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Introduction

Anatomy is undoubtedly a cornerstone of medical educa-
tion. Cadaver dissection is an important tool for learning 
anatomy, especially with respect to the three-dimensional 
organization of the human body [1-6], and is thus regarded as 
the most important source of anatomical knowledge for stu-
dents [7], as well as surgeons [8] and residents [9].

Over the past few decades, the medical education para-
digm has evolved to focus on problem-based, student-

centered, integrated, and clinical competency-accentuated 
approaches [10]. Accordingly, the time spent acquiring a basic 
science education has been markedly reduced [11-13]. Com-
pared to 30 years ago, in 2009 in Korea, the amount of time 
devoted to anatomy lectures was 67% lower, while that spent 
in the dissection laboratory was 54% lower [14, 15]. Specifi-
cally, the lecture time decreased from 96±26 to 65±34 hours, 
and the dissection laboratory time from 155.6±50.0 to 85±47 
hours [14, 15]. In addition to this reduced time, the increased 
content that must now be learnt due to advances in fields 
such as molecular biology, genetics, and bioinformatics leaves 
students feeling overwhelmed during anatomy lectures and 
dissections. 

Another problem specific to our institution, in addition to 
those mentioned above, is crowding in the dissection labora-
tory. Eight students are assigned to a table, which is reason-
able for dissection of the extremities, but is very crowded for 
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dissection of the head and neck due to the relatively small 
area of this region. Under such conditions, equal participation 
of every student cannot be guaranteed, so certain students 
are frequently excluded from dissection practice regardless 
of their intentions. This could be solved either by increasing 
the dissection time or the number of cadavers used. However, 
these solutions are not feasible because of the above-men-
tioned issues and the restricted supply of cadavers.

Another possible solution is alternate dissection (hereafter 
abbreviated as AD), in which students are divided into two or 
three teams that take turns participating in the dissection lab-
oratory. This kind of strategy has previously been adopted by 
some medical schools to reduce course time [16, 17], resolve 
issues associated with class size and a high student-to-body 
and/or student-to-faculty ratio [18-20], or accommodate cur-
ricular changes [21]. Thus, we adopted this strategy in 2014 
with the expectation that it would improve the dissection 
learning environment. However, we had some concerns since 
the opportunity for each student to participate in a hands-on 
dissection, which is one of the best ways to obtain anatomy 
skills, was decreased [7, 22]. Furthermore, studies of the ef-
fects of AD on written examination scores showed somewhat 
conflicting results, including decreases [23], no changes [20, 
24] or improvements [18]. These differing results caused us 
concern regarding the potential negative effects of AD on stu-
dent learning outcomes. 

In this study, we evaluated the effects of AD on student ex-
amination scores, as well as their perceptions of the approach.

Materials and Methods

Setting
Seoul National University College of Medicine operated 

two MD programs: a 6-year undergraduate entry program 
(UEP) and a 4-year graduate entry program (GEP). The num-
ber of students included in this study per year was around 
155 (Table 1). The overall percentage of male students was 
65.8% and 66.0% of the students were enrolled in the UEP. 
The Gross Anatomy course consisted of 48 of 50-minute lec-
tures and 28 of 4-hour laboratory classes held over the first 
12 weeks of the first year of a 4-year medical curriculum. The 
28 laboratory classes consisted of 10 extremity region ses-
sions, nine trunk region sessions (including the thorax, abdo-
men, and pelvis), and nine head and neck region sessions. 
Throughout the laboratory classes, one cadaver was assigned 
to each group of eight students. The content and progression 

schedule for each dissection laboratory were pre-determined 
and announced to the students. Dissections were usually pre-
ceded by lectures on the corresponding anatomical regions. 
During dissection, four to five faculty members circulated 
around the room and help the students perform the dissec-
tions according to the dissection guide book.

