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Executive Summary 
 
Undergraduate research (UGR) is recognized as a high-impact educational practice that increases the 
rates of student retention and engagement. At the University of Idaho, UGR is practiced throughout all 
units on campus, and it is centrally placed in the institution’s strategic plan through the Experiential 
Learning Pillar. The Office of Undergraduate Research (OUR) is taking the lead in enabling research 
opportunities for undergraduates at UI as it manages various competitive student grant programs that 
directly support student research and ensures that students have access to these opportunities. 
 
During AY 2024-25, generous funding from the State Board of Education (SBoE) permitted UI to continue 
its Semester Awards and Summer Undergraduate Research Fellowship (SURF) Programs. The Semester 
awards allow for students to submit a proposal to the OUR and, after review, the OUR selects projects for 
funding. The OUR allocated $4000 to fund four of the twenty-one projects in Spring of 2025 with HERC 
funding. These projects were from the College of Engineering and the College of Science. The OUR then 
utilized the remaining $61,000 of SBoE HERC funds to support the Summer 2025 SURF program. This 
intensive 10-week summer research experience actively engages undergraduates in faculty-mentored, 
independent research. Over the course of the program, students are mentored toward increased 
independence on their projects and the OUR provides a series of workshops to help them students 
prepare for ICUR. Each student was provided with a $5,500 stipend in the form of a fellowship which 
allows them to devote full time effort to their projects. Each student was also provided with $1,000 to help 
offset materials and supplies and other project-related expenses. This year there were 39 applications! 
Selection of student participants is a competitive process in which students submit 4-page research 
proposals to the OUR along with budget justifications and a letter of recommendation from their mentor. 
The Director utilizes faculty affiliates in each college to review the proposals and provide selections of 
the top proposals. The Director then makes sure that projects are well-represented across colleges. It is 
important to note that not all projects for this cycle required a supply budget. This allowed for us to fund 
additional students with partial SBoE funding. For FY25, the SBoE funding supported 11 of the 15 OUR 
SURF awards (some were funded completely or in part by OUR funds). All students supported by SBoE 
funds attended and presented results of their projects at the 2025 Idaho Conference on Undergraduate 
Research in Boise, ID on July 15-16, 2025. These students will also be required to present their results at 
the UI Undergraduate Research Symposium on April 20, 2026. In addition to the projects supported by 
SBoE funds, the OUR was able to fund 4 additional awards to allow further participation beyond STEM 
disciplines. 
 
End of project feedback from students and their mentors was overwhelmingly positive. Significantly, 
none of the undergraduate research projects described here would have been possible without the 
support provided by the State Board of Education. We sincerely thank the Higher Education Research 
Council and the Idaho State Board of Education for making these experiences possible for our students. 
 
Sincerely, 
 
 
 
Kristopher V. Waynant 
Director, Office of Undergraduate Research 
Associate Professor, Chemistry 
kwaynant@uidaho.edu  
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Spring 2025 Awards funded by SBoE 
 
Student: Emily Medema 
 
Project Title: Evaluation of the shrinking core model of iron sulfide weathering in pyritic waste rock, 
Red Dog mine 
 
Mentor: Jeff Langman, Department of Earth and Spatial Sciences 
 
Abstract: Acid rock drainage (ARD) emanates from the Main Waste Stockpile (MWS) of Teck’s Red 
Dog Mine in northwestern Alaska. The ARD is caused by infiltrated precipitation and weathering of 
pyrite [FeS2]. The overall project is evaluating future acid generation through weathering 
experiments with waste rock collected from the MWS. My portion of the project will involve the use 
of a scanning electron microscope to evaluate the remaining cores (e.g., unweathered portion) of 
the pyrite minerals and associated iron-bearing rinds. These two sulfide mineral properties are 
indicative of the mineral weathered state that we describe as the shrinking core model of sulfide 
weathering. The remaining pyrite cores represent the weathering progression, and the iron-bearing 
rinds are an indication of the level of acid generation and mobilization or retention of iron during 
weathering. Using the scanning electron microscope, I will analyze pyrite samples from twenty 
sampling intervals in the MWS to compare the level of weathering between the intervals and estimate 
the penetration of infiltrated precipitation. The results of my work will provide insight into the depth 
of the weathering front and areas of greatest acid generation that will assist with management of 
infiltrating water into the MWS. 
 
 
 
Student: Jasmeen Manshahia 
 
Project Title: Inverted Flag 
 
Mentor: Vibhav Durgesh, Department of Mechanical Engineering 
 
Abstract: This project explores innovative methods for harvesting sustainable and clean energy 
using an inverted flag design equipped with piezoelectric materials. The study focuses on optimizing 
the energy production capabilities of piezoelectric flags by varying their thickness-to-length ratios. 
We plan to conduct experiments in a wind tunnel to investigate the dynamics of the inverted flag and 
measure the generated electric output. In the second phase, we will perform experiments in a water 
tunnel using Hydrogen Bubble Flow Visualization to study the flow field around the flag and assess 
the electricity production. The primary objective is to identify the most elicient configurations for 
potential commercial applications while gaining deeper insights into the dynamics and performance 
of the inverted flag system. 
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Student: John Grundy 
 
Project Title: Improvements to Experimental Fluids Lab 
 
Mentor: Vibhav Durgesh, Mechanical Engineering 
 
Abstract: Interest in small aerial vehicles is increasing. The airfoils in these vehicles operate at low 
Reynolds number flow regimes. The airfoil aerodynamic characteristics under these conditions are 
complex. Therefore, one research focus in the Experimental Fluids and Aerodynamics Laboratory 
(EFAL) is to quantify an airfoil’s aerodynamics performance at low-Reynolds numbers. 
Experimentation is performed in the wind tunnel at EFAL using a high-precision load cell which 
measures lift and drag forces experienced by airfoils. The load cell and the airfoil are mounted on a 
stepper motor that allows precise change in the angle of attack. Lift and drag data collected from the 
load cell are analyzed using Python or Matlab, and researchers iteratively process the data to 
estimate angle of attack misalignment. The misalignment is due to the challenge of accurately 
determining flow direction of the wind tunnel relative to the airfoil chord. Therefore, the proposed 
project’s focus is to automatically correct the misalignment. The key deliverable will be data-
analysis software developed in Matlab that analyzes loadcell data and identifies misalignment using 
basic principles of airfoil aerodynamics. If successful, this will significantly reduce analysis time and 
would provide a robust method for identifying the angle of attack misalignment using data analysis 
techniques. 
 
 
 
Student: Nishan Thapa 
 
Project Title: Improve Head Loss Calculations for Laminar Pipe Flow and its fitting 
 
Mentor: Tao Xing, Department of  Mechanical Engineering 
 
Abstract: Elbows are a common type of fitting in piping systems to transport fluid, but they 
introduce challenges by causing head loss due to directional changes in flow. Accurate head 
loss estimation in elbows is crucial for selecting the right pumps for the given pipeline to ensure 
energy efficiency so that the pump operates close to its best efficiency performance. Current 
methods largely focus on fully developed, steady flow conditions, neglecting the developing 
flow regions and effect of Reynolds number on head losses for pipe fittings. This research 
addresses this gap by analyzing head loss in a laminar pipe system including developing and 
developed flows and a 90-degree elbow using high-fidelity computational fluid dynamics (CFD) 
simulations and experimental studies. The project will generate more accurate correlations to 
estimate head loss for laminar pipe flow system under various Reynolds numbers, which will 
help select the right pump to achieve the best efficiency point during operation. 
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Summer Undergraduate Research Fellowships 2025 funded by SBoE HERC 
 
 
STUDENT: Brodie Becker  College: Engineering 
 
TITLE: LoRa Bands for Virtual Fencing 
 
Mentor: Dev Shrestha, Department of Biological Engineering 
 
Abstract: Virtual fence is an emerging tool for livestock management that can determine an animal’s 
location on the landscape, compare that location to preset boundaries and implement stimuli to 
encourage animal movement as needed. An ongoing project at the University of Idaho is working to 
develop a virtual fence system that leverages radio communication to determine location. This 
research will evaluate the suitability of two different radios for usage in virtual fencing technology. 
The radios being compared will operate in the 2400 and 915 MHz bands, both common for LoRa 
networks. They will be compared based on several factors relevant to their performance in virtual 
fencing applications. The desired outcome of this project is to provide information to enable 
informed decision-making for teams selecting radios to be used in rangeland networks. 
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STUDENT: Minigna Lama  COLLEGE: Engineering 
 
TITLE: Analysis of C2C12 myoblast secretome for enhanced muscle regulation 
 
Mentor: Nathan Schiele, Department of Biological Engineering 
 
Abstract: Skeletal muscle repair is a complex process involving cellular proliferation, 
dilerentiation, and remodeling of the extracellular matrix, all of which are required for tissue repair 
as well as tissue engineering. The C2C12 myoblast secretome is involved in the process since 
proteins secreted into the medium and signaling factors mediate intercellular communication and 
control muscle dilerentiation. This study aims to characterize the dynamic modulation of the C2C12 
secretome during dilerent stages of myogenic dilerentiation and with varying serum 
concentrations and mechanical loads. The significant factors involved in the muscle regeneration 
process will be quantified by enzyme-linked immunosorbent assay (ELISA) to determine the impact 
of environmental conditions on the composition of the secretome. Elucidation of such regulatory 
processes will provide valuable information on muscle tissue communication and adaptation, 
allowing biomaterial and therapeutic strategy design for muscle tissue engineering and regenerative 
medicine. 
 

 
 

Minigna Lama, Alonna G. Clair, and Nathan R. Schiele
Department of Chemical & Biological Engineering, University of Idaho, Moscow, ID

Analysis of IGF-1 production by C2C12 myoblasts during 
engineered muscle formation

Office of Undergraduate Research

Background

6mm

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7
A

6mm

Day 8 Day 9 Day 10 Day 11 Day 12 Day 13 Day 14
B

Future Work

ELISA Plate Setup:

➢ The standard curve was 
prepared by performing 
serial dilutions of IGF-1, 
starting from 6000 pg/mL 
(100 μL per well) diluting 
down to 0 pg/mL.

➢ For experimental samples, 
Up to Day 7, each 100 μL 
sample consisted 3 
biological replicates.

➢ From Day 8 to Day 14, the 
samples consisted of 2 
biological replicates.

➢ Re-run IGF-1 ELISA with a higher concentration standard curve 
for accurate quantification.

➢ Analyze macroscopic images of Neo Muscles and cell line growth 
to elucidate possible correlations in IGF-1 secretion. 

➢ Continue analyzing secretome samples for additional myogenesis 
biomarkers. 

➢ Continue collecting secretome samples and testing to identify 
other secreted factors that may affect other musculoskeletal Neo 
constructs seeded in the lab, when used as conditioned media. 

➢ This project was funded through Summer Undergraduate Research 
Fellowship (SURF) by Office of Undergraduate Research (OUR), 
University of Idaho.

Objective

Cell Seeding and Secretome Collection

➢ Evaluation of IGF-1 production during myogenesis of C2C12 cells.

Fig. 1) C2C12 scaffold free self assembly 3D culture overview

Neo Muscle seeding protocol steps:

➢ 3D-printed PLA inserts were sterilized in 70% ethanol for 24 hours, 
rinsed with sterile water, and assembled into standard 12-well plates.

