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ABSTRACT

Undergraduate students often have difficulty relating the Anatomy and Physiology (A&P) course to their future ca-
reers, which may lead to difficulties in graduate school. Thus, the purpose of the Anatomy Observational Outreach
(AOO) was to help students make the connection and application between the information presented in A&P labs and
real human cadaver, which could encourage students to pursue graduate degrees. The outreach consisted of 99 under-
graduate A&P students from Texas Woman’s University in the biology, nursing, kinesiology, health studies, physical
therapy, and occupational therapy departments. The methodology consisted of a 30-minute orientation, a graduate
student panel, a Q&A session, a 60-minute cadaver observation, and Anatomage table demonstration, amongst others.
The impact of AOO was measured by 10-question pre-tests and identical post-tests (1 point each) along with a survey
at the end. The tests result demonstrated a significant increase [t(62)=-9.3, p=0.001] in anatomical knowledge. The
survey results showed that out of 99 participants, 84% of the students interested in applying to graduate school, 32%
of students felt that all of the teaching tools were useful, while 68% concluded the cadaver prosections were the most
potent sole educational aid. 65% of the students were ethnic minorities, and 97% were gender minorities. We conclude
that AOO yielded distinguished results in retention, and application of A&P knowledge, along with increased interest
and excitement for pursuing a STEM and Allied Health degrees.

Introduction

Most of the undergraduate biology programs aspire to promote a proper understanding of the processes of life, its
development, and its diversity. The general goal for these undergraduate biology programs is to educate students for
professions in cutting-edge graduate studies or advanced preparation in the biological sciences. During a four-year
program, students develop a comprehensive understanding of the principles of biological science, among other core
sciences (TWU, 2019; Momsen et al., 2010; Chopin et al., 2002; Bavis et al., 2000; Bergman et al., 2008). Further-
more, the biology setting provides a foundation for those seeking admission into graduate programs in fields including,
but not limited to, physical therapy, medicine, occupational therapy, and nursing.

A & P is among the core courses provided in the biology departments for all science programs. These courses
give students knowledge of the human body, along with exposure to animal dissections to fulfill requirements for an
array of degree programs and professional applications. Also, A & P laboratories are intended for students to follow
a pre-designed guide allowing for slight application to real-world activities as students sometimes neglect to make the
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association between understanding the relevance of the course concepts and applying them to the everyday life of
these laboratory activities (Chopin et al., 2002). To boot, students frequently complain about memorizing vast quan-
tities of structures non-relevant to their goals or careers (Lunsford and Hersoy, 1997), making it a challenge to excite
interest in scholars (Shigeoka et al., 2000).

Consequently, as educators, we must inquire ourselves: How do we elicit students' interest in STEM and
Allied Health careers? How can we facilitate students to build the connection and application between the selective
information presented in A & P labs and real-world activities? More significantly, how do we effectively encourage
students to pursue graduate degrees or Allied Health careers? To address these questions, we created the "Anatomy
Observational Outreach (AOO)" based on previous evidence that anatomy outreach activities can 'have a positive
influence on students (Gonzalez-Sola and Rosario-Canales, 2015; Sola and Rosario, 2018). Hence, in collaboration
with the Texas Woman's University Dallas Physical Therapy Graduate Program, this initiative targeted voluntary
undergraduate students who held an interest in learning gross anatomy from the TWU Denton campus (TWU 2019).

The general intent of the AOO was to enhance the students' understanding of human anatomy via observation
and identification of human cadavers to encourage students to pursue postgraduate education or Allied Health careers.
The specific objectives were: first, to enhance student learning and comprehension of human anatomy with a pre-
dissected cadaver and other 3D virtual anatomy tools (such as the Anatomage table [Anatomage 2019] or PAL 3.0
[Pearson 2019]). Secondly, provide a high-quality and innovative educational experience for students with a focus on
professional growth, long-term success, and measurable learning outcomes. Thirdly, use previous knowledge obtained
at the undergraduate (TWU-Denton) A&P laboratory to identify anatomical structures of body systems such as mus-
cles, skeletal system, and nervous system. Finally, promote peer-to-peer learning between graduate and undergraduate
students by using alternate strategies such as a student's panel, graduate students explaining the anatomy, and a Q&A
session.

