-amha-a85a5525b | github.com/yonasA2025

EDUCATION

Brown University, M.S. Computer Science Providence, RI | Expected Graduation May 2026
Relevant Courses: Machine Learning, Reintegrating Al, Computer Security, Computer Architecture

Brown University, B.S. Computer Science, 3.6/4.0 GPA Providence, RI | September 2021 - May 2025

Relevant Courses: Computer Systems, Program Design: Data Structure & Algorithm, Logic of Computer Systems, Cryptographic
Systems, Software Security Exploitation, Computational Molecular Bio, Applied Cryptography
EXPERIENCE

HP Inc., DevOps Engineer Houston, TX | June 2024 — September 2024
e  Assigned to the Data Science Scrum Team for the launch of HP Al Studio. Implemented database management, telemetry,
and API connection using MongoDB, Azure DevOps, Kubernetes, and GoLand
Communities Together, Web App Development New York, NY | July 2023 — Present
e Built a website that prepares Ambharic speakers to take the U.S. Civics Test in Amharic. The website is equipped with full
text-to-speech capabilities. Website link: https://usacivicstest.web.app/
o  Website uses Azure Text-to-Speech
Ringle, Tutor Fairfax, VA | June 2023 — September 2023
e Tutored 18 high school students in weekly English lessons, advising them on grammar, vocabulary and sentence structures
e Assigned a reading for each lesson and sent detailed feedback analyzing student’s performance during the lesson along with
exercises and worksheets to target areas of weakness
Second Brain Foods, Product Marketing Intern Alexandria, VA | June 2022 — September 2022
e Assisted with packaging, presentation and pricing of the health snacks product-line for the startup company
o  Conducted market analysis on six barley products within the company's main line focusing on performance and visual appeal

PROJECTS

Database | C github.com/yonasA2025/database
e Created a fully functioning database in which the user can store, pop and search for given values
e Implemented thread safety with coarse and fine grain locking

Ambharic Civics Test | TypeScript | JavaScript | HTML | CSS github.com/yonasA2025/amhariccivicstest-v3
e Built a website that prepares Amharic speakers to take the U.S. Civics Test in their native language
Ratty Reviews | JAVA | TypeScript github.com/yonasA2025/rattyReviews

e Created a website that allows users to rate the meals that they have at the Ratty (popular Brown dining hall) on any given day
® The website uses web scraping to acquire the meals from brown.dining.edu and uses caching to store user ratings
e  Google authentication was implemented so the user could sign into their gmail to submit a rating

Maze | C https://github.com/yonasA2025/maze
e Built a 2D maze generator that could generate up to 25x25 size mazes
e  Generated solutions to the maze using Breadth First Search (BFS), Depth First Search (DFS), and Dijkstra Algorithms and

then encoded the solution in hexadecimal

Search | Python github.com/yonasA2025/search
e Created a search engine that queries all wikipedia pages for any given search
e Search engine implements PageRank and handles WikiLinks

LEADERSHIP & PROFESSIONAL DEVELOPMENT

Brown Ethiopian Eritrean Student Association, Senior Executive Board Member Providence, RI | October 2022 — Present
e Design Instagram posts, merch, and coordinate with other clubs around promoting events and general board meetings
e  Design posts have yielded an 70% increase in engagement for the Instagram page
Merrone Teklu for Alexandria City Council, Election Campaign Volunteer Alexandria, VA | May 2021 — July 2021
e Increased public awareness and advertising for Meronne Teklu, an Alexandria City Council candidate by actively engaging in
phone banking, election-day campaigning, and distributing campaign flyers
e Participated in bi-weekly phone banking in the lead up to the election and called 100 voters and encouraged them to get to the
polls and provided closest voting locations
Georgia Canvassing Project, Election Outreach Volunteer Atlanta, GA | October 2020 — November 2020
e  Collaborated on a team of 50 volunteers to help canvas voters for Georgia's runoff election
e Separated a list of 5,000 names into various nationalities so that they could be canvassed in their native language.