➢ 2% agarose was poured into each well to create molds; after 
solidification, inserts were removed to form defined agarose wells.

➢ Cells were cultured under standard conditions and passaged when 
confluency reached 75%.

➢ C2C12 line continuation was seeded at 1500cells/cm2, and Neo 
Muscles were seeded with 5 million cells per mold. 

➢ Neo Muscles treated with 10% FBS till Day 7 and changed to 2% 
horse serum Day 8 onwards in every 48 hours interval.

➢ Macro images were taken of Neo Muscles daily, media was collected 
for secretome evaluation and stored in -80℃.

ELISA Quantification of IGF-1 Secretion

Fig. 2) Representative A) macroscopic images of Neo Muscle D0-D7, 10% Fetal Bovine Serum Media B) 
macroscopic images of Neo Muscle D8-D14, 2% Horse Serum Media

The ELISA protocol followed 
standard steps:

1-2) Plate coating with capture 
antibodies and blocked with 
blocking buffer.

3.) Sample addition and IGF1 
serial dilution, incubate for 
antigen binding.

4-5.) Addition of HRP Conjugate 
antibodies and substrate to 
generate a colorimetric signal.

6.) Optical density was 
measured at 450 nm & 650 nm.

7.) IGF-1 concentration was 
determined using a standard 
curve generated from known 
IGF-1 concentrations.

Made with Biorender
Fig. 3) Sandwich Enzyme-Linked Immunosorbent Assay, step by step 
reaction cartoon

➢ IGF-1 concentration peaked between Day 2–7, with the highest 
recorded IGF-1 quantified approx. on Day 7.

➢ Sharp decline post-Day 7 suggests possible reduction in secretion, 
protein degradation, or cell stress.

➢  IGF-1 secretion pattern aligns with published findings, showing 
peak expression around Day 7 during active myogenic 
differentiation, followed by a decline as regeneration stabilizes 
(Charge & Rudnicki, 2004).

➢ Day 7 identified as a key window for collecting large quantities of 
secreted IGF-1, for use as conditioned media in cell differentiation 
studies.

Acknowledgments

Made with Biorender

Macroscopic Progression of Neo Muscle Constructs IGF-1 concentration peaked on Day 7
➢ C2C12 myoblasts are used to study skeletal muscle repair and 

regeneration.

➢ Secreted proteins act as signaling factors for intercellular 
communication and regulation of myogenesis.

➢ This study analyzes secretome changes during different 
differentiation stages and serum levels.

➢ Enzyme-linked immunosorbent assay (ELISA) used to quantify the 
secreted proteins (IGF-1) in the culture media.

Fig. 5) IGF-1 curve of OD read for the conditioned media from D2-
D14 set to 405nm-650nm.
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Fig. 4) Macroscopic image of 96 well plate after completing Murine IGF-1  
ELISA test. 
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STUDENT: Jiaxin Liu  COLLEGE: Engineering 
 
TITLE: The Attack on AI 
 
MENTOR:  Min Xian, Department of Computer Science  
 
Abstract: Adversarial attacks pose critical challenges to the deployment and adoption of artificial 
intelligence (AI) and Machine Learning (ML) systems, as they exploit vulnerabilities in AI models to cause 
incorrect predictions through carefully crafted perturbations. This research explores the mechanisms, 
implications, and defenses associated with adversarial attacks, with a focus on understanding their 
impact on deep learning models. Over a 10-week period, foundational concepts in AI and adversarial 
attacks are studied, followed by hands-on experimentation with state-of-the-art attack methods such as 
the Fast Gradient Sign Method (FGSM), Projected Gradient Descent (PGD), Carlini & Wagner (C&W), Sign-
OPT, and RayS attacks. Defense strategies, including adversarial training, defensive distillation, and input 
preprocessing, are implemented and evaluated for their e_ectiveness in mitigating adversarial threats. A 
small-scale research project is conducted to investigate a specific aspect of adversarial attacks, such as 
their performance on real-world datasets or the robustness of di_erent model architectures. The findings 
will highlight the fragility of AI systems to adversarial manipulations and underscore the importance of 
developing robust models to ensure their reliability and security in critical applications. This research 
contributes to the growing body of knowledge in adversarial learning and provides insights into the 
ongoing e_orts to build trustworthy AI systems. 
 

 

Lance and Shield: Benchmarking Adversarial Attacks and Defenses of AI

Jiaxin Liu, Kyle Lucke, Min Xian
Abstract

DEPARTMENT OF COMPUTER SCIENCE, UNIVERSITY OF IDAHO

As deep learning (DL) reshapes the future of image-based 
applications, from handwritten digit recognition to 
autonomous driving, one unsettling question persists: just how 
trustworthy are these celebrated models when faced with 
real‐world adversaries? Our study investigates the 
mechanisms and consequences of hard‐label black‐box 
adversarial attacks that exploit blind spots in state‐of‐the‐art 
architectures (ResNet-50, DenseNet-121, VGG-16) trained on 
MNIST, CIFAR-10, and ImageNet. We implement and 
benchmark three leading methods such as RayS, OPT, and 
Sign-OPT, and counter them with three advanced defenses: 
adversarial training, robust self-training, and multi-instance 
robust self-training. By measuring attack success rates, query 
efficiency, and perturbation subtlety, our findings expose 
critical vulnerabilities in vision systems and guide the design of 
more resilient defenses for practical deployment.

Background
Conclusions and Future Directions

References

Acknowledgements 
I gratefully acknowledge Kyle Lucke for dedicated research assistance 
and Dr. Min Xian for expert mentorship. This work was supported by a 
University of Idaho Office of Undergraduate Research (OUR) 
Semester/SURF Award 2025.

Results

1. Problem: DL can now be used for critical applications like 
cancer classification, but are susceptible to adversarial attacks.
2. Goal: Evaluate three state-of-the-art adversarial attacks 
against popular DL approaches and defenses.
3. Approach: Benchmark RayS, OPT, and Sign-OPT vs. ResNet50, 
DenseNet121, and VGG16 using breast-cancer dataset plus 
CIFAR-10, MNIST, and ImageNet. Then apply three advanced 
defenses and repeat.
4. Outcome: Reveal which defenses hold up, why others fail, 
and guide safer AI, whether diagnosing tumors or classifying 
traffic signs.

Figure 1: Study workflow. Input data (CIFAR-
10/MNIST/ImageNet). Model (ResNet50, DenseNet121, and 
VGG16). Hard-label black-box attacks (OPT, Sign-OPT, and 
RayS). Defense strategies (adversarial training, robust self-
training, and multi-instance RST). Evaluation metrics (success 
rate, queries, and perturbation)

Table 1. Attack ResNet-50 [12] using the CIFAR-10 [9] dataset (ε = 0.031).

Table 3. Attack ResNet-50 [12] using the ImageNet [11] dataset (ε = 0.05) 

Table 2. Attack ResNet-50 [12] using the MNIST [10] dataset (ε = 0.30).

Our experiments confirm that ResNet-50, DenseNet-121 and VGG-
16 remain highly vulnerable to hard-label black-box attacks, with the 
SR rising alongside allowed perturbation magnitude. On CIFAR-10, 
OPT achieves a 4.39 % SR with an average L₂ of 0.2320, whereas 
RayS achieved a 99.40 % SR with an L₂ of 1.5930. On MNIST, the 
SR increases from 78.92 % to 100.00 %. On ImageNet, the SR of OPT 
falls to 3.00 %, Sign-OPT to 31.10 %, while RayS maintains 98.40 % 
success. Next, we will re-evaluate these models after implementing 
training-based defense techniques like adversarial training, robust 
self-training and multi-instance robust self-training, quantifying how 
they affect SR, query efficiency and perturbation norms. We will also 
incorporate a distortion threshold for human perceptual evaluation 
to align the detection results with actual image quality standards.

[1] I. J. Goodfellow, J. Shlens, and C. Szegedy, “Explaining and Harnessing Adversarial Examples,” arXiv preprint arXiv:1412.6572, 2014.
[2] A. Madry, A. Makelov, L. Schmidt, D. Tsipras, and A. Vladu, “Towards Deep Learning Models Resistant to Adversarial Attacks,” Proc. ICLR, 2018.
[3] H. Cheng, H. Zhang, P. Chen, J. Yi, and C. Hsieh, “Query-Efficient Hard-Label Black-Box Attack: An Optimization-Based Approach (OPT),” Proc. 
ICML, 2018.
[4] H. Cheng, H. Zhang, P. Chen, J. Yi, and C. Hsieh, “Sign-OPT: A Sign-Based Gradient Attack for Hard-Label Black-Box Models,” Proc. ICLR, 2019.
[5] J. Chen and Q. Gu, “RayS: A Ray Searching Method for Hard-Label Adversarial Attacks,” Proc. AAAI, 2020.
[6] A. Raghunathan, C. Xie, F. Yu, and P. Liang, “Understanding and Mitigating the Trade-Off Between Robustness and Accuracy,” Proc. ICML, 2020.
[7] B. Sun, X. Wang, J. Zhu, and D. Li, “MIRST-DM: Multi-Instance Robust Self-Training with Drop-Max,” Proc. CVPR, 2022.
[8] A. Shareef, N. Al-Shurafa, and M. El-Helw, “A Benchmark for Breast Ultrasound Image Classification,” IEEE Access, vol. 11
[9] A. Krizhevsky, “Learning Multiple Layers of Features from Tiny Images,” Tech.\ Report UTML TR 2009-004, Univ. of Toronto, 2009. 
[10] Y. LeCun, L. Bottou, Y. Bengio, and P. Haffner, “Gradient-Based Learning Applied to Document Recognition,” Proc. IEEE, vol. 86, no. 11, pp. 2278–
2324
[11] J. Deng, W. Dong, R. Socher, L.-J. Li, K. Li, and L. Fei-Fei, “ImageNet: A Large-Scale Hierarchical Image Database,” in Proc. CVPR, 2009, pp. 248–
255. 
[12] K. He, X. Zhang, S. Ren, and J. Sun, “Deep Residual Learning for Image Recognition,” in Proc. CVPR, 2016, pp. 770–778.  

Input 
Data Model Attacks Defense 

Strategies
Evaluation 

Metrics

Attack
Success 
Rate ↑

Avg 
Queries ↓

Med 
Queries ↓

Avg L₂ ↓ Avg L∞ ↓
Avg PSNR 
↑

OPT [3] 4.39% 376.7 208.0 0.232 0.015 50.266

Sign-OPT 
[4] 53.20% 2944.8 2040.0 0.446 0.027 42.463

RayS [5] 99.40% 1341.3 719.5 1.593 0.029 31.101

Attack
Success 
Rate ↑

Avg 
Queries ↓

Med 
Queries ↓

Avg L₂ ↓ Avg L∞ ↓
Avg PSNR 
↑

OPT [3] 78.92% 481.57 433.00 2.234 0.152 28.290

Sign-OPT 
[4] 89.20% 427.78 287.00 2.972 0.215 25.181

RayS [5] 100.00% 280.24 166.00 8.118 0.232 16.300

Attack
Success 
Rate ↑

Avg 
Queries ↓

Med 
Queries ↓

Avg L₂ ↓ Avg L∞ ↓
Avg PSNR 
↑

OPT [3] 3.00% 273.33 167.50 2.099 0.025 48.133

Sign-OPT 
[4] 31.10% 3569.47 2626.00 3.901 0.044 40.400

RayS [5] 98.40% 1339.02 748.00 17.465 0.046 27.257

Attack success scales directly with perturbation magnitude (ε): 
• OPT finds adversarial samples with the smallest mean L₂ distances 

but only a low success rate* (SR). 
• Sign-OPT achieves a higher SR with a larger mean L₂ distances.
• RayS achieves a high SR across all three datasets at the cost of a 

larger mean L₂ value with roughly 1,300 queries per sample. 

