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ABSTRACT

Cadaveric prosections are effective learning tools in anatomy education. They range from a fully 

dissected, sometimes plastinated, complete cadaver (in situ prosections), to a single, carefully 

dissected structure detached from a cadaver (ex situ prosections). While most research has focused on 

the advantages and disadvantages of dissection versus prosection, limited information is available on 

the instructional efficacy of different prosection types. This contribution explored potential 

differences between in situ and ex situ prosections regarding the ability of undergraduate students to 

identify anatomical structures. To determine if students were able to recognize the same anatomical 

structure on both in situ and ex situ prosections, or on either one individually, six structures were 

tagged on both prosection types as part of three course summative examinations. The majority of 

students (61–68%) fell into one of two categories: those that recognized or failed to recognize the 

same structure on both in situ and ex situ prosections. The percentage of students who recognized a 

selected structure on only one type of prosection was small (1.6–31.6%), but skewed in favor of ex 

situ prosections (P ≤ 0.01). These results suggest that overall students’ identification ability was due 

to knowledge differences, not the spatial or contextual challenges posed by each type of prosection. 

They also suggest that the relative difficulty of either prosection type depends on the nature of the 

anatomical structure. Thus, one type of prosection might be more appropriate for teaching some 

structures, and therefore the use of both types is recommended. 

Key words: gross anatomy education, undergraduate education, cadaver dissection, cadaver 

prosections, learning 

INTRODUCTION

For many centuries, cadaveric dissection has been regarded as the preeminent teaching and learning 

method for human anatomy (Ellis, 2001; Patel and Moxham, 2006; Estai and Bunt, 2016). This 

concept is still held by both students and anatomy professionals throughout much of the Western 

world (Azer and Eizenberg, 2007; Patel and Moxham, 2008; Kerby et al., 2011). However, Western 

medical schools have recently changed their curricula by reducing the time allotted for gross anatomy 

and dissection (Leung et al., 2006; Moxham and Plaisant, 2007; Drake et al., 2009). Although the A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

multifaceted benefits of dissection are well-demonstrated (Topp, 2004; Rizzolo and Stewart, 2006), 

such curricular changes come on the heels of a surge in studies that question its efficacy relative to 

other teaching methods (Nnodim, 1990; Nnodim et al., 1996; Jones et al., 2001; McLahlan et al., 

2004; Wilson et al., 2018). Chief among these alternative teaching methods is the use of prosections, 

cadaveric specimens that have been dissected by an experienced anatomist for the purpose of 

instruction. 

Anatomy laboratories often incorporate prosections in tandem with dissections. However, some 

institutions have moved away from dissection entirely, relying heavily on the use of prosections 

instead (Sugand et al., 2010). Though this shift in instructional method has raised concerns among 

some anatomical professionals (Cahill et al., 2002; Korf et al., 2008), several studies have found 

prosections to be as effective as dissection, while requiring less time investment by students (Nnodim, 

1990; Nnodim et al., 1996; Yeager, 1996; Dinsmore et al., 1999; Winkelmann, 2007; Ashdown et al., 

2013). Accordingly, the popularity of prosections as an effective teaching method should not be 

discounted (Patel and Moxham, 2008; Kerby et al., 2011). 

Some studies also suggest that students may prefer learning anatomy from prosections rather than 

from dissections. For example, Snelling et al. (2003) found that a group of medical and dental 

students actually preferred prosection-based learning in lieu of dissection. This preference was 

especially pronounced among the dental students. Davis et al. (2014) surveyed first and second year 

medical students, as well as anatomy faculty at the University of Bristol, regarding their perceptions 

of various styles of anatomical instruction. Among all three subject groups, 90% agreed that access to 

cadaveric prosections was the most critical component of learning anatomy. In addition, Wisco et al. 

(2015) found that first-year medical students overwhelmingly preferred prosections instead of 

dissection, primarily because of the reduced time constraints. Similarly, Whelan et al. (2018) found 

that three cohorts of medical students at the University of Ottawa favored dissection as an elective, 

rather than a curricular requirement. These preferences seem to reflect the changing landscape of 

anatomy curricula across the medical spectrum. However, students’ perceptions of learning do not 

always correspond to their actual learning. For example, Deslauriers et al. (2019) found that, in an 

undergraduate physics course, students learned more through active-learning activities than passive 

lectures, and yet their perception of learning skewed in the opposite direction. Such a disparity might A
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also explain why some students prefer learning from prosections (passive learning) rather than 

dissection (active learning).  

Nonetheless, given the recent proliferation of prosections, both in type and in frequency of usage, 

it is surprising that the term itself remains broad in scope. The term “prosection” can range from a 

fully dissected, sometimes plastinated, complete cadaver (hereafter in situ prosection), to a single, 

carefully dissected structure detached from the cadaver (hereafter ex situ prosection: the brain, an eye, 

a tumor, etc.). Previous literature has not clearly differentiated between these types of prosection. 