Alternate dissection
In 2014 and 2015, AD was introduced for dissection of the 

head and neck region following completion of dissections of 
the extremities and trunk regions in the traditional manner. 
For AD, eight students were divided into teams A and B, each 
consisting of four members. Team A performed the dissection 
first, while members of team B had free time. During the next 
dissection, team A explained to their colleagues what they had 
done in the previous laboratory session, for 15–20 minutes, 
and team B continued the dissection while team A had free 
time. In the next dissection, team B explained what they had 
done during the previous dissection before team A continued 
the dissection. In 2016, AD was expanded to encompass dis-
section of the extremities based on its positive reception in 
the previous years.

Data collection and analysis
The practical and written examination data from 2013 to 

2016 were collected and analyzed. The practical examination 
included 40 specimen-based questions on the names and 
characteristics of anatomical structures. The written examina-
tion was composed of a variety of questions, including mul-
tiple choice, single-answer, fill-in-the-blank, and essay ques-
tions. Written and practical examinations were performed 
by students immediately after lectures and dissections. With 
the exception of 2014 (when the examination was completed 
only at midterm and at the end of term), the written examina-

Table 1. Student characteristics 
Year

Total2013 
(n=161)

2014 
(n=155)

2015 
(n=159)

2016 
(n=145)

Sex
   Male 98 (60.9) 107 (69.0) 111 (69.8) 90 (63.4) 406 (65.8)
   Female 63 (39.1) 48 (31.0) 48 (30.2) 52 (36.6) 211 (34.2)
Program
   UEP 99 (61.5) 91 (58.7) 119 (74.8) 100 (69.0) 409 (66.0)
   GEP 62 (38.5) 64 (41.3) 40 (25.2) 45 (31.0) 211 (34.0)

Values are presented as number (%). UEP, undergraduate entry program; GEP, 
graduate entry program.
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tion was assigned three times per year. It was not possible to 
obtain scores for all anatomical regions in 2014, so the writ-
ten examination results for that year were excluded from the 
analysis. The scores were compared to those the year before 
AD was implemented (2013) by one-way ANOVA. SPSS for 
Windows software version 22.0 (IBM Corp., Armonk, NY, 
USA) was used for all statistical analyses.

After AD was introduced, we conducted a five-item survey 
at the end of the Gross Anatomy course to evaluate student 
opinions of AD. In 2016, two more items—“I made good use 
of the allocated free time” and “I agree with maintaining (or 
introducing) alternate cadaver dissection for the following 
anatomical regions”—were added. The response rate for the 
survey was 83.8% (130/155), 64.1% (102/159), and 78.6% 
(114/145) in 2014, 2015, and 2016, respectively.

Ethics approval and consent to participate
This study was approved by the Institutional Review Board 

of the Seoul National University Hospital (C-1612-010-811) 
and the need for consent was waived by the board.

Results

We first analyzed the examination scores. Since there was 
no significant difference in scores according to sex or pro-
gram type (UEP vs. GEP) (data not shown), we did not divide 
the students into groups. For the practical examinations (Table 
2), the mean score for the head and neck region in 2014, the 

first year of AD implementation, was significantly lower than 
that for the previous year (66.0±13.9 vs. 73.6±14.6). However, 
the scores in 2015 and 2016, the second and third years of AD 
implementation, were comparable to those of 2013. There 
were no differences between the practical examination scores 
for the extremities in 2016 compared to those of other years, 
suggesting that AD had no effect on learning. 

For the written examinations (Table 3), both the head and 
neck and extremities scores improved after the introduction 
of AD. The written examination scores for the extremities in 
2016 were significantly higher than those in 2013 and 2015. 
Similarly, the written examination scores for the head and 
neck region for 2015 and 2016 were significantly higher than 
those for 2013. 

Next, we analyzed student perceptions of AD (Tables 4, 
5). In contrast to the examination scores, about half of the 
students reported either modest or significant difficulty when 
studying anatomy (Q1) or preparing for the practical exami-
nation (Q2) due to the AD approach. However, this negative 
perception had somewhat improved by 2016. Interestingly, 
the percentage of those who selected the response option of 
“significant” decreased to 1.8% both for Q1 and Q2 in 2016. 
Regarding the peer explanation (Q3) and overall satisfaction 
with AD (Q4) items, less than 20% of the students responded 
negatively, and the perception became more positive every 
year. The proportion of positive answers (including “strongly 
agree” and “agree”) for Q4 showed an increasing trend, being 
65.4%, 68.4%, and 81.0% in 2014, 2015, and 2016, respectively.

