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provide constructive feedback to other research professionals, but also how to
receive and integrate the feedback. The course includes a mock research fair
where both UI faculty and classmates provide feedback that is later integrated
into their capstone projects—a poster presentation at the UI Carver College of
Medicine Research Fair as well as a ﬁnal translational paper. As part of the
ongoing evaluation of the program and graduates, we examined the participant
data, the course satisfaction with content, the change in understanding of
translational science, and the intention to incorporate translational science into
research and career goals. We also conducted course evaluation surveys and
qualitative analysis of a focus group and interviews. RESULTS/ANTICIPATED
RESULTS: Since 2015, the CCTS program has introduced translational science
curriculum to 20 undergraduate participants (men/woman 40%/60%; 5%
Hispanic or Latino; 15% Center for Diversity and Enrichment Eligible). Areas
of academic interest include: biology, genetics, engineering, bioinformatics,
biochemistry, neuroscience, psychology, and microbiology. Graduates of the
Certiﬁcate and degree program to date (n = 8) have gone onto: Fullbright awards
(1), medical school/Masters in public health (1), combined MD/PhD programs (2),
biomedical PhD program (1), or currently work in translational science positions
in industry (2). In questionnaire and focus group results, we found that in general,
students reported increased understanding of the translational spectrum and felt
the certiﬁcate program helped them clarify their educational or career goals. Data
from both the focus group and the questionnaire demonstrate that students are
strongly positive about the program in general, including its quality, faculty and
guest speakers, structure, goals, opportunities, personality, and personnel. All
students highly valued many elements of the program and each course, and
particularly the opportunity for clinical shadowing. Among the questionnaire
ﬁndings for 2016–17, all students (100%) rated program quality “excellent,” and 7
of 8 (87.5%) “strongly agreed” that they better understood translational science,
that they saw themselves continuing in translational science research after
graduation, and they were better able to communicate how their lab research ﬁts
within the translational spectrum. In each case 1 of 8 “agreed.” Participants also
generally felt that their career goals had been afﬁrmed or realigned, and that they
were better able to communicate the meaning of translational science to multiple
audiences. Responses on changes to career aspirations and plans were mixed, and
are ambiguous. Questionnaire Item 4, “My UI curricular and/or co-curricular plans
changed as a result of the CCTS program,” which had mixed responses, asked
speciﬁcally about the CCTS program as a reason for change, but it is not clear if,
whether, or how the program speciﬁcally wants to change curricular plans. In the
focus group, students reported using their individual shadowing and lab experience
in determining preferences and intentions about future career choices (e.g.,
whether or not to apply to medical school and/or pursue basic science research).
Participants perceived the shadowing experience, complementing or contrasting
their lab research, as particularly relevant in deciding about their future careers.
Other themes that emerged from the focus group and/or open section of the
questionnaire demonstrate the impact of various course elements on participants’
understanding of translational science and potential careers, including: quality of
instruction, program and course content (including guest speakers, the shadowing
experience, and the poster development process); the exposure to a range of
possibilities along the translational spectrum and the expansion of ideas about what
research could look like; the value of connections (to faculty, researchers and
clinicians, and other CCTS students and alumni); the attributes of the cohort; and
the “personality” of the program and personnel. DISCUSSION/SIGNIFICANCE
OF IMPACT: Developing a pipeline for translational science workforce development has been problematic because a lack of the understanding of the need of
translational research and a structuring a time efﬁcient program for early career
clinical and basic scholars. Undergraduates making critical decisions about
educational paths and career goals and plans may not be aware of opportunities
in translational science or the type of choices they need to make to prepare for
such opportunities. Our data demonstrates that CCTS was an effective way of
introducing translational science concepts and career paths to undergraduate
students and potentially a powerful way to encourage them to consider these
career paths. Participants in our program improved their knowledge of the ﬁeld and
expressed interest and intention to incorporate translational science training into
their career plans. However, improvements can be made in the CCTS program.