Although information is limited, the learning utility and value of various prosection types appear to be 

different. For example, both wet (embalmed) and plastinated in situ prosections are sometimes 

regularly used within a course (Cornwall, 2011). However, wet prosections offer students the 

opportunity to engage kinesthetically with the body and provide a more realistic learning experience 

than plastinated prosections (McBride and Drake, 2011). Ex situ prosections, by contrast, may give 

students unique opportunities to develop spatial skills (Samarakoon et al. 2016). 

Despite the advantages of using prosections, it remains unclear if the instructional efficacy of two 

prosection types, in situ and ex situ, are equivalent, or if they pose similar levels of learning difficulty 

to students. One hypothesis is that in situ prosections provide students with more contextual 

information than that observed in ex situ prosections, which might influence students’ learning and 

visual identification abilities. Specifically, in situ prosections likely provide spatial information at 

different scales, such as global and local positions of the target structure in the body (orientation and 

location within a body region). In addition, they provide a plethora of other structures that might serve 

as identifiers or frames of reference for size, shape, or texture comparisons. Ex situ prosections, by 

contrast, are removed from the body, and therefore out of context. Students must mentally orient 

them, or place them in anatomical position before searching for local cues or useful identifiers. 

Further, ex situ prosections are more contextually simplified than in situ prosections. This is because 

they are often developed for the purpose of providing additional views of a few target structures. The 

isolation of just a few structures involves the alteration or removal of surrounding structures that 

could otherwise serve as potential identifiers. Such a hypothesis is consistent with experimental 

studies that demonstrate the importance of contextual information in facilitating visual search and 

object recognition (Ehinger et al., 2009; Malcolm and Henderson, 2010; Barenholtz, 2014). A
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Alternatively, students might be able to identify structures equally on both ex situ and in situ 

prosections.  This expectation is also plausible because students learn from both types of prosections 

and studies show that learned spatial configurations facilitate visual search and people rely mostly on 

memory to detect and recognize objects in familiar-context conditions (Chun and Jiang, 1998; 

Barenholtz, 2014; Zhao and Ren, 2020).

Based on conversations between the authors and undergraduate students who had completed the 

human anatomy observation laboratory at The University of Kansas, the difficulty posed by both 

prosection types appeared to be different. Ex situ prosections were frequently cited as being more 

challenging for students than in situ prosections. Thus, this study sought to assess the effect of 

prosection type on the ability of undergraduate students to identify anatomical structures. Given the 

differences in contextual information provided by both prosection types, the authors hypothesized 

that, during an examination, students are more likely to identify structures on in situ prosections than 

on ex situ prosections. 

MATERIAL AND METHODS

Description of Laboratory Setting

This study was conducted during the spring semester of 2019 in the undergraduate human anatomy 

observation laboratory at The University of Kansas, Lawrence, Kansas, United States. This 200-level, 

two-credit-hour laboratory course was separate from the lectures, utilized seven prosected human 

cadavers, and followed a regional approach. The course was divided into five content units: (1) 

introduction, back, and central nervous system; (2) upper limb and pectoral girdle; (3) lower limb and 

pelvic girdle; (4) thorax and abdomen; and (5) head and neck. In addition to cadavers, which were 

dissected by third- and fourth-year (junior and senior) undergraduate students as part of a 400-level 

biology course, the laboratory incorporated a number of ex situ prosections in all content units (Table 

1). Learning was complemented with the use of plastic models and multimedia sources (for example, 

labeled pictures and video walkthroughs of content) presented through Blackboard Learn™ virtual 

learning environment and learning management system (Blackboard Inc., Washington, DC). 

Nine laboratory sections were offered each semester, each consisting of a maximum of 25 

students and meeting for two two-hour sessions per week. A graduate teaching assistant (GTA; either A
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a master’s or doctoral level student) and three undergraduate teaching assistants (UTA) taught each 

laboratory section. At the beginning of each class, the GTA provided brief instructions, and then 

students rotated among four or five teaching stations, which were each facilitated by one instructor 

(UTA or GTA). A team of four students worked with each cadaver at a given time, and students spent 

approximately 20 minutes per teaching station. Throughout the semester, 23 regular laboratory 

sessions are scheduled, with five of them devoted to reviewing material prior to an examination using 

a mock test. In addition, 17 weekend review sessions were available to students, each two hours long, 

led by one GTA and three or four UTAs. Thus, students had access to the laboratory for 

approximately 5.3 hour per week.

Student learning was assessed during each content unit through summative assessments, two 

quizzes and one examination, all in short-answer format. Quizzes consisted of ten questions each, and 

were worth 15% of the course grade, while examinations consisted of 60 questions, were timed 

(approximately 2 minutes per question), and they were worth 75% of the final grade. At the end of 

each examination, students had the opportunity to revisit the tagged structures before turning in their 

examinations. Quizzes and examinations included questions on both in situ and ex situ prosections, 

which students were allowed to handle, as well as on plastic models. In addition, students had to 

completed 19 formative assessments (three or four per content unit) delivered through Blackboard. 

These assessments were due on the day of each unit examination and together were worth 5% of the 

course grade. Each formative assessment consisted of ten multiple-choice questions, which students 

were able to take multiple times, with only the highest grade used in the final grade calculation. 

Participation in the laboratory accounted for the remaining 5% of the final grade. Students used a 

laboratory manual developed by the director of the course (V.H.G.). Other information regarding this 

course is available in Sparacino et al. (2018).