SKILLS

Front-End Development: React, TypeScript, JavaScript, Java, Python, C
Languages: English (fluent), Spanish (fluent), Amharic (speaking: fluent)




Korey Sam
(617)-967-0381 » korey sam@brown.edu * LinkedIn

EDUCATION

Brown University Providence, RI
Master of Science Candidate in Computer Science Expected May 2026
Bachelor of Science in Computer Science, GPA: 3.84 May 2025

Relevant Coursework: Intro to Software Engineering, Fundamentals of Computer Systems, Program Design with Data Structures
and Algorithms, Introduction to Object-Oriented Programming, Logic for Systems

TECHNICAL SKILLS

Programming Languages: Java, React/TypeScript, C, C++, C#, HTML, CSS, and Python
Software: Adobe Creative Suite, SQL Server, ASP.Net

Certifications: AWS Cloud Practitioner

PROJECTS

Maps | Java / React / TypeScript
e Developed a full-stack web application mapping historical redlining data from the U.S. Census using Mapbox for interactive and
customizable map views.
e Implemented API endpoints to overlay redlining data with advanced filtering and search capabilities, enhancing user experience
and data accessibility.
e Integrated user-specific map pins linked to Google Firestore, allowing users to securely add, store, and delete pins, persisting
data across sessions.
Eco Equity | Java / React / TypeScript
e Created a full-stack application with Java for backend API connections and React/TypeScript for a dynamic, responsive front-
end user experience.
e Integrated Google’s Moshi Adapter for efficient JSON parsing from API requests, converting data into usable objects.
e Enabled sustainably conscious investors to access ESG and financial data, allowing them to favorite, search, and filter companies
and relevant financial articles through seamless Google Firestore and Microsoft Bing integration.
WORK EXPERIENCE
Accenture, Technology Architecture Analyst Boston, MA | Summer 2024
e Supported a $45M Higher Education Workday implementation to bridge international campus financial systems
e Led a successful integration of Grants and Customer Accounts, achieving 35% completion of client data migration
e Built a dynamic excel tracking system to optimize project management and milestone tracking for 53 deliverables
e Developed a customer confirmation deck to ensure project alignment with client needs and facilitate decision-making
Novanta, Cambridge Technology, Software Engineering Intern Bedford, MA | Summer 2023
e Developed a full-stack web application using C# and HTML, enhancing UI/UX and ensuring smooth data handling
with an asynchronously updated SQL server
e Gained proficiency in frameworks like Avalonia UI, Microsoft Blazor, and ASP.Net for web development

e Presented web application to a group of 10 engineers and business executives to support a seamless deployment
e  Ensured project alignment through bi-weekly meetings with engineering team and senior leadership
Brown University, Community Coordinator Providence, RI | Fall 2022 - Current
e Developed a vibrant residential community for 110 residents, assuming the role of a peer leader
®  Addressed resident concerns and mediated conflicts in weekly community hours, enhancing satisfaction
e Execute 3 large-scale educational and wellbeing programs each semester, boosting community participation
LEADERSHIP AND PROFESSIONAL DEVELOPMENT
Beta Omega Chi, Chapter President Providence RI | Spring 2024 — Current
e Directed a 10-member board, organizing bi-weekly meetings to ensure task completion and team collaboration
e Raised $15,000 through fundraising initiatives, funding community outreach and chapter activities

e Implemented diversity, equity, and inclusion initiatives into recruitment, ensuring a culture of safety for all members

e Launched an alumni mentorship program, pairing members with experienced alums for professional development
National Society of Black Engineers, Executive Board Member Providence, RI | Fall 2022 - Current

e Boosted member engagement and attendance by 25% through sponsor-backed events and corporate raffles

e  Organized community service projects with local nonprofits, increasing chapter visibility and impact

e Led career development workshops, increasing participation by 30% and securing sponsorships from top tech firms

e  Led collaborations with Fortune 500 companies, creating unique recruitment opportunities for chapter members

INTERESTS

Basketball, photography, weight training, leisure autobiographical and fictional reading, travel




Kenny Gruchalla

Principal Scientist, Computational Science
Computational Science Research Topic
® hitps:/forcid.org/0000-0002-8155-1175

Email
Kenny.Gruchalla@nrel.gov
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Personal Profile

Kenny Gruchalla leads the visualization efforts in the Computational Science
Center at NREL. His current research is focused on developing interactive scientific
visualization techniques that provide tools for finding meaning in increasingly
large and complex data. Kenny has more than 25 years of professional experience
in scientific programming and scientific visualization, spanning several scientific
disciplines, including aerospace, geophysics, melecular biology, and environmental
engineering. Gruchalla's dissertation work focused on the development of a
general framework to define multi-scale, multivariate, non-Cartesian regions of
interest in large-scale turbulent flow data. His master's thesis research evaluated
scientific workflows in immersive virtual environments. His current research
interests include scientific visualization, immersive visualization, GPU computing,
human-computer interaction, and energy-systems analysis.
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Education/Academic Qualification