Table 2. Comparison of student practical examination scores among years

Year
Extremities Head and neck

Mean±SD F P-value Post hoc Mean±SD F P-value Post hoca)

2013 69.4±13.8 2.454 0.062 - 73.6±14.6 17.195 <0.001 2014<2013,  
2015, 20162014 73.5±13.5 66.0±13.9

2015 71.8±14.2 76.9±14.5
2016 72.4±14.3 73.1±13.0

Bold letters denote examinations that were taken after implementation of the alternate dissection approach. a)A Scheffé test was used to analyze data with equal 
variance.

Table 3. Comparison of written examination scores among years

Year
Extremities Head and neck

Mean±SD Fa) P-value Post hocb) Mean±SD Fa) P-value Post hocb)

2013 76.5±13.5 64.105 <0.001 2013, 
2015<2016

74.2±14.8 39.819 <0.001 2013<2015, 
20162014 - -

2015 79.1±9.8 84.9±11.3
2016 89.7±8.2 85.3±11.6

Bold letters denote examinations that were taken after implantation of the alternate dissection approach. Scores for 2014 (i.e., the year in which the written 
examination was completed twice instead of three times, were excluded from the analysis. a)Welch’s F-test. b)A Games-Howell test was used to analyze data with 
unequal variance.
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In 2016, most of the students answered that they made 
good use of the free time given to them when they did not 
attend the dissection laboratory (Q5; mean score of 4.16 out 
of 5). In addition, most students agreed that the AD strategy 
should be maintained for the extremities (86.3%) and head 
and neck regions (83.5%) (Q6). However, only 56% of the 
students agreed that AD should also be applied for the trunk 
region.

We also asked the students to submit positive or negative 
comments regarding AD. Student comments were categorized 

and are presented in Table 6. The positive feedback regarding 
AD included the provision of additional free time to study on 
their own (18.0% of all comments) and the decreased physical 
and mental burden associated with attendance of the cadaver 
dissection (11.4% of all comments). The most well-represent-
ed comment category was “efficient dissection environment” 
(36.8% of all comments). The most frequently cited factor 
that rendered the dissection laboratory more efficient was the 
small number of participating students, which meant that the 
students could concentrate, be heard, and actively participate 

Table 4. Student attitudes towards alternate cadaver dissection: Q1 and Q2

Question
Response (%)

Year Mean±SD Fa) P-value
Games-
Howellb)Never Modest Significant

Q1.  I experienced difficulty in studying for  
the Gross Anatomy course because I 
attended only half of the lab sessions.c)

52.3 34.6 13.1 2014 0.61±0.71d) 6.862 0.001 2015>2016
33.3 53.9 12.7 2015 0.79±0.65d)

52.6 45.6 1.8 2016 0.49±0.54d)

Q2.  I experienced difficulty with preparing  
for the practical exam because I  
attended only half of the lab sessions.c)

60.0 30.0 10.0 2014 0.50±0.67d) 6.367 0.002 2015>2016
48.0 45.1 6.9 2015 0.59±0.62d)

69.3 28.9 1.8 2016 0.33±0.51d)

a)Welch’s F-test. b)A Games-Howell test was used to analyze data with unequal variance. c)Rating scale: 0 (never)–2 (significant). d)Items included only in the 2016 
survey. 

Table 5. Student attitudes towards alternate cadaver dissection: Q3–Q6

Question
Response (%)

Year Mean±SD Fa) P-value
Games-
Howellb)Strongly 

agree
Agree Neutral Disagree

Strongly 
disagree

Q3.  The other team’s explanation of the 
previous dissection was satisfactory.c)

14.6 42.3 21.5 13.8 7.7 2014 3.42±1.13 13.281 <0.001 2016, 
2015>201415.5 57.3 19.4 4.2 2.9 2015 3.79±0.86

