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Work In Progress: Identifying Relationships between Biometric Indicators and 
Psychological Experiences of Thriving in Veteran Students 

 
Abstract  

Many efforts have been implemented to support veteran success, including the Supporting 
Veterans in STEM Act and the NSF Veterans Research Supplement Program. However, only about 
14% of veterans choose to study in a STEM discipline. A key challenge is identifying veteran 
students who are not thriving in their program, especially as this population has been identified as 
a group that is less connected to the student body and is less likely to seek help from faculty. This 
Work-in-Progress presents an overview of relationships between psychological and physiological 
experiences of thriving and serves as foundational research that will guide a study investigating 
those relationships in an undergraduate veteran student engineering community. This study builds 
on prior work on engineering thriving, which is broadly defined as the process by which 
engineering programs facilitate the environments for students to develop optimal functioning in 
engineering programs. The research question in the proposed study is to identify the key indicators 
of thriving in undergraduate veteran engineering students. Prior research has provided established 
relationships between some of the biometric indicators being measured and some of the categories 
of the thriving survey which will assist in guiding the study design and in the selection of which 
biometrics will be measured. The purpose of sharing this paper now is to facilitate feedback from 
members conducting research involving veterans and to network with potential future 
collaborators. The focus of this paper discusses the reasonings for which biometric variables and 
which thriving categories we are most interested in based on the literature and studies using similar 
metrics. 
 
Introduction 

Intuition suggests that an increase in sleep would boost subjective well-being in 
undergraduate engineering students and that an increase in exercise would ultimately improve their 
self-perception. These are concepts we intuitively understand; however, few studies have explored 
how biometric indicators relate to subjective well-being, or more specifically, Engineering 
Thriving. Engineering Thriving is defined as the process by which engineering programs facilitate 
the environments for students to develop optimal functioning in engineering programs [1]. The 
significance of this study lies in the need to identify physical indicators or biomarkers that correlate 
with a student’s subjective psychological experience, and, if such indicators exist, to answer our 
research question regarding the key indicators of thriving. Although survey tools have been 
developed to assess thriving in undergraduate engineering students [2], physical indicators are 
necessary for students who may be less likely to engage with survey tools. For this work-in-
progress, we choose to focus on Veteran students, who are less connected to the student body and 
less likely to seek faculty assistance [3].  

 
Thus, the key research question in the proposed study is: What are the key indicators of 

thriving in undergraduate veteran engineering students? The hypothesis we plan to investigate is: 
If we measure physiological and physiological markers of thriving for a veteran student 
population, then we will be able to determine relationships between these markers to provide 
insight for educational interventions. Our long-term goal is that these insights will provide insights 
for all educators and be leveraged to increase student retention and thriving.   
 



This work-in-progress paper performs three key functions: 
 

1. We seek feedback on our rationale for the biometric markers we plan to evaluate and our 
reasoning for selection. 
  

2. We seek feedback from experts in the ASEE Military and Veterans Division with 
experience in conducting research with veteran students for insights into working with this 
population.  

 
3. We seek to identify interested individuals who may be interested in future multi-campus 

collaboration and study, leveraging the results of this study.  
 

The remainder of this Work-In-Progress paper is as follows. First, the background literature 
on physiological markers of thriving is presented with biometric selection. Next, the expected 
relationships between dimensions of thriving and biometric markers are discussed. The paper 
closes with a discussion of the study’s limitations and future steps.  
 
Biometric Selection 

Prior research has established a strong foundation concerning the relationship between 
biometric physical indicators and psychological experiences. From ancient civilizations to the 
modern "Mind-Body Problem," understanding the complex relationship between body and mind 
has been a focus of human inquiry since the dawn of recorded history [4], [5]. Despite decades of 
research, there is still much to explore, and novel approaches are necessary to further investigate 
these connections. This section will discuss the extent to which these connections are understood, 
whether any biometric indicators can predict thriving, and the expected outcomes of this study. 

 
Of note, biometric indicators in this study do not fall under the usual definition of 

biometrics, such as fingerprints, facial structures, and other personal identifiers used for security 
purposes [6]. Instead, the biometrics in this study are related more similarly to health metrics and 
physiological measurements of biological behaviors. While these are also described as biometrics, 
they are not as commonly recognized as personal identifiers [7]. Examples of these biometrics as 
the ones used in the study include average resting heart rate, heart rate variability, maximum heart 
rate, sleep duration, step count, pulse oximetry (oxygen levels in blood), and exercise duration, 
among others.  

