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Abstract 
 

Twenty-first century scientists and engineers must possess skills that enable them to reach beyond 
the laboratory, across disciplines, and into communities to identify issues and develop solutions 
that increase both resilience and sustainability. The need to make 21st century graduate education 
training requires educators to develop innovative approaches that provide critical professional 
skills that transcend discipline and prepare students for a broad range of career choices. In this 
study, a novel approach was developed for STEM graduate education that aligns professional skill 
training with experiential learning pedagogy adopted from training models in the health 
professions. The training model designed for a cohort of newly admitted PhD students consists of 
two components, an immersive summer program (Leadership Academy), followed by a fall 
Challenge Course. The goals of the training model is to impart the following competency themes: 
interdisciplinary mindsets; community engagement; understanding self as a leader; professional 
identity; and STEM scholar leader. First cohort of graduate students was recruited in summer 2016. 
After students completed the training model, the assessment and reflective student posts indicated 
that students indeed do develop most of the competencies.  Based on our preliminary experience, 
specific scenarios for community collaboration as well as challenge projects should be explored to 
further promote competencies in graduate education.  
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Introduction 
Rapid advances in technology and scientific knowledge coupled with dynamic changes in global 
societies call for a STEM workforce that is not only technically advanced in their disciplines, but 
also readily adaptable and responsive to evolving and emerging opportunities. Twenty-first 
century scientists and engineers must possess skills that enable them to reach beyond the 
laboratory, across disciplines, and into communities to identify issues and develop solutions that 
increase both resilience and sustainability. To prepare this new kind of leader, graduate training 
must embrace innovative approaches that inculcate critical professional skills that transcend 
disciplines and prepare STEM students for a diverse range of career choices [1]-[5]. Public 
institutions of higher education, particularly those with land/sea grant missions such as the 
University of Georgia, are uniquely positioned to offer graduate students a broad array of training 
opportunities that bridge multiple disciplines and allow them to engage with communities on issues 
of pressing importance. With this in mind, the University of Georgia Graduate School partnered 
with several academic and public service units to develop a novel interdisciplinary model for 
STEM doctoral education (see Figure 1).  This novel strategy aligns professional skills training 
with experiential learning pedagogy adapted from training models in the health professions [6]-
[10].  A major focus of this model is the alignment of graduate STEM education with community 
engagement [11] and interdisciplinary teamwork [12]-[13]. 
 
 

FIGURE 1. 21st Century Scholar 
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The training model described in this paper is designed for newly admitted doctoral students from 
a broad array of STEM fields.  The approach consists of two major components, (1) an immersive 
summer program, followed by (2) a fall challenge course. This pilot training program, known as 
Graduate Scholars Leadership, Engagement and Development (GS LEAD), is funded for three 
years through an Innovations in Graduate Education (IGE) grant from the National Science 
Foundation awarded to the University of Georgia.  The goals of GS LEAD are to combine 
transferable skills training with reflective experiential learning opportunities, so that students 
develop both foundational and applied knowledge, and demonstrate competency in the following 
areas: (1) awareness of self, (2) community engagement/public citizenship, (3) disciplinary 
knowledge, (4) strategic problem solving, (5) effective communication skills and (6) interpersonal 
collaboration/multiculturalism.  Since the program is targeted towards fundamentally transforming 
the education of doctoral students in STEM and STEM-related disciplines, the inclusion of diverse 
students from across campus to form multidisciplinary teams is a critical component of this 
program [14]. This paper presents a description of the training model and preliminary findings 
following completion of the first year of the first cohort of doctoral students participating in the 
pilot program. 
 
Training Model 
Training in professional or “soft” skills, although not new in graduate education, is commonly 
done on an ad hoc basis, as a ‘bolt on’ to a student’s program of study.  Further, professional skills 
training is often targeted towards career placement and generally offered to students who are 
advanced in their graduate studies. While there has no doubt been some success in following this 
implicit approach, we sought to explore how a more explicit approach might better serve STEM 
graduate students.  
 
The innovative model (see Figure 2) piloted through the GS LEAD program challenges that 
paradigm by positioning critical professional skills development [15], [13], [5] at the forefront of 
doctoral training and incorporating both personal and group reflection into experiential 
opportunities. Important elements of this model are the continued learning and mentoring 
opportunities available to the participants throughout their doctoral program following the initial 
training modules.  Based on this model, training begins with facilitated instruction in professional 
skills, progresses to less-guided experiential learning, and incorporates faculty-to-student and 
peer-to-peer mentoring opportunities.   The model infuses doctoral training with experiential 
learning and participants are encouraged to make community engagement/impact a compelling 
component of their dissertation research.  In addition, the training model combines challenge-
based learning [16] with competency-based learning [17].   
 