Consequently, the AOO allowed for 99 students to attend the hands-on cadaver prosections, graduate student
panel, and virtual anatomy dissection demonstrations. Pre-tests and post-tests were completed on location to establish
the impact of this outreach activity, along with surveys to obtain the student's opinions on this experience.

Methods

Participants

The AOQO activity was held at the TWU Institute of Health Sciences Graduate Programs at Dallas, TX. The AOO
consisted of 99 undergraduate students from TWU main campus Denton TX. One month before AOO, A & P students
were informed of the event. If interested, students were directed to communicate with the A&P professor and coordi-
nator of the activity. Students who intended to partake in the AOO were given an enrollment sheet to sign-up for the
outreach. The 2-hour AOO activity consisted of 1) orientation with a pre-test session, 2) an anatomy laboratory ses-
sion, 3) an Anatomage (virtual dissection table) demonstration, 4) a graduate student panel, and 5) post-test and survey
session.

The AOO was part of the Pioneer with a Cause Outreach Organization (PCOQO). PCOO is a student local
TWU Dallas Org. design to hold different outreach events throughout the year. PCOO is composed mainly of Physical
Therapy students from the same campus and Mentored by a Physical Therapy Faculty professor. Both the student
president (Monica Mathis) and the Mentor (Dr. Martin G. Rosario) of this Org are Co-Authors in this work.

Outreach Procedures

The AOQO activity was held at the TWU Institute of Health Sciences Graduate Programs at Dallas, TX. The AOO
consisted of 99 undergraduate students from TWU main campus Denton TX. One month before AOO, A & P students

ISSN: 2167-1907 www.JOFSR.org 2



Volume 9 Issue 1 (2020)
@ Journal of Student Research Rescarch Atficle

were informed of the event. If interested, students were directed to communicate with the A&P professor and coordi-
nator of the activity. Students who intended to partake in the AOO were given an enrollment sheet to sign-up for the
outreach. The 2-hour AOO activity consisted of 1) orientation with a pre-test session, 2) an anatomy laboratory ses-
sion, 3) an Anatomage (virtual dissection table) demonstration, 4) a graduate student panel, and 5) post-test and survey
session.

The AOO was part of the Pioneer with a Cause Outreach Organization (PCOQO). PCOO is a student local
TWU Dallas Org. design to hold different outreach events throughout the year. PCOQO is composed mainly of Physical
Therapy students from the same campus and Mentored by a Physical Therapy Faculty professor. Both the student
president (Monica Mathis) and the Mentor (Dr. Martin G. Rosario) of this Org are Co-Authors in this work.

Figure 1: AOO activity; 1 & 2) Orientation to the undergraduate students, 3) Student Panel, 4 & 5) students in the
anatomy laboratory observing the human specimens, 6) Anatomage table review of virtual cadaver and 7 & 8) Q &
A sessions and wrap up.
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1. The is found within the thoracic cavity, meanwhile the ___ is found within There are pairs of cranial nerves and pairs of spinal nerves
the abdominal cavity.

7. The best tools of dissection to preserve tissues are:
The following muscle is not found in humans, but is found in pigs:

In a human dissection as well as the pig dissection, the is removed in order
The spinal cord is located within the and the brain is within the . observe deeper structures. P

The small intestines have a layer of the following type of muscle 9. The following chemical is not commonly used for preservation of cadavers or

pigs in TWU labs
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The cranial nerves originate at the ___ and the spinal nerves originate at (heA

In a scale of 1-5, (1=not helpful, 5=very helpful) did the anatomage table help
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Please grade the outreach activity, based on your experience;

Do you think the Anatomage Table is a helpful tool for A&P anatomy courses?
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5. After this outreach activity, what is the likelihood of you applying to graduate
school? (1=not at all, 5= absolutely) After taking the course and participated of the outreach, do you think you

acquire human anatomy knowledge?

w9
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e
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Figure 2: Questions Sample. A-B) Pre-tests and post-test questions and C-D) Survey questions to obtain feedback
from students.

