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ABSTRACT. Within the last few decades, there has been increased interest in computer-aided instruction
(CAI) as a supplement to, or replacement for, cadaver dissection. With the multitude of resources now
available, it is important to collect information regarding students’ use of anatomical resources. The purpose
of this study was to assess the use of computer-aided instruction (CAI) by gross anatomy students at the
Indiana University School of Medicine (IUSM). A survey was developed to assess how frequently students
used a variety of resources. The gross anatomy resources were chosen based on their 1) prominence in the field
of anatomy; 2) high level of quality; and 3) appropriateness for medical students. Students reported using
general computer applications, such as PowerPoint, web browsing, and email most frequently to study gross
anatomy. Instructor-made resources were also popular. The three most frequently used commercially
available gross anatomy software programs were 1) The Imaging Atlas of Human Anatomy; 2) Netter
Interactive CD; and 3) The Visible Human Dissector. However, a majority of students did not use, or were
unaware of, the commercially available anatomy software. Students used resources that held the most
potential for improving their grades, as was illustrated by the use of instructor-made CD-ROMs/DVD-ROMs
at IUSM-Northwest and by the use of the Visible Human Dissector and The Imaging Atlas of Human Anatomy
at IUSM-Lafayette. A number of exam questions came directly from these resources at these campuses.
Because students’ use of CAI was limited, adding or creating additional resources should be carefully
considered.
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INTRODUCTION

Medical education as a whole, and gross

anatomy (GA) specifically, has been undergoing

a massive transition towards a prominent elec-

tronic presence. The primary means of studying

and learning anatomyhas been through the use of

cadaver dissections, textbooks, and lectures.

Within the last few decades, there has been

increased interest in alternative methods, includ-

ing the use of computer-aided instruction (CAI),

to supplement or replace cadaver dissection

(McNulty et al. 2000; Kesner & Linzey 2005;

Kish et al. 2013; Saltarelli et al. 2014). CAI can

take many forms including image databases,

dissection videos, websites, computer animations,

smart phone or tablet applications (apps), and

podcasts (Lonn&Teasley 2009; Richardson et al.

2011; Jaffar 2012; Leggate 2012; Baheerathan &
Selvaskandan 2014).

The transition towards a technology-centered
curriculum has resulted in many research studies
aimed at evaluating the effectiveness of different
multimedia resources or developing new CAI
programs to improve student learning of ana-
tomical structures (McNulty et al. 2000, 2009;
Nieder et al. 2000; Van Sint Jan et al. 2003;
Elisndo-Omana et al. 2004; Hariri et al. 2004;
Hudson 2004; Jastrow & Hollinderbaumer 2004;
Lei et al. 2005; Linton et al. 2005; Levinson et al.
2007; Gould et al. 2008; Cook et al. 2010; Rich &
Guy 2013). These studies have predominantly
involved the evaluation of CAI resources that are
instructor-made and course-specific.Results from
these studies have been mixed and dependent
upon the format of the CAI resource being
evaluated.

The development and implementation of any
new instructional resource should be driven by
well-defined educational objectives that consider
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the needs of the students (Jastrow & Hollinder-
baumer 2004; Mayfield et al. 2013). Evidence-
based instructional design standards and guide-
lines for creating and implementing CAI are
especially important in a medical curriculum
(Han et al. 2014). However, in reality, CAI
resources tend to be provided as supplemental
learning materials for medical students to use at
their own discretion. For CAI to realize its full
potential, it must be incorporated into the
curriculum and assume a more prominent role.
Towards this purpose, it is necessary to examine
the extent of CAI use and its effectiveness in
learning outcomes. Several different terms have
been used to describe this process. Educational
and instructional designers use the term ‘needs
assessment’ (Bacro et al. 2013), while others refer
to it as ‘implementation profiling’ (Ellaway et al.
2014).