Bachelor, Computer Science, New Mexico Institute of Mining and Technology
PhD, Computer Science, University of Colorado Boulder

Master, Computer Science, University of Colorado Boulder
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Affiliation

Advanced Grid Innovation Laboratory for Energy (AGlLe)
New York Power Authority

White Plains, NY, USA

Publication Topics

Power System, Real-time Simulation, Power Grid, Transmission Line, Power System Model, Data Exchange,
Distributed Energy Resources, Distribution Lines, Large-scale Power Grids, New York State,

Time Synchronization, Transmission System

Show More

Biography

Rahul Kadavil (Senior Member, IEEE) received the B.E. degree in electrical engineering from Fr. C. Rodrigues
Institute of Technology, University of Mumbai, Mumbai, India, in 2009, and the M.S. degree in electrical
engineering from Colorado State University, Fort Collins, CO, USA, in 2017. He was engaged as a Research
Engineer with the Power and Energy Real-Time Laboratory (PERL), Idaho National Laboratory for modeling and
integration testing of Hybrid Energy Storage Systems (HESS) using real-time simulation tools. He is currently a
Manager with the Advanced Grid Innovation Lab for Energy (AGILe), New York Power Authority, White Plains,
NY, USA. He designs and tests hardware in the loop experiments to analyze the diverse smart technologies and
understand how they complement each other. His research interests includes power systems digital simulation,
digital twins, protection, cyber-physical testbeds, and integration of renewable energy resources. He is the
second inventor of Energy Storage Ramping Optimization for aggregating ramping capabilities from multiple
HESS. (Based on document published on 10 September 2024). Show Less
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Reviewer akannal5:

Visualization:6

The visualization component of the project could be explained in more detail. It wasn't clear
from the proposal alone

Response: many reviewers have addressed this issue. The core of this project is not to develop a
grand new technological approach for LiDAR datasets, but offer a more accurate algorithm for
element classification within the datasets and semantically label each classified cluster that allow
resolving the problem through training or further postprocessing.

Novel:4
how this algorithm surpasses existing ones could be explained in detail, to highlight the
novelty.

Reviewer’s comment on this regard is highly appreciated. This part has been reinforced in the
editing of second version. Generally speaking, the novelty of this project does not lie in
visualization techniques, but rather the approach to process the LiDAR datasets by labeling
clusters with reasonable semantic labels. It is quite difficult to evaluate the algorithm’s general
performance at this level, but I believe introducing semantic labeling contributes to the novelty of
the project and will allow more efficient postprocessing.

Likelihood of Success:7
Since visualization components aren’t defined, it is difficult to say

I believe previous response covered this concern.

Reviewer alabella:

Overall: 4. Goals are well stated, and the proposed methods seem sensible given the problem.
What remains unclear is the second aim, specifically how deep learning can help and what
"semantic labeling" means.

This has been further clarified in the corresponding section. Current application of deep learning
in shape/scene segmentation works mostly concentrate in applying a classification algorithm in the
feature space of a dataset. While we aim to explore if this technique can be developed or
improved, we will also seek for other viable solutions to improve the accuracy of classification.
“Semantic labeling” means to give each classified cluster a descriptive label that can precisely
describe the content of the cluster (e.g. vegetation, trunk, ground, ceiling, etc.)

Interdisciplinary: 4. Only one collaborator is listed. I think having another collaborator
would bolster this proposal.

Another collaborator is now added into the proposal.

Scientific: 5. The author lists what they intend to do but how they will empirically validate
their findings is a bit vague.

This is further addressed in the revised version. I expect our clustering algorithms to produce both
a more accurate classification outcome and a semantic label that can precisely describe the content
of each cluster. This should contribute to both the evaluation of classification accuracy and more
efficient postprocessing of classified datasets.

Novel: 4. 3D point clouds have been around for a while, so they themselves are not
inherently novel. What is novel is how the authors plan on visualizing these clouds.

This will be further acknowledged and reemphasized in the revised proposal.

Reviewer ccastil8:
Overall: 5 (Good)



This proposal addresses an important challenge in archaeological LiDAR classification and
has potential for meaningful contributions. However, weaknesses in evaluation methods and
project structure should be addressed to strengthen feasibility and impact.

The proposal is now revised to better explain how semantic labeling will also contribute to the
evaluation process. In short, we will mobilize semantic labels to identify whether the label
provides a description of the cluster’s content. Manual inspection will also take place to ensure the
semantic labels are sufficiently accurate. Project structure wise, the order of deep learning method
exploration and semantic labeling to ensure the labeling process benefits maximally from the deep
learning yields.

