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ABSTRACT
A student may possess the necessary skills to enter graduate level programs but
may still struggle with metacognition and self-directed learning. The focus of this study is
to provide targeted resources to graduate level students that will both facilitate learning
and guide advancement of metacognitive skills. The general study design included the
creation of digital learning modules for a single course, their distribution to students as
well as the evaluation of student access and course performance. The learning modules,
designated ‘Preview Pal’, were structured to creatively engage learners with varied
learning style preferences in order to benefit all students in a general student cohort. The
Preview Pal learning modules were created specifically for use in a graduate level anatomy
course. The learning modules were limited to covering the upper limb anatomical region.
The Preview Pal learning modules were made available to students through the course
learning management system. Student access of the Preview Pal learning modules was
tracked through the learning management system. Student course performance in
examinations was also assessed. In addition, student communications indicated that for a
large number of students the Preview Pal learning modules were valuable for the
facilitation of learning. Preview Pal may help students facilitate their own learning based
on three conclusions. First, Preview Pal was significantly accessed by the majority of the
class during the term in which access was tracked. Second, based on survey data students
self-reported that Preview Pal helped them to facilitate their own learning. Finally, Preview
Pal appeared to improve test scores for students who used it.
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INTRODUCTION
Facilitated learning can be defined as a process that provides students with tools,
resources and techniques that guide them to take more control of their independent
learning (Crockett and Foster 2005). Facilitated learning is a means, not only to help
students learn the academic content in a curriculum, but also to guide them to approach
information acquisition in a manner in which they themselves best learn. Once an
individual is aware of how they learn, they can apply the approach they have developed
across different genres of education. In their technical report, Brown, Bransford, Ferrara
and Campione (1982) [CDP1]acknowledged that it was the learner who knows how to
recognize flaws or gaps in their own thinking who [learn the best]. Those who are able to
explain clearly their own personal thought processes and change how they study based on
the content presented are the individuals who are able to solve problems more easily and
learn more readily (Brown et al. 1982). Because the learning process can be abstract, it is
hard for individuals to make concrete the complicated process that takes place in their own
minds (Brown et al. 1982). Thus, facilitated learning becomes an important tool in helping
individuals build learning skills.
While the concept of facilitated learning in the graduate setting is not a new one,
there is not as much research on this concept as in using facilitated learning in K-12
education. However, Murray (2011) implemented a comprehensive plan to facilitate
learning by catering to a wider range of learning styles in graduate school for occupational
therapist and reported that there was greater academic success of students in the program.
There are also other articles describing how many adult students learn and how they are
both similar and different to K-12 learners. According to research done by Dr. Lela
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Vandenberg, a Senior Leadership & Professional Development Specialist at Michigan State
University there are several principles of adult learning that differs from learning by K-12
students. Among these principles that are specific to adult learners are personal benefit,
experience, self- direction, application and action and learning styles. These principles
separate the adult learner, like graduate students, from the K-12 learner who must learn
the content they are taught regardless if they see validity in the information or not. Adult
learners have experiences which are going to shape how they accept information they are
taught. The ability to apply new information to their lives and what they see as their future
careers is extremely important. This is one of the reasons that they are more critical of
academic material than a learner from the K-12 category. Adult learners must incorporate
new information into their already existing mental framework (Vandenberg 2009, CDC.org
and ccu.org 2014). Because of the experience adult learners come to the table with, their
personal understanding of the individual learning style and the different ways they learn
compared to K-12 learners there is an observational need for a difference in the way
material is taught across many courses in undergraduate and graduate programs (Cone
and Dover 2012; Bok 2013). Some graduate institutions are starting to realize that in order
to be more competitive with other graduate schools they must appeal to students with a
wider range of learning styles (Speece 2012). Yet another study found that the older a
graduate/adult-student is the less likely they are to seek out help when faced with
confusing information (Dunn, Rakes and Rakes 2014). The age and level at which a student
is studying greatly influences how they learn and if and how students are able to facilitate
their own learning. Adult learners like graduate students are different from students in K-
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12 curriculum, thus resources like Preview Pal should be created to help adult learners
facilitate their learning to the best of their ability.
Those with a knowledge of educational strategies and those who are exceptionally
metacognitive (the ability to think about thinking) may be aware of how they best learn;
however, many learners, even adult learners, may not possess these skills. A graduate
student may very well possess the necessary skills to enter into graduate level programs
but still struggle with metacognition. This concept is evident in the multiple intervention
programs that take place in college for first year students. Colleges frequently have plans in
place to prevent students from failure their first year in college which often results from
the new level of rigor to which they are introduced (Robbins, Oh, Le and Button, 2009). It is
believed that it is metacognitive skills and ability to self-regulate learning that separates
those who matriculate at the graduate level from those who excel at graduate programs.
One study of undergraduate nursing students showed being a strong self-directed learner
with knowledge of one’s individual learning style had positive correlations in
undergraduate and further education (El-Gilany and Abusaad 2013). The question then
arises: how do individuals in graduate school build skills of metacognition while still
learning content? One such answer to this question might be a tool to facilitate learning at
the graduate level. In this study, we have created one such novel tool called Preview Pal.
Preview Pal is designed to be a comprehensive computer module for anatomy that
will combine various resources for facilitating learning of different parts of the human
body. It will be a coordinated approach to facilitate different learning styles. Preview Pal
can be used by any student but can be especially useful for those students who must
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preview material in order to do their best in the course. Preview Pal might facilitate
students’ learning in a way that could lead to improved metacognition and self- regulated
learning. Zimmerman (1989) describes self-regulated learners as individuals that