 A recent paper by Feldon et al. [18] examined the impact of short-format programs such as 
traditional bootcamps and summer bridge programs on the development of graduate student 
research skills and the adoption of disciplinary specific attitudes/behaviors.  They concluded that 
after analyzing data from 294 doctoral students at 53 institutions these traditional short-format 
interventions had no beneficial impact on student success or retention.  The training model piloted 
here is very different from traditional bootcamps which tend to occur without follow up, are short-
lived, and focus primarily on research skills. The pilot model described in this paper includes a 
highly immersive summer program that lasts a full semester and is followed by a second semester-
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long component in the fall. In addition, the model includes continued opportunities for students to 
incorporate their skills into their programs of study and dissertation research.  By moving away 
from the ‘sole’ bootcamp-style program, spacing the learning opportunities over time [19]-[20] 
and integrating learning opportunities into their programs of study we hope to achieve more 
effective outcomes.  
 
 

FIGURE 2. GS LEAD Training Model 
 
Implementation of the training model began in summer 2016 with the first cohort of GS LEAD 
participants entering the GS LEAD Summer Academy. The Summer Academy was an immersive 
eight-week program designed for students to build foundational knowledge, hone transferable 
skills, and develop competency in key areas.  In the course of a typical week students were engaged 
in program activities for two to three full days with additional take home assignments. The program 
was student-centered and included a mix of faculty-facilitated and student-led 
discussions/exercises, workshops, personal reflections, expert panels, and field trips [7], [21]-[23]. 
Table 1 details the various training modules provided during the academy. 
 
An interdisciplinary team of faculty and staff from the UGA Fanning Institute for Leadership 
Development, and the UGA Colleges of Education, Engineering, Journalism & Mass 
Communication and Veterinary Medicine facilitated the summer academy.  During the academy 
the students also began to build relationships with potential community partners.  Following 
completion of the summer program, the students advanced to a graduate level Grand Challenges 
course for the Fall 2016 semester. The challenge course was designed for students to internalize 
the processes and practices learned in the summer academy by putting these skills into action [24]-
[26].  
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TABLE 1. Key Competencies  
LEADERSHIP and 
SELF-DISCOVERY 

Understanding Leadership, Understanding Self, 
Leadership Styles, Learning and Personality Styles, 
Leading Change, Risk Propensity 
 

 
INTERDISCIPLINARY 
TEAMWORK 

Team Building, Collaborative Leadership, Group Decision Making 
Cultural Competencies: Diversity, Multiculturalism, Inclusivity 
Conflict Transformation 
 

 
COMMUNICATION 

Communicating Effectively, Communication Styles, 
Strategic Communication 
Science Communication, Science and Storytelling, Understanding 
Media 
 

PROBLEM SOLVING 
  
COMMUNITY 
ENGAGEMENT 

Introduction to Problem-Project Concept, Design Thinking,  
Community Engagement, Project Definition, 
Problem Identification and Research, Integrating Communication 
and Interdisciplinary Thinking into Projects 
 

 
 
In the challenge course, students worked in teams with community partners to (1) understand the 
challenges faced by communities in solving local issues, (2) learn best practices in community 
engagement, and (3) develop a community project to be completed by the end of the semester [11]. 
The challenge course also provided training in the use of the design thinking concept for project 
development. During a typical week, the students would meet in a class setting for two hours to 
participate in design thinking training and to work on team projects.  The students were then 
expected to spend additional time outside of class doing field work on their projects with their 
community partners.   At the completion of the semester, the student teams were required to deliver 
final products that represented the culmination of their community projects.  The final products 
were presented to a group of university and community stakeholders, and the presentations 
included strategies for product implementation.  
 
Student Participants 
The pilot program has the capacity for up to 15 participants per year. Potential participants were 
selected through an application process.   Incoming doctoral students were nominated by their 
departments and applications were submitted to the Graduate School. In addition to standard 
academic metrics, applicants were asked to include a CV/resumé, and a personal statement of 
interest.  For the first cohort year 2016, 12 students entered the program.  Although the participants 
were largely from STEM/STEM-related disciplines, participation of students from outside of 
STEM was both welcomed and encouraged. The student participants comprised a diverse, 
multidisciplinary group from Arts and Sciences, Engineering, Education, Ecology, Public Health, 
and Public and International Affairs; as well as the Interdisciplinary Toxicology Program and the 
Integrative Conservation Program. 
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Evaluation Strategy 
The overall evaluation plan for assessing student learning and progress towards attaining the 
desired competencies was adapted from the Kirkpatrick four level evaluation model of Reaction, 
Learning, Behavior, and Results [27]. Table 2 (see below) outlines from the bottom up the planned 
objectives that we have for students at each of the four levels.  
 

