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ABSTRACT 

Public knowledge of the anatomical “self” is lacking and evidence points towards a growing 

need for anatomy education to the wider public. The public were offered the opportunity to learn 

human anatomy and complete an anatomical knowledge survey afterwards. Sixty-three 

participants volunteered to attempt to place 20 anatomical structures on a blank human body 

template. Responses were scored independently and then collated. A mixed effects logistic 

model was used to examine any associations with participants’ as a random effect and all other 

factors as fixed effects. Results showed a statistically significant quadratic trend with age. 

Participants in health-related employment scored significantly higher than those not in health-

related employment. There was a significant interaction between gender and organ type with 

males scoring higher than females in identifying muscles, but not in identifying internal organs. 

The current study demonstrates the general public’s eagerness to learn anatomy despite their 

limited knowledge of the human body, and the need for widening participation. Furthermore, it 

raises an awareness of the anatomical literacy needs of the general public, especially in school 

children and young adults. Furthermore, it emphasizes the value of health literacy as a focus in 

undergraduate medical education. Anatomy literacy appears to be neglected, and this experience 

provides an example of a possible mode of public engagement in anatomy. 

 

Keywords: gross anatomy education, medical education, public education, public engagement, 

anatomy outreach programs, widening participation 

  



 

 

INTRODUCTION 

The general public’s fascination with the structure and function of the human body coincides 

with the history of medicine, particularly anatomical dissections. Cadaveric dissections gradually 

gained popularity as a result of the scientific revival in medieval Italy at the beginning of 

fourteenth century (Gosh, 2015). Anatomical instruction, particularly the work of Italian 

physicians and anatomists Mondino de Luzzi (ca. 1270-1326) at Bologna, and Andreas Vesalius 

(1514-1564) at Padua, evolved to become public events for all to learn (Ferrari, 1987; Gosh, 

2015). The persistent large crowds drawn by anatomy museums of the Victorian medical 

landscape and the modern day “Body Worlds” exhibits bears witness to society’s interest in 

anatomy (Goeller, 2007; Bates, 2008). “Body Worlds” is a public exhibition demonstrating 

various parts of the human anatomy from deceased individuals (human and other species) that 

have been plastinated to preserve them. “Body Worlds” raises many ethical and moral questions, 

but its stated intended use is to engage the public and enable them to learn about the body 

(Morriss-Kay, 2002; Fonseca and Finn, 2016).  Public engagement in anatomical teaching and 

exhibits provide an opportunity to assess the existing knowledge gap with the aim to facilitate 

health literacy, demonstrate the importance of sound anatomical knowledge to doctors and 

healthcare professionals and improve the targeting and efficiency of health campaigns. Previous 

studies have assessed the knowledge of the general public before and after visiting anatomical 

exhibitions such as Body Worlds, demonstrating a statistically significant increase in anatomical 

knowledge after visiting such an exhibit (Jones, 2002; Goeller, 2007; Fonseca and Finn, 2016).  

There is an opportunity to mirror public engagement and interest in anatomical learning with 

education, which can serve as a tool for improving the general population’s experience when 

focusing on their health and communicating with medical professionals.   



 

 

General knowledge of the anatomical “self” is lacking and has far-reaching implications for 

health literacy as outlined in the following section. Health literacy has been defined as the ability 

to “obtain, process, and understand health information and services needed to make appropriate 

health decisions” (Nielsen-Bohlman et al., 2004). Health literacy has become one of the core 

competencies in undergraduate medical education (Williams et al., 1998; Kripalani and Weiss, 

2006; GMC, 2009, 2015). Anatomical literacy is taken for granted due to the part and parcel 

nature of the use of anatomical terms in medicine. Body knowledge in patients visiting certain 

specialty clinics and in the general population has been assessed, demonstrating that even 

individuals who have acute medical problems associated with individual organs cannot reliably 

demonstrate the location of the affected organ above the level of knowledge of the general 

population. The exceptions to this trend relates to individuals with liver or kidney problems 

(Weinman et al., 2009, Bernhard et al., 2016). Patients’ lack of knowledge is not surprising given 

that it is not their profession to know this material; however it does aid in diagnosis when 

making initial contact with a healthcare professional. It has been shown that medical terminology 

is not well understood by the general public (Lerner et al., 2000). Further complications in 

understanding have been shown to arise from medical professionals over-estimating the 

knowledge-level of their patients (Kelly and Haidet, 2007). The impact of inadequacies in health 

literacy is far-reaching and forms a major barrier that hinders effective treatment. For instance, 

patients with chronic diseases such as diabetes and hypertension require patient education in 

order to monitor their conditions and achieve adequate control (Williams et al., 1998). In 

subjects that are “anatomy heavy” such as medicine, the need for anatomical knowledge is 

essential (Drake et al., 2009). The sheer breadth and depth of anatomical knowledge required of 

students is vast and assessment driven learning is inevitable, particularly when the weighting of 



 

 

anatomy within the exam is considered (Wormald, 2009). It is important however to highlight 

that assessment of anatomy is linked to the purpose, i.e. to future competent clinical practice 

(Smith and McManus, 2015). The breadth and depth of anatomical knowledge for competent 

future practice will depend upon the chosen specialty, but should always be greater than that of 

the patients they serve.  

Plain language communication is a major challenge for many healthcare providers due to their 

use of medical terminology that has become part and parcel of their profession. A recent poll by 

Prostate Cancer UK found more than 50% of the 2,000 men they surveyed did not know the 

anatomical location of the prostate, 17% of the individuals were unaware they had a prostate and 

only 8% knew its function (Fiore, 2016). This leads one to question the efficacy of contemporary 

health campaigns across the globe where the target audience lacks basic anatomical knowledge. 