proactively seek out information when needed and take the necessary steps to master it.
When faced with challenges that may hinder ones progress in the educational setting, it is
the self-regulated learner who uses a systematic approach to take control of his or her
education to achieve the goals they desire (Zimmerman 1989). Preview Pal can improve
self-regulated learning skills by engaging students in a training/ intervention program
that will help them understand the resources that best facilitate their learning. Preview
Pal will facilitate learning by exposing student to various resources that address many
learning needs.
It is important to note what makes preview Pal different and potentially
more beneficial than other resources. Preview Pal will make available to students widely
used methodologies and different types of resources that appeal to various learning styles
in one place for a particular course and organize them in an orderly fashion. This will allow
students to save time and energy sifting through different resources. The Preview Pal
module will allow students to learn how to focus on important details and start to build a
more complete model of the material presented in class. It will help students understand
which resources offered actually helped them learn. In turn, students will be more inclined
to seek out similar resources or create resources for themselves. This would create more
self-regulated learners and save students time when seeking out resources. Some of the
resources included in Preview Pal for an anatomy course might include diagrams,
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dissection videos, study questions, practice tests, links to digital text books and 3D visuals
of the human body, helpful notes, study tips, flow charts, printable flashcards and
mnemonic devices. It is important when thinking of the creation of Preview Pal to create
modules that could facilitate learning in students with different learning styles. This would
allow students to become aware of the learning strategies that work best for them and lead
to enhanced metacognition. There are several theories about how to facilitate learning in
students with different learning styles. One such theory is the VARK system created by Neil
Fleming in 1987 (Fleming 2011). According to the VARK theory student learning styles
include: visual, aural, read/write, kinesthetic and multimodal learners. The VARK system
suggests way to facilitate learning in students with these different learning styles. Preview
Pal modules show numerous manners to facilitate one’s own learning and enhance
metacognition by presenting the same type of information in anatomy in different ways.
The concept of a computer based module to facilitate learning is not unfounded. In the
September 2004 volume of the International Journal of Instructional Technology and
Distance Learning, Rory McGreal described similar resources as Learning Objects. The
author states that computerized learning programs allow lessons to be generated for the
individual. In addition, learning objects can be used to facilitate learning of educational
content. They are resources that can be used to support learning with technology (Tomei,
McGreal, et al 2004). Preview Pal could work to help those who need to build their
metacognitive and self-regulated learning skills by facilitating students’ learning.
Preview Pal can help those who have the cognitive ability to succeed yet still lack the
exposure to various resources and learning techniques to succeed at the graduate school
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level. In her paper, “Self-regulated learning: where we are today”, Monique Boekaerts
discusses the 1993 report of the United Kingdom National Commission on Education,
entitled `Learning to Succeed’, saying a small amount of students receive a good education
that prepares them for future educational endeavors and future experiences. Most students
don’t get a chance to develop their educational talents and self-regulatory skills (Boekaerts
1999). This holds true. Many graduate students actually have an underdeveloped skill for
learning how to learn. They are simply used to lower level education in which they are not
forced to learn how to learn but to merely learn the content at hand. Preview Pal could help
solve this problem by presenting students with information in various manners and
helping students identify which resources work the best for them. In this way Preview Pal
will facilitate students’ learning. For example, if a student realizes that they excel at tests,
back tests and quizzes after using visual modules, like the video interactive module then
they may decide to make their own visual notes or seek out similar resources for another
class or for other material in anatomy. There might also be a connection between increase
ability to self-regulate learning, critical thinking and seeking out additional resources. One
study found that graduate students who were self-regulated learners and could think
critically sought out help of additional resources (Dunn, Rakes and Rakes 2014). If Preview
Pal helped students facilitate their own learning, increasing self-regulated learning there is
a higher probability that they would seek out additional resources that would work for
them individually.
Preview Pal would expose students to types of resources they were not aware
wereavailable nor were they aware that these resources could help them significantly.
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Preview Pal could also help students who have fully developed metacognitive skills but
could benefit from the compilation of various resources in one place. Many believe that
students in this more technological time learn differently. These students are called
Millennials. Whether they learn differently than students of previous generations is
debatable there is still a driving need overall to have more technological based resources
for students. The Harvard school of medicine did research that speculated that in the
classroom setting current delivery of medical school information to its students should be
more technologically based to support those who might need it (Roberts, Newman and
Schwartzstein, 2012). Another study found that a computer-supported program designed
to help students with many different learning styles did support a variety of students
leading to positive learning outcomes (Wang, Hinn and Kanfer 2001). Since Preview Pal is a
computer based module it might help those who need to use technologically based
resources. Preview Pal could benefit those who need to develop self-regulated learning
skills by being a beacon to different resources that foster thinking about how one thinks. It
could also facilitate learning in those who are already self-regulated learners by giving
them new ways of accessing information.
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METHODS
There were 4 main modules that were created for Preview Pal, the mnemonic
module, the labeling/coloring module, the interactive module and the question and answer
module. These 4 modules were created for the each of the following anatomical areas:
brachial plexus, the elbow and cubital fossa, hand and wrist and the chest and axilla
(designated the overview of the upper limb). There were also 2 other modules that were
helpful for the Brachial Plexus specifically: “Testing yourself on the Brachial Plexus”
module and “How to draw the Brachial Plexus” module. The success of Preview Pal was
measured in 3 ways. First, exam averages of students of the 2013-2014 year were
compared to exam averages of the same content of students in the previous years’
Biomedical Sciences Anatomy course. Next, exam averages of students of the 2013-2014
year were compared to usage data of the Preview Pal modules. Finally, responses from an
anonymous 8 question paper student survey were analyzed