Student Panel

The student panel consisted of 4 graduate students from the physical therapy program, one graduate student from the
occupational therapy department, and one graduate student from the nursing department. During this round, 1) the
panel participants sat in chairs facing the undergraduate students as they gave detailed descriptions of their programs,
courses, experiences, and career intentions. Then, 2) they held a Q&A session to answer questions from the AOO
undergraduate students. Questions raised by undergraduate pupils for the graduate scholars revolved around advice
for applying to their respective programs. Life management with their educational programs. The curriculum per
semester and the level of difficulty of the courses, among others.
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Cadaver Laboratory Procedures

The anatomy laboratory portion of the AOO was allotted 30-minutes per group (the total amount of time in the labor-
atory was 1 hour) and consisted of three stations: cadaver prosections, organ examinations, and imaging observations.
1) Students observed and prosected three pre-dissected human cadavers, on which they identified structures related to
the integumentary, muscular, skeletal, and nervous systems, as per the outlined main objectives of this outreach. Stu-
dents were as well able to observe the digestive, reproductive, endocrine, lymphatic, respiratory, cardiovascular, and
urinary systems during the 10 minutes they were allotted at each station, before switching to the second station for
another 10 minutes, after which this process was repeated for the third station. 2) On the second station, there were
human cadaver organs, which included dissected brains, lungs, hearts, kidneys, livers, and spleens. 33) Lastly, the
students rotated through the third and final station, which consisted of imaging like x-rays of the following joints:
shoulder, elbow, knee, hip and ankle, and MRI scans of the brain observed in different anatomical planes (sagittal,
transverse and coronal).

During the cadaver laboratory activity, students were encouraged to ask questions to maximize their learning
experiences, thoroughly comprehend what they were observing, examining, and prosecting, along with applying their
undergraduate A&P course knowledge to the cadavers. 4) After the first 30 minutes, the two groups were interchanged
so that group 1 could observe the Anatomage, a virtual anatomy dissection table, while group 2 was received in the
cadaver laboratory to observe the bodies, organs, and imaging for the allotted 30-minutes. Each station was monitored
and taught by the professors and graduate students during the entire 1-hour inside the laboratory.

Anatomage Table Procedures

Four anatomy-trained graduate students from the TWU Dallas PT department were in charge of explaining different
anatomical aspects using the Anatomage table (Anatomage 2018) for 30 minutes for each group. This table shows a
"real-life virtual human cadaver," which allows individuals to "virtually dissect" a cadaver to depict the internal struc-
tures. Therefore, the purpose was 1) Physical Therapy scholars discussed each system outlined in the objectives of the
outreach to virtually teach anatomy to the undergraduate students as a "review." 2) The undergraduate pupils were
then able to ask the graduate students questions while interacting with the Anatomage.

Results

In table 1, we present a sample of the agenda of the AOO activity described in the methods section, with details of the
time, location, and divisions of groups and the respective activities performed. This table was the organization of the
last outreach activity. The first outreach activity had a campus tour that later was replaced, per students' feedback, by
the graduate students' panel. Also, after the laboratory funding was approved, the equipment was acquired, and to
improve the student learning experience, we added the anatomage table to the following outreach activity.

Table 1: AOO Schedule. Time table organization and group division of AOO activity.

Room & Time Group 1 Group 2
11. am Arrival of undergraduate students
Room 2702 — 1. Orientation by Dr. Rosario, Dr. Anderle and Dr. Gonzélez
2. Pre-Test
1. 11:45am-12 pm 3. Graduate Student’s Panel: Nursing, PT and OT
2. 12 pm-12:20 pm
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5™ Floor Anatomy Lab 1. Cadaver Observation 1. Anatomage Table
2. Anatomage Table 2. Cadaver Observation
1. 12:20pm -1 pm
2. 1pm-1:40pm
Room 2702 1. Post-Test
2. Survey
1:40 pm -2 pm 3. Q&A session

Also, out of the 99 students in attendance, 91 completed the pre-test, and 63 completed the post-test in its totality,
thus allowing for 69% of the responses to be fully and successfully analyzed. After the completed pre-tests and post-
tests, the results demonstrated that students scored significantly higher [t(62)=-9.3, p=0.001] post-tests after partici-
pating in the AOQ, as seen in Table 2. The survey showed that the students had an 84% interest in pursuing graduate
degrees in STEM and Allied Health fields (Table 3).

Table 2: Test Results. Comparing pre-test and post-test of students before and after AOO activity.