The use and effectiveness of CAI can be most
easily evaluated through the collection of com-
puter usage statistics and student surveys. Survey
data can provide additional insights into what
resources students feel are most useful in their
studies (Jastrow & Hollinderbaumer 2004). For
example,Mayfield et al. (2013) created a survey to
assess students’ use of iPads versus traditional
dissectionatlases ‘‘and thenatureof [the students’]
participation’’ in theGA laboratory;whileRich&
Guy (2013) focused their survey on rating the
value of an online teachingmodule versus lectures
and laboratory sessions ‘‘as a source of under-
standing the course and its contents’’. Surveys
may also reveal discrepancies between students’
preferences for using electronic resources and
students’ actual use of electronic resources.
Jastrow & Hollinderbaumer (2004) found that
students wanted CAI applications in anatomy
and stated that they would use them; however, in
practice a third of students reported that they
accessed the available CAI materials less than
once a month.

When considering the inclusion or develop-
ment of CAI resources for teaching GA, one of
the first steps should be to determine which
resources students are actively using. However,
there is a noticeable lack of information about
what learning resources students actually use
under normal circumstances. Ellaway et al.
(2014) conducted a similar study to explore
how students made use of mobile devices.
Although their experiment focused on the use
of hardware, they did find that student use was
heavily dependent upon context. With the

variety of available resources, it is more impor-
tant to make a concerted effort to collect
information regarding students’ use of anatom-
ical resources on a regular basis. The purpose of
this study was to assess the use of computer-
aided instructional (CAI) resources used to
study gross anatomy by first-year medical
students at Indiana University School of Med-
icine (IUSM).

MATERIALS AND METHODS

This study was conducted at IUSM. IUSM is
one of the largest medical schools in the United
States. It consists of a central campus in
Indianapolis, Indiana and eight regional centers
across the state of Indiana. Four of the nine
campuses granted permission to conduct this
research project. The campuses that participated
were the main campus in Indianapolis, IUSM-
Northwest (Gary), IUSM-Lafayette, and IUSM-
Terre Haute.

At the time of this study, the curriculum at
IUSM was equivalent across the campuses, but
not identical. Teaching pedagogies at each
campus varied. However, there was a common
core curriculum, statewide discipline exams, and
common assessment of competencies for stan-
dardization across the nine campuses. The main
Indianapolis campus and IUSM-Lafayette had
discipline-based curriculawithmultiple courses in
each semester.Atboth campusesGAwas a stand-
alone course in the fall semester and was taught
through didactic lectures and full cadaver dissec-
tion. IUSM-Northwest (Gary) had an integrated,
problem-based learning (PBL) block schedule.
GA was integrated with cell biology, histology,
embryology, and radiology and was taught
through prosected cadavers. IUSM-Terre Haute
had an integrated discipline-based curriculum
with multiple courses in each semester. GA was
taught through a combination of team-based
learning (TBL), lecture, and full cadaver dissec-
tion during the fall semester. CAI was used as a
supplement to dissection laboratory sessions.

A pencil-and-paper questionnaire assessing the
use of multimedia, specifically computer-aided
instruction, in gross anatomy courses was devel-
oped to evaluate how frequently students used a
varietyof resources ranging from instructor-made
to commercially available anatomy software.
Several previously published surveys evaluating
medical students’ use of CAI and their computer
literacy were used as a guideline for the question-
naire in the current study (Magid et al. 1988;Lang
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1995; Lynch et al. 2000; Dørup 2004; Jastrow &
Hollinderbaumer 2004; Link & Marz 2006; For-
man & Pomerantz 2006). The questionnaire
contained items designed to 1) assess general
computer-usage; 2) determine the frequency and
usefulness of various resources, including the ones
made by course instructors; and 3) gauge the use
of commercially available software packages
designed specifically for anatomy. The GA
resources included in this survey were chosen
based on the following factors: 1) their promi-
nence in the field of anatomy; 2) their high level of
quality; and 3) their appropriateness for first-year
medical students. The questionnaire was pilot
tested on a sample of fourteen second-year
medical students at IUSM-Lafayette in order to
obtain feedback regarding the clarity of the
instructions and appropriateness of the questions.
A cover letter attached to each survey explained
the purpose of the study and addressed concerns
regarding anonymity and informed consent. This
anonymous survey study was deemed exempt by
the Institutional Review Board (Protocol #:
081007481).

Descriptive statistical analyses were conducted
using SAS 9.1. Percentages were calculated based
on the total number of respondentswhoanswered
each item. Chi-Square Goodness of Fit Tests and
Chi-Square Tests of Association were conducted
using SPSS version 24.