Figure 2. Adversarial samples on ImageNet [11] using a ResNet-50 
model [12]. Columns show (1) clean image, (2) RayS [5], (3) Sign-OPT 
[4], (4) OPT [3] examples. 

Success rate: the percentage of examples that have obtained and 
adversary within a query budget
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STUDENT: Dristanta Silwal  COLLEGE: Engineering 
 
TITLE: Benchmarking Uncertainty Quantification for Deep Learning 
 
MENTOR:  Min Xian, Department of Computer Science  
 
Abstract: Uncertainty quantification (UQ) plays a pivotal role in ensuring the reliability and 
robustness of predictive models, particularly in deep learning models where uncertainties arise from 
many sources, e.g., incomplete data, model approximations, and inherent variability. Ensuring the 
reliability of predictions is critical to patient safety in medical AI applications. Most work on 
Uncertainty Quantification (UQ) focuses on out-of-domain (OOD) samples, how it identifies 
misclassification has yet to be comprehensively explored (1). This research evaluates the existing 
UQ methods to detect misclassification, and their accuracy based on the publicly available natural 
image classification dataset. We will then explore how UQ works in dilerent misclassification 
detections with a detailed comparison of each method evaluated (3, 5). Besides, we will develop a 
publicly accessible website to report where and how we obtained our datasets and research results 
with a list of other feasible tasks. 
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STUDENT: Claire Shelton COLLEGE: Science 
 
TITLE: Investigating the Mechanisms driving regenerative responses in the Zebrafish retina 
 
MENTOR:  Diana Mitchell, Department of Biological Sciences 
 
Abstract: Humans have limited ability to regenerate damaged tissues in the central nervous system 
(CNS; brain, spinal cord, and retina). Injury to the CNS can lead to permanent loss of function due to 
the inability for new neurons to be born or to regrow damaged projections from surviving neurons, 
which are necessary for neural communication. However, zebrafish show spontaneous 
regeneration of the CNS in most, but not all, experimental systems of acute damage. By probing the 
triggers of the regenerative response of this species, we can better understand the distinct 
characteristics and unique cellular processes that allow CNS regeneration. Understanding these 
processes will help develop our understanding of tissue regeneration and inflammatory processes. 
To address this gap, I will examine the regenerative responses of the zebrafish retina at dilerent ages 
and with dilerent levels of neuron death (Objective 1). I will also investigate if microglia, the innate 
immune cells of the CNS, are required for this response (Objective 2). By achieving these objectives, 
I will contribute valuable insights into zebrafish's ability to regenerate the CNS, specifically the 
retina, paving the way for future research. 
 

 

Investigating the Mechanisms Driving Regenerative 
Responses in the Zebrafish Retina 

Claire Shelton, Jordan Rumford, Ashley Farre PhD, Justin Mai, and Diana Mitchell PhD

Abstract 

DEPARTMENT OF BIOLOGICAL SCIENCES, UNIVERSITY OF IDAHO

Humans cannot regenerate damaged retinal tissue, leading to 
permanent loss of vision. However, zebrafish show spontaneous 
regeneration of the retina following acute damage. By studying the 
regenerative response of this species, we can understand the cellular 
processes that allow retinal regeneration. In this project, we examine 
the role of microglia, the resident macrophages of the retina, to 
understand how they may support retinal regeneration. To date, 
there has been mixed evidence on whether microglia are required 
for retinal regeneration; this may be related to different 
experimental models used by different researchers. To trigger 
regeneration in the zebrafish retina, we used a zebrafish line that 
allows cone photoreceptor ablation upon drug exposure, which is 
then followed by regeneration. Cones are a specialized retinal 
neuron that responds to light in the vertebrate retina. We crossed 
the “cone ablation” zebrafish with a line that lacks a functional irf8 
gene, leading to microglia deficiency because the irf8 gene is 
essential for the development of microglia. Our experiments will 
compare the regeneration of cones in microglia-deficient irf8 mutant 
zebrafish to their microglia-sufficient siblings. This will potentially 
open new avenues for retinal regeneration research in humans.

Methods

Conclusions and Future Directions

Results

Figure 3. Age (dpf) and treatment schedule (dpt) for ablation and regeneration 
of cones. 
EdU is a nucleotide analog incorporated into DNA as it is copied and is used to 
mark cones regenerated from dividing neuronal progenitor cells.

Figure 2. Breeding Scheme for microglia response. 
This diagram illustrates the cross between gnat2: nfsb-mCherry; irf8 (+/-) to 
irf8 (-/-). Offspring were sorted 4 dpf for red mCherry eyes, indicating transgene 
expression. Genotyping occurred after collection. 

References

Acknowledgements
Funding for this work: Award R01EY030467 from National Institutes of 
Health granted to Diana Mitchell. We thank the University of Idaho IDAC 
Optical Imaging Core for their support. Thank you to Dr. Mikko Nagashima 
(University of Michigan) for gifting us the gnat2:nfsb-mCherry fish line 
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Figure 4. Microglia counts in heterozygote and irf8 mutant zebrafish retinas at 6 
dpt. (A) Quantification of microglia in heterozygote (black) and irf8 mutant 
(magenta) zebrafish using an antibody to stain zebrafish microglia. At 6 dpt, irf8 
mutants show significantly fewer microglia compared to heterozygote, consistent 
with microglial deficiency. (B) Image of retinal cryosections stained with DAPI (cell 
nuclei, blue), 4C4 (magenta) and mCherry cones (red). 

Figure 5. Detection of Regenerated Cones at 7 dpt.   
Image of retinal cryosections stained with DAPI (cell nuclei, blue), Edu (Green) and 
mCherry cones (red). Edu can be seen colocalized with mCherry + cones, 
indicating cone regeneration. 

• Regenerated cones are seen by 7 days post Mtz treatment of 
gnat2:nfsb-mCherry larval zebrafish

• irf8 mutant zebrafish have reduced numbers of microglia but whether 
regeneration of cones is different remains to be determined

• Ongoing/future work will include quantifying numbers of regenerated 
cones and microglia at 7 dpt and 14 dpt

Figure 1. Transgene expression and MTZ-induced cone ablation in 
gnat2:nfsb-mCherry zebrafish.
(A) Larvae expressing the gnat2:nfsb-mCherry transgene. The transgenic 
larva (+) has red fluorescent cone photoreceptors, while the non-transgenic 
(-) does not.
(B) Diagram showing that Metronidazole (MTZ) selectively ablates cone 
photoreceptors. Zebrafish at 4.5 days post fertilization (dpf) are given a 48 
hour MTZ treatment leading to ablation of cones. 
(C and D) Whole-mount retina from zebrafish 6.5 dpf. Zebrafish are collected 
48 hours into treatment with dimethyl sulfoxide (DMSO) (Vehicle/solvent) (C) 
and MTZ (D). 

A
B

C D
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irf8 (-/-)

MTZ 
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STUDENT: Samantha McClure  COLLEGE: Agricultural and Life Sciences 
 
TITLE: Effects of Grafting Standard Tomato Varieties onto Dwarf Tomato Rootstocks 
 
MENTOR:  Senay Ugur, Department of Plant Sciences 
 
Abstract: Grafting is an important horticultural tool for both ornamental plants and food crops. 
Grafted plants are the best of both worlds, as producers can select desirable traits in both the 
rootstock and scion and combine them to create a composite organism. Grafting may be key to 
producing high yield plants suited to small containers or patio gardens. Tomato (Solanum 
lycopersicum) is one of the most important and valuable vegetable crops in the world. There are 
hundreds of tomato varieties, each with unique sizes, shapes, colors, taste, texture, growth habits, 
etc. In recent years, tomato breeding programs have produced dwarf varieties which have a more 
compact growth habit. These varieties are ideal for home gardeners and small farmers who have 
limited growing space; however, the options are still limited when compared to the wide diversity of 
standard tomato varieties. The goal of this project is to explore new rootstock-variety combinations 
to develop alternative solutions for tomato producers with limited growing spaces.  
 

 

Effects of Grafting Standard Tomato Varieties 
onto Dwarf Tomato Rootstocks

Samantha McClure, Anne Knerr, and Senay Ugur

Abstract

DEPARTMENT OF PLANT SCIENCES, UNIVERSITY OF IDAHO

Grafting may be key to producing high-yield, compact tomato plants 
suited for small containers or patio gardens, offering an alternative 
for home gardeners and small farmers who have limited space but 
want more options beyond the relatively few dwarf tomato varieties 
currently available. The goal of this project is to explore new 
rootstock-scion combinations that may exhibit a dwarf or compact 
growth habit. Seeds from 3 rootstocks (Dwarf Sandy Stripes, Dwarf 
Harmonic Convergence, and Fortamino F1 Rootstock) and 2 scions 
(Super Sweet 100 and Delicious) were initially sown in cell trays, with 
germination rates ranging from 83% to 100%. After approximately 
five weeks, the seedlings were transplanted into 2-inch pots and 
were ready for grafting. Using the splice grafting technique, eight 
rootstock-scion combinations were created, and each tomato variety 
was also grown as a non-grafted control, for a total of 13 treatments. 
The graft unions were allowed to heal for approximately two weeks 
under humid, shaded conditions, resulting in a grafting success rate 
of 86%. The plants will be transferred to 1-gallon containers for the 
remainder of the growth period to evaluate growth parameters 
across all treatments and identify which rootstock-scion 
combinations perform best under compact growing conditions. 

Introduction

Conclusions 
and Future Work

Acknowledgements 
This project was funded by the Office of Undergraduate Research SURF 2025. 
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Methods

• Container gardening allows people with limited space to grow 
their own fruits and vegetables.

• Fruit and vegetable cultivars with a dwarf or compact growth 
habit perform best in container production.

• The expected outcome is that grafting standard tomato varieties 
onto dwarf rootstocks will enhance plant space utilization while 
maintaining or improving fruit yield.

Figure 1: Super Sweet 100 (a), Delicious (b), Dwarf Sandy Stripes 
(c), Dwarf Harmonic Convergence (d), Fortamino F1 (e), and 
grafted example (f). 

Figure 4: Healed graft union.Figure 3: Aligning a scion and 
rootstock using a 2.0 mm silicon 
grafting clip. 

Figure 6: Healed grafted tomato plant in 1-gallon container. 

1. Seeds were sown in 72-cell trays.
2. Plants were transplanted into 2-

inch pots about five weeks after 
germination. 

3. Both rootstock and scion were cut 
at a 45-degree angle (rootstock cut 
below cotyledons and scion cut 
above cotyledons). 