1.1 Making the Mnemonic Module
The mnemonic modules were created by first deciding which structures were the
most high yield for this graduate level anatomy course. Many times mnemonics can be used
to help group and remember major structures and functions in the body and minor details
can be learned and memorized afterwards. In an effort to compile mnemonics that were
accurate and interesting various methods were used: searching for free mnemonic
websites, creating new mnemonics and collecting mnemonics that circulate via word of
mouth in the anatomy course at PCOM. The free websites that were used include:
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http://www.lifehugger.com/anatomy and
http://www.freewebs.com/usmanhaqqani/upperlimbmnemonicsii.htm.
All mnemonics that were used for this study were double checked using both the
lecture power points from the professor who taught that content and the anatomy course
textbook, “Essential Clinical Anatomy” by Moore. Within the mnemonic module visual aids/
pictures/ and animations were included to explain certain mnemonics. The purpose for
this was to help students, who were using this module facilitate their learning and visualize
anatomical structures as they learned the mnemonic phrases. Mnemonics modules were
geared toward the aural learner and the learner that needs to read and write, however the
addition of visual images in the module sought to facilitate learning for visual students and
multimodal students as well. Below is an example of a slide from the mnemonics module
for “Overview of the Upper Limb”

10

1.2 Making the Labeling/Coloring module
The labeling module was meant to help those that were visual learners and those
who found it helpful to use visual aids to remember structures in anatomy. It was
suggested to students that this module be used to help students visualize content during
written exams and to help identify structures for lab. The places where images were
obtained to make this module included: the Kaplan anatomy coloring book (which can be
found free online) and the Netter Atlas. Images from the Kaplan textbook were copied from
the online PDF into the power points and the answers were copied separately into the
notes section under the slide so students were able to quiz themselves. The images from
Netters were also copied into the power point slides. White textboxes were used to cover
up labels to important structures on the Netter’s images from lecture so students could fill
them in. Students were then able to check their answers with the answer slides that held
the original image.

1.3 Making the questions and answer modules
Questions were made for students who prefer to read and write to memorize and
learn information. Questions can be used like checklists to ensure that all points professors
have presented in lecture are reviewed. In order to make effective questions, bullet points
from professor’s lectures were turned around into questions and answers. For example, a
bullet point might read “There are 3 sections to the axillary artery”, a question
encompassing this point would say, “How many sections are there in the axillary artery?”
and the answer would state, “Three”. The best questions are simple and encompass a single
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detail. In this respect students can hone in on the specific details they need to study by
analyzing what questions were incorrect. If students found the question and answer
module successful in their studying, it is postulated that they would incorporate a similar
method into their future study plans.
Below are example quiz questions with answers from the Question and Answer module
deemed “Shoulder” Students had a module with the answers and module without the
answers so they could test themselves and check the answer for accuracy.
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1.4 Making the Interactive Module
In order to make the interactive module, websites were searched for that sought to
facilitate learning by using animations. The free website, www.getbodysmart.com was
chosen because it was comprehensive and covered everything that is essential for a
graduate level anatomy course such as attachments, innervations and functions of every
muscle. This website was meant to help students facilitate their learning by helping
students understand that if they view the body in layers and see how the muscles are
related to each other they can learn a better and more comprehensive view of the body.
Below an example slide from the interactive module deemed “Elbow and Cubital
Fossa” and the webpage students saw when they clicked onto the link.
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1.5 Making the ‘How to Draw the Brachial Plexus’ and the ‘Testing yourself on the
Brachial Plexus’ Module
In order to make these modules for the brachial plexus a strategy was created by
using both the instructions of how to draw the brachial plexus from lecture material and
also a free power point found online: “Learn the Brachial Plexus in Five Minutes or Less” By
Daniel S. Romm, M.D. All material used to make this module was checked for accuracy by
using the ‘Essential Clinial Anatomy’ textbook.
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Figure 1) Example slides from the module named ‘How to Draw the Brachial Plexus’

14

What are the first letters you draw
when diagramming the brachial
plexus?

What are labeled here?

Figure 2) Example slides from the module named ‘Testing yourself on the
Brachial Plexus
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RESULTS

Each type of module in the Preview Pal series was created to be relevant to students
of different learning styles. The mnemonic modules were created to be geared toward aural
learners. Saying mnemonics help those who must hear information to learn it. This module
was also predicted to be beneficial for those who must read and write to learn information,
as there were various mnemonics that facilitate learning when they are written down. The
labeling/ coloring module was meant to help those who are more visual learners. The
question and answer module was geared towards the learner that benefits the most from
reading and writing material. Finally, the interactive module could have been used by
almost any type of learner but would most likely benefit the visual and multimodal learner.
It would also help the kinesthetic learner because of the animation of the body movements.
One of the focuses of this study was to help students understand which type of learning
style works best for them in the learning process so it was important that students were
exposed to these different methods of learning as they accessed the Preview Pal modules.

Section I: Raw Data
Part 1: Preview Pal Usage Data
Preview Pal was accessed online by the 2013-2014 Biomedical Sciences anatomy
class via the course learning management system. The amount of times students accessed
Preview Pal online was analyzed to measure a correlation between increased or decreased
usage and raw test scores. Comparisons between usage and test scores will only be
analyzed for modules of the upper limb: 1) The overview of the Upper Limb, 2) Forearm, 3)

16

Hand, 4) Shoulder, 5) The Brachial Plexus and 6) General tips for anatomy. The date
intervals that were chosen to track data reflect the week leading to Exam 1 on December
19, 2013 (December 12th- December 19th) and several weeks leading up to Exam 2 on
February 24, 2014 (January 1st –February 24th).