RESULTS

The overall response rate for participating
IUSMcampuseswas 78% (n¼158).The response
rates at the four participating campuses are
reported in Table 1. Demographic information
for all surveyed students is provided in Table 2.
Data on basic computer usage, provided in Table
3, were used as a base-line comparison to the data
obtained regarding CAI used to study GA.

Overall, students reported using Internet
browsing (44.6%), PowerPoint presentation soft-
ware (47.1%), and email (37.6%) on a daily basis
to study GA (Table 4). There was a statistically
significantdifference (p, 0.001) in theproportion
of students reporting daily use of the following
computer applications to study GA: Internet
browsing, word processing, spreadsheets, CD-
ROMs/DVD-ROMs, presentation software, and
email. Word processing, spreadsheets, and CD-
ROMs/ DVD-ROMs were used less frequently,
with spreadsheets being the least used resource.
Not surprisingly, instructor-made resources were
quite popular with the students. There was a
statistically significant difference (p , 0.001) in
the proportion of students reporting the use of
different types of instructor-made resources.
Instructor-made handouts and PowerPoint pre-
sentations were used by a majority of students
across all four participating campuses. In a typical
didactic lecture, PowerPoint presentations are the
predominant method of delivering anatomy
content.GAcoursepackets, consistingof detailed
notes or outlines for each lecture, are typically
provided to students at several of the IUSM
campuses. Additional handouts could have been
in the form of print-outs of the PowerPoint
lectures. The use ofCAI at one particular campus,
IUSM-Northwest, stood out from the others.
Here 81% of surveyed students reported using
instructor-made CD-ROMs or DVD-ROMs to
study GA. This campus utilized a problem-based

Table 1.—Response rate from participating
IUSM Campuses.

Campus % N

IUSM-Northwest 87.5 21
IUSM-Indianapolis 71.0 98
IUSM-Lafayette 100.0 16
IUSM-Terre Haute 95.8 23

Table 2.—Demographic information for first-year
medical students at IUSM.

Age

Mean 24
Range 20–44

Gender

Male 56%
Female 44%

Ethnicity

Caucasian 68%
Asian/Pacific Islander 18%
African American 5%
Hispanic 3%

Table 3.—Basic computer usage of first-year
medical students at IUSM.

% N

Use or Own PC 63.3 105
Use or Own Mac 33.1 55
Cable Broadband Internet 57.3 90
DSL Internet 28.0 44
Use Wireless Internet 95.4 147
Access Email Daily 96.8 152
Browse Internet Daily 90.6 144

//titan/Production/p/pias/live_jobs/pias-126/pias-126-01/pias-126-01-02/layouts/pias-126-01-02.3d � 30 October 2017 � 1:03 pm � Allen Press, Inc. Page 96

96 PROCEEDINGS OF THE INDIANA ACADEMY OF SCIENCE



learning (PBL) curriculum in a block schedule.

Instructor made CD-ROMs and DVD-ROMs

may have been used to provide students with

electronic versions of handouts, PowerPoint

lectures, or provide additional anatomy content

to students as they work through PBL cases.

Not only was it beneficial to determine how

often students used CAI resources, it was also

important to discover whether or not the students

found them useful. A majority of students

reported that course websites, learning manage-

ment systems (such as Blackboard), and Power-

Point presentation software were useful to study

GA (by 80.9%, 89.2%, 89.7% of student,

respectively). Email and reference websites (such

as Wikipedia) were also reported as useful (by

75.8% and 69.8% of students, respectively).

Although the overall use of CD-ROMs/DVD-

ROMs was rather infrequent, they were seen as

useful by 20.7% of participating students. There

wasa statistically significantdifference (p,0.001)

in the proportion of students reporting that they

found the following computer applications useful

to studyGA: Internet browsing, word processing,

spreadsheets, CD-ROMs/DVD-ROMs, presen-
tation software, and email.

The surveys indicated that the overall use of
CD-ROMs/DVD-ROMs was dependent upon
location (Table 5). Students at the IUSM-
Northwest campus used CD-ROMs/DVD-
ROMs more frequently (1/3 of students using
them several times a week) than at the other
reporting campuses. The sample size was too low
to calculate the statistical significance of the
proportion of students reporting frequent use
(daily or several times a week) of CD-ROMs/
DVD-ROMs to study GA by campus at the four
IUSM campuses. However, there was a statisti-
cally significant difference (p , 0.001) in the
proportion of students reporting that they never
used CD-ROMs/ DVD-ROMs to study GA. A
majority of students at both the IUSM-Indiana-
polis and the IUSM-Terre Haute campuses
reported never using any CD-ROMs/DVD-
ROMs to study GA.