4. The scion was tightly aligned with 
the rootstock and held in place by a 
2.0 mm silicon grafting clip.

5. Grafted plants were placed in a 
humidity dome under shade cloth 
for about two weeks.

6. Fully healed grafted plants were 
transplanted into 1-gallon pots.

• Matching up the scion and 
rootstock based on stem diameter 
was important for the vascular 
tissues of both plants to form a 
successful union.

• The grafted and non-grafted tomato 
plants will continue to grow in the 
greenhouse for the next few weeks.

• Shoot height, flower number and 
fruit number, and ripe fruit fresh 
weight will be assessed weekly.

• At harvest time, the tomato plants 
will be cut at the soil surface then 
dried and measured for shoot 
biomass. 

Results
• The grafting success rate is about 86%.
• The tomato plants had between 2 and 3 true leaves at time of grafting.
• Once healed, the grafted tomato functions as a single plant.

Figure 5: Complete randomized block design contains three blocks and 
13 total treatments with 5 plants per treatment per block.

Figure 2: Cutting scion at a 45-
degree using miter-cut grafting 
knife.

a

f
c d e
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STUDENT: Mary Schwartz COLLEGE: Agricultural and Life Sciences 
 
TITLE: The Relationship of the Mediterranean Diet Adherence and Pregnancy/Postpartum 
 
MENTOR:  Yimin Chen 
 
Abstract: This study's goal is to analyze the relationship between Mediterranean Diet adherence 
and perinatal maternal health. Weight management during the perinatal period is a critical life 
stage that may influence later risks for chronic diseases. The Mediterranean Diet is associated with 
reduced risk of many weight-associated chronic diseases in various populations. This will be a sub-
analysis of an ongoing study to investigate associations between perinatal weight during baseline 
(2-3 weeks before the due date) as well as 4-week and 8-week postnatal appointments to monitor 
for gestational diabetes and postnatal glucose homeostasis. 
 
 

 
 

It is U of I policy to prohibit and eliminate discrimination on the basis of race, color, national origin, religion, sex, sexual orientation 
and gender identity/expression, age, disability, or status as a Vietnam-era veteran. This policy applies to all programs, services, and 
facilities, and includes, but is not limited to, applications, admissions, access to programs and services, and employment.

Adherence to Mediterranean Diet & Perinatal Health
Mary Schwartz, College of Agricultural and Life Sciences, Professor Yimin Chen, PhD, RD

Project funded in part by an Institutional Development Award (IDeA) from the National Institute of General Medical Sciences of the National Institutes of Health (NIH), the NIH Office of Women's Health and the NIH Office of Nutrition Research under grant #P20GM152304, and an 
Undergraduate Research Grant from the Office of Undergraduate Research at the University of Idaho.

Introduction
• The Mediterranean Diet is associated with 

reducing the risk of many chronic diseases. And its 
adherence is also associated with lower odds of 
excessive gestational weight gain and postpartum 
weight retention.1 

• After giving birth, many women struggle to lose 
weight due to low thyroid function, sleeplessness, and 
stress hormones.2

• Data from randomized clinical trials suggest the 
Mediterranean Diet has a beneficial effect on the 
primary and secondary prevention of cardiovascular 
disease, type 2 diabetes, atrial fibrillation, and breast 
cancer.3 

Hypothesis

• Data is currently being collected from pregnant and 
postpartum (<3 months postpartum) women who are 
being recruited in Moscow, ID and the surrounding areas 
of the Palouse. 

• Mothers will complete a 72-hour diet recall using the 
ASA24® dietary assessment tool at 4-week and 8-week 
time points. Raw data collected from the ASA24 will be 
directly inputted into the versatile R package dietary 
index, and the output will be used to determine a score 
(aMed) based on adherence to the Mediterranean diet. 

• Mothers will be weighed on the same stand-on scales at 
baseline, 4-week and 8-week postnatal appointments.

• Maternal perceived stress will be measured at baseline, 
4-week and 8-week time points using the validated 
Perceived Stress Scale.

• Maternal glycemic control will be assessed by 
quantifying HgbA1C concentrations using blood 
samples collected at baseline and 8-week postnatal 
appointments. 

• Data will first be assessed for normality. If the data is 
normally distributed, Pearson correlation will be 
conducted. If the data is not normally distributed, 
Spearman’s rank correlation coefficient will be used.

 

Higher adherence to the Mediterranean Diet will 
be associated with lower maternal stress via 
Perceived Stress Scale scores in perinatal 
women.

• The parent study is a double-blind randomized 
control study.
o The control group will receive a prenatal vitamin 

and 2,000 IU/day of Vitamin D gummies.
o The placebo group will receive a prenatal vitamin 

and placebo gummies.
• A secondary analysis of the parent study will be 

conducted looking at the following relationships:
o Adherence to the Mediterranean Diet and BMI
o Adherence to the Mediterranean Diet and HbA1c 

levels
o Adherence to the Mediterranean Diet and the 

Perceived Stress Scale

• Blood will be collected at baseline and 8-week and 
stored in -80°C and then analyzed at the same time.

Methods

Project Design

(1) Radwan, H., Hashim, M., Hasan, H., Abbas, N., Shaker Obaid, R., Al Ghazal, H., & 
Naja, F. (2021). National Library of Medicine. Adherence to the Mediterranean Diet 
During Pregnancy Is Associated with Lower Odds of Excessive Gestational 
Weight Gain and Postpartum Weight Retention: Results of the Mother, 7(128), 
1401–1422. https://doi.org/10.1017/S0007114521002762.
(2)Parker Jones, K. (2023, August 15). Why am I Gaining Weight After Giving 
Birth?. University of Utah Health | University of Utah Health. 
https://healthcare.utah.edu/the-scope/health-library/all/2018/06/why-am-i-
gaining-weight-after-giving-birth
(3)Tosti, V., Bertozzi, B., & Fontana, L. (2017). Health Benefits of the Mediterranean 
Diet: Metabolic and Molecular Mechanisms. National Library of Medicine, 3(73), 
318–326. https://doi.org/10.1093/gerona/glx227
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Higher adherence to the Mediterranean Diet will 
be associated with a lower Body Mass Index 
and Hemoglobin A1C level in perinatal women.

Unknown, U. (2020). Pregnancy, Baby belly, Woman image. Pixabay. Retrieved July 8, 2025. 

Stocker, J. (n.d.). Greek salad or horiatiki with large pieces of tomatoes, cucumbers, onion, feta cheese and olives in white bowl isolated 
top view. village salad with diced mozzarella, arugula, parsley and olive oil. Freepik. Retrieved July 8, 2025
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STUDENT: Callie Schmidt  COLLEGE: Agricultural and Life Sciences 
 
TITLE: Exploring Innovative Approaches to micropropagate North American Cloudberry 
 
MENTOR:  Senay Ugur 
 
Abstract: The Cloudberry (Rubus chamaemorus) is a hidden northern gem, one of nature’s 
remarkable gifts, yet is largely unknown to many people. Commercial cloudberry products (fresh 
fruit, jelly and wines) fetch a premium price, while cloudberries cultivated in Norway and Sweden are 
considered a national delicacy. However, demand greatly exceeds the supply available from wild 
plants. Traditional propagation methods, such as using seeds or rhizomes, have proven to be 
inefficient, labor intensive, and time consuming. Micropropagation, an asexual method wherein 
plants are multiplied using controlled levels of nutrients and light on an artificial media, has potential 
for cloudberry propagation. Four cloudberry cultivars have been developed using micropropagation 
in Norway but are unavailable to interested US buyers. The goal of my proposed research is to 
develop a micropropagation procedure for North American cloudberry. I will compare the effects of 
different growth media on the development and overall health of cloudberry plants. Media to be 
compared will include Murashige and Skoog, which has been used previously, against the effects of 
two new media, woody plant and Driver Kuniyuki Walnut. I hope my research will serve as the first 
step to introduce and produce this unique fruit in North America.  
 

 
 

Figure 9: Cloudberry 
multiplication in vitro

Exploring Innovative Approaches to Micropropagate North American 
Cloudberry (Rubus chamaemorus)

Callie Schmidt, Anne Knerr, and Senay Ugur
Abstract

DEPARTMENT OF PLANT SCIENCES, UNIVERSITY OF IDAHO

Cloudberry (Rubus chamaemorus L.) is a nutritionally rich and 
uniquely flavored berry with high commercial potential. However, 
declining wild populations and limited success of conventional 
propagation methods hinder conservation and commercial 
cultivation. The species' complex physical and chemical seed 
dormancy further complicates propagation, highlighting the need for 
efficient in vitro techniques. This project aims to develop a 
standardized micropropagation protocol to ensure a reliable and 
uniform supply of cloudberry plant material. Two genotypes (PI 
672676 and PI 672677) were obtained from the USDA National Clonal 
Germplasm Repository. The seeds were soaked overnight on a shaker 
to remove the endocarp, surface-sterilized, treated with gibberellic 
acid (GA₃) for an hour, and cultured on half-strength Murashige and 
Skoog (½ MS) medium supplemented with 4 µM or 8.9 µM 6-
benzylaminopurine (BAP). The GA₃ treatment enhanced germination, 
with seeds germinating approximately two weeks earlier. So far, 19 
plantlets have been regenerated from PI672677 and 5 from PI672676 
using MS, ½ MS, and PH media enhanced with varying amount of 
BAP. However, post-germination shoot development was most 
vigorous on PH medium supplemented with 4 µM BAP. Future efforts 
will focus on optimizing growth media to accelerate development and 
increase propagation efficiency.

Introduction

Conclusion

Acknowledgements 
This research was supported by the Office of Undergraduate Research SURF 
2025.

Methods

Cloudberry (Rubus chamaemorus L.) is a highly prized arctic berry with 
significant commercial potential. However, its widespread cultivation 
is hindered by Declining wild populations, Complex seed dormancy, 
and Ineffective traditional propagation methods
This research addresses these issues by developing a standardized 
micropropagation protocol for optimal shoot growth, allowing for 
propagation via division at a more frequent rate.

Figure 1: Cloudberry before being placed 
on pH media

Figure 4: Embryo and seed coat

Multiplication
o Researchers used seeds provided USDA National Clonal Germplasm 

Repository to establish cloudberry in vitro.
o GA3 treated germination trial: (PI672677)
▪ 10 seeds soaked in water over night
▪ Following day endocarp was removed
▪ Surface sterilized seeds
▪ Treated with GA3 solution for 1 hour
▪ Placed on ½ MS, MS, and pH media with two different concentrations 

of BAP (8.9 µm BAP and 4 µm BAP)

Figure 3: Intact seed with endocarp

Results of 
Germination Trial

Figure 2: Cloudberry after being 
placed on pH media

GA3 treated seeds:
• Germination after 2 days
• Radicle emergence after 7 days
• True leaf emergence after 11 days 
• Germination was not observed if endocarp 

was left intact

After germination trials:
• Healthy plantlet selected 

from germination trial
• Plantlets appeared to have 

yellow tint while on ½ MS 
media.

• Moved to pH media
• 2 ½ weeks later color had 

darkened, and plantlet 
size increased. 

• Plantlet removed from the 
media and divided into five 
new plantlets, placed back 
on pH media.

• After 27 days the five 
plantlets were divided three 
more times, resulting in 
nineteen plantlets. 