Data Acquisition

The ability of students to identify anatomical structures on both in situ and ex situ prosections was 

assessed using six structures tagged as part of three-unit examinations. These examinations were 

delivered to students of all nine laboratory sections during the spring semester of 2019. The six target 

structured were: the muscles extensor hallucis brevis and fibularis tertius in the lower limb; the A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

superior mesenteric artery and the fallopian tube in the abdominopelvic region; and the mylohyoid 

and levator palpebrae superioris muscles in the head and neck regions. These anatomical structures 

represent different organs from different body regions and were selected primarily on the availability 

and quality of ex situ prosections at the time this study was conducted (Table 1). Once student 

examinations were graded, the answers were categorized into four groups: those that correctly 

identified the selected structure on both types of prosections (Group A), only on the in situ prosection 

(Group B), only on the ex situ prosection (Group C), and those which misidentified the structure in 

both cases (Group D). Groups A and D were uninformative in terms of the differences between 

prosection types, but they informed on the overall level of difficulty of the tagged structure. Thus, a 

structure was considered “easy” for students to identify if the frequency of Group A was high 

compared to the other groups. Likewise, if the frequency of Group D was high compared to the other 

groups, the structure was considered “difficult”. The responses from 203 students enrolled in nine 

laboratory sections (19–25 students per section, = 23 ± 2.69) were recorded. Nearly half of students x

enrolled in the course were second-year students in the pre-nursing program and most were females 

(Table 2). During the window of data acquisition, nine students dropped the class. The Institutional 

Review Board of The University of Kansas (#00145483) reviewed and approved this study.

Statistical Analyses

Statistical analyses were conducted using R software, version 4.0.2 (R Core Team, Vienna, Austria) 

and bar graphs were created using GraphPad Prism, version 7.04 (GraphPad Software, San Diego, 

CA). A generalized linear model (GLM) with negative binomial distribution was done to examine the 

effect of the type of prosection (in situ vs. ex situ) on the identification ability of students. The GLM 

was implemented using the MASS package, version 7.3-53 (Venables and Ripley, 2002) and was 

chosen because count data were over-dispersed and did not follow a normal nor a Poisson 

distribution. In the analyses, the different types of answers (Groups A–D) served as the fixed factor 

(independent variable), while the number of students per answer type was the response (dependent) 

variable. The significance of the model was assessed using a Type II Wald 2 test with the car 

package (Fox and Weisberg, 2019). The estimated marginal means (emmeans) package was used 

(Russell, 2019) to conduct multiple pairwise comparisons with Bonferroni adjustment to assess for A
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differences among groups, as well as to estimate standardized effect sizes (Cohen’s d) with a 95% 

confidence intervals. Average values are given with standard error and sample size. 

 

RESULTS

For all anatomical structures analyzed, the frequency of the different answer types (Groups A–D) 

varied significantly (extensor hallucis brevis muscle: Wald, 2 = 77.02; fibularis tertius muscle: 2 = 

44.22; superior mesenteric artery: 2 = 156.19; fallopian tube: 2 = 134.60; mylohyoid muscle: 2 = 

104.57; levator palpebrae superioris muscle: 2 = 53.45; DF = 3 and P < 0.001 in all cases). Students 

easily recognized some structures on both types of prosections (Group A), as was the case for the 

extensor hallucis brevis muscle, fallopian tube, and mylohyoid muscle (Fig. 1). For these structures, 

the percentage of students who correctly identified them on both prosection types was higher (61.1–

68.2%; see Supplemental Material Appendix 1) than those who identified them on only one type, or 

failed to identify them on both types (P <0.001 in all cases; see Supplemental Material Appendix 2). 

The estimated effect size differences were also high (Cohen’s d = 1.08–2.81), except between Groups 

A and B, which had a medium effect size (0.63, see Supplemental Material Appendix 3). Other 

structures, namely the superior mesenteric artery, were clearly more challenging for students to 

recognize, as 74.9% of them (P < 0.001 in all cases; Cohen’s d = 1.28 - 2.78) failed to identify this 

blood vessel on both prosection types (Group D). The levator palpebrae superioris was similarly 

challenging, as 36.5% of the students failed to recognize it on both prosection types (Group D). For 

the fibularis tertius muscle, no significant differences were found between the numbers of students 

who correctly recognized or failed to recognize this structure on both prosection types (Groups A and 

D; P = 1.00, Cohen’s d = 0.07), as well as between students who recognized it on one type of 

prosection and not the other (Groups B and C; P = 0.231, Cohen’s d = 0.56). 

Four of the six structures showed significant differences between the number of students who 

recognized them on either in situ (Group B) or ex situ prosections (Group C). These anatomical 

structures are the superior mesenteric artery, the fallopian tube, the mylohyoid muscle, and the levator 

palpebrae superioris muscle. Except for the mylohyoid muscle, more students recognized the selected 

structures on ex situ prosections (Group C) than on in situ prosections (Group B) (P = 0.01 for 

superior mesenteric, P < 0.001 for remaining structures, Cohen’s d = 0.85–3.31). The opposite case A
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occurred for the mylohyoid muscle, in which about 10 times more students recognized this structure 

on the in situ prosection than on the ex situ prosection (P < 0.001). Among these four structures, the 

estimated effect size differences between Groups B and C were especially high for both the 

mylohyoid and levator palpebrae superioris muscles (Cohen’s d = 2.18 and 3.31). 