Visualization: 6 (Satisfactory)

The visualization component, using semantic labels and possibly mesh reconstructions, is
interesting and could be valuable for archaeologists. At the same time, the plan feels
underdeveloped and leaves several important questions unanswered, such as how
archaeologists will interact with the outputs. A helpful next step may be to include
evaluation with domain experts in addition to novice users. Adding a relevant image or a
mock-up of the intended visualization could also make the goals clearer and strengthen this
section.

The primary purpose of the project is not to develop a new visualization method. Rather, we
intend to better facilitate the current visualization techniques through providing better classified
datasets. Therefore, I do not anticipate that visualization will be a primary target for the project.
The reviewer also mentioned about archaeologists’ interaction formats are not defined clearly —
this is further clarified in the revision, indicating that archaeologists will be able to inspect the
clusters more straightforwardly with the dataset; original datasets contain only the point cloud but
and clusters without descriptive information. I wish that effective semantic labeling would enable
certain parts of the dataset to be removed temporarily to avoid distraction, allowing the
archaeologists to interact with the site structure with less noisy information. I also appreciate
reviewer’s comments on how inviting domain experts participating in the research can contribute
to the evaluation process — qualitative feedback from experts will be collected in addition to
novices’ evaluation. The feedback will primarily be inquired in regard to the interaction method —
the experts will offer evaluation on whether semantic labeling based selective visualization
contributed to their work.

Goals clearly stated: 4 (Very Good)

The goals are clearly stated and organized into phases that follow a logical sequence. The
timeline is slightly vague though, with four weeks described in detail while the rest relies on
loosely defined extra time.

The reviewer pointed out a significant point. However, our current methodology involves large
uncertainty — semantic labeling, at the moment, is still at large a big challenge even for the frontier
researchers. We are rather suspicious that whether the time will be sufficient for us to explore the
topic in-depth, so we make up tentative plans to allow flexibility in case of encountering
difficulties.
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Abstract

We propose to explore a more effective classification algorithm for ancient site with standing struc-
tures - compared to mesh, point clouds contains less structural information and is difficult to reason
structures. This research presents an improved algorithm that focus on identifying structures and pro-
vide a corresponding semantic label to facilitate structural understanding.



1 Aims

There exists two primary aims for this project. The first one is improving existing classification algorithm.
Current algorithms have difficulty identifying standing structural components of a human constructed site
and tree trunks - we anticipate that this error can be addressed by mobilizing deep learning networks instead
of using purely traditional clustering algorithms like DBScan or K-Means.

The other aim is to explore how semantic labeling of the sampled dataset can contribute to a better
deep learning-based classification algorithm. With the advancement in deep learning and VLM, it is worth
exploring that whether current visual understanding can effectively tackle the task of generating a semantic
label that provide accurate description about the content of the classified clusters.

2 Significance

This project fulfill the demand of a more effective classification algorithm for drone-based LiDAR data
collected from heavily vegetated sites. Given that existing classification algorithms struggle to identify
standing structures like mound walls and tree trunks, our most prominent significance is to push beyond the
current reliance on mound-centric algorithms and advance approaches that are able to distinguish structural
components with relatively more patterns than vegetation. Such breakthrough is, presumably, particularly
helpful for archaeological excavations in tropical areas like South America and Southeast Asia where heavy
vegetation is common.

Theory-wise, we expect our research findings contribute to the production of high-resolution elevation
models and hill-shades by modeling more reliable ground and wall information. This will turns out to
be highly contributive in the second phase of the research project which aims at understanding the spatial
distribution patterns of a highly Balkanized site clusters through intervisibility. A more concrete modeling
of the internal site structures offers a solid ground to evaluate the extent of visibility other sites are.

In terms of visualization, we expect to implement a selective visualization method. The classified point
cloud, along with the semantic labels, will allow us to selectively visualize points with certain properties.
For instance, users can choose to visualize only the human-constructed sites to see how they fit the terrain, or
visualize only the vegetation to see how they embed into the site structure. We also intend to give different
colors for the points representing different elements - this will facilitate archaeologists’ immediate grasp on
the structure of the point cloud dataset.

Moving beyond site-understanding field, we expect this classification algorithm to also contribute in
differentiating human constructions over vegetation when broadly searching for sites rather than analyzing a
specific one. It will also contribute to modeling techniques of ancient sites for preservation and reconstruc-
tion purposes. Its semantic labeling technique may also enable procedural reconstruction and generative
restoration of damaged sites. Our ultimate goal is to explore and explain the rationale of such technical
approach in archaeology.