Additionally, CTSAs should consider ways to incorporate ﬁndings like these into a
wider sphere of training to help develop and strengthen a translational science
workforce for the future. The exposure to a variety of translational science career
possibilities and specialties was important to students. Based on both focus group
discussion and questionnaire data, a few students did expand slightly their sense of
career possibilities, but the larger beneﬁt may be their concrete experiences that
validate or solidify their interests, making them more skilled at talking about and
supporting their career goals on applications and in interviews. Shadowing did not
always encourage students to go into clinical medicine, but often solidiﬁed interests
or leanings students already had, giving them a more grounded basis for reﬁning
their decisions. For some students, shadowing a clinician conﬁrmed ideas of being a
physician; for others, it steered them away from it. Some now found ethical
challenges, bureaucracy, or emotional challenges daunting or newly necessary to
consider before focusing on clinical careers. This may be just what students need at
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this point, and emphasizes for them the relation between different kinds of research
and application within translational science. Our evaluation suggests that CCTS
contributes to academic choices for career development and additionally can help
attract highly skilled students into TS research, including students of color. Future
work to evaluate CCTS impact on graduates’ career outcomes will inform the
translational research direction and content. In terms of program design, it could be
useful to build in multiple opportunities for students to understand the diversity of
translational science careers and provide students more exposure to different
possibilities in clinical and translational work.
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OBJECTIVES/SPECIFIC AIMS: To use a systematic and iterative process to
develop and reﬁne toolkits to support dissemination and implementation (D&I)
research. METHODS/STUDY POPULATION: Participants included research
staff from the Dissemination and Implementation Research Core (DIRC), a
research methods core from the Institute of Clinical and Translational Science
at Washington University in St. Louis, other D&I experts from the University,
and national experts from the D&I ﬁeld. This project used education design
research methodology and a systematic and iterative process involving several
phases. The ﬁrst phase (preliminary research and initial development) consisted
of analysis of the educational problem and its context, and led to the
development of toolkit prototypes and plans for their implementation. In the
second phase (development and formative evaluation), toolkits were iteratively
evaluated with emphasis on content validity and consistency and effectiveness as
perceived by the users. Finally, in the summative evaluation, the toolkits were
evaluated based on their use as intended. RESULTS/ANTICIPATED RESULTS: Our
team identiﬁed the target audience as DIRC customers and investigators from
disciplines across the University, and found that resources for beginners to D&I
were lacking. The team developed 8 toolkits: (1) Introduction to D&I; (2) How to
develop D&I Aims; (3) D&I Designs; (4) Implementation Outcomes; (5)
Implementation Organizational Measures; (6) Assessing Barriers and Facilitators;
(7) D&I Designs; and (8) Guideline research. These prototypes were iteratively
revised for content validity and consistency. Finally, each toolkit was evaluated by
two national experts in D&I science, and further reﬁned. DISCUSSION/
SIGNIFICANCE OF IMPACT: This systematic and cyclical process led to the
development of 8 toolkits to support researchers in D&I science, which are now
available on the DIRC Web site. This set the stage for development of new toolkits
as additional needs are identiﬁed.
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Drug formulation strategies: A vital but nearly
invisible component in translational education
Robert B. MacArthur, Roger Vaughan and Barry S. Coller
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OBJECTIVES/SPECIFIC AIMS: To develop a KL2 curriculum on the science and
art of drug formulation. METHODS/STUDY POPULATION: Develop training
materials for KL2 scholars that outline the art of formulation development.
Materials will include syllabi, reading materials, and course work. RESULTS/
ANTICIPATED RESULTS: This will enhance the training of KL2 scholars by
incorporating formulation development concepts into their human health
enhancing research projects. DISCUSSION/SIGNIFICANCE OF IMPACT: For
new chemical entities, formulation goals must be realistic and move along in a
step-wise manner from the laboratory bench, through toxicology studies, and
on to Phase 1 studies. By training scholars in phase-speciﬁc formulation goals,
their interactions with funding agencies, formulation scientists, and regulators
will be more efﬁcient, productive, and successful. For those scholars who are
working to improve existing treatments, introducing the concept of formulation
improvements that can create new indications, or improve efﬁcacy, safety and
patient compliance will open up more possibilities for creative product
development.
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