DISCUSSION

The results showed that the identification ability of students varied depending on the selected 

structure. In general, the majority of students belonged to either group A or D: those that recognized 

the same structure on both in situ and ex situ prosections, or those that failed to recognize it on both 

prosection types, respectively. Hence, the percentage of students who recognized a selected structure 

on only one prosection type was small (1.6 - 31.6%). Among them, more students identified structures 

correctly on ex situ prosections (Fig. 1), which is contrary to the authors’ initial expectations. These 

results therefore do not support the premise that the increased contextual information provided by in 

situ prosections leads to greater identification ability among students. Instead, they suggest that both 

prosection types may present a similar level of difficulty to students. In those cases where difficulty 

level differs, however, students’ identification ability might depends on other factors, including the 

intrinsic nature of the anatomical structure such as its cognitive load (Sweller, 2010). 

For instance, it is possible that an abundance of contextual information can serve the opposite 

function as intended for students. Because some structures on ex situ prosections are frequently 

removed or altered to expose a particular region, these prosection often are more contextually 

simplified (structurally simpler) than their in situ counterparts. Thus, the intrinsic cognitive load 

posed by ex situ prosections might be lower when compared to in situ prosections, thereby reducing 

working memory load, and facilitating learning and retention (Khalil et al., 2005). This effectively 

counters the narrative that more contextual information is better when it comes to anatomical 

prosection, and also explains why structures like the superior mesenteric artery, levator palpebrae 

superioris, and the fallopian tube were all recognized by students more often on ex situ prosections 

than in situ ones (Fig. 1). 

 Unlike those structures, the mylohyoid muscle was more frequently recognized on in situ (31.6% 

of students) than on ex situ prosections (3.3%) (Fig. 1). Even so, this may still be due to differences in A
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cognitive load requirements presented by both prosections. In situ, this muscle is simply dissected, 

being displayed as a thin layer of tissue just below the mandible. In contrast, the ex situ prosection 

depicts this muscle as part of a laryngo-hyoid complex (de Bakker et al., 2019), which retains much of 

the nearby musculature and soft tissue, but preserves few of the helpful bony identifiers or landmarks. 

Thus, ex situ prosections of the mylohyoid muscle might have a higher intrinsic cognitive load to 

students.

In other cases, which constitute the majority, both prosection types appeared to provide similar 

levels of difficulty for students. For example, students identified the extensor hallucis brevis and 

fibularis tertius muscles on both types of prosection with similar proficiency (Fig. 1). Both of these 

muscles are relatively small, and are located primarily in and around the foot and ankle. Thus, there is 

likely not a significant difference between the contextual information/cognitive load provided by the 

in situ prosection (a prosected foot attached to the cadaver) and the ex situ prosection (an isolated foot 

detached from the cadaver). Together, these results suggest that, for both in situ and ex situ 

prosections, the relative importance of contextual information, as well as the intrinsic cognitive load, 

likely depend upon the nature of the anatomical structure itself.

Additionally, because most students either identified or failed to identify the selected structures on 

both prosection types (Groups A and D), it is also possible that overall identification ability was 

mainly influenced by knowledge or familiarity differences among students, rather than the spatial or 

contextual challenges posed by each prosection type. Various studies have indicated that people rely 

mostly on memory to detect and recognize objects in familiar-context conditions (Chun and Jiang, 

1998; Barenholtz, 2014; Zhao and Ren, 2020). Importantly, students learn from both prosection types 

during the examined course. Thus, the identification abilities of students during an examination might 

rely mostly on a memorized context while learning, instead of the amount of anatomical context 

offered by the prosection. This is particularly relevant for ex situ prosections in the University of 

Kansas anatomy laboratory, which are often present in lower numbers than the in situ prosections for 

a given region (Table1). Students may therefore learn to recognize structures on a given ex situ 

prosection (effectively serving as a “model”), but not the structure in its variable forms and 

presentations.  
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Further, negative emotions and stress may impair memory retrieval and learning (Vogel and 

Schwabe, 2016). Several studies have documented negative, even visceral student reactions toward 

viewing and smelling cadavers (Snelling et al., 2003; Lee et al., 2011; Getachew, 2014; Rajeh et al., 

2017). In addition, examinations in the course analyzed are timed (2 minutes per question) and these 

are known to negatively affect students’ performance (Schwartz et al., 2015). Therefore, future 

studies should address the effects of these factors on students’ ability to identify anatomical structures 

on both prosection types. 

Implications of the study

This study shows that overall students’ identification ability was likely due to knowledge or 

familiarity differences, not the spatial or contextual challenges posed by each type of prosection. 