The perceived usefulness of CD-ROMs/DVD-
ROMs in general was also variable across the
campuses (Table 6),which ismost likely due to the
differences in how often students at each campus

Table 4.—Frequency of use of resources to study gross anatomy. *¼ There was a statistically significant
difference (p , 0.001) in the proportion of students reporting daily use of the following computer
applications: internet browsing, word processing, spreadsheets, CD/DVD-ROMs, presentation software, and
email.

Resource
Daily*

Several
times
a week

Several
times

a month

Several
times
a year

Less
often Never

% % % % % %

Internet Browsing 44.6 35.0 14.0 1.3 1.3 3.8
Word Processing (Word, Wordperfect) 15.9 26.1 23.6 6.4 10.2 17.8
Spreadsheets (Excel) 5.1 16.4 19.0 3.8 19.6 36.1
CD-ROMs/ DVD-ROMs 1.3 8.4 13.0 4.6 13.6 59.1
Presentation Software (Powerpoint, Corel) 47.1 26.8 10.2 1.9 3.8 10.2
Email 37.6 29.9 10.8 0.6 9.6 11.5

Table 5.—Frequency of use of CD-ROMs and DVD-ROMs to study gross anatomy at each IUSM
Campus. *¼There was a statistically significant difference (p , 0.001) in the proportion of students reporting
that they never used CD-ROMs/ DVD-ROMs to study GA.

Campus
Daily

Several
times
a week

Several
times

a month

Several
times
a year

Less
often Never*

% % % % % %

IUSM – Northwest 0 33.3 38.1 9.5 14.3 4.8
IUSM – Indianapolis 1.1 4.2 4.2 3.2 12.8 74.5
IUSM – Lafayette 6.3 6.3 37.5 6.3 12.5 31.2
IUSM –Terre Haute 0 4.4 8.7 4.4 17.4 65.2
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used them. At IUSM-Northwest, 61.9% of
surveyed students found CD-ROMs/DVD-
ROMs useful to study GA compared with only
31.3% of students at IUSM-Lafayette. However,
therewas no statistically significant difference (p¼
0.08) in the proportion of students reporting that
they found CD-ROMs/ DVD-ROMs useful for
studying GA by campus.

We were particularly interested in determining
if students used commercially available software
for learning GA. Examples included ADAM
Interactive, Netter’s Interactive Atlas, The Imag-
ing Atlas of Human Anatomy, Primal 3D, The
Dynamic Human, CD-ROMs/DVD-ROMs ac-
companying textbooks of anatomy, Thieme
Image Collection, Acland’s DVD Atlas, and The
Visible Human Dissector (Fig. 1). There was a
statistically significant difference (p , 0.001) in
the proportion of students reporting frequent use
(daily or several times a week) of these commer-
cially-available CAI resources. The three most

used commercially available software programs
were: 1) The Imaging Atlas of Human Anatomy
(27.3%); 2)Netter Interactive CD (23.2%); and 3)
The Visible Human Dissector (16.2%). However,
they were not used frequently by many students.
Instead, amajority of students did not use orwere
unawareof these commerciallyavailable anatomy
instructional software packages (Table 7). Of the
three most used programs mentioned above, The
Imaging Atlas of Human Anatomy was used the
most frequently,with 13.6%of students reporting
usage daily or several times a week (Table 7).

To further investigate the use of these three
resources, the usage frequencies were determined
for each campus. Of the four participating
campuses, IUSM-Lafayette was the only campus
that showed a distinct pattern of use for these
commercially available anatomy software pro-
grams. At IUSM-Lafayette, The Visible Human
Dissector was the most frequently used software
program. In fact, just over 75% of the students

Table 6.—Frequency of reported usefulness of CD-ROMs and DVD-ROMs to study gross anatomy at
each IUSM Campus.