25.2 57.4 13.9 3.5 0.0 2016 4.04±0.73
Q4.  On the whole, I prefer this type of 

dissection.c)
28.5 36.9 16.9 13.1 4.6 2014 3.72±1.15 3.435 0.034 2016>2014
30.4 38.2 14.7 13.7 2.9 2015 3.79±1.11
36.2 44.8 9.5 7.8 1.7 2016 4.05±0.97

Q5.  I made good use of the allocated free 
time (mean±SD).d)

30.4 57.4 9.6 2.6 0.0 - - 4.16±0.70

Q6.  I agree with maintaining (or introducing) 
alternate cadaver dissection for the following 
anatomical regions (% agreement).d,e)

- - - - - Extremities, 86.3%; trunk, 56.3%; head and neck, 83.5%

a)Welch’s F-test. b)A Games-Howell test was used to analyze data with unequal variance. c)Rating scale: 1 (strongly disagree)–5 (strongly agree). d)Items included only in 
the 2016 survey. e)Students answered whether they agreed with the statement or not.

Table 6. Positive and negative comments made by students regarding alternate dissection 

Category 2014 2015
2016

Frequency 
Extremities Head and neck

Free time for my own study 21 12 18 9 60 (18.0)
Less physical and/or psychological burden 11 10 11 6 38 (11.4)
Efficient dissection (e.g., pleasant environment, being able to concentrate, 

more accountability and active participation, fewer “free-loaders”)
29 41 32 21 123 (36.8)

Difficulties with learning (e.g., decreased opportunity for hands-on 
dissection, destruction of anatomical structures by the other team)

15 32 15 10 72 (21.6)

Miscellaneous 16 16 7 2 41 (12.3)
Total 92 110 83 48 334 (100)
Values are presented as number (%).
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in the dissection to a greater extent, resulting in fewer passive 
participators.

The largest proportion of negative comments pertained to 
learning efforts being hindered (21.6% of all comments); spe-
cifically, students could not fully understand the anatomy of 
the regions that they did not dissect themselves, and they did 
not observe structures dissected by team members. Students 
also had a negative opinion about the unfair division of tasks 
between teams.

Discussion

In this study, we explored the effect of AD on student 
academic achievement, as well as student perceptions of AD. 
We were concerned that the decrease in dissection hours 
would have a negative impact on learning. Even though there 
was a transient decrease in the practical examination scores 
in the first year of AD implementation, scores recovered to 
previous levels from the second year on. Furthermore, writ-
ten examination scores tended to improve each year, both 
for the extremities and the head and neck regions. Students 
reported positive opinions of various aspects of the new ap-
proach, including the provision of free time, reduced physical 
and mental burden, and effective dissection classes, although 
many students also reported experiencing anxiety regarding 
the regions they did not dissect themselves.

In our institution, AD was introduced to solve crowding 
and other problems in the dissection laboratory. Overall, 
students had a positive reaction to AD. In 2016, most stu-
dents preferred AD (80.1%) and were satisfied with the peer 
explanation aspect of the approach (82.6%) (Table 5). Overall, 
86.3% and 83.5% of students agreed that this strategy should 
be maintained for the dissection of the extremities and head 
and neck regions. This positive perception of the AD ap-
proach seemed to be due to the “less crowded environment” 
that it engendered. One previous study reported that when 
there were three to four students per table, 88% of them felt 
that the table was not crowded, while 83% felt the number 
was sufficiently low for efficient dissection [20]. Our students 
also cited “efficiency” in the dissection laboratory as a major 
advantage of AD. This efficiency manifested in improved abil-
ity to concentrate, and a more responsible, cooperative, and 
actively participating team (Table 6). The students attributed 
this improved efficiency to the lack of crowding. Thus, intro-
duction of AD in our institution seems to have been success-
ful in solving crowding problems.

Unfortunately, many students still felt either modestly or 
significantly uncomfortable (Table 4) about the anatomical 
regions that they did not dissect themselves. About 20% of 
comments alluded to “difficulty in learning” about structures 
the students did not dissect themselves. This anxiety is likely 
due to our students believing that hands-on dissection is the 
most important pathway to anatomical knowledge [7]. Similar 
results were also reported by other studies [17, 20, 23], which 
implies that this negative feeling is common across cultures. 