Given that instruction in the examined undergraduate course routinely uses both types of prosections, 

the use of ex situ prosections was formerly questionable, because instructors often needed to invest 

additional time and effort to develop them. Because most students were either able or unable to 

recognize the selected structures on both prosection types, it seemed at first like the efforts invested in 

developing ex situ prosections were of little or no value for instruction. However, this study also 

shows that the relative value of the contextual information to students, as well as the intrinsic 

cognitive load, likely varies among the breadth of anatomical structures. Thus, one type of prosection 

might be more appropriate for teaching a specific structure than another. For example, in situ 

prosections of the mylohyoid muscle might facilitate students’ learning by providing some contextual 

indicators, combined with a broader and more simplified view, whereas ex situ prosections of the 

levator palpebrae superioris muscle may reduce the intrinsic cognitive load when compared to in situ 

prosections. Consequently, the use of both prosection types is encouraged, given the variety and 

quantity of structures taught during human anatomy courses and laboratories.

This study examines the learning outcomes of students at the undergraduate level and uniquely 

compares two different types of prosections. In contrast, the vast majority of gross anatomy studies 

have focused on students in health professional schools (medical, dental school, or physical therapy 

programs) and most comparative studies have focused on the efficacy of dissection relative to other 

instructional methods such as prosections, 3D software, and plastic models (Elizondo-Omaña et al., A
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2005; Winkelmann, 2007; Wilson et al., 2018). Thus, this study contributes to this gap of knowledge 

in anatomical science education. 

Limitations of the study and future directions

This study has several limitations. First, the number of selected structures (six) was small, and data 

were gathered and analyzed for only one semester at a single university. Thus, the results might not be 

applicable to other anatomical structures, other undergraduate anatomy courses, and other institutions. 

Second, the selected structures, which were chosen based on the quality and availability of detached 

(ex situ) prosections in the laboratory at the time of study, might not have been the best examples to 

determine the use of contextual information by anatomy students. Subsequent studies should assess 

other structures with different levels of contextual information in other body regions (upper limb, 

head, and neck). Third, this study analyzed the accuracy of students’ identification, but other response 

variables might be more informative on the utility of contextual information. For example, 

experimental studies on visual search and object recognition assess multiple variables that include 

pupillary movements (areas where the eyes are focused, or their movement patterns during a search) 

as well as the time spent by the participant in recognizing an object (Malcolm and Henderson, 2010; 

Katti et al., 2017). In addition, it is unknown the percentage of students who changed their answers 

before turning in their examinations. Thus, further studies should assess differences in these variables 

between prosection types. Fourth, the authors were unable to control the time spent teaching using 

either prosection type, or the order in which these were presented to the students. Thus, it is 

conceivable, and perhaps even expected, that some structures would be taught more frequently using 

the in situ prosection rather than its ex situ counterpart, or vice versa. This disparity may have biased 

students’ learning and identification abilities, because greater allocated time to a particular knowledge 

domain or task will result in higher learning outcomes (Johnson, 2002). Finally, this study did not 

consider students’ perceptions of the use of these prosection types and thus did not include 

measurements of the internal validity and reliability of the results. Analyses did not examine 

performance across the class strata, which is particularly relevant in the context of this study because 

students in the upper and lower quartile of a class tend to benefit differently from instruction 

(Pizzimenti et al., 2016). Thus, it is unknown how students’ performance relates to their identification A
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abilities on each prosection type. Equally relevant is assessing the type of learning approach students 

use when learning from both prosection types, and how it may influence their identification abilities. 

Medical students in their earlier years prefer a deep learning approach (intention to understand the 

subject and underlying meaning), which they switch later in their careers to a more strategic one 

(mixture of deep learning and memorization of ideas and information to meet assessments) (Smith 

and Mathias, 2007). Because students in the examined course are from a wide range of majors (Table 

2), different learning approaches are expected. Thus, it is possible that those students able to identify 

the selected structures on both types of prosections use a deep learning approach, whereas those who 

failed to recognize them on one or both prosections types use a surface learning approach 

(memorization). 

CONCLUSIONS

In conclusion, both types of prosections appear to present similar levels of learning difficulty 

to undergraduate students, depending upon the nature of the structure selected. This is despite the fact 

that ex situ prosections are perceived to be more difficult by some students in the examined course. 

Identification differences among prosection types, while proportionately small, may be due to varying 

levels of intrinsic cognitive load, and/or knowledge and familiarity differences among students. 

Contextual information, depending on the structure, may be inversely correlated to identification 

ability among students (more information equals increased difficulty). Thus, depending upon the 

anatomical structure, one type of prosection might be more appropriate for teaching. Therefore, the 

continued use of both ex situ and in situ prosections is broadly recommended.

A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

ACKNOWLEDGMENTS

The authors wish to thank Amy R. Comfort for her comments on the manuscript as well as for 

suggesting the use of the name in situ and ex situ prosections for these cadaveric materials. The 

authors also thank four anonymous reviewers and editors for comments and suggestions that 

significantly improved this manuscript. The National Science Foundation’s REU program (DBI 

1560389) provided support to V.H.G. The authors declare no conflict of interest.

A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

NOTES ON CONTRIBUTORS

SPENCER MATTINGLY, B.S., is a graduate (Ph.D.) student in the Department of Ecology and 

Evolutionary Biology, College of Liberal Arts and Sciences at the University of Kansas, Lawrence, 

Kansas. He teaches human anatomy observation and dissection laboratories for undergraduate 

students. His research interest is in the systematics and biogeography of fossil mammals. 