TABLE 2.  Levels of Evaluation for GS LEAD Training Program 
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The evaluation approach includes the collection of data from doctoral students, faculty instructors, 
community stakeholders and faculty mentors. A number of modalities are employed to collect data 
for assessment and include the use of survey instruments, style and awareness inventories, 
observation of class dynamics, role-playing exercises, interviews, reflection posts, project 
deliverables, scholarly works, portfolios and dissertation products. 
 
The first level of evaluation, Reaction, is designed to measure how participants perceived their 
experiences (react) to the program. It focuses on whether participants were pleased with the 
program and whether they found it relevant to their research. Positive reactions make learning 
(level two) more likely. The Learning level (level two) seeks to determine whether students 
effectively acquired the material. Level three, Behavior, focuses on measurable changes in student 
behavior and whether the acquired skills were utilized. Level four seeks to understand the broad 
Results of the training program and the impact that it has at the university and in the community.  

Results and Discussion 
It is important to emphasize that this pilot program is ongoing thus the results are preliminary. 
There is a wealth of data still to be analyzed from the first cohort and two more cohorts are in 
progress or planned. Given the novel design of the program it is worth reporting our findings to 
date.  Based on preliminary evaluation of this first cohort, student participants perceived their 
experiences positively (Level 1 Reaction).  For instance, using a 5-point Likert scale ranging from 
1 (strongly disagree) to 5 (strongly agree) students were asked to respond to the question ‘the 
session had a positive impact on my development as a STEM Scholar Leader’ for each of the 
different learning activities in which they participated during the Summer Academy. The mean 
score was 4.02 (SD±0.51).  
 
In addition, preliminary results from interviews in which students shared their personal 
transformations and realizations based on their experiences in the program revealed the following 
emerging themes: (1) interdisciplinary mindsets (2) community engagement (3) understanding self 
as leader (4) professional identity and (5) STEM scholar leadership. The emergence of these 
themes is in alignment with our identified competencies and suggests learning in these areas.   
Further, the reflective discussions posted by the students following expert panel discussions and 
field trips revealed that these ‘real world’ applications positively impacted the student experience 
and contributed to growth in the six competencies areas. Additionally, at least two of the team 
project deliverables developed during the Grand Challenges course are already being incorporated 
and implemented by their community partners.   
 
Our preliminary findings also identified a few areas in need of improvement.  For example, the 
length of the summer academy was perceived as too long and negatively impacted student learning.  
Interestingly, while the expert panels and field trips were positive factors in student learning, the 
number of expert panels and field trips were perceived as negatively impacting learning. Notably, 
there was a clear perception of disconnect between the summer academy and the subsequent 
challenge course. This disconnect was determined to be due, in large part, to an inadequate level 
of transition between the two very distinct learning environments. In addition, our preliminary 
assessment suggests that specific scenarios/themes for community collaboration as well as 
challenge projects should be explored to enhance student experiences and learning.   These 
identified areas of needed improvement are critical and have informed program revisions in both 
the summer academy and challenge course for future cohorts.  These revisions include shortening 
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of the summer academy, introducing the design thinking concept earlier in the summer program, 
and moving the development of the community project into the fall challenge course.  Further 
evaluation is currently underway to determine the impact of these changes on student learning.    
  

Summary and Concluding Remarks 
The training model presented in this paper is unique in its focus to bridge STEM education, with 
interdisciplinary attitudes and community engagement.  The recent review by Morin et al. [12] 
highlights the progress of community engagement in graduate education over the past 10 years 
and discusses the positive impact that interdisciplinary perspectives bring to the process. In 
particular these authors note the critical need to “continually seek innovative ways to embed 
community engagement within disciplines that face the greatest barriers to participation”.   It is 
our hope that this pilot program will provide an effective framework to equip STEM graduate 
students with the skills necessary to be productive, engaged scholars, and encourage graduate 
educators to engage students from across disciplines to work together on complex issues of 
importance to the public.  
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