Table 1) The Overview of the Upper Limb: Amount of usage data for the four types of
Overview of the Upper Limb modules.
Type of Module
Upper Limb Coloring and Labeling
Module
Upper Limb Coloring and Labeling
Module

Date Interval when modules were
accessed
12/12/2013-12/19/2013

Number of times modules were
accessed online
62

01/01/2014-02/24/2014

6
Total: 68

Upper Limb Interactive module
Upper Limb Interactive module

12/12/2013-12/19/2013
01/01/2014-02/24/2014

62
6
Total:68

Upper Limb Mnemonic
Upper Limb Mnemonic

12/12/2013-12/19/2013
01/01/2014-02/24/2014

62
6
Total:68

Upper Limb Quiz Questions
Upper Limb Quiz Questions

12/12/2013-12/19/2013
01/01/2014-02/24/2014

141
7
Total:

Upper Limb Answers to Quiz
Questions
Upper Limb Answers to Quiz
Questions

12/12/2013-12/19/2013

84

01/01/2014-02/24/2014

3
Total:87
Total for all Overview of the Upper
Limb modules:
291
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Table 2) The Forearm Amount of usage data for the four types of forearm modules.
Type of Module
Forearm Coloring and Labeling
Module
Forearm Coloring and Labeling
Module

Date Interval When it Was accessed
12/12/2013-12/19/2013

Number of Times Accessed online
70

01/01/2014-02/24/2014

11
Total: 81

Forearm Interactive Module
Forearm Interactive Module

12/12/2013-12/19/2013
01/01/2014-02/24/2014

70
11
Total: 81

Forearm Mnemonic
Forearm Mnemonic

12/12/2013-12/19/2013
01/01/2014-02/24/2014

70
11
Total: 81

Forearm Quiz Questions
Forearm Quiz Questions

12/12/2013-12/19/2013
01/01/2014-02/24/2014

141
7
Total: 148

Forearm Answers to Quiz Questions
Forearm Answers to Quiz Questions

12/12/2013-12/19/2013
01/01/2014-02/24/2014

84
3
Total: 87
Total for all forearm modules:
235

Table 3)The hand: Amount of usage data for the four types of hand modules.
Type of Module
Hand Coloring and Labeling Module
Hand Coloring and Labeling Module

Date Interval When it Was accessed
12/12/2013-12/19/2013
01/01/2014-02/24/2014

Number of Times Accessed online
41
5
Total: 46

Hand Interactive Module
Hand Interactive Module

12/12/2013-12/19/2013
01/01/2014-02/24/2014

41
5
Total:46

Hand Mnemonic
Hand Mnemonic

12/12/2013-12/19/2013
01/01/2014-02/24/2014

0
0
Total: 0

Hand Quiz Questions
Hand Quiz Questions

12/12/2013-12/19/2013
01/01/2014-02/24/2014

141
7
Total: 148

Hand Answers to Quiz Questions
Hand Answers to Quiz Questions

12/12/2013-12/19/2013
01/01/2014-02/24/2014

84
3
Total: 87
Total for all hand modules:
327
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Table 4) The shoulder: Amount of usage data for the four types of shoulder modules.
Type of Module
Shoulder Coloring and Labeling
Module
Shoulder Coloring and Labeling
Module

Date Interval When it Was accessed
12/12/2013-12/19/2013

Number of Times Accessed online
62

01/01/2014-02/24/2014

6
Total:68

Shoulder Interactive Module
Shoulder Interactive Module

12/12/2013-12/19/2013
01/01/2014-02/24/2014

62
6
Total: 68

Shoulder Mnemonic
Shoulder Mnemonic

12/12/2013-12/19/2013
01/01/2014-02/24/2014

62
6
Total: 68

Shoulder Quiz Questions
Shoulder Quiz Questions

12/12/2013-12/19/2013
01/01/2014-02/24/2014

141
7
Total: 148

Shoulder Answers to Quiz Questions
Shoulder Answers to Quiz Questions

12/12/2013-12/19/2013
01/01/2014-02/24/2014

84
3
Total: 87
Total for all shoulder modules: 439

Table 5) The Brachial Plexus: Amount of usage data for the four types of Brachial Plexus
modules.
Type of Module
Brachial Plexus Labeling Module
Brachial Plexus Labeling Module

Date Interval When it Was accessed
12/12/2013-12/19/2013
01/01/2014-02/24/2014

Number of Times Accessed online
54
12
Total:66

How to draw the Brachial Plexus
Module
How to draw the Brachial Plexus
Module

12/12/2013-12/19/2013

54

01/01/2014-02/24/2014

12
Total:66

Brachial Plexus Mnemonic
Brachial Plexus Mnemonic

12/12/2013-12/19/2013
01/01/2014-02/24/2014

54
12
Total:66

Testing yourself on the Brachial
Plexus Module
Testing yourself on the Brachial
Plexus Module

12/12/2013-12/19/2013

54

01/01/2014-02/24/2014

12
Total:66
Total for all Brachial Plexus modules:
264
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Table 6) General Tips for studying anatomy: Amount of usage data for the ‘General Tips’
and ‘Strategies’ modules.
Type of Module
General Tips and Strategies for
studying anatomy

Date Interval When it Was accessed
12/12/2013-12/19/2013

Number of Times Accessed online
435

Table 7) Total number of times all Preview Pal modules were accessed: Amount of usage
data for all Preview Pal modules on three date intervals.
Type of Module
All Preview Pal Modules
All Preview Pal Modules
All Preview Pal Modules

Date Interval When it Was accessed
11/26/2013- 12/05/2013
12/12/2013-12/19/2013
01/01/2014-02/24/2014

Number of Times Accessed online
44
1115
812

Anatomy Students had their first test on December 19, 2013. Within the week of December
12th-December 19th the amount of times students accessed Preview Pal for resources on
the upper limb are displayed in Tables 1-7. Since the exams in the anatomy Biomedical
Sciences course were not cumulative data showing when Preview Pal was accessed after
January 1st might indicate that students also found the Preview Pal resources helpful in
reviewing information. Students could not use Preview Pal after the first exam on
December 19th to learn new information for upcoming written exams 2 and 3.
Part 2: Questionnaire Analyses
A questionnaire to analyze the validity of Preview Pal as a tool to facilitate learning was
distributed to students after the anatomy course was over. The Biomedical Sciences
anatomy course ended in the second trimester in February of 2014. The questionnaires
were handed out in April of 2014. The questionnaire was anonymous and it was asked that
all participants fill it out honestly. The Preview Pal questionnaire is used to directly answer
the hypotheses if Preview Pal helped students facilitate their own learning. There were 85
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students enrolled in the 2013-2014 PCOM Biomedical Sciences anatomy course. Of those
85 students 72 remained in the Biomedical Sciences program in April when the
questionnaire was handed out. Of those 72 remaining students 69 were able to fill out and
return the questionnaire. Results to the Preview Pal questionnaire can be found in Table 8.
Table 8) Preview Pal Questionnaire Analyses
Question
1) What type of learner do you
think you are primarily?