3 Related Work

There are numerous existing literature that seek to resolve the problem from different approaches. Early
works by Brodu and Lague introduced the concept of multi-scale dimensionality analysis, quantifying local
point cloud geometry (e.g. linear, planar and volumetric) to distinguish vegetation, ground and terrain
objects [1]. This “dimensionality” is an emphasis of how structural clues across all scales can distinguish
objects that traditional algorithms may compromise. More recent research focus on mobilizing machine



learning and neural structures - Ciou et al (2024) propose a learning-based technological framework that
combines multiple classifiers to improve robustness in heterogeneous landscapes [3]. Similarly, Liu et
al (2024) described a strategy to apply transformer-based models for automated classification of national
LiDAR dataset during a US Geographical Survey, demonstrating its flexibility and reliability in such task
[4]. Zhang et al. (2023), though earlier in time, demonstrated a systematic survey of of deep learning-
based 3D point cloud classification, comparing voxel, point and graph-based architectures and identified
ongoing challenges in each of these methods [7]. These papers effectively broadened the interdisciplinary
horizon and exposed deep learning’s tremendous potential in archaeology, and now it is our turn to bridge
the gap between the deep learning-based technological framework and specific tasks that not only requires
classification but also effective illustration of structures.

Several studies have also examined how LiDAR classification can be applied on archaeology. Stular
et al. (2021) present a pipeline and QGIS toolbox for archaeology, providing an easy-to-use and deploy-
able workflow to convert unclassified point clouds to visualization products, including confidence maps and
hybrid interpolation [8]. Wang et al. (2024) introduced CNN-based models into the technological frame-
work and successfully reveal trivial cultural heritage features covered by dense vegetation [6]. Poux et al.
(2017) made a bolder attempt, integrating point cloud datasets into archaelogical knowledge base systems,
proposing semantic enrichment and ontology-based classification of quasi-planar objects. Their research
collectively shown that vegetation density could be the primary issue in visualizing the classification re-
sults, and interpretability of a LiDAR dataset is extremely important - these two features seem irrelevant,
but inspired by the inspiration of successes achieved in computer vision fields, we realize that there exists a
knowledge gap: connecting automatic removal of noisy information and semantic-based data understanding
will tremendously contribute to the researchers.

Classification tasks, in many scenarios, are intended for a more effective visualization and scene under-
standing; numerous research also highlighted this and mobilize these visionary observations to explore a
spatial setting. Rissetto (2017) combines 3D models with GIS viewshed analysis to examine how visibility
shaped ancient Maya social and political institution [5], and Cassidy (2019) introduced VR platform that
allow archaeologists to immersively explore LiDAR data, further facilitating feature exploration [2]. These
studies have collected highlighted a way of how a well-classified dataset can contribute to a more in-depth
exploration of site features, and it further provoked our thinking about how our method can be maximally
exploited for visualization and pattern examination.

4 Research Plan

The first phase of this research will focus on reading the point cloud and identify the problem. We will
observe the dataset to understand the difficulty of classification task: to what extent can algorithms be
confused with standing structures and trunks, and how difficult it is for humans to identify such structures?
This step will enable us, as researchers, to understand the nature of the problem that we intend to solve
and provide a more accurate intuition on the proper strategies that should be employed in the process. It is
expected that we should attempt the existing classification algorithms like K-Means and DBScan and how
they fail in meeting the expectations. I anticipate this to require approximately 7 to 10 days to complete.
The second phase will aim at granting each segmented cluster an understandable semantic label. The
purpose of this step is to further illustrate the structural information of the collected point cloud data. Point
clouds, by nature, is not very effective in reflecting structures, so assigning semantic labels helps audiences
to better evaluate the accuracy and effectiveness of classification. It will also provide more data-wise guid-
ance in training a model on classifying elements within similar settings. We also consider reconstructing a



mesh from the point cloud to better highlight the structural information. Estimated time of completion will
be approximately 1 week.

The third phase marks the start of exploration of Deep Learning-based algorithm attempts. Problem
needs to be addressed in this research is highly specialized: to distinguish standing structures and vegetation.
This specialized task might benefit enormously from training a model, though it involves intensive data
collection and training process. We estimate completion of this task to take 2 weeks, adding time required
for dataset structuring and training.