 
We choose to focus on three biometrics, based on prior research, data availability, and ease 

of user input. The tool we plan to use for our study is a Garmin smartwatch with the Garmin 
Connect application. This tool was selected due to its cost, wide range of biometrics, and use in 
the published literature [8], [9]. Garmin Connect provides various downloadable reports, but some 
require consistent user input, such as daily hydration and calorie intake, which are excluded from 
this study. Consequently, only the biometrics that are automatically captured through Garmin’s 
algorithms and sensors will be considered. After review, the biometrics that were reviewed for this 
study are the following: Resting heart rate, Intensity Minutes (Aerobic exercise), daily step count, 
sleep duration, and Garmin’s stress level [10]. 

 



Prior studies have shown that heart rate is positively related to both psychological and 
physical well-being [11], [12], [13], and several categories of engineering thriving. For instance, a 
study investigating the effects of a gratitude meditation intervention found that heart rate decreased 
during the meditation practice [14]. This suggests that an increased heart rate could lead to lower 
self-reported gratitude. Another study, which measured heart rate during problem-solving, found 
an increase in heart rate during the process and a sharp increase once the problem was solved [15]. 
Further studies have indicated that a lower resting heart rate is associated with higher self-efficacy 
in exercise programs [16], [17], which informs the prediction that increased intensity minutes 
(exercise) will enhance self-efficacy. Similarly, a study on college students found that increased 
aerobic exercise (which reduces resting heart rate) led to higher self-efficacy scores, regardless of 
exercise history [18]. Although we plan to check for multicollinearity between heart rate and 
intensity minutes, this study predicts that these variables will influence different thriving 
categories, as shown in Table 1. 

 
The next biometric indicator under examination is the daily step count. Interestingly, 

current research indicates that no relationship exists between thriving and step count. Previous 
studies have used step count as a metric to correlate physical activity with well-being [19], [8]. 
However, no relevant literature identifies a relationship between step count and the 10 previously 
identified engineering thriving categories (see Table 1). One study found no increase in self-
efficacy from an increase in step count [20]. A study investigating gratitude in college students 
through an exercise-based intervention also found no significant increase in gratitude from 
increased step count, though participants with higher gratitude experienced better sleep [21]. 
Another study found a correlation between baseline optimism and step count, but no link to 
gratitude [22]. While there is research showing connections between step count and well-being or 
mental health [23], no studies directly associate step count with the 10 engineering thriving 
categories. If any information emerges on a potential relationship between step count and any of 
the thriving categories, we will be able to pivot and analyze this data because the Garmin device 
will capture this data throughout the study regardless. 

 
Sleep has been widely studied in relation to the well-being of college students. A study in 

Portugal found that poor sleep habits were linked to lower academic performance and mental 
health [24]. A German study also found that students with insomnia had lower self-efficacy, 
suggesting that more sleep may increase self-efficacy [25]. Research on the relationship between 
sleep duration and problem-solving is less conclusive. One study showed that contrary to popular 
belief, sleep does not improve problem-solving directly; rather, periods away from the problem 
aid in solving it [26]. Another study found that sleep deprivation negatively affected 
communication tasks, resulting in poorer performance among participants who had not slept the 
night before [27]. Given that poor communication may lead to lower self-reported communication 
scores, we predict that more sleep will improve self-reported communication. A study on the 
relationship between gratitude and sleep showed that participants who slept more had higher 
gratitude scores and wrote more detailed gratitude lists [28]. Research on “long” versus “short” 
sleepers also suggests that those who sleep less are less open-minded [29], so we predict that 
increased sleep will correspond with higher open-mindedness responses. 

 
Intensity minutes, a Garmin biometric, measure the duration of exercise activities such as 

running or brisk walking, detected by the Garmin device [30]. Aerobic exercise research supports 



the use of intensity minutes in studying well-being. It is well-established that physical exercise 
positively affects psychological well-being [31]. For instance, a study on problem-solving 
confidence found that students who exercised regularly had higher self-confidence when solving 
problems [32]. A study on self-efficacy in exercise also showed that belief in one's ability to engage 
in physical activity significantly predicted perceived wellness [33]. Furthermore, exercise has been 
linked to higher self-care, gratitude, and increased physical activity, showing a positive feedback 
loop between exercise and these traits [34], [35]. 