ELIZABETH HARDESTY, B.S., is a graduate (master’s degree) student in Behavior Analysis 

Program in the Department of Clinical, Health and Applied Sciences, College of Human Sciences and 

Humanities at University of Houston-Clear Lake, Houston, Texas.  She is a former undergraduate 

student at The University of Kansas, Lawrence, Kansas and she taught human anatomy observation 

and dissection laboratories for undergraduate students.

KEVIN CHOVANEC, M.S., is a graduate (Ph.D.) student in the Department of Ecology and 

Evolutionary Biology, College of Liberal Arts and Sciences at the University of Kansas, Lawrence, 

Kansas. He teaches human anatomy observation and dissection laboratories for undergraduate 

students and his research interest is the systematics and biogeography of reptiles. 

MARLON E. COBOS, B.S., is a graduate (Ph.D.) student in the Department of Ecology and 

Evolutionary Biology, College of Liberal Arts and Sciences at the University of Kansas, Lawrence, 

Kansas. He teaches human anatomy observation and dissection laboratories for undergraduate 

students and his research interest is ecology, biogeography, evolution and biodiversity informatics.

JACQUELINE GARCIA, M.H.S.A., is a community-based outpatient clinic manager at the Veteran 

Affairs Eastern Kansas Health Care System in Topeka, Kansas. She taught human anatomy 

observation and dissection laboratories for undergraduate students and her research interest is in 

health services focused on improving organizational performance of healthcare institutions. 

A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

MEGHAN GRIZZLE, B.S., M.A., is a graduate (master’s degree) student in Geospatial Information 

Systems in the Department of Geospatial Information System Technology at the University of 

Wyoming, Laramie, Wyoming. She taught human anatomy observation and dissection laboratories as 

a graduate student and her research interest is archaeological collections management.

AMANDA HUERTA, B.S., is a doctor of nursing practice (DNP) student in the School of Nursing at 

the University of Kansas Medical Center, Kansas City, Kansas. She teaches human anatomy 

observation laboratory for undergraduate students and was a former course manager and simulation 

specialist for KU undergraduate nursing students.  Her research interest is adult-gerontology primary 

care with an emphasis in acute care and behavioral health. 

JESSE OHTAKE, B.S., is a graduate (Ph.D.) student in the Department of Physical Therapy and 

Rehabilitation Science, School of Health Professions at the University of Kansas Medical Center, 

Kansas City, Kansas. He teaches human anatomy observation and dissection laboratories for 

undergraduate students. His research interest is post-injury rehabilitation sciences.

DANIEL ROMERO-ALVAREZ, M.D., is a graduate (Ph.D.) student in the Department of Ecology 

and Evolutionary Biology, College of Liberal Arts and Sciences at the University of Kansas, 

Lawrence, Kansas. He teaches human anatomy observation and dissection laboratories for 

undergraduate students and his research interest is parasitic diseases and ecological niche modeling 

applied to public health.

VICTOR H. GONZALEZ, B.S., Ph.D., is an assistant teaching professor and director of the 

Undergraduate Human Anatomy Program in the College of Liberal Arts and Sciences at the 

University of Kansas, Lawrence, Kansas. He teaches fundamentals of human anatomy and human 

biology senior seminar to undergraduate students and his research interest is ecology, evolution and 

comparative morphology.  

A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

LITERATURE CITED

Ashdown L, Lewis E, Hincke M, Jalali A. 2013. Learning anatomy: Can dissection and peer-teaching 

offer added benefits over prosection alone? ISRN Anat 2013:873825. 

Azer SA, Eizenberg N. 2007. Do we need dissection in an integrated problem based learning medical 

course? Perceptions of first and second-year students. Surg Radiol Anat 29:173–180.

Barenholtz E. 2014. Quantifying the role of context in visual object recognition. Vis Cognit 22:30–56.

Cahill DR, Leonard RJ, Weiglein AH, von Lüdinghausen M. 2002. Viewpoint: Unrecognized values 

of dissection considered. Surg Radiol Anat 24:137–139.

Chun MM, Jiang Y. 1998. Contextual cueing: Implicit learning and memory of visual context guides 

spatial attention. Cogn Psychol 36:28–71.

Cornwall J. 2011. The diverse utility of wet prosections and plastinated specimens in teaching gross 

anatomy in New Zealand. Anat Sci Educ 4:269–274. 

Davis CR, Bates AS, Ellis H, Roberts AM. 2014. Human anatomy: Let the students tell us how to 

teach. Anat Sci Educ 7:262–272.

de Bakker BS, de Bakker HM, Soerdjbalie-Maikoe V, Dikkers FG. 2019. Variants of the hyoid-larynx 

complex, with implications for forensic science and consequence for the diagnosis of Eagle’s 

syndrome. Sci Rep 9:15950. 

Deslauriers L, McCarty LS, Miller K, Callaghan K, Kestin G. 2019. Measuring actual learning versus 

feeling of learning in response to being actively engaged in the classroom. Proc Natl Acad Sci U S A 

116:19251–19257.