However, in contrast to what some students anticipated, 
examination scores either remained stable or improved fol-
lowing the introduction of AD: AD had minimal influence on 
practical examination scores, except for a transient decrease 
in the first year of implementation. Likewise, other studies of 
AD reported no changes in practical examination scores in 
various contexts [18, 20, 23]. In contrast, Marshak et al. [24] 
found that practical examination scores were increased for 
regions that students dissected themselves compared to those 
that they did not dissect. However, the difference was less 
than 1 point (mean scores for all 50 questions: 80.0±13.0 vs. 
78.3±14.1 for regions dissected and not dissected by students 
themselves, respectively) and lacked statistical significance. 
These results seem to support the assertion of Yeager [16] that 
dissecting only half of the body may be sufficient for students 
to acquire a basic understanding of anatomy.

As for the transient decrease of the score in 2014, it might 
be an example of “performance dip” that sometimes occurs 
following a change in curriculum or program [25]. In 2014, 
not only the scores, but also their mean scores for the prefer-
ence to AD and the satisfaction to the peer explanation were 
significantly lower than those in 2015 and 2016. These results 
mean that the first year students had no time to adapt the 
new approach, while students in 2015 and 2016 adapted. One 
of the possible factors that contributed to the adaptation and 
improved responses in these years of AD might be close rela-
tionship between junior and senior students frequently found 
in Confucian culture [26] including our institution. Certainly 
those students who have experienced AD should have provid-
ed the know-how to utilize the system to their junior students. 
That is what usually happens in Korean medical schools.
Similarly, it has been also reported that the performance dif-
ference between dissectors and non-dissectors decreased as 
the students’ familiarity with the new method increased [19]. 

Interestingly, written examination scores improved in 2015 
and 2016 compared to those in 2013, both for the extremities 
and the head and neck region (Table 3). These results helped 
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to alleviate student anxiety, but contradict those of other stud-
ies reporting that scores were decreased [23] or showed no 
change after the introduction of AD [20, 24]. One study also 
reported significantly improved written examination scores 
after AD implementation [18], which was attributed to the 
students being able to study when not participating in the dis-
section. In that study, 20 students were assigned to a cadaver 
before AD implementation, such that many students were 
forced to passively participate in the dissection; once AD was 
introduced, the 10 students not participating in the dissection 
were free to study on their own. In our case, given that there 
was no adjustment of the examination questions during the 
study period, the improved written examination scores were 
likely due to the increased study time given to the students. 
“Free time” was cited by the students as a positive aspect of 
AD (in 18% of all comments) (Table 6), and 87.4% of the stu-
dents agreed or strongly agreed that they made good use of 
this additional time (Tables 4, 5).

There were some limitations to this study. Previous re-
search suggests that hands-on dissection is more helpful 
for retaining knowledge than studying an already dissected 
cadaver [16]. In our study, we did not evaluate the long-term 
effects of the reduced opportunity for hands-on dissection. 
Particularly, it is even more so in the case of extremities, in 
that we used only 1-year data, those of year 2016, to compare 
before and after the change. However, these data should be 
available shortly. AD also includes elements of peer teaching. 
In our case, students provided teaching to other team mem-
bers for 15–20 minutes at the beginning of the dissection, 
with respect to what they had done in the previous laboratory 
session. Although some authors disregard this reciprocal peer 
teaching [20], others insist that it has beneficial effects [27, 
28]. It is also possible that the effects of AD observed herein 
could have been intermixed with those of reciprocal peer 
teaching, even though the time allocated for peer explanations 
was relatively limited. However, we did not evaluate this in 
our study, such that the effect of peer teaching in the context 
of AD needs to be further explored. It may be desirable to de-
vise a more organized way of delivering peer teaching, given 
that a structured format facilitates better transfer of informa-
tion [29].

In summary, our new dissection strategy solved the crowd-
ing problem in the dissection laboratory at our institution and 
had no negative effects on student learning outcomes, which 
lead to the conclusion that this type of approach can be used 
to improve efficiency in dissection laboratories. 
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