The last phase will evaluate the effectiveness of our classification model by evaluating the quality of
clusters. Such evaluation will be first conducted by experts with profound understanding in the field - they
will evaluate whether our new visualization approach facilitates dataset exploration. The second stage will
include novices who have no strong background in archaeology and could only visually reason the reliability
of a clustering strategy applied on a given point cloud dataset. It is expected that their intuition in visual
reasoning will contribute most effectively.
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Link to the manuscript pdf:

https://drive.google.com/file/d/1mwBwQnnDoYqZuBtT2U08eFx1AbdfkPh0/view?usp=sharing
Response Letter

Dear Editor and Reviewers,
We appreciate the constructive feedback on the manuscript, and we have prepared a revision accordingly.
Please see below for an itemized list of your feedback and a brief description of how each is addressed in the

revised manuscript.

R1: https://drive.google.com/file/d/1-KT2BEWcOI-m 0S Le3XgASsk-8li1Ka/view?usp=drive link

[R1.6] Project is specialized towards Chachapoya culture

Response: For novelty, although the project is centered on Chachapoya sites, its methods are broadly
applicable to other forested archaeological regions. The Chachapoya landscape simply provides an ideal test
case for developing a generalizable LIDAR classification and visibility workflow useful worldwide.

[R1.8] Aims of the project are a little bit difficult to conceptualize, for
those not familiar with immersive VR.

Response: While the immersive overlaying visualization component may seem abstract to those unfamiliar
with virtual reality, its purpose is straightforward: to provide a clear, experiential way to understand spatial
relationships and visibility that traditional maps cannot show. The VR element is a tool for allowing both experts
and non-specialists to intuitively explore how Chachapoya sites interconnect across the landscape.

[R.2.2] Only one collaborator is listed and they are from Brown. Would it
help to add collaborators that are from another institution?

Response: The project already integrates computer science, archaeology, and geospatial visualization—three
distinct disciplines. If needed we could explore informal collaboration with external archaeologists and
remote-sensing specialists to broaden institutional scope, but the interdisciplinarity lies mainly in the fusion of
technical and humanistic approaches, not institutional affiliation.

[R2.3] Methods for classification are listed, but no real means for
evaluation are given. What is the ground truth? What metrics will you use
to benchmark your results?

Response: We will evaluate classification accuracy using manually labeled ground-truth data from selected
training patches and expert-verified wall segments. Model performance will be evaluate withloU-score, and
overall accuracy for each class (architecture, vegetation, ground). We will also include visual validation to
ensure the reconstructed surfaces preserve architectural integrity.

[R2.6] 3D point clouds have been around for a while, so they themselves are
not inherently novel. What is novel is how the authors plan on visualizing
these clouds.

Response: We agree that 3D point clouds themselves are established, but our novelty lies in the pipeline that
combines semantic labeling, Digital Feature Model generation, and immersive intervisibility visualization.

R3: https://drive.google.com/file/d/1vJdb7W11BOjnpimeDIR|JfljqIrOD4kK/view?usp=sharing


https://drive.google.com/file/d/1mwBwQnnDoYqZuBtT2U08eFx1AbdfkPh0/view?usp=sharing
https://drive.google.com/file/d/1-KT2BEWcOl-m_0S_Le3XqASsk-8lj1Ka/view?usp=drive_link
https://drive.google.com/file/d/1DqMimmpNEjamL2vWb8CoZwjS7syi1Wf5/view?usp=sharing
https://drive.google.com/file/d/1vJdb7W11BOjnpimeDIRjJfIjqIr9D4kK/view?usp=sharing

[R3.6] The gaps filled in by this proposal in existing works can be
explained in detail, to highlight novelty.
Response: See [R2.6]

R4: https://drive.google.com/file/d/10790KMjMD40rzi1AVeaOT44lv_fpYTfi/view?usp=sharing

[R4.8 The methods are clearly laid out and mostly feasible. The VR portion
is more ambitious but likely achievable in prototype form. The biggest
worry is the plan to freeze model design by Week 3, which may not allow
enough iteration if initial performance is weak. It may be better to state
this as a target goal rather than a fixed requirement, or to include a
fallback plan if time becomes constrained.