Variable pre-test post-test t-value p-value
(n=91) (n=63)
Test Score 6.6+/-1.5 8.4+/-1.4 62 <0.001

Table 3: Survey-Graduate School. Student’s survey results demonstrating their intention to apply to graduate

school following the outreach

Applying to Graduate School Number of Students (n=73) %
Applying 61 84%
Not Sure 12 16%

Furthermore, though all 99 students felt that all the activities and tools (Anatomage Table, anatomical models, x-
rays, and Practice Anatomy Lab or PAL 3.0) were useful, 68% concluded the cadaver prosections were the most
potent sole educational aids (Table 4). Regarding the outreach itself, 71 students who responded to the survey, 65%
were ethnic minorities (41% Latino, 7% Asian, 13% African American and 4% other), as seen in table 5. Too, from

the 99 students who responded, 97% were female gender (Table 6).
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Table 4: Survey-Teaching Strategy Preference. Student’s survey results demonstrating their preference of the tools
used in the AOO

Survey
Example of Answer Choices Responses | Percentage
Hands-on prosection with cadaver 67 68%
All of the above 32 32%

(Included: Hands-on prosection with cadaver, Anatomical models, organs, and X-rays)

Total 99 100%

Table 5: Ethnicity. Ethnic backgrounds of students who participated in the AOO activity.

Ethnicity
Answer Choices Responses Percentage
Hispanic/Latino 29 41%
Asian 5 7%
African American 9 13%
Caucasian/White 25 35%
Other 3 4%
Total 71 100%
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Gender
Gender options Responses Percentage
Male 3 3%
Female 96 97%
Total 99 100%

Finally, in table 7, we show the results of the student who graded the AOO activity. Results indicate 64 students out
of 71 students who responded to the survey graded the AOO with A, six students graded the activity with a B, and
one student graded the activity with a C. Thence, 90% of the students graded this activity with A or excellent experi-

ence.

Table 7: Survey-AOO Grade. Student’s survey results reporting their grading of the AOO experience

Activity Grading
Grading options Responses Percentage
A (Excellent) 64 90%
B (Great) 6 8.5%
C (Good) 1 1.5%
D (Deficient) 0 0%
F (Fail) 0 0%
Total 71 100%

ISSN: 2167-1907

www.JOFSR.org



Volume 9 Issue 1 (2020)
Research Article

@ Journal of Student Research

Discussion

The objective of this study was to create the AOO to bring the students to the anatomy laboratory at TWU Dallas to
observe the cadavers and have them discern, distinguish, and employ their anatomical knowledge with cadavers. The
AOO also involved the 3D anatomy component by using tools such as the Anatomage table (www.anatomage.com)
and 3D anatomy apps projected on the big screen, including PAL 3.0 (Pearson 2019), as an accompaniment to the
cadaver experience.

This activity intended to give the students a different approach to A&P courses. One of the reasons is the
difficulty and challenge of teaching anatomy & physiology at the undergraduate level due to the necessity of integrat-
ing active learning methods to forefend from memorization (Bavis et al., 2000). This report focused on undergraduate
students from various scientific discipline departments at TWU who were taking an A & P course.

Typically, other researchers notice that the use of three-dimensional computer models to teach anatomy is an
excellent advantage for undergraduate students (Brenton et al., 2007). Withal, the computational 3D models lack
anatomical variations that a real human cadaver can provide. Cadavers frequently demonstrate the normality that can
be seen in textbooks. Human specimens as well demonstrate unique variations that make students aware of their
existence, particularly for allied health careers that work with patients daily (Aziz et al., 2002).

However, teaching anatomy with human cadavers is typically reserved for medical schools or graduate
schools for other allied health careers. Nonetheless, studies have shown that teaching traditional anatomy with human
cadavers have better results during test-taking compared to those that exclusively rely on anatomical technology. This
concept mentioned above demonstrates that, for students to succeed in their tests, 3D anatomy might be used as an
adjunct to student's learning process instead of the only teaching tool (Biasutto et al., 2005). Thence, the aforemen-
tioned is one of the reasons this AOO activity wanted to acquaint the undergraduate students with the human cadaver
laboratory at TWU Dallas.

Another critical reason is helping students to incorporate their anatomy into their long-term memory. Studies
show that undergraduate students have a gap in anatomical knowledge when they depart to medical school, regardless
of the prior teaching methods in their previous establishment (Bergmen et al., 2008; Chopin et al., 2002). Thus, the
AOO aimed to create an early exposure for undergraduate students to human cadavers in order for them to interact,
acquire and employ their previous A&P knowledge in a real setting that could help them in closing the gap (Sola and
Rosario, 2018).