 
Expected Relationships Between Biometric Markers and Dimensions of Thriving 

After reviewing relevant literature, the focus of the study will be on evaluating the 
relationships between eight of the thriving categories and three biometric variables (Table 1). In 
Table 1, cells are left blank and shaded grey if no relationships have been identified in the literature, 
but this does not rule out the possibility of discovering new correlations. The +/- signs indicate a 
predicted increase or decrease based on an increase in a specific biometric. For example, the 
negative sign in front of the [14] in the resting heart rate/gratitude cell means that based on the 
reviewed literature referenced an increase in resting heart rate is expected to decrease gratitude 
levels. The asterisk denotes a potential relationship without a clear prediction of influence. These 
complex relationships suggest that an inverse relationship may sometimes exist. For example, 
intrinsic motivation and time management can influence exercise levels, which is outside the scope 
of this study but may provide additional insights [31], [36]. This motivates a comprehensive 
exploration of the data, ensuring that all possible relationships are considered (including non-
monotonic relationships). 

 
Table 1: Predicted relationships. ± indicates positive or negative relationship with increase in the biometric 

variable. * Indicates that there is an established relationship but no predicted influence on that thriving category 
from that biometric. 

 

Thriving Category 
Biometrics 

Resting Heart Rate Sleep Intensity Minutes 
(Exercise) 

Problem-Solving +[15]  +[32] 
Communication  +[27]  

Self-Efficacy -[16], [17], [18] +[25] +[16], [17], [18],[34] 
Self-Care   +[37] 

Time Management   *[36] 
Gratitude -[14] +[21], [28] *[35], [36] 

Open-Mindedness  +[29]  
Intrinsic Motivation   *[31] 

Welcoming    
Epistemic Curiosity    

 
Limitations 

There are natural risks and limitations associated with pursuing novel research in 
engineering education. First, there are only a few studies that have attempted to use biometric 
indicators and survey questions to find relationships between psychological and physiological 
experiences. This has made designing the study and planning for the analysis of the data that will 
be collected challenging. Secondly, when the study is executed another limitation is the amount of 



data that will be collected as well as the different types of data. For example, Garmin smartwatches 
continuously capture data while the survey may only take place a few times. This will lead to 
thousands of biometric measurements per participant and possibly only a few dozen measurements 
of survey data per participant. The discrepancy in the amount of data and the type of data 
(quantitative and qualitative) will create difficulty in data collection, data analysis, and in the 
interpretation of the data analysis.  

 
There are several factors that are not measured by smartwatches that could influence survey 

responses and biometric data. Those include but are not limited to, diet, number of classes, lifestyle 
choices, personal life events, health conditions, home environment, community, and much more. 
With any study, there are an abundant number of factors that are uncontrollable or entirely 
impossible to measure. We are aware of the most likely factors that could influence the data and 
regardless of this limitation, we will continue to revise our methods upon current research and 
successful practices.  

 
Conclusion 

The main purpose of sharing this high-level concept paper now is to solicit feedback from 
the experts in Military and Veteran education on our rationale and begin identifying potential 
collaborators for our long-term goal of expanding the study beyond Embry-Riddle Aeronautical 
University. Sharing our ideas and background research prior to the study design and 
implementation will give us crucial feedback and insight that will help shape our methods and 
study design. The specific methodology for this study is still being researched and discussed and 
is not ready to be presented for feedback. Although this specific paper is to highlight the literature 
review completed to build this study, feedback on the suggested methodology for this study is most 
welcome and would be greatly appreciated. Feedback that aids in a solution to the issue of data 
analysis when combining two different types of data as mentioned in the limitations section would 
also be beneficial. 

 
The expected outcomes of this study include answering our research question in 

discovering the strongest indicators of thriving in undergraduate veteran engineering students and 
informing interventions to increase thriving in this population. In addition to these outcomes, there 
are many benefits to conducting this study such as bringing together a veteran community on 
campus (via the study) and potentially multiple campuses, encouraging research amongst 
undergraduate students and amongst the veteran student community, and inspiring new approaches 
to engineering education research.  
 

Our long-term goal is to improve the diversity of the STEM workforce by enhancing 
veteran student thriving. Because of the overlap between veterans and other underserved groups, 
we expect these results to shift the narrative to more thriving models in engineering education as 
a whole. Increased retention and graduation of veteran students will directly impact society by 
providing additional members of America’s workforce with a unique perspective on the challenges 
facing America. Finally, we seek to shift narratives of engineering veteran students from 
‘surviving’ to ‘thriving.’  
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