• Plantlets will continue to be divided until researchers have obtained 
enough plantlets from a single seed source to conduct experiments on 
media content.

• Upcoming research will evaluate different tissue culture media
➢ Driver and Kuniyuki Walnut (DKW)
➢ Woody Plant Medium (WPM)
➢ PH Medium
➢ Murashige and Skoog (MS) at full strength and half strength

Figure 5: Removal of endocarp

Figure 6: Radicle root 
emergence

Figure 8: 11 days after 
seed sewing

Figure 7: True leaves 
emerging

Future Direction

Figure 10: Plantlet size 
before multiplication

• GA3 treatment enhanced germination 
by 2 weeks.

• PH media containing 4 µm BAP proved 
more effective for shoot growth.

• Removal of endocarp facilitates 
germination
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STUDENT: Jared Hanchey COLLEGE: Education and Human Health Sciences 
 
TITLE: Effects of Isometric and Generalized Warm-Ups on Deadlift performance 
 
MENTOR:  Joshua Baliey, Department of Movement Sciences 
 
Abstract: Isometric pulls before tes5ng/performance have been associated with an increased athle5c 
performance, such as countermovement jump (CMJ) tes5ng (1). However, there is no research about the 
effect of isometric pulls, used during a warm-up, on deadliF performance. The purpose of this project is 
to help determine the best type of warm-up to maximize deadliF performance. It is hypothesized that the 
isometric pull will improve performance in deadliFing and jump performance. Methods to observe 
differences between generalized warmups and a warmup u5lizing isometric pulls will be as follows. 
Par5cipants will par5cipate in 3 sessions: session 1 will be consent and intake, followed by a 3RM test; 
sessions 2 and 3 will be either a deadliF specific warm-up or an isometric mid-thigh high-pull warm-up 
followed by CMJ and 90% 1RM deadliFs. Young healthy adults (18-30) with resistance training experience, 
specifically deadliFing, will perform the CMJ and deadliFs on dual force plaXorms with mo5on capture 
and electromyography (EMG). Specific warm-ups will be counterbalanced, to remove order effect of 
condi5on. Dependent variables [peak force and power, rate of force development (RFD), and muscle 
ac5va5on (EMG RMSE)] will be analyzed using paired t-test. 
 

 

Identify the effect of incorporating an isometric pull into the warm-up of a deadlift. The 
findings of this project may cast new light on how warming up for the deadlift and 

potentially other compound lifts is practiced.

Effects of Isometric and Deadlift Specific Warm-Ups on 
Deadlift Performance

J. Hanchey, L. Collett, S.E. Schlittler, & J.P. Bailey

RESULTS
• Post Activation Potentiation: Previous research has shown that isometrics can 

boost performance by increasing Post-Activation Potentiation (PAP). PAP is a 
temporary increase in muscle force and rate of force development (RFD) following a 
high-load, non-fatiguing contraction.

• Mechanism: PAP may occur through two proposed mechanisms: phosphorylation of 
myosin regulatory light chains, making muscles more sensitive to calcium or an 
increased synaptic excitation in the spinal cord, leading to greater force production 
and increased recruitment of higher-order motor units.

• Focus: In addition to examining the effect of PAP on strength, measured through 
peak force production in the deadlift, this study also examined its effect on counter 
movement jump (CMJ) performance, as PAP has been shown to influence both 
strength and power.

• Hypothesis: Isometric pulls (figure 1) will result in an increased propulsive RFD in the 
CMJ (figure 2) as well as an increase of peak force production and muscle activation in 
the deadlift.

PURPOSE

Experimental Protocol
• 6 apparently healthy college students participated in three sessions
• Prior to session 1, participants completed a self-selected warm-up routine.
• Session one: 3-repetition maximum (RM) conventional barbell deadlift test. 1RM 

was estimated from 3RM load.
• Sessions two and three: Participants performed a designed dynamic warm-up then 

performed 2 CMJ. Then participants performed the designated deadlift warm-up 
(isometric pull or deadlift specific) followed by 2 CMJ then deadlifted their 3RM 
load for 3 individual repetitions.

• Sessions two and three alternated in sequence for each participant

Data Analysis
• Peak propulsive RFD of the delta of CMJ pre/post
• Peak Bar speed and max force in the deadlift

Statistical Analysis
• Differences between conditions, will be analyzed using a paired t-test.

BACKGROUND

METHODS

Table 1. Participant Demographics (n = 6)
Age (yr) Height (m) Mass (kg) 3-RM Load (kg)
20.8±0.8 1.79±0.1 82.4±11.7 146.6±35.2
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STUDENT:  Ash Moghadam COLLEGE: Art and Architecture 
 
TITLE: Enhancing Architectural History Education with AI-generated imagery 
 
MENTOR:  Lori Smithey 
 
Abstract: This research project aims to revolutionize the teaching of architectural history by 
integrating Heinrich Wölllin’s comparative method with the innovative capabilities of AI-generated 
imagery. As an architecture student passionate about teaching, I propose to enhance traditional 
educational methods by leveraging AI to create visually stimulating and thought-provoking images. 
The methodology involves gathering a comprehensive data set from architectural history and training 
three AI programs (Midjourney, DALL-E 3, and Stable Dilusion) on selected structures. Various 
prompts will be tested to combine images of architectural examples often used for comparing and 
contrasting discussions. By training AI software on specific historical data sets and generating hybrid 
images that merge architectural precedents, the project seeks to develop a powerful pedagogical 
tool. These AI-generated images will not only aid in teaching visual literacy but also serve as 
compelling design constructs. This early study aims to inspire future explorations and 
advancements. 
 

 

	 Architectural-history	 courses	 still	 rely	 on	 a	 narrow	 corpus	 of	
photographs	 and	 plans,	 leaving	 students	 with	 few	 opportunities	 to	
practice	deep	visual	reading	across	time,	style,	and	context.	This	project	
asks:	How	can	generative	AI	enrich	architectural-history	pedagogy	and	
sharpen	 students’	 visual	 literacy?	 Leveraging	Wölfflin’s	 comparative	
method,	 Venturi’s	 dialectic	 of	 complexity	 and	 contradiction,	 and	
Davis’s	focus	on	the	physical	and	metaphysical	resonances	of	images,	
we	curate	a	supervised	dataset	drawn	from	seminal	texts	(I.e.	Kostof,	
Ching,	 Ingersoll,	et	al.).	 Fine-tuned	Midjourney	and	Dzine	AI	models	
then	 synthesize	 “Multi-structurel”	 renderings:	 mash-ups	 that	 fuse	
signature	elements	of	paired	precedents	and	re-illuminate	canonical	
buildings	from	fresh	vantage	points.	This	supervised	workflow—unique	
in	architecture	education—serves	as	both	research	probe	and	classroom	
assignment,	 inviting	students	 to	generate,	analyze,	and	debate	 their	
own	AI-aided	visuals.	

 
	 Conclusively	the	future	implementation	of	this	method	hopes	to	see	
measurable	gains	 in	comparative	accuracy	and	descriptive	precision,	
underscoring	AI’s	potential	to	transform	even	the	most	tradition-bound	
corners	of	the	curriculum.

Abstract
	 Leveraging	generative	AI	to	enrich	established	pedagogy,	this	project	
reimagines	 architectural-history	 instruction	 through	 purpose-built,	
visually	provocative	imagery.	Guided	by	Wölfflin’s	comparative	binaries,	
Venturi’s	dialectic	of	 complexity,	 and	Davis’s	 visual-culture	analytics,	
we	curate	supervised,	citation-rich	datasets	of	canonical	buildings	and	
fine-tune	Midjourney,	DALL-E	3,	and	Stable	Diffusion	to	produce	hybrid	
renderings	 that	 fuse—yet	 never	 obscure—their	 source	 precedents.	
Targeted	prompt	engineering	and	model-specific	control	nets	enable	
deliberate	 manipulation	 of	 massing,	 proportion,	 and	 ornament,	
foregrounding	 formal	 parallels	 and	 cultural	 divergences	 to	 sharpen	
comparative	discussion.	Pilot	studio	workshops	show	marked	gains	in	
students’	visual-literacy	scores	and	catalyze	livelier	debate,	while	faculty	
report	the	images’	utility	as	springboards	for	speculative	design.		 	 	
						Ongoing	analysis	is	cataloguing	prompt–image–learning	correlations	
to	 establish	 replicable	 best	 practices	 and	 to	 build	 an	 open-access	
repository	of	 annotated	AI	 visuals.	By	uniting	historiographic	 theory	
with	supervised	machine	creativity,	the	study	delivers	a	scalable	toolset	
for	architecture	educators	and	a	 transferable	model	 for	humanities-
centered	AI	scholarship.

The	 outcomes	 of	 our	 image-
generation	 experiments	 have	
clarified	 how	 the	 software	
responds	 to	 both	 the	 initial	
training	 dataset	 and	 to	 the	
incremental	 introduction	
of	 additional	 architectural	
structures.	Continuous,	rigorously	
documented	 testing—combined	
with	an	explicit	engagement	with	
the	theoretical	underpinnings	of	
our	visual-production	strategy—
has	 enabled	 us	 to	 iteratively	
calibrate	the	model’s	parameters.	
As	 a	 result,	 we	 have	 achieved	
demonstrable	 improvements	
in	 the	 fidelity,	 stylistic	 nuance,	
and	 pedagogical	 value	 of	 the	
generated	 imagery,	 thereby	
bringing	 the	 outputs	 into	 closer	
alignment	 with	 the	 project’s	
overarching	objectives.

	 Moving	forward,	the	project	will	concentrate	on	three	practical	goals.	First,	we	
will	broaden	the	supervised	image	set	by	systematically	adding	peer-reviewed	
exemplars	from	core	architectural-history	texts.	Second,	we	will	convert	the	
AI	workflow	into	repeatable	studio	and	lecture	assignments	that	ask	students	
to	generate,	annotate,	and	debate	hybrid-structural	 images.	Finally,	we	will	
compile	the	best	outputs—along	with	accompanying	prompts	and	discussion	
guides—into	a	modular	teaching	pack	for	use	across	our	history	sequence.	By	
steadily	enlarging	the	dataset	and	embedding	AI-mediated	visual	inquiry	into	
everyday	coursework,	we	aim	to	create	richer	material	for	instructors	and	a	
more	active,	image-literate	learning	experience	for	students.

By	 synthesizing	 Kostof’s	 panoramic	 chronology,	
Fazio’s	 typological	 matrix,	 Venturi’s	 dialectic	 of	
complexity,	 Davis’s	 scalar	 “bivisibility,”	 Wölfflin’s	
comparative	 binaries,	 and	 Ching-Ingersoll	 graphic	
manuals,	 the	 training	 corpus	 combined	 breadth	
and	analytical	precision.	These	sources	diversified	
visual	inputs,	framed	theoretically	rigorous	prompts,	
and	supplied	nuanced	evaluation	rubrics,	enabling	
iterative	 fine-tuning.	 The	 resulting	 AI	 outputs—
pedagogically	annotated	architectural	mash-ups—
balance	 historical	 authenticity	 with	 inventive	
recombination,	 offering	 a	 visually	 coherent,	
theoretically	grounded	tool	 that	augments	visual-
literacy	 instruction	 and	 stimulates	 contemporary	
design		inquiry		within		studios		and		history	
classrooms.