A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

Dinsmore CE, Daugherty S, Zeitz HJ. 1999. Teaching and learning gross anatomy: Dissection, 

prosection, or both of the above? Clin Anat 12:110–114.

Drake RL, McBride JM, Lachman N, Pawlina W. 2009. Medical education in the anatomical 

sciences: The winds of change continue to blow. Anat Sci Educ 2:253–259.

Ehinger KA, Hidalgo-Sotelo B, Torralba A, Oliva A. 2009. Modelling search for people in 900 

scenes: A combined source model of eye guidance. Vis Cognit 17:945–978.

Elizondo‐Omaña RE, Guzmán‐López S, De Los Angeles García‐Rodríguez M. 2005. Dissection as a 

teaching tool: Past, present, and future. Anat Rec 285B:11–15.

Ellis H. 2001. Teaching in the dissecting room. Clin Anat 14:149–151.

Estai M, Bunt S. 2016. Best teaching practices in anatomy education: A critical review. Ann Anat 

208:151–157. 

Fox J, Weisberg S. 2019. An R Companion to Applied Regression. 3rd Ed. Thousand Oaks, CA: 

SAGE Publication Inc. 608 p.

Getachew D. 2014. Reaction of medical students to experiences in the dissection room. Ethiop J 

Health Sci. 24:337–342. 

Johnson JH. 2002. Importance of dissection in learning anatomy: Personal dissection versus peer 

teaching. Clin Anat 15:38–44.

Jones L, Paulman L, Thadani R, Terracio L. 2001. Medical student dissection of cadavers improves 

performance on practical exams but not on the NBME anatomy subject exam. Med. Educ Online 

6:4522. A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

Katti H, Peelen MV, Arun SP. 2017. How do targets, nontargets, and scene context influence real-

world object detection? Atten Percept Psychophys 79:2021–2036.

Kerby J, Shukur ZN, Shalhoub J. 2011. The relationships between learning outcomes and methods of 

teaching anatomy as perceived by medical students. Clin Anat 24:489–497.

Khalil MK, Paas F, Johnson TE, Payer AF. 2005. Interactive and dynamic visualizations in teaching 

and learning anatomy: A cognitive load perspective. Anat Rec 286B:8–14.

Korf HW, Wicht H, Snipes RL, Timmermans JP, Paulsen F, Rune G, Baumgart-Vogt E. 2008. The 

dissection course-necessary and indispensable for teaching anatomy to medical students. Ann Anat 

190:16–22.

Lee YH, Lee YM, Kwon S, Park SH. 2011. Reactions of first-year medical students to cadaver 

dissection and their perception on learning methods in anatomy. Korean J Med Educ 23:275–283.

Leung KK, Lu KS, Huang TS, Hsieh BS. 2006. Anatomy instruction in medical schools: Connecting 

the past and the future. Adv Health Sci Educ 11:209–215.

Malcolm GL, Henderson JM. 2010. Combining top-down processes to guide eye movements during 

real-world scene search. J Vis 10:4.

 

McBride JM, Drake RL. 2011. Student-directed fresh tissue anatomy course for physician assistants. 

Anat Sci Educ 4:264–268. 

McLahlan JC, Bligh J, Bradley P, Searle J. 2004. Teaching anatomy without cadavers. Med Educ 

38:418–424. 

A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

Moxham BJ, Plaisant O. 2007. Perception of medical students towards the clinical relevance of 

anatomy. Clin Anat 20:560–564. 

Nnodim JO. 1990. Learning human anatomy: By dissection or from prosections? Med Educ 24:389–

395. 

Nnodim JO, Ohanaka EC, Osuji CU. 1996. A follow-up comparative study of two modes of learning 

human anatomy. Clin Anat 9:258–262.

Patel KM, Moxham BJ. 2006. Attitudes of professional anatomists to curricular change. Clin Anat 

19:132–141.

Patel KM, Moxham BJ. 2008. The relationships between learning outcomes and methods of teaching 

anatomy as perceived by professional anatomists. Clin Anat 21:182–189.

Pizzimenti MA, Pantazis N, Sandra A, Hoffmann DS, Lenoch S, Ferguson KJ. 2016. Dissection and 

dissection‐associated required experiences improve student performance in gross anatomy: 

Differences among quartiles. Anat Sci Educ 9:238–246.

Rajeh NA, Badroun LE, Alqarni AK, Alzhrani BA, Alallah BS, Almghrabi SA, Almalki LA. 2017. 

Cadaver dissection: A positive experience among Saudi female medical students. J Taibah Univ Med 

Sci 12:268–272.

Rizzolo LJ, Stewart WB. 2006. Should we continue teaching anatomy by dissection when…?. Anat 

Rec 289B:215–218.