Campus
Useful Undecided Not useful N/A – Did Not Use
% % % %

IUSM-Northwest 61.9 23.8 14.3 0
IUSM-Indianapolis 10.5 27.4 3.2 58.9
IUSM-Lafayette 31.2 37.5 18.8 12.5
IUSM-Terre Haute 17.4 17.4 4.3 60.9

Figure 1.—Percentage of students at IUSM reporting use of commercially available anatomy software to
study gross anatomy.
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usedTheVisibleHumanDissectorbetween several
times a week and several times a month (Fig. 2).

In addition to using The Visible Human
Dissector, over half (56.3%) of the students at
IUSM-Lafayette made use of The Imaging Atlas
of Human Anatomy, with 12.5% indicating daily
use of this program (Fig. 3). These two resources
were made available to students at IUSM-
Lafayette in CD-ROM/DVD-ROM format;
and a number of written exam questions came
directly from the content of these resources. From
the data obtained from this study, it is unclear
whether the other IUSM campuses made use of
these, or similar, resources.

From these observations it can be concluded
that students at IUSM-Northwest use instructor-
made CD-ROMs/DVD-ROMs frequently to
study GA, and they generally found them useful.
Data also suggest that students at IUSM-

Lafayette used commercially available anatomy

CD-ROMs/DVD-ROMs, and generally found

them useful as well.

DISCUSSION

Overall, students reported using general com-

puter applications, such as PowerPoint, web

browsing, and email, most frequently to study

GA. Email as a study method was an interesting

and surprising finding. New technologies are

changing the learning environment for profes-

sional students and studying is no longer limited

to reading the textbook, attending class, and

taking notes. Email as a study method could

include submitting questions to the course in-

structor, or sharing notes, references, and web-

sites with other classmates. Several studies have

used email as an integral part of instructional

Table 7.—Frequency of use of commercially available anatomy software to study gross anatomy at each
IUSM Campus.

Resource
Daily

Several
times
a week

Several
times

a month

Several
times
a year

Less
often Never

Have not
Heard Of

% % % % % % %

Netter’s Interactive Atlas CD-ROM 0.7 5.8 7.1 1.9 7.7 65.8 11.0
Imaging Atlas of Human Anatomy 6.5 7.1 10.4 0.7 2.6 45.4 27.3
The Visible Human Dissector 0.7 6.5 3.2 4.5 1.3 42.9 40.9

Figure 2.—Frequency of use of The Visible Human Dissector to study gross anatomy at the IUSM-
Lafayette Campus.
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intervention activities (Kerfoot et al. 2012; Bow et
al. 2013).

The distinction between technology as an
educational tool versus technology as an integral
part of instruction is blurring. Technologically-
savvy students may have different perceptions of
what qualifies as ‘studying’. For example, Han et
al. (2014) found that students perceived Google
Docs, wikis, podcasts, YouTube, Google Calen-
dar, Skype, and Learning Management Software
(LMS) useful for learning. The addition of
technology such as iPad apps, Second Life,
Twittere, and Facebook to the domain of
instructional methods has further changed the
way people study and learn (Lonn & Teasley
2009; Richardson et al. 2011; Richardson-Hatch-
er et al. 2013, 2014; Jaffar 2014; Lee & Gould
2014). Most of these computer applications do
not explicitly fall within the category of CAI. A
major drawback to these applications is that they
may not provide relevant, correct, and up-to-date
information. Raikos & Waidyasekara (2014)
evaluated YouTube videos of the human heart
anddiscovered thatmostwere of poorquality and
were not of sufficient detail for medical students.
Vilensky & Steenberg (2015) had similar findings
from their investigation of anatomy pages on
Wikipedia. Lewis et al. (2014) performed a
systematic search for iPad apps relating to
anatomy. With no guidelines or standards for

the content of apps, the concerns remain not just
on the availability of recent and up-to-date
information on the content in these learning apps,
but also on the validity and appropriateness of the
content.