Response: We do agree that flexibility is important. The Week 3 model freeze is meant as a target milestone,
not a rigid cutoff. If initial classification results are weaker than expected, we will extend tuning in parallel with
downstream visualization work, using a simplified or interim model to keep the project on schedule. The
improvements to the classifier can be integrated later without delaying the visibility or visualization stages.


https://drive.google.com/file/d/1O7q0KMjMD40rzi1AVeaOT44lv_fpYTfj/view?usp=sharing

LiDAR Classification and Intervisibility Visualization for
Chachapoya Archaeology

Yiyang Zhang Yugiao Guan
PI Co-PI
yiyvang-zhang3@brown.edu yugiao_guan@brown.edu
Parker VanValkenburgh
Collaborator

parker_vanvalkenburgh@brown.edu

October 14, 2025

Abstract

We propose a novel pipeline to improve the analysis of densely vegetated archaeological sites by
combining advanced LiDAR point-cloud classification with immersive visibility network visualization.
Our method addresses the limitation of standard filtering techniques by introducing a machine learning
classifier tailored to LiDAR data of standing architecture. Classified ’clean’ point clouds are used to
generate high-resolution elevation models for multiple settlements on the Chachapoya hilltops. We then
construct intervisibility networks (graphs of which sites can see which others) and explore them through
both quantitative network analysis and an interactive VR system. This approach overcomes obstacles in
current techniques for modeling sightlines in complex terrain. We anticipate that the refined site models
and network visualizations will yield new insights into the spatial organization, communication, and
social dynamics of the Chachapoya landscape.



1 Aims

For enhancing LiDAR point-cloud classification, we will develop an improved method for classifying Li-
DAR point clouds of archaeological sites with dense forest cover, specifically to separate and identify stand-
ing architectural structures like stone walls, buildings, terraces versus vegetation.

Unlike standard ground filtering algorithms [5], that adopts simulation filter which drapes a virtual cloth
over an inverted landscape but cannot fully distinguish trees from man-made walls, our approach will
leverage machine learning and multi-scale geometric analysis. We plan to train a classifier, potentially a
convolutional neural network or a multi-scale shape descriptor method, on labeled point cloud data where
architectural points and vegetation points are annotated. The classifier will exploit features such as local
geometric texture (planarity vs. linearity) and radiometric intensity differences between stone surfaces and
organic matter. By building on methods like the CANUPO [1] multi-scale dimensionality algorithm, we
aim to reliably filter out canopy and tree trunks while retaining fine details of ruins. The result will be clean,
classified point clouds and derived Digital Terrain Models where archaeological structures are clearly delin-
eated from natural features.

Using the enhanced site models from Aim 1, we will analyze and visualize the intervisibility between mul-
tiple Chachapoya settlements. First, we will compute viewsheds (the areas visible from a given viewpoint)
and line-of-sight connections among sites using the classified elevation models. This will produce a network
graph of sites as nodes and intervisible links as edges. We aim to evaluate whether these hilltop communi-
ties form clustered communication networks—as hypothesized, given historical suggestions of fire or smoke
signaling in the Andes [3]—or if their arrangement is random. To do so, we will apply network science
metrics (connectivity, clustering coefficients, network density) as advocated by Brughmans and Brandes
frontiersin.org [2] to quantify the patterns of visual connectivity.

Secondly, we will create an immersive 3D visualization with VR support to let researchers virtually stand
at one site and see which other sites would have been visible in the ancient landscape. This goes beyond
traditional 2D GIS maps by providing a first-person perspective and real-time exploration of sightlines in
a simulated environment. The VR component will serve both as an analytical tool and as a means to com-
municate findings to a broader audience. By the end of the project, we plan to demonstrate a prototype
where users can toggle the presence/absence of modern vegetation and experience the network of hilltop
settlements through interactive visualization.



2 Significance

This project is significant across multiple dimensions, including its archaeological impact, methodological
contributions, and implications for heritage management and public engagement. Together, these outcomes
demonstrate the interdisciplinary value of combining archaeology, computer vision, and virtual reality in a
single framework.

2.1 Archaeological and Anthropological Impact

The project investigates the Chachapoya, an Indigenous Andean culture known for dispersed hilltop settle-
ments traditionally interpreted as isolated due to rugged terrain and political fragmentation. We propose
instead that many sites were strategically positioned within line-of-sight to enable communication and in-
tegration across the landscape. Demonstrating such intervisibility networks would challenge prevailing
narratives and suggest a higher degree of regional organization. Because colonial accounts are limited and
disrupted Indigenous systems, spatial analysis offers a novel way to reconstruct pre-colonial connectivity
beyond the historical record.