AOQO procedures and results

Ninety-nine undergraduate students from the TWU Denton campus participated in the AOO at the TWU Dallas cam-
pus. The activity began with an introduction and instructions, the pre-test, and the division of the participating under-
graduate students into two groups. We observed that there was more substantial participation of minorities and females
in the activity, as seen on the results of tables 5 and 6, respectively.

Another intriguing aspect of the AOO was the graduate student panel, the amount of interaction, and the
volume of questions asked by the undergraduate participants to the graduate scholars. We believe that the addition of
the peer learning is vital as the participants developed new network connections and obtained feedback about the
graduate school itself, as students can teach other students as a scholarship strategy (Jackson, C. K., and Bruegmann,
E. 2009; Knobe et al., 2010). We contrive on continuing to provide this component of peer learning for future AOO
activities.

We as well quantified student learning and knowledge by contrasting the tailored pre-test and post-test, which
covered general human anatomy, along with the comparability between animal anatomy from A&P courses and gross
human anatomy. The results of the post-test showed a significant gain in learning anatomy after participating in the
AQOO (Table 2). This outcome demonstrated that students learned anatomy while in the AOO, achieving one of the
purposes to enhance students' learning and comprehension of anatomy.
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This study measured the success of the AOO by the student's rating of the activity. Results showed that 90%
of the students enjoyed the experience by rating the activity with an A (excellent) (Table 7), and none of them rated
the activity with D (regular) or F (poor). This knowledge implies the success of the activity, which was demonstrated
and supported by the comments and positive feedback we obtained in the survey. Moreover, we observed that although
students did value the 3D anatomy components and other tools such as anatomical models and imaging (results shown
in table 4 within "all the above" answer choice), their predilection remained with the cadaver prosections as the most
effective teaching technique applied during the AOO.

AOQO survey and future directions

In order to ascertain student's feedback to improve future AOO, a short survey was administered, with a comments
section (Figure 2C and 2D). The encounter had a positive influence, as confirmed by the above results, as each person
involved found value from engaging in the AOO. All students ranked heartily concur on "I loved going into the cadaver
lab and seeing all the different organs. I learned so much in a little amount of time", "seeing the cadaver hands-on and
not on models to get a better idea of what it looks like," and "my favorite part was going and seeing the body and
speaking to the TA," among others.

Additionally, the comments given to build the future AOO better were to increase the time allotted for the

graduate student panel and to increase the quantity of time inside the cadaver laboratory. This information suggests
students, in addition to enjoying the activity, also learned during the AOQ, but they wanted to remain longer.
Too, while cadavers have shown to render higher gross anatomical acquisition, the survey demonstrated the students
conveyed the Anatomage Table is a necessary supplement to undergraduate A&P courses. The anatomage virtual
dissection table allows the students to fully dissect and study a life-size virtual cadaver without the need for a human
cadaver. Although the Anatomage table is an excellent educational adjunct for basic anatomy, the equipment fails to
show anatomical variations. Therefore, students agreed that the Anatomage aided them in increasing their anatomical
knowledge, recognizing that it is a supplement to the cadavers, rather than a tool that stands on its own.

One limitation, out of the 99 undergraduate participants, exclusively 63 completed the post-test due to tech-
nical problems with the online examination tool. Even so, 63 students are enough to obtain our results and affirm our
conclusions since it is an acceptable sample size. An additional restriction was ground transportation to mobilize the
students from one campus to the other. We conceive if we had had the means of free transportation, the number of
participants in this activity would have increased. All the same, the 99 students who attended to participate were highly
motivated to travel on their private transportation, and the AOO aided them in learning human anatomy.

Consequently, we conclude that AOO yielded great results in the depth, retention, and application of A&P
knowledge, along with increased involvement and excitement for pursuing either STEM or Allied Health degrees.
The future goals are to encourage additional graduate students to participate as Teacher Assistants in the AOO since
it is established that peer teaching learning is an outstanding strategy for students to consolidate their previous
knowledge (Knobe et al., 2010; Jackson and Bruegmann, 2009). Besides, we would like to target other schools with
anatomy in their curriculum without a cadaver laboratory and expose them to the AOQO. One final note, PCOO, is
considering a biannual "Anatomy Week" to encourage and motivate more students to pursue their education in STEM
and Allied Health fields.
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