2) Which PP modules did you use one
or more times?

Answer Choice
a)

Visual

Number of times Answer was
selected
43

b)
c)
d)
e)

Auditory
Read/ Write
Kinesthetic
Unsure

8
8
12
4

a) Upper Limb

44

b)Shoulder
c) Forearm, elbow and cubital fossa
d) Wrist and Hands
e) Gluteal Region
f) Leg and Foot
g) Brachial Plexus
h)None

26
37
28
15
20
31
13

a) Preview material before lecture
only

4

b) Review material only
c) Preview material before lecture
primarily
d) Review material primarily
e) Equally preview and review
material

22
3

4) Overall how would you rate the
usefulness of each type of module?
On a scale of 1-5 (5: very helpful to
1: not at all helpful) circle your
choice for each type of module.

See Table 9

See Table 9

5) Can you elaborate as to why any
of the particular module types listed
above was very helpful or not at all
helpful?

Open Ended Response

Open Ended Response

3) Circle the response which most
accurately indicates how you used
the modules?

25
6
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6) Can you identify which type of
module helped you the most?

7) Do you feel that using Preview
Pal has helped you to be able to
independently identify high quality
resources that you think will be
helpful?

a)mnemonics

26

b) Coloring/ labeling
c) Drawing the Brachial Plexus
d) Interactive
e) Extra tips and strategies
f) quiz Questions

5
12
2
2
8

a) Yes

40

b) No
c) Did not Answer

10
6

Fifty-six participants answered question #4 because only 56 participants of the 69
who took the questionnaire stated that they actually used Preview Pal. Of the 56 students
who stated that they used Preview Pal 40 (71%) of them stated that Preview Pal did help
them identify high quality resources that were helpful to them.
For question #4 students were asked to rate the usefulness of each general type of
module (mnemonic, coloring/labeling, drawing, interactive, extra tips and strategies and
quiz questions) on a 5 point scale with 1 being not at all useful and 5 being very useful.
Students may have chosen not applicable if they did not use the specific module or did not
use any of the Preview Pal modules. Results for Question #4 of the Preview Pal
questionnaire can be found in Table 9.
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Table 9- Survey analyses of question 4 from the Preview Pal Questionnaire:

Survey analyses of question 4 from the Preview Pal Questionnaire, “Overall how
would you rate the usefulness of each type of module in helping you study? On a
scale of 1-5 (5: very helpful to 1: not at all helpful)” Students could choose not
applicable if they did not use the module stated.
Types of Module

Answer based on number scale

Mnemonic

5 (very helpful)
4
3
2
1 (not at all helpful)

Number of times answer was
selected
28
12
6
2
3

Not Applicable

5

Coloring/Labeling

5 (very helpful)
4
3
2
1 (not at all helpful)
Not Applicable

15
16
5
7
5
8

Drawing the Brachial Plexus

5 (very helpful)
4
3
2
1 (not at all helpful)
Not Applicable

14
19
12
4
3
4

Interactive

5 (very helpful)
4
3
2
1 (not at all helpful)
Not Applicable

16
15
11
3
2
8

Extra Tips and Strategies

5 (very helpful)
4
3
2
1 (not at all helpful)
Not Applicable

17
17
10
2
1
9

Quiz Questions

5 (very helpful)
4
3
2
1 (not at all helpful)
Not Applicable

27
14
7
1
0
7
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Figure 3. The visualization of Table 9, survey responses to question 4 asking students if
Preview Pal was useful in their studies. Students could select 1-5 on the Likert Scale.

Question 4 in the Preview Pal questionnaire stated, “Overall how would you rate the
usefulness of each type of module? On a scale of 1-5 (5: very helpful to 1: not at all helpful)
circle your choice for each type of module” In order to see how many times each rating was
chosen (1 being not at all useful and 5 being very useful) all the answers for question 4
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were added up. The answers were added together to create a picture of the overall
usefulness of all types of Preview Pal modules. These numbers are in Table 10.
Rating
Number of
times it was
chosen

Rate 1
17

Rated 2
19

Rated 3
61

Rated 4
93

Rated 5
117

Table 10) Summation of the answers given in question 4 of the Preview Pal Questionnaire
for all types of Preview Pal modules.

The responses from Table 10 were made into graph form and displayed in Figure 4.

Question 4 on Preview Pal Questionnaire: Overall
Usefulness of Preview Pal
140
120
100
80
60
40
20
0
Rated:1

Rated:2

Rated:3

Rated:4

Rated:5

Figure 4. Overall usefulness of the Preview Pal

Section II- Comparative Analyses
Part 3: Test analyses
In order to determine if Preview Pal did facilitate student learning, a comparison of
exams score was made between exams of the 2013-2014 Biomed anatomy class and 2012-
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2013 Biomed anatomy class. The first comparison made was between the questions that
corresponded to content located in Preview Pal for the written portion of Exam 1 of the
2012-2013 Biomed class and the 2013-2014 Biomed class. The second comparison was
made between the overall written exam averages of Exam 1 of the 2012-2013 Biomed class
and the 2013-2014 Biomed class. This information can be found in Tables 11-13. The
calculations for Table 11 and 12 were made by finding the averages on each subset of
questions that corresponded to the content in Preview Pal from the standard analyses
report of each exam.
Class Percentage
Average on subset
of questions

Content of
Questions

77.00%
80.50%

Overview of the
Upper Limb
Brachial Plexus

73.18 %

Shoulder/arm

76.35%

Forearm/elbow

83.23 %

Hand and Wrist

Preview Pal
modules that were
available as a
resource
Overview of the
Upper Limb modules
Brachial Plexus
modules
Shoulder, shoulder
joint and arm
modules
Forearm, elbow and
cubital fossa
modules
Hand and Wrist
modules