The current study indicated that the use of CAI
to study GA was limited. Students used instruc-
tor-made resources, but most students either did
not use, or were unaware of, the commercially
available anatomy software programs. Possible
reasons for this are: 1) the programs were not
available for the students; 2) the programs were
available but the students were not explicitly
informed about them; or 3) the students were
informed that programs were available as supple-
mental studymaterial, but the programswere not
incorporated directly into the course. The avail-
ability of commercially prepared CAI programs
for students may be challenging to address,
requiring financial investment on the part of
universities and/or students. However, textbooks
like Moore’s Clinically Oriented Anatomy, Net-
ter’s Atlas of Anatomy, and Gilroy’s Atlas of
Anatomy are now available in eBook format,
making access to enhanced online study tools
even easier. There are also many anatomy
applications (apps) available for download onto
tablets or smartphones.

This highly technology-driven generation of
students with access to educational resources

Figure 3.—Frequency of use of The Imaging Atlas of Human Anatomy to study gross anatomy at the
IUSM-Lafayette Campus.
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literally at their fingertips may be expected to find
useful online resources for their studies on their
own. However, the time-intensive demands of
medical school education along with the com-
pressed design of anatomy taught in an integrated
curriculum may prevent students from seeking
out and identifying the best andmost appropriate
resources to aid their studies. In fact, Johnson et
al. (2013) found that students expect the faculty to
beable todirect themtoappropriate resources.As
experts in the field, anatomy faculty could advise
students on the best CAI resources available.

Students tend to use resources that hold the
most potential for directly improving their grades,
as was illustrated by the frequency of use of
instructor-made CD-ROMs/DVD-ROMs at
IUSM- Northwest and by the frequency of use
of the Visible Human Dissector and The Imaging
Atlas of Human Anatomy at IUSM-Lafayette.
The information from these programs was
included as part of the GA exams at these
campuses. Jastrow & Hollinderbaumer (2004),
in their study of web-based resources and CD-
ROMs in GA, found that students’ ‘‘focus of
interest was on material with relevance to current
courses and examinations’’, while Jaffar (2012)
found that ‘‘students preferred resources based on
the expected benefits in examinations’’. Both of
these results support the findings from the current
study.

CAI is most effective when it is fully incorpo-
rated into a course rather than solely used as an
optional resource (Jastrow & Hollinderbaumer
2004; Vivekananda-Schmidt et al. 2004; Kish et
al. 2013). When CAI is provided as supplemen-
tary resources for GA courses, students’ use of
these resources is often inconsistent (McNulty et
al. 2009). When asked why they did not use the
CAI resources, students’ common responses
included: ‘‘1) technical difficulties with their
computers; 2) lack of sufficient time; 3) other
resources were more useful to their study; and 4)
specific CAI did not fit their learning style’’
(McNulty et al. 2009). In light of the results of
McNulty et al. (2009), the findings from the
current study may not be unique to IUSM, and
may have broader implications for developing
and incorporating CAI into GA courses at
medical schools across the country.

If, as in this study, students’ use of CAI is
limited mostly to instructor-made resources and
materials directly incorporated into exams, the
purpose of adding or creating additional resourc-
es should be carefully considered. Prior to

spending countless hours creating and testing
new CAI resources, instructors might consider
tailoring one of the many programs already in
existences to fit their course design, course
objectives, and needs of the students (Doubleday
et al. 2011; Robin et al. 2011). Along these similar
lines, Attardi &Rogers (2015) critically evaluated
ten commercial software programs prior to
choosing Netter’s 3D Interactive Anatomy as
theprogramthatwouldfit their needsbest (Netter
2012). CAI can be a great tool to aid teaching and
enhance the learning experience when used
appropriately and in conjunction with other
teaching tools. The focus of educators should be
how CAI could address specific learning objec-
tives within the anatomy curriculum (Tworek et
al. 2013).

Although this study took place during a
transitional period in CAI from CD-ROM/
DVD-ROMs to Internet-based resources, the
impact of the findings remains relevant. There is
now a plethora of available resources online that
are accessible via any mobile device (laptop,
tablet, smart phone, ebook reader, etc.). Smart
phone applications and YouTube videos can be
created by just about anyone. So it is important to
evaluate these resources critically, both for
consistency with specified learning objectives
and for potential use among students. CAI may
enhance and maximize student learning when
these resources are matched to course and
curricular learning objectives. One of the most
important findings from this study was that
students were largely unaware of the commercial-
ly availableGAresources.Weare still in themidst
of a technology revolution in medical education,
so instructors should stay abreast of new technol-
ogies and actively evaluate how students choose
to use these technologies as they study anatomy.
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