2.2 Technological and Methodological Contributions

Our LiDAR classification approach addresses a major challenge in archaeological remote sensing: distin-
guishing standing architecture from vegetation under dense forest canopy. Unlike studies that focus on large
earthworks or terrain features, we target the task of separating vertical stone walls from tree trunks in point
cloud data. By combining multi-scale geometric and radiometric features with machine learning [4], we
aim to deliver a broadly applicable method for detecting overgrown ruins worldwide. In parallel, we will
create one of the first VR-based visibility analysis tools in archaeology, allowing researchers to experience
spatial relationships in 3D rather than through abstract maps. This integration of machine learning and VR
represents a significant methodological innovation for heritage science.

2.3 Heritage Management and Public Engagement

Chachapoya sites such as Kuélap are gaining importance as heritage tourism destinations and alternatives
to the crowded Machu Picchu circuit. Our vegetation-free models and VR experiences will support virtual
tours and educational outreach, enhancing public appreciation of Chachapoya culture. The project also sheds
light on long-term environmental change by comparing modern forest cover with ancient, likely cleared
landscapes. These insights have direct value for both ecological research and the management of fragile
cloud-forest regions.



3 Related Work

LiDAR Classification in Archaeology Early archaeological applications of LiDAR focused on ground
and vegetation filtering with manual feature recognition on Digital Terrain. While methods such as the
Cloth Simulation Filter (CSF) [7] can generate bare-earth models, they often misclassify ruins as ground or
retain tree trunks, limiting accuracy in dense forests. Multi-scale algorithms like CANUPO [1] improved
separation of vegetation and terrain by computing geometric features across scales. Building on this, our
approach specifically tailors classification to distinguish man-made linear or planar structures from organic
forms in complex forested contexts.

Machine Learning for Feature Detection Recent studies have applied machine and deep learning to Li-
DAR for detecting features such as burial mounds, terraces, and building remains [6]. CNN-based methods
have successfully classified Maya structures and even historic dry-stone walls, though many operate on ras-
terized elevation models rather than 3D point clouds. Our project will combine both approaches: leveraging
detailed 3D point-cloud geometry while using CNN techniques on derived models for pattern recognition.
This hybrid strategy is novel in focusing on point-level architectural versus vegetation classification, in-
formed by domain knowledge of Chachapoya architecture.

Viewshed Analysis and Intervisibility Viewshed analysis has long been used in archaeology to study site
visibility, defensive placement, and communication networks [2]. Network-based approaches treat intervis-
ibility as a graph, allowing analysis of hubs, clusters, and connectivity against null models. More recently,
immersive 3D and VR environments have allowed archaeologists to directly simulate and perceive visibility
from ancient sites. Our project extends this trend by combining VR with machine-learning-enhanced recon-
structions, creating a uniquely accurate and interactive framework for evaluating Chachapoya intervisibility
networks.
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Fig.7 3DMASC classification results in CloudCompare (top view)

Figure 1: Example of the result visualization of semantically labeled point clouds



4 Research Plan

* Week 1-2: Prepare LiDAR data and orthophotos; provide LiDAR data + orthos, run a quick base-
line model with standard ground filters, and test baseline tools (e.g., CSF, CANUPO) to establish a
benchmark classification. Decide on model architecture and set up the training environment.

* Week 2-3: Train a supervised point-level classifier (with CNN masking for object-level prior) using
labeled samples; fuse outputs to generate semantic labels. Experiment with features (geometry, in-
tensity, returns) and evaluate accuracy against the benchmark. Freeze model design by end of Week
3.

* Week 4: Batch process all site point clouds with the trained classifier; generate de-vegetated surfaces
(architecture-only and Digital Feature Model meshes per patch/site), DTMs, canopy height models,
and visualizations. Validate outputs with archaeologists and refine if needed.

* Week 5: Conduct large-scale viewshed and visibility network analysis using cleaned DTMs; overlay
per-point classification confidence on point clouds with hillshade/orthophoto for walls versus vegeta-
tion. Compute intervisibility, compare scenarios (modern vs. ancient vegetation), and derive network
metrics.

* Week 5-6: Zoom in to reconstruct de-vegetated, architecture-preserving meshes and verify that low-
confidence zones coincide with vegetation-covered areas. Develop a VR/interactive 3D environment
for site visualization; enable exploration, visibility toggles, and communication simulations. Prepare
a working demo by end of Week 6.

* Week 6: Synthesize results into the final report and presentation; include classifier performance,
confidence overlays, visibility network visualizations, VR demo feedback, and interdisciplinary con-
clusions.

200

B Ground |l L.V. H.V. [ Buildings

Fig.4 Sample of areas used as training data with classes: ground, low vegetation, high vegetation and
buildings

Figure 2: Example of result rasterization of mesh-reconstructed structures
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