Question Numbers

Number of
Questions

21-40

20

22, 25, 29, 36- 39

7

21, 24- 30, 34, 35, 38

11

37- 45

9

42, 44-54

12

Total Average:
78. 02%

Table 11) Questions that corresponded to content covered in Preview Pal on the written
portion of exam 1 of the 2013-2014 Anatomy course for Biomedical Sciences.
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Class Percentage
Average on subset
of questions

Content of
Questions

Preview Pal
modules that were
available as a
resource

Question Numbers

Number of
Questions

74.60%

Overview of the
Upper Limb
Brachial Plexus
Shoulder/arm

None

19-27

9

None
None

4
9

Forearm/elbow
Hand and Wrist

None
None

25-27, 34
7, 24, 28, 29, 32, 33,
34, 35, 38
37-45
42, 44-54

77.86%
73.18 %
76.35%
56.79%
Total Average:
71. 76%

9
12

Table 12- . Questions on exam 1 of the 2012-2013 Anatomy course for Biomedical Sciences
that corresponds to questions on the written portion of exam 1 of the 2013-2014 Anatomy
course for Biomedical Sciences which had content covered in Preview Pal.

Anatomy Course
Year

Average Test
Scores of written
portion of Exam 1

2012-2013

80.97%

2013-2014

79.86 %

Table 13- Average Test Scores of written portion of Exam 1 in Biomedical Sciences
anatomy courses of 2012-2013 and 2013-2014
The average written Exam 1 test scores in the Biomedical Sciences anatomy course for both the
2012-2013 and the 2013-2014 class were very similar. There was no significant difference between
them.
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Anatomy Course
Year

Average Test
Scores of written
portion of Exam 1

2009-2010

80.34 %

2010-2011

80.69 %

2011-2012

82.42 %

2012-2013

80.97 %

2013-2014

79.86 %

Table 14: Averages for the written Exam 1 test scores of the Biomedical Sciences anatomy course
from 2009-2014.
Compared to the average written Exam 1 test scores in the Biomedical Sciences anatomy
courses of 2009- 2010, 2010-2011, 2011-2012 and 2012-2013 year the average written Exam 1
test scores in the Biomedical Sciences anatomy course of 2013-2014 were not significantly lower.
This might suggest the educational capabilities of each class from 2009-2014 were very similar.
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DISCUSSION
Analyzing the Data
The Preview Pal research project sought to expose students to different methods of
studying anatomy to help them understand how to facilitate their own learning and advance
their own metacognition. It was hypothesized that students would be able to apply what they
learned from using the Preview Pal modules first to help them understand how to study and
excel in anatomy and eventually to apply the acquired learning strategies to facilitate
learning in other courses. Based on the usage data Preview Pal (PP) was used numerous
times over the course of the 2013-2014 Biomedical Sciences anatomy class. According to
Table 7, Preview Pal modules that covered the upper limb were used the most on the dates
of December 12-December 19, 2014. The upper limb content was tested on December 19,
2014. The content in the upper limb modules was most relevant for students to learn for the
first exam. This is likely the reason a majority of students accessed Preview Pal from
December 12-December 19, 2014. In addition, the upper limb PP modules were accessed
after the first exam leading up to the second and third exam. This may suggest that Preview
Pal modules were helpful not only as a way to study but to review material after the exam. If
this is true, students may have felt that the manner in which material was presented to them
in Preview Pal modules was very useful for retaining information. Robbins, Le, Oh and Button
(2009) suggested that when students are able to self-manage their study habits more readily
they have increased academic retention (Robbins, Le, Oh and Button 2009). Perhaps
Preview Pal was accessed following the first exam because it was seen as a valuable tool to
help students understand how they best study and retain information.
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Based on Tables 11-14 the content averages for Preview Pal material on Exam 1 of
the 2013-2014 Biomedical Sciences Anatomy course was higher than the same content
average on Exam 1 of the previous years’ anatomy course (2012-2013). However, the
overall written exam scores of Exam 1 for the 2013-2014 Biomedical Sciences Anatomy
course were slightly, but not significantly lower than the 2012-2013 Biomedical Sciences
Anatomy course and relatively similar from the same exam from 2009-2013. This may
suggest that the capabilities of each Biomedical Sciences class at excelling on exams was
relatively the same from 2009-2014. This can be taken into consideration with the data
that shows that students performed slightly higher on the Preview Pal relevant content on
the written portion of Exam 1 in the 2013-2014 class compared to the 2012-2013 class.
This may suggest that Preview Pal did help students facilitate their learning for the Preview
Pal relevant content. If students did better on the Preview Pal relevant content yet the
overall exam taking capabilities were held relatively constant it stands to reason the
Preview Pal may have been successful in its endeavor to facilitate learning. The success of
Preview Pal facilitating learning in student who used it is corroborated by the
questionnaire data. Seventy-one percent of students who reported that they used Preview
Pal said that it did indeed help them facilitate their learning and independently help them
identify high quality resources.
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Many students self- reported that the Preview Pal modules helped them facilitate
their own learning. Some of the comments written in the open ended portions of the survey
included:
Survey #2- “ The mnemonic modules really helped me memorize and learn the
information in anatomy”
Survey #13- “The Brachial plexus modules helped me see how to simplify concepts
and that I needed to practice the material to learn it”
Survey #21- “Preview Pal helped me realize that labeling/ drawing is best for my
learning style”
Based on the comparison of exam averages, the usage date and self-reporting of students, it
is suggested that Preview Pal did help students facilitate their learning and advance their
own metacognition. In their meta-analyses of the possible effectiveness of college level
intervention programs Robbins, Le, Oh and Button (2009)