Introduction Conclusions and Future Directions 
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Results 

Figure 1.1: Bivisibility Diagram - Whitney Davis 

Figure 1.2: Hybrid-structure generation (Midjourney) 

Figure 1.3: Isometric breakdown diagram 
Whole Structure Venturi Influence Le Corbusier Influence Hadrian/St.Carlo 

Influence

Object 1 

Subject

Visuality
object in a visuality for subject

Visibility
visibility of object for subject

visibility of object for subject
Visibility

object in a visuality for subject
Visuality

Object 2 

(Top) Figure 1.4: Generation of 
Suleymaniye Mosque (Midjourney)

Figures1.6-1.8: Example images from datasets

(Bottom) Figure 1.5: Generation 
of Hybrid Sinan-Palladio

Data Sets

Enhancing Architectural History Education with
AI-Generated Imagery

Ash Alizadeh Moghadam, Prof. Lori Smithey
College of Art & Architecture, UNIVERSITY OF IDAHO, Moscow, Idaho, 83844
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STUDENT: Kaitlyn Vilgos COLLEGE: Letters, Arts, and Social Sciences 
 
TITLE: Missing and Murdered Indigenous Women and Two-Spirit Individuals 
 
MENTOR:  Omi Hodwitz, Criminal Justice 
 
Abstract: North America's history of systemic oppression against Indigenous people has 
contributed to a tragic epidemic of Missing and Murdered Indigenous Women, Girls, and Two-Spirit 
people (MMIWG2). These individuals suler disproportionately high rates of violence, this disturbing 
imbalance is emphasized by Hodwitz and King, stating that, “when compared to the national 
average, Indigenous women are two and a half times more likely to experience violent crime, twice 
as likely to be victims of sexual assault, and ten times more likely to be murdered than non-
Indigenous women” (2021, p. 319). This statistic highlights the severity of the violence that 
Indigenous women and Two-Spirit’s face, but olicial estimates still do not show the full scope of the 
problem. Data collection of MMIWG2 cases remains inconsistent and inaccurate, leaving many 
cases undetected and unacknowledged. This lack of data alects the development of preventative 
measures and elective government responses to this issue. This research project, conducted at the 
University of Idaho, aims to improve our understanding of the MMIWG2 crisis by verifying existing 
case information (through public media sources) and compiling all known data into one database. 
This will help address discrepancies in current data and provide a more complete picture of the 
issue, supporting elorts to bring justice and healing to alected communities. 
 

 

The MMIWG2 Database: Addressing Canada's Missing and Murdered 
Indigenous Women, Girls, & Two Spirit People Crisis

Kaitlyn Vilgos, Omi Hodwitz, Ph.D, Steff King, M.S., Olivia Michelson
DEPARTMENT OF CULTURE, SOCIETY, AND JUSTICE, UNIVERSITY OF IDAHO

Abstract
North America has a history of systemic oppression 
against Indigenous people that has contributed to a 
tragic epidemic of Missing and Murdered Indigenous 
Women, Girls, and Two Spirit people. While Canada 
has recently begun to keep track of reported cases, 
there is a sufficient lack in research and attention to 
this crisis. Indigenous people suffer 
disproportionately high rates of violence and 
mistreatment, and official estimates cannot show 
the full scope of this issue. The data being 
inaccurate leaves many cases undetected and 
unacknowledged. To address this problem, the 
MMIWG2 project actively collects and compiles all 
known information about Indigenous cases into a 
comprehensive database. This process clears up 
data discrepancies to improve government 
responses and prevent future violence for MMIWG2 
individuals and their families. This research is 
ongoing and the MMIWG2 database needs 
continuous collaboration. These efforts will provide 
a more complete picture of this crisis and support 
bringing justice and closure to affected 
communities.

Research Questions
▪ To what extent do Indigenous youths, 

under the age of 18, make up the 
majority of direct victims of the MMIWG2 
crisis compared to Indigenous adults in 
Canada?

▪ What are the primary geographic 
locations with the highest numbers of 
recorded cases of Indigenous youths 
across Canada?

Results
• Out of the 200 cases, there were 63 total reported MMIWG2 

cases where the victim was under the age of 18.
• Out of the 200 cases, there were 119 total reported 

MMIWG2 cases where the victim was over the age of 18.
• Alberta, Canada had the highest number of recorded cases 

of Indigenous youths: 23.
• Saskatchewan, Canada, had the second highest number: 
17, and Manitoba, Canada, had the third highest number: 

13.
Conclusion
These findings suggest that Indigenous adults (those over 18) 
made up the majority of direct MMIWG2 victims, significantly 
outnumbering Indigenous youth. However, there were three 
concerning provinces within this specific dataset that had alarming 
numbers of Indigenous youth being direct victims; Alberta, 
Saskatchewan, and Manitoba, which is crucial to acknowledge for 
this research. These research questions represent only a fraction of 
the MMIWG2 project. There has been significant work 
accomplished, but there remains much more to be done. This 
adapting database has been a tool to provide clear, sufficient 
statistics. The ongoing efforts are vital for a complete 
understanding of the MMIWG2 crisis, which is important for 
informing effective policies + strategies to achieve justice and 
prevent further violence for all Indigenous peoples.
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Methodology
The MMIWG2 database requires three phases:
1) Gathering details and reading reports of 
MMIWG2 cases.
2) Coding the collected case information and 
conducting quality control.
3) Preliminary data analysis.

In this specific research study, a total of 200 
cases were fully coded for analysis. 

INTRODUCTION
The Missing and Murdered Indigenous Women, Girls, 
and Two-Spirit (MMIWG2) individuals crisis puts 
tremendous heartbreak and frustration upon affected 
families. Beyond the immediate concerns for health 
and wellness, Indigenous families also endure the 
stress of wondering whether a family member will 
vanish without proper justice or attention. This tragic 
reality is worsened by the lack of research and depth 
of knowledge given to it, creating a limited 
understanding of these cases. Amplifying this issue, 
media coverage alienates Indigenous communities 
through insufficient reporting and inadequate 
representation of these events. In direct response to 
the urgent need for improved data collection and 
research, the MMIWG2 project, conducted at the 
University of Idaho, was established in 1980. This 
ongoing project requires continuous collaboration to 
ensure the database remains current with the 
unceasing volume of reported cases. While the full 
scope of the crisis remains vast and obscured, the 
MMIWG2 database serves as a vital source of 
consolidated and clear information. Analysis of the 
data allows for identification of the key descriptors 
associated with MMIWG2 cases, offering crucial 
insights into the demographics of those affected. 
While the complexity of the crisis means that 
definitive conclusions cannot be drawn, the data 
within the MMIWG2 database provides visible trends 
regarding age ranges and geographic locations.
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STUDENT: Maximillian Wood  COLLEGE: Letters, Arts, and Social Sciences 
 
TITLE: Sharing Idaho's History - Visually 
 
MENTOR:  Mark Warner, Anthropology  
 
Abstract: For 12 years anthropologists at the University of Idaho have actively engaged the citizens 
of the state through a series of public archaeology projects in locations such as Coeur d’Alene, 
Moscow, and Boise. The projects have generally been successful from a research perspective and 
somewhat successful from an outreach perspective, reaching thousands of the state’s citizens 
during the excavation. The shortcoming with the projects has been the ability to continue to engage 
communities after excavations are completed (a typical project is two to four weeks). The proposed 
project is intended to address this issue by producing at least three documentary videos on two 
recent excavations and one upcoming excavation. The excavations were conducted in Moscow, near 
Riggins and the upcoming excavation will be in Boise. The resulting videos provide opportunities to 
continue to share archaeological work for years after excavations are complete as well as the ability 
to reach audiences who may not otherwise be able to visit archaeological sites. Furthermore, it 
provides a significant opportunity for professional development for the student researcher enabling 
them to create multiple videos that will be shared throughout the state. 
 
 
https://www.youtube.com/watch?v=nZzBiUeo-r4 
 

 
 
Boise Assay OMice – Field School Documentary.  
 
Max also created a video for an Archeology project at Moscow High School and presented his work 
at a regional archeology conference. 

 

Max Wood Archaeology videos – Still images from video openings 

1) Moscow High school.  Video length 7.41 

 

2) Boise Assay Office excavation.  Video length 21:04 
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STUDENT:  Rahman Ratul  COLLEGE:  Art and Architecture 
 
TITLE: Exploring Mississippi River Models as Hybrid objects 
 
MENTOR:  Lori Smithey 
 
Abstract: This research project explores the two models of the Mississippi River, the Mississippi River 
Basin Model and the Mud Island Park River Model, as hybrid objects that bridge the gap between nature 
and society. Built by the US Army Corps of Engineers between 1943 and 1965, the Mississippi River Basin 
Model was designed to visualize the Lower Mississippi and predict flooding, reflecting early 20th-century 
technological optimism. In contrast, the Mud Island Park River Model, designed by architect Roy Harrover 
in 1976, emerged during a period of growing environmental awareness and serves as a cultural and 
educational attraction. This study examines these models through the lens of Bruno Latour’s concept of 
the “Parliament of Things,” which advocates for giving non-human entities a voice in decision-making 
processes. By employing site visits, documentation, archival research, and literature analysis, this 
project aims to highlight the limitations of modernist approaches to environmental management and 
suggest alternative frameworks for understanding human-environment interactions. This research 
contributes to broader discussions on environmental stewardship and the role of physical models in 
fostering public engagement and understanding. 
 

 

Reimagining Mississippi River Model As Hybrid Objects

ASHIKUR RAHMAN RATUL, DR. LORI SMITHEY

Abstract 

Introduction
Conclusions and Future Directions

References

Acknowledgements

Results

 

This research compares two large-scale representa�ons of the 
Mississippi River—the Mississippi River Basin Model (MRBM) and 
the Mud Island River Park Model—as hybrid objects at the 
intersec�on of architecture, infrastructure, and environmental 
imagina�on. Built by the U.S. Army Corps of Engineers between 
1943 and 1966, the MRBM was a working hydraulic model for 
flood simula�on and water policy. In contrast, the Mud Island 
model, designed by Roy Harrover in 1976, served as a symbolic 
public artwork and educa�onal experience. Through site visits, 
archival research, and construc�on analysis, this study explores 
how each model merges engineering precision, spa�al design, 
and cultural narra�ve. Drawing on Bruno Latour’s “Parliament of 
Things,” it considers how these models grant representa�onal 
agency to the river. Ul�mately, the project reveals how physical 
modeling has shi�ed—from predic�ve infrastructure to 
immersive ar�fact—highligh�ng its evolving role in 
environmental modeling, architectural meaning-making, and 
human-nature media�on. 

The MRBM, built over 30 years, used eleva�on strip and 
contour line methods to construct a 200-acre concrete terrain 
at 1:2000 horizontal and 1:100 ver�cal scale. It featured a 
complex system of pumps, valves, and rainfall simulators to 
model flood scenarios and inform federal water policy. By 
contrast, the Mud Island River Park Model, built from 
1977–1981, spans 2,000 feet and was cast in modular 
concrete at a scale of 1 inch = 1 mile horizontally and 1 inch = 
100 feet ver�cally. While it includes a flowing water channel, 
its intent was not technical precision but geographic 
storytelling transla�ng the river’s course into an immersive 
public experience.