Russell L. 2019. Emmeans: Estimated marginal means, aka least-squares means. R

package version 1.4.3.01. The University of Iowa, Iowa, City, IA. URL: https://CRAN.R-

project.org/package=emmeans [accessed 10 September 2020].A
cc

ep
te

d 
A

rt
ic

le

https://CRAN.R-project.org/package=emmeans
https://CRAN.R-project.org/package=emmeans


This article is protected by copyright. All rights reserved

Samarakoon LB, Vithoosan S, Kokulan S, Dissanayake MM, Anthony DJ, Dissanayake V, Jayasekara 

R. 2016. Anatomy of teaching anatomy: Do prosected cross sections improve students understanding 

of spatial and radiological anatomy? Anat Res Int 2016:8984704.

Schwartz SM, Evans C, Agur AM. 2015. Comparison of physical therapy anatomy performance and 

anxiety scores in timed and untimed practical tests. Anat Sci Educ 8:518–524.

Smith CF, Mathias H. 2007. An investigation into medical students' approaches to anatomy learning 

in a systems‐based prosection course. Clin Anat 20:843–848.

Snelling J, Sahai A, Ellis H. 2003. Attitudes of medical and dental students to dissection. Clin Anat 

16:165–172. 

Sparacino AM, Gonzalez VH, Ball S, Cielocha JJ, Helm K, McLeod DS. 2018. A quantitative 

analysis of four undergraduate human anatomy laboratory curricula: Approaches, identified 

structures, concepts, and thematic emphases. Med Sci Educ 29:101–111. 

Sugand K, Abrahams P, Khurana A. 2010. The anatomy of anatomy: A review for its modernization. 

Anat Sci Educ 3:83–93.

Sweller J. 2010. Element interactivity and intrinsic, extraneous and germane cognitive load. Educ 

Psychol Rev 22:123–138.

Topp KS. 2004. Prosection vs. dissection, the debate continues: Rebuttal to Granger. Anat Rec 

281B:12–14.

Venables WN, Ripley BD. 2002. Modern Applied Statistics with S. 4th Ed. New York, NY: Springer 

Science+Business Media, LLC.  510 p.A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

Vogel S, Schwabe L. 2016. Learning and memory under stress: Implications for the classroom. NPJ 

Sci Learn 1:16011.

Whelan A, Leddy JJ, Ramnanan CJ. 2018. Benefits of extracurricular participation in dissection in a 

prosection-based medical anatomy program. Anat Sci Educ 11:294–302. 

Wilson AB, Miller CH, Klein BA, Taylor MA, Goodwin M, Boyle EK, Brown K, Hoppe C, Lazarus 

M. 2018. A meta-analysis of anatomy laboratory pedagogies. Clin Anat 31:122–133. 

Winkelmann A. 2007. Anatomical dissection as a teaching method in medical school: A review of the 

evidence. Med Educ 41:15–22. 

Wisco JJ, Young S, Rabedeaux P, Lerner SD, Wimmers PF, Byus C, Guzman CR. 2015. Student 

perceived value of anatomy pedagogy, part 1: Prosection or dissection? J Med Educ Curric Dev 2:15–

20. 

Yeager VL. 1996. Learning gross anatomy: Dissection and prosection. Clin Anat 9:57–59. 

Zhao F, Ren Y. 2020. Revisiting contextual cueing effects: The role of perceptual processing. 

Attention Percept Psychophys 82:1695–1709.

 

A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

FIGURE LEGENDS

Figure. 1. Frequency of undergraduate anatomy students among nine laboratory sections (n = 203 

students) at The University of Kansas who correctly identified a given structure in both (in situ and ex 

situ) prosection types (Group A), only on the in situ prosection (Group B), only on the ex situ 

prosections (Group C), and those which misidentified the structure in both cases (Group D). For each 

structure, groups with different numbers listed to the right of the bar are significantly different (P < 

0.05). 
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Table 1 

Detached (Ex situ) Prosections Available to Students in a Human Anatomy Laboratory Course at 

The University of Kansas.  

 

Content Unit Body part Number of 

prosections 

Introduction, back, 

and central nervous 

system 

Brain  

Spinal cord  

18 

12 

Upper limb and 

pectoral girdle 

Arm  

Shoulder  

1 

1 

Lower limb and 

pelvic girdle 

Leg and foot  

Knee  

1 

1 

Thorax and 

abdomen 

Gastrointestinal tract 

Lungs  

Heart  

Male reproductive system  

Male reproductive system 

Kidney 

Liver 

2 

3 pairs 

6 

2 

2 

3 

5 

Head and Neck Eyes  

Larynx  

13 

2 
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Table 2. Characteristics of Students Enrolled in the Undergraduate Human Anatomy Laboratory 

Course at The University of Kansas 

 

 

 

 

 

 

 

 

 

 

 

 

 

Data were pooled across nine laboratory 

sections during the spring semester of 

2019. 

Characteristics Frequency 

n (%) 

Total number of students 203 (100.0) 

Sex 

Female 152 (74.9) 

Male 61 (25.1) 

College Level 

First-year (freshman) 30 (14.8) 

Second-year (sophomore) 99 (48.8) 

Third-year (junior) 49 (24.1) 

Fourth-year (senior) 25 (12.3) 

Major of Study 

Pre-Nursing 94 (46.3) 

Community Health 35 (17.2) 

Applied Behavioral 

Science 

27 (13.3) 

Exercise Science 19 (9.4) 

Human Biology 9 (4.4) 

Others 19 (9.4) 
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