found that academic

interventions at the college level lead to increased academic scores and self-management
interventions lead to academic retention (Robbins, Oh, Le and Button, 2009). Preview Pal
contains content that is relevant to academic material and content to help students identify
their own personal learning and self- management or self-regulatory skills. Because Preview
Pal is an intervention program that encompasses both academic and self-management skill
it is plausible to calculate its effectiveness via academic scores of the content it encompassed
and other content on the first Biomedical Sciences Anatomy exam to measure retention.
Nevertheless, even though students did better on the content that Preview Pal covered on
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the written portion of the first exam of the 2013-2014 cohort there was no significant
difference between the overall averages of the written portion of the first exam for the 20132014 cohort and the Biomedical Sciences anatomy classes from 2009-2013. Solely using
exam averages there is evidence to suggest that Preview Pal did increase metacognition
about how students learn about the Preview Pal specific information. We cannot definitively
state that it did increase retention from exam scores. However, based on survey data many
students did self-report that they were able to apply methods of study they learned from the
modules to other content in anatomy.
The interpretation of the results in Preview Pal are also supported by research
performed by Forrest-Pressley and Waller in 1989. They found that increased ability to read
is related to increased metacognition about reading. Thus, increased exam averages and selfreported data about Preview Pal might suggest increased metacognition for students who
used it (Forrest-Pressley and Waller 1989). A study by Schraw and Graham (1997) suggested
that one path to increased metacognition was first to have instruction which then increased
base knowledge which then lead to increasing metacognition. This research supports the use
of Preview Pal as a way to advance a students’ metacognition. Preview Pal allows students
to select differentiated instruction based on what they already know about what does and
does not work for them while they study. Preview Pal also provides different ways to study
to those who might have considered certain methods before. This then leads students to
gather knowledge in a manner that is most fitting to their learning styles, which should then
lead to increased metacognition. Schraw and Graham suggest that as students increase their
metacognitive skills in one particular area of study they are able to transfer these skills to
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other academic domains (Schraw and Graham 1997). This suggestion supports the fact that
students could have taken the skills they learned from a particular Preview Pal module in
order to facilitate learning about different sections of the body.
Another interesting finding in this study is that on the Preview Pal questionnaire most
students self-identified that they were primarily visual learners however the majority of
students who used the Preview Pal modules identified the mnemonics modules as the most
useful. The mnemonics modules were designed for the aural learners because they are little
phrases designed to stay in one’s memory when said. However, there was a written and
visual aspect to the mnemonics modules as well. Some mnemonics like MR DEEP SIMR PAIR
for the anastomoses of the elbow are designed to be written in a special orientation so that
when the words overlaid each other you could see how the arteries paired up. In addition,
many mnemonics in the module were accompanied by pictures to help students visualize the
material as it was being said. The discrepancy in how people identified their learning styles
and the module they found most helpful may be explained in several ways. One such
explanation is that students might over identify as visual learners. Based on observation
most students believe they are visual learners because seeing material makes it more easily
understood. One study examining the preferred learning styles of acute care registered
nurses found that, when nurses were given a learning styles questionnaire, among the top 2
learning styles was visual learner (McCrow, Yevchak and Lewis 2014). In addition, anatomy
is a course that is very visual. Students might confuse needing to see structures in anatomy
lab or the book to understand material with actually being visual learners across all types of
content. If this is true one solution to students not identifying the correct learning style might
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be to give students a learning styles questionnaire. Students would not simply answer which
learning styles they believed they preferred but have to answer a series of questions that can
then be totaled to identify which type of learner they are. One such questionnaire might be
the Kolb Learning Style Indicator, the Felder–Silverman Index of Learning Styles
questionnaire, and/or the VARK Questionnaire (Felder and Solomon 1994; Kolb 2005;
Fleming 2011; Hawk 2007). The VARK questionnaire is the most useful in this study as the
Preview Pal modules are based mainly on the learning styles identified by Neil Fleming the
creator of VARK (Fleming 2011). Another explanation to as why students identified
themselves as visual learners but chose material that was meant for aural learners may be
that mnemonics did help students visualize anatomy content mentally. If this is the case then
students did not identify themselves incorrectly but identified a resource that was helpful
for them regardless of what/who it was meant to be for. In study identifying relationships
between learning styles, culture and delivery of educational material they found that most
students could accurately identify the way they best learn and prefer to learn in the way that
best fits the learning styles (Speece 2012).
The importance of Preview Pal as a tool to help students facilitate learning in the
beginning of the course is paramount so that students who need Preview Pal as an
intervention do not fall into bad study habits. Several studies analyzing the validity of
learning styles as a method to teach students have agreed on the importance of students
identifying their personal learning styles early on in their courses to learn to the best of their
capabilities and foster critical thinking skills (Andreeou, Papastavrou and Merkouris 2014;
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McCrow, Yevchak and Lewis 2014; Durmuscelebri 2013). The success of students is greater
when they identify the resources they need early on in their academic courses.
Confounding data in the data analysis
There is some confounding data that needs to be evaluated in the overall data
analysis. The first was a missing choice in one of the survey questions. Question number 3
in the survey stated, “Please circle all of the regions in which you used one or more Preview
Pal modules?” The options students had to choose from were:
a) Overview Upper Limb
b) Shoulder
c) Forearm, elbow, cubital fossa
d) Wrist & Hand
e) None of the above
However, there should have been another option. This was a special brachial plexus module.
A student taking the survey brought up the fact that in question 3 the answer choice for the
brachial plexus was missing. When the surveys were handed out for the remainder of the
class it was asked that students write in “brachial plexus” on question 3 so that the surveyor
could get an accurate number of how many people identified with using the Brachial Plexus
Module. Since in another question when students were asked to identify which modules
helped them the most, many students reported that the brachial plexus helped them the
most it is assumed that the brachial plexus access data is under-reported.
Another factor that impacted data was the wording of survey question #6 [Can you
identify which type of module helped you the most?]. The structure of the question caused
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confusion. Students were unclear as to whether ‘module’ referred to the various body
regions or to the type of module such as drawing or mnemonics. The responses to this
question were different. When speaking about different types of modules some people did
list the desired response which was a selection from the main 4 types of modules:
mnemonic, drawing/labeling, interactive and quiz questions. However, others mostly
stated which body part was most helpful, for example, the wrist and hand, the brachial
plexus, the overview of the upper limb etc. never giving specifics about exactly which type
of module (mnemonic, drawing/labeling, interactive and quiz questions) helped them the
most. In the next Preview Pal research class this question will be followed by examples such
as, mnemonic, drawing/labeling, interactive and quiz questions so that students
understand the question more thoroughly. Because of this error we were not able to identify
which type of module was most helpful to each student took the survey. As stated before,
there were incongruities in which type of learners most students’ identified themselves as
and which type of modules seemed to be the most useful. Perhaps if more students knew
the correct way to answer the question they may have selected a more visual type of module
as the most helpful to them.
There were also some discrepancies in the Preview Pal access tracking in the course
management system. For example, tracking data for the mnemonics module of the hand and
wrist module of Preview Pal indicated that that the module was not accessed; however, a
student self-reported that the mnemonics within this module were very helpful. Thus, this
module was accessed but not tracked by online software. In addition, when gathering usage
data it could only be seen when someone looked at the Preview Pal online but since the
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modules were made on Power Point students had the ability to download and print these
modules. This would mean that usage data was more than reported because it could not be
documented when students used Preview Pal when they were not online. Thus, the usage of
the Preview Pal modules might be substantially higher than that which was reported by the
course management system. This may suggest that Preview Pal modules were deemed more
useful than we could surmise using only the online data.