Both models translate the Mississippi River into tangible 
form, but their roles diverge. The MRBM, a closed research 
site, reflects mid-century ideals of predic�on and control. 
Mud Island, open to the public, emphasizes interpreta�on, 
memory, and engagement. Framed by Bruno Latour’s 
“Parliament of Things,” these models grant representa�onal 
agency to the river one through engineering data, the other 
through cultural narra�ve. Together, they reveal how 
modeling evolves not just with technology, but with shi�ing 
values in how we relate to nature and infrastructure.

The Mississippi River has been 
modeled at two vastly different 
scales and for two dis�nct 
purposes. The Mississippi River 
Basin Model (MRBM), 
constructed by the U.S. Army 
Corps of Engineers between 1943 
and 1966, func�oned as a massive 
hydraulic tool used to simulate 
flooding and inform federal water 
management strategies. In 
contrast, the Mud Island River 
Park Model, designed in 1976 by 
architect Roy Harrover, was 
created as a symbolic and 
educa�onal public space offering 
visitors a walkable, ar�s�c 
experience of the river. This 
project inves�gates how each 
model expresses different values: 
scien�fic control versus cultural 
interpreta�on, and func�onal 
infrastructure versus architectural 
storytelling.

1. Foster and U. S. Army Engineer Waterways Experiment Station (1971)
2. U. S. Army Engineer Waterways Experiment Station. (1943). The Mississippi Basin model. In U. S. Army Engineer Waterways Experiment 
Station.
3. The first 75 years: History of hydraulics engineering at the Waterways Experiment Station. US Army Corps of Engineers.
4. Home - Friends of the Mississippi River Basin model. (2022, March 21). Friends of the Mississippi River Basin Model. 
https://friendsofmrbm.org/
5. Map of the Mississippi River, 1955. Roy Harrover Papers, Special Collections, University of Memphis Library.
6. Stratfor. (2017, October 17). America the beautiful, but divided. Forbes. 
https://www.forbes.com/sites/stratfor/2017/10/17/america-the-beautiful-but-divided/
7. Scott, P. (2014, December 11). Crosstown Concourse Memphis. Pinterest. https://www.pinterest.com/pin/16677461096214393/

This project was made possible through the support of the Summer Undergraduate Research Fellowship (SURF), 
funded by the Office of Undergraduate Research (OUR) at the University of Idaho.

I am deeply grateful to my mentor, Dr. Lori Smithey, for her constant guidance, encouragement, and for 
accompanying me to the site—her support was instrumental in shaping the direc�on and depth of this research.

To begin the research process, we conducted an on-site documenta�on of both the 
Mississippi River Basin Model (MRBM) in Clinton, Mississippi, and the Mud Island River 
Park Model in Memphis, Tennessee. At each loca�on, we recorded photographs, 
sketches, and spa�al measurements while observing construc�on details and visitor 
experience. Upon returning, we expanded our inves�ga�on through historical archives, 
gathering documents from the U.S. Army Corps of Engineers regarding the MRBM’s 
construc�on and engineering methods, and consul�ng Roy Harrover’s architectural 
papers at the University of Memphis for the Mud Island model. We also reviewed 
published books, government reports, and internal documents to be�er understand the 
technical and conceptual founda�ons behind both models.

This study shows how two river models originally built for opposite purposes have 
converged in meaning. The MRBM, once a scien�fic tool for flood simula�on, and the 
Mud Island model, designed for public storytelling, now both func�on as sites of memory 
and engagement. Though one emphasized control and the other experience, each now 
invites reflec�on on the river’s cultural and environmental significance.

Future research may explore how such models evolve as cultural ar�facts through 
preserva�on, reinterpreta�on, or new forms of engagement. Compara�ve studies could 
examine similar models globally or inves�gate how communi�es find meaning in 
obsolete infrastructure. This work also opens paths into ques�ons of memory, narra�ve, 
and environmental representa�on asking not just how rivers were modeled, but how our 
rela�onship with them con�nues to be shaped.
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STUDENT:  Lily Givens  COLLEGE: Science  
 
TITLE: Exploring the potential of the novel killer K21L in Saccharomyces kudriavzevii 
 
MENTOR:  Paul Rowley, Department of Biological Sciences 
 
Abstract:  Fungal infections, particularly those caused by Candida species, pose a significant 
threat to global health. A potential alternative to traditional antifungal drugs lies in the application 
of “killer toxins” produced by certain yeast strains. Yeast exhibiting the "killer" phenotype are 
capable of secreting toxins that are harmful to neighboring susceptible yeasts while maintaining 
immunity themselves. A survey of killer toxin-producing yeasts has discovered a novel killer toxin 
found in Saccharomyces kudriavzevii. This killer toxin is a homolog of the K21 toxin found in 
Saccharomyces paradoxus and has been named K21-like (K21L). K21L is strikingly similar to K21, 
with 88% similarity and 81% identity at the amino acid level. In addition, secondary and tertiary 
structure predictions of both toxins show many conserved features, indicating K21 and K21L may 
share similar mechanisms of antifungal activity. This project aims to confirm the presence of the 
K21L gene and killer toxin expression by S. kudriavzevii and to characterize the function of these 
killer toxins. 
 

 

KHR

survey of killer toxin-producing yeasts has discovered a novel killer toxin 
found in Saccharomyces kudriavzevii. This killer toxin is a homolog of 
the K21 toxin found in Saccharomyces paradoxus and has been named 
K21-like (K21L). K21L is strikingly similar to K21, with 88% similarity and 
81% identity at the amino acid level. In addition, secondary and tertiary 
structure predictions of both toxins show many conserved features, 
indicating K21 and K21L may share similar mechanisms of antifungal 
activity. This project aims to confirm the presence of the K21L gene and 
killer toxin expression by S. kudriavzevii and to characterize the function 
of these killer toxins.

Exploring the Potential of the Novel Killer Toxin K21L in Saccharomyces kudriavzevii
Lily L. Givens¹, Sarah A. Coss¹, Jack W.G. Creagh¹, F. Marty Ytreberg² ³, Paul A. Rowley¹

¹Department of Biological Sciences, University of Idaho, Moscow, ID. ²Department of Physics, University of Idaho, Moscow, ID. ³Institute for Modeling Collaboration and Innovation, University of Idaho, Moscow, ID.

Fungal infections, particularly those caused by Candida species, pose a significant threat to global 
health. A potential alternative to traditional antifungal drugs lies in the application of “killer toxins” 
produced by certain yeast strains. Yeast exhibiting the "killer" phenotype are capable of secreting 
toxins that are harmful to neighboring susceptible yeasts while maintaining immunity themselves. A

Abstract
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Conclusions

Visit the 
Rowley Lab 

Website

Killer toxin mechanisms

Figure 1: Diagram depicting 
killer phenotype assay. 

What do we know about how yeast killer toxins function?

Killer toxin mechanisms are not well understood.
Diverse sequences
Receptors are not well studied or identified
No solved structures of any Saccharomyces killer toxin

Figure 2A Yeast killer toxins go through complex proteolytic processing where the mature toxin is an 
alpha beta heterodimer resulting from cleavage at dibasic residue motifs [1].

Structure prediction of killer toxins

Figure 2B The mature α/β-toxin acts on 
target cells in three steps

YKTs appear to have a modular nature. 
Figure 2C Some of the most well studied of the 
YKTs are believed to be ionophores [2, 3]

Figure 3: Tertiary 
structure predictions of 
various killer toxins.

Saccharomyces killer 
toxins of the share 
significant structural 
homology despite low 
sequence 
conservation, 
suggesting a 
conserved structure 
to function 
relationship.
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The novel toxin K21L is a homolog of the known toxin K21

Figure 4: A) Domain diagram of K21 and K21L B) Secondary structure is represented by arrows and rectangles. C) Tertiary structure 
model of killer toxin protoxin colored by domains as depicted in panel A. 
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Figure 8: Spot Assays Chimeras with swapped beta 
domains are expected to show a suicidal phenotype when 
spotted of inducing media. 

Figure 6: Novel chimera toxins are created through 
homologous recombineering in yeast

K21 K21L

K21 δ-α-γ
K21L β

K21L δ-α-γ
K21 β

Expected Results

Development of novel toxins with 
swapped beta domains

K21L K21

C. glabrata

K21L d-a-g K21 b K21 d-a-g K21L b

Figure 7: Killer Assays Chimeras with swapped beta 
domains are expected to show swapped killing specificity 
against C. glabrata.

Non-induced

Induced

K21L δ-α-γ K21 β

K21 δ-α-γ K21L β

K21 δ-α-γ K21L β

K21L δ-α-γ K21 β

Results

No killing ability found
Blue halo present
Clear zone present
Both blue halo and clear 
zone
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The novel toxin K21L shows killing specificity towards the drug resistant 
human pathogen Candida glabrata

A B

C

Figure 5: A) Graph of optimal pH for killing activity of K21 and K21L. B) Graph of optimal heat for killing activity of K21 and K21L. C) 
Grid depicting spectrum of activity of K21 and K21L. Strains of C. glabrata are in bold text. 

Characterization of domain function will 
further the understanding of the mechanism 
of action of yeast killer toxins and what 
determines killer toxin specificity, which is 
essential for clinical or industrial 
applications.

Further analysis into what determines 
altered specificity between K21 and K21L 
will be conducted using site directed 
mutagenesis.

K21 and K21L are similar but exhibit key differences in killing specificity

Small differences between K21 and K21L encode the ability to target the human 
pathogen C. glabrata

Aim: Identify mutations and differences in higher order structure that dictate 
differences in killing specificity between K21 and K21L 

Figure 9: Diagram of beta domain of K21 and K21L. 
Marked residues will be used for SDM of K21 and are 
surface exposed in both toxins. 
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STUDENT:  Sebastian Herrera-Allegre  COLLEGE:  Science 
 
TITLE: Development of a modular thumb support with mul5-direc5onal locking to improve post-
stroke thumb opening and posi5oning 
 
MENTOR:  Joel Perry, Mechanical Engineering 
 
Abstract: Stroke is a leading cause of long-term adult disability and frequently impairs voluntary control of the 
hand. Disruption to the brain’s motor pathways weakens the muscles responsible for finger extension while 
also increasing involuntary tone in the finger flexors. This imbalance makes it difficult to extend or release the 
hand, hindering daily activities and slowing rehabilitation. Although dysfunction affects the entire upper limb, 
effective thumb positioning—particularly in abduction, extension, and opposition—is essential for functional 
hand use. Most orthotic devices focus on supporting grasp but offer little assistance for controlled hand 
opening or repeatable thumb positioning. To address this gap, a modular thumb support attachment was 
developed for a lab-designed hand orthosis. The design includes a multi-layered spherical joint with a position-
locking cam handle, allowing for manual locking and multi-directional adjustment. The attachment was 
designed to align with natural thumb movement and provide support for abduction and extension without 
interfering with grasp. It remains low-profile and lightweight for user comfort and integrates directly into the 
existing hand orthosis framework. Preliminary self-testing demonstrated improved comfort, positioning, and 
ease of use during repeated motions. This early-stage prototype presents a promising direction for adaptable, 
user-centered orthotic tools that support functional hand rehabilitation. 
 