Public health campaigns raise awareness of the public around pertinent health issues such as 

smoking and lung cancer in the hope to improve health and reduce the need for medical 

treatment for morbidities associated with certain lifestyle choices. There are questions that 

should be asked such as would these campaigns be necessary, or perhaps more effective if more 

was taught about the human body in outreach and educational programs at schools? Evidence 

from the US has already demonstrated that there is a demand for knowledge on the human body 

from young students but teachers are often not equipped with the resources or knowledge to 

delivery relevant material (Baram-Tsabari and Yarden, 2007; Burns, 2008; Burns, 2012).  

Growing evidence points towards the demand for anatomy courses for members of the public 

(Gillingwater and Findlater, 2015). This in turn has the potential to form a facet of patient 

education initiatives, specifically health education which aims to improve the health behaviors of 

individuals, groups or communities (Whitehead, 2004). Lancaster Medical School, as part of 



 

 

Lancaster University’s “Campus in the City” initiative and public engagement, recently provided 

the public with the opportunity to view the human body in three-dimensions (3D). This provided 

the authors with an opportunity to showcase the fascinating field of anatomy, assess the public’s 

knowledge and perceptions of anatomy and anatomical structures, and demystify erroneous 

concepts. The aim of this study was to provide an interactive platform for the general public to 

learn anatomy. Furthermore, the study also assessed their knowledge on the location of various 

organs of the human body and examined trends associated with age, gender, education, work in 

healthcare settings and recent visit to a healthcare professional.  

 

MATERIALS AND METHODS  

During the spring of 2016 members of the public in the City of Lancaster had the opportunity to 

attend a “Campus in the City (CITC)”. This was setup in an empty retail outlet which was 

branded with University logo and advertising. The CITC represented an opportunity to engage 

the public in the various academic endeavors of Lancaster University. Over ten weeks the 

academic content of the CITC changed. The event utilized for this public engagement and 

research was the “human body” event, organized by two anatomists and held over four days 

attracting four hundred and fifty nine visitors.  Attendees were given the opportunity to learn 

more about human anatomy and if interested the opportunity to complete an anatomical 

knowledge survey. An opportunity was provided to explore any structure of interest, which was 

then projected in 3D via a Cyber-Anatomy Med™ software (Cyber-Anatomy Corp., Coralville, 

IA) connected to an Optoma GT 1080 short throw projector (Optoma Europe Ltd, Watford, UK). 

The software package provided the participants with an opportunity to discover more than 4,300 

high resolution digital structures and over 13,000 identifiable landmarks. Participants also had 



 

 

the opportunity to explore the structures of the human body through anatomical models, 

including; a detailed torso and heart, a skull, an articulated skeleton, and a model of the pelvic 

viscera. Sixty-three participants agreed to complete the “body knowledge” survey. The inclusion 

criteria were that participants were willing to take part and able to read and understand the 

material that formed part of the questionnaire, any who could not meet these criteria were 

excluded from the study. Participants were given a questionnaire with two parts. Part 1 assessed 

their knowledge of the human body; this part of the questionnaire consisted of an image of the 

human body alongside letters corresponding to common structures within the human body. The 

participants were asked to place the correct letter onto the body in the place where they 

considered the organ to be located. Participants were asked to place the following on the body 

template (Supplementary Material Appendix 1): brain, cornea, lungs, liver, diaphragm, heart, 

stomach, appendix, bladder, kidneys, pancreas, gallbladder, spleen, adrenals, thyroid, 

hamstrings, biceps, triceps, quadriceps, cruciate ligament, Achilles tendon. The authors chose the 

structures based on what appears to come up in everyday life, sports, TV shows and commercials 

– things that most people will have encountered. The muscles are those that people frequently 

discuss in terms of keeping fit and sports injuries seen in professional and amateur sports. The 

abdominal structures were selected as common structures that individuals are likely to have 

come across in everyday life, TV programs and are found on basic internet searches for 

abdominal pain.  The Achilles tendon was used as an example of how to complete the diagram 

and placed on the answer sheet. Part 2 of the questionnaire asked for demographics of the 

participant; “age”, “gender”, “highest academic qualification”, “work in healthcare?” and “any 

visit to a healthcare professional in the last week?” 



 

 

After the event, all answer sheets were read by two anatomists and scored independently for 

correct placement of organs. Correct location(s) on each participant sheet were determined by 

placing an “answer” version of the location of the organs within the body. This correct answer 

version consisted of an acetate print out of the participant “blank canvas” version with the organs 

drawn onto it by a qualified anatomist. A placement by a participant was deemed to be correct if 

the letter was more than 50% contained within the boundary of the “answer version”. The study 

was approved by Faculty of Health and Medicine Research Ethics Committee, Lancaster 

University. 

The data were analyzed using a mixed effects logistic model implemented in the R statistical 

software (R Foundation for Statistical Computing, Vienna, Austria), with subject as a random 

effect and fixed effects as follows:  type of structure (0 = internal organ, 1 = muscle); gender (0 = 

F, 1 = M); health-related employment (0 = no, 1 = yes); visit to health professional within 

previous week (0 = no, 1 = yes), highest educational qualification (none, GCSE, A-level or 

equivalent, university degree); and a quadratic function of age in years. This mixed effects model 

allowed