The data reported in this trial of Preview Pal suggests that these modules do help
students facilitate their own learning, possibly leading to enhanced metacognition. One of
the ways this hypothesis was tested was by comparing test and content averages from this
years’ anatomy course (2013-2014) to last year’s anatomy course (2012-2013) when
Preview Pal was not available. However, there are some factors from each anatomy course
that were not held constant. In the 2012-2013 anatomy course students had various
obligations other than preparing for tests. Students in the 2012-2013 anatomy course were
required to prepare for tests while also preparing for presentations, writing papers for their
case presentation, preparing for impromptu quizzes and writing a paper about their cadaver
in the lab. With these obligations one could reason that the lower test scores in 2012-2013
were because students did not have as much time to prepare for tests as students in the
2013-2014 cohort. Another reason why tests scores in the 2013-2014 anatomy class might
have been higher was because in the 2013-14 class students had their exam content spread
among 3 tests; whereas, students in the 2012-2013 anatomy class had their content covered
in only 2 tests. This means that for the 2012-2013 anatomy class there was more content on
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each test. For example, the 2013-2014 anatomy class had the anatomical regions of the head
and neck, on their second exam, whereas it was included on the first exam for the 2012-2013
anatomy class. This means that included with their other obligations the 2012-2013
anatomy class had more content to study and “less” time to do it so study for each exam in
2012-13 was more demanding. In addition, to those changes from one year to the next, the
2012-2013 anatomy class were required to take their lab practical the same day as their
written exam. This was different for the 2013-2014 anatomy course. For the first exam,
(which this study used to compare to the first exam of the 2012-2013 class) students took
their written exam and lab practical on different days. This might have led to higher written
exam averages in general and higher averages for the specific content identified in Preview
Pal because students could focus more readily on the written section.

Further Research
Preview Pal is an innovative way to expose students with different learning styles to
various forms of study. This study analyzed data that suggests that this program has and will
lead to students discovering which study methods work best for them and the ability to apply
those study habits to future endeavors. There are some slight changes that could be made in
the future to lead to results that would make a clearer connection between Preview Pal and
helping students facilitate their own learning. One change would be to clarify the language
in the Preview Pal survey so that all students know exactly what they are being asked by
every question. Other questions might also be added to the survey to get a more in depth
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understanding of the effect Preview Pal is having on the student study habits, pending IRB
approval.
In the next Preview Pal trial it is suggested that it be given to the incoming DO class,
year 2014-2015 and that we compare these anatomy test scores with the previous years DO
class (2013-2014). Since the management of the DO class anatomy course will be held
relatively constant from 2013-2014 to 2014-2015 the exam averages would give a better
correlation between Preview Pal and facilitation of learning. In addition, it is suggested that
Preview Pal for the upper limb not be given to the 2014-2015 Biomedical Science Anatomy
course. This content can then be compared to the 2013-2014 anatomy course. The reason
for this is because for the 2013-2014 and 2014-2015 Biomedical Sciences anatomy course
director will remain the same and these 2 anatomy classes should have more similar
experiences compared to the 2012-2013 and the 2013-2014 anatomy classes.
Preview Pal modules for other parts of the body in the anatomy course are underway
to be created. Preview Pal modules for the autonomic systems and the vertebral column may
be given to the 2014-2015 Biomedical Science Anatomy course. These lectures occur early
in the anatomy course and would still give students the advantage of knowing about
important study skills early on in the class. Students will also be given Preview Pal for the
lower limb to compare these results with the 2013-2014 class. It is desired that eventually
Preview Pal modules for other courses would be created; teaching students with different
learning styles a variety methods to take control of their own learning when given
information in other content areas.
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This research sought to teach students how to identify learning strategies that
worked best for them so that they could seek out or create other helpful resources in an
efficient manner. Preview Pal modules were designed to cater to a variety of learning styles
to facilitate students’ learning; leading graduate students to be more metacognitive about
study habits and self-regulating their learning. The results of the Preview Pal research show
a positive correlation between the use of Preview Pal and an increase in test scores. In
addition, the self-reporting of students supports the suggestion that Preview Pal advanced
students’ metacognition by helping them think about how they think in order to
independently identify high quality resources that work best for them.
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