 

Comparison to Existing Orthotic Solutions

Development of a Modular Thumb Support With Multi-Directional Locking to 
Improve Post-Stroke Thumb Opening and Positioning

Sebastian Herrera Alegre1; Joel Perry2

1Department of Chemical and Biological Engineering and 2Department of Mechanical Engineering, University of Idaho,  Moscow ID

➢ Background:

➢ Stroke often impairs voluntary hand control by weakening extensors and 
increasing involuntary flexor tone.

➢ This limits hand opening, delaying recovery and complicating tasks where 
thumb positioning—especially in abduction, extension, and opposition—is 
critical.

➢ Problem Statement:

➢ Few orthotic devices provide targeted, adjustable support for the thumb 
that enables functional hand opening after stroke.

➢ Solution Design:

➢ A modular thumb support was developed for a modified hand orthosis, 
featuring a low-profile, lightweight structure that integrates directly into 
the device and uses a multi-layered spherical joint with a position-locking 
cam handle to support thumb abduction and extension without interfering 
with grasp.

Abstract

• Designed to support thumb extension and positioning often 
impaired post-stroke.

• Multi-layered spherical joint and locking cam allow flexible, 
repeatable adjustment.

• Nonlinear spring and dual-cable system offer graded assistance but 
require tuning.

• Manual locking supports consistent use, though may be difficult to 
adjust unassisted.

• Future refinement will target compactness, ease of use, and clinical 
evaluation.

Discussion

• Preliminary self-testing showed improved thumb comfort, 
positioning, and ease of use during repeated motions.

• This early-stage prototype presents a promising direction for 
adaptable, user-centered orthotic tools that support functional hand 
rehabilitation.

ConclusionsMethods
• Design Requirements:

➢ Replicate the functional range of motion of the thumb, with emphasis 
on abduction, extension, and opposition with manual locking.

➢ Ensure integration with a lab orthosis and maintain a lightweight, low-
profile design.

• Design Implementation:
➢ A multi-layered spherical joint was selected for secure, multi-

directional adjustment and manual position locking.
➢ Components were modeled in CAD and 3D printed using a 

combination of rigid and flexible materials to balance support and 
comfort.

• Testing:
➢ Self-testing assessed comfort, anatomical alignment, and grasp 

compatibility across repeated-motion trials.
➢ Assisted extension and locking stability were evaluated, with 

qualitative observations informing refinement and future user testing.

• Supported by an Institutional Development Award (IDeA) from the 
National Institute of General Medical Sciences of the National 
Institutes of Health under Grant #P20GM103408.

• For further questions please contact Dr. Perry by email at 
      jperry@uidaho.edu.

Acknowledgments

Mechanical Design and Components

Functional Capabilities and Use

• Design a modular thumb support attachment that approximates the 
natural range of motion in a non-stroke-affected thumb.

• Develop a mechanical system that provides assistive force for thumb 
extension to support controlled hand opening.

• Incorporate a position-locking mechanism that enables repeatable, user-
defined thumb orientation for functional tasks or therapy.

• Ensure compatibility with both daily use and clinical settings, prioritizing 
ease of adjustment, comfort, and integration with existing orthoses.

Objectives

Figure 1. Modular Thumb Support Design – Exploded and Assembled Views. (A) Exploded view displaying internal structure: base 
(1), central (2), and top (3) spherical joint layers; cam handle (4); series cam piece (5); ball bearings (6); fixed spring mount (8); rubber 
spring with end caps (9); floating spring mount (10); and pulley support arm (13). (B) Assembled device mounted on the hand orthosis, 

also showing Cable A (7), Cable B (11), pulley (12), and thumb cap with Velcro straps (14).

Figure 2. Range of Motion and Thumb Positioning. Reference images illustrating the natural range of thumb motion, including 
abduction, extension, and opposition. These movements are commonly impaired after stroke. The modular thumb support was designed 

to assist in restoring these motions, particularly extension and abduction, to improve functional hand use.

Figure 3. Adjustment sequence of the position-locking mechanism. (A) Thumb support secured in a neutral position with the cam 
handle locked. (B) The cam handle is disengaged, allowing the user to reposition the support by rotating the middle layer of the multi-
layered spherical joint. (C) A new thumb position is secured by re-engaging the cam handle, demonstrating ease of repositioning and 

repeatability.

Feature Proposed Thumb 
Support SaeboFlex SoftPro Orthosis

Thumb 
Adjustability

Multi-directional, 
manual locking

Limited (via 
Allen wrench)

Minimal (pre-shaped 
splints)

Locking 
Mechanism

Cam handle for 
secure positioning Screws None

Extension 
Assistance

Nonlinear force via 
cam + spring

Linear spring 
assistance

Passive/stretch-based 
support

Grasp 
Compatibility

Maintains open 
grasp

Designed for 
flexion tasks Supports resting or grip

Integration Modular Full splint Pre-molded resting 
orthoses

Adjustability High (mechanical + 
length tunable)

Medium (adjust 
w/ tools)

Low (fixed shape, 
bend-to-fit)

User Setup Designed for single-
user operation

May need 
assistance Simple; straps or Velcro

Table 1. Comparative features of the proposed thumb support and two commonly used 
orthotic systems in post-stroke hand rehabilitation. 

BA

1

2

3
4

5

6

8

9

10

13

7

11

14

12

A B C



 20 

BUDGET: 
 
$65,000 – spent $64,869 
 
Budget Justification: 
 

A. Spring Semester Awards $4,000 but $3,369 spent 
In December of 2024 it was determined that SBoE earmarked STEM funding could apply to 
four of the Spring 2025 semester awards. Each of these projects requested $1,000 and the 
students and faculty mentors utilized internal departmental budget codes (that we 
monitored) to purchase supplies for the projects. Attached to this document is a itemized 
list of materials purchased ($3,369) 
 

B. Summer Undergraduate Research Fellowship (SURF) awards $50,500 
For Summer of 2025 the OUR was able to award 8 full scholarships at $5,500 to STEM 
students using SBoE HERC funding and one partial scholarship of $1,500 and another partial 
scholarship of $5,000. The rest of the funding – specifically for their projects – was supported 
from the OUR.  
 

C. SURF-INBRE Stipends $11,000 
The OUR has partnered with the Idaho INBRE program to help students that were meritorious 
enough to earn INBRE in their Sophomore year summer and reapplied for INBRE for their 
Junior year summer. In this partnership – the OUR is secured a high-quality STEM related 
research project and motivated student and INBRE can oler a second summer for students 
with limited other options. This year – the two students in the SURF-INBRE program were Lily 
Givens and Sebastian Herrera Allegre. Each was paid a $5500 stipend and the remaining 
stipend and supplies budget was furnished by INBRE. 
 

D. Total: $64,869 
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Itemized Expenditures
University of Idaho

From 7/1/2024 through 6/30/2025

Grant:  SC8081 - ISBOE HERC OUR FY25

Fund:  228081 - ISBOE HERC OUR FY25
Index:   - 

Operating Expenses

E5025 Printing & Binding
4/28/2025 J1376225 $59.40 Tckt#1640778591 Iron Weathering tg
4/30/2025 J1376510 $67.20 Tckt#1642813919 J Manshahia Pstr tg
4/30/2025 J1376520 $43.20 Tckt#1643474785 John Grundy Pstr tg
4/30/2025 J1376764 $43.20 Tckt#1644130351 Thapa Symp Pstr tg
6/11/2025 J1379362 ($56.45) jlr/To 917998 SURF Medema     Doc Ref: J1376225
6/11/2025 J1379364 ($42.58) jlr/To 917998 SURF Manshashia     Doc Ref: J1376510

E5080 Licensing/Certificates
4/21/2025 Z1094191 $608.00 Renewal of Tecplot research softwar     Doc Ref: 

E5307 Analytical Services
4/11/2025 J1375504 $590.00 March 2025 EM Center Langman; jdg
4/15/2025 J1375614 $60.00 RJH / CT 804776 to 887854 / ESS     Doc Ref: 

E5671 Refreshments & Meals - Internal
6/20/2025 Z1098189 $92.39 This was for lunch for the ME Exter     Doc Ref: 

E5710 Tools
5/5/2025 Z1094957 $496.58 This was ordered for Jasmeen Mansha     Doc Ref: 
5/5/2025 Z1094957 $35.44 This was ordered for Jasmeen Mansha     Doc Ref: 

E5724 Research Supplies
3/11/2025 Q0103445 $104.98 Amazon Capital  WEST SYSTEM 105A Epoxy Resin 
3/14/2025 Q0104016 $49.00 Amazon Capital  13 Pieces Set of 5 gram Diamond 
3/14/2025 Q0104016 $11.28 Amazon Capital  shipping
3/18/2025 Z1091947 $310.00 Seeding fluid for Vibhav Durgesh's      Doc Ref: 
3/31/2025 !0577344 $0.00 Amazon Capital Services Inc
4/2/2025 Z1093029 $181.79 Research supplies: thin section mat     Doc Ref: 
4/3/2025 !0577760 $0.00 Amazon Capital Services Inc
5/8/2025 Z1095331 $133.36 Differential pressure transducer fo     Doc Ref: 
5/8/2025 Z1095331 $210.00 Differential pressure transducer fo     Doc Ref: 
6/20/2025 Z1098189 ($133.36) Reimbursement from PayPal correspon     Doc Ref: 
6/20/2025 Z1098189 ($210.00) Reimbursement from PayPal correspon     Doc Ref: 
6/20/2025 Z1098189 $715.45 This is for Dr. Durgesh and John Gr     Doc Ref: 

$3,368.88

Trustee/Benefits

E7060 Prizes & Awards
5/12/2025 J1377283 $2,750.00 SPAP for V00809589
5/12/2025 J1377283 $2,750.00 SPAP for V00877197
5/12/2025 J1377283 $2,750.00 SPAP for V00938253
5/12/2025 J1377283 $2,750.00 SPAP for V00959435
5/12/2025 J1377287 $2,750.00 SPAP for V00910800
5/12/2025 J1377292 $5,000.00 SPAP for V00924845
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5/13/2025 J1377285 $2,750.00 SPAP for V00888970
5/13/2025 J1377290 $1,500.00 SPAP for V00898620
5/13/2025 J1377289 $2,750.00 SPAP for V00927644
5/13/2025 J1377288 $2,750.00 SPAP for V00975945
6/11/2025 J1379337 $2,750.00 SPAP for V00809589
6/11/2025 J1379337 $2,750.00 SPAP for V00877197
6/11/2025 J1379339 $2,750.00 SPAP for V00888970
6/11/2025 J1379341 $2,750.00 SPAP for V00910800
6/11/2025 J1379343 $2,750.00 SPAP for V00927644
6/11/2025 J1379337 $2,750.00 SPAP for V00938253
6/11/2025 J1379337 $2,750.00 SPAP for V00959435
6/11/2025 J1379342 $2,750.00 SPAP for V00975945
6/18/2025 J1379957 $11,000.00 jlr/FR 917999 SURF Stipends     Doc Ref: J1379345

$61,500.00

$64,868.88Totals for 228081

Totals for SC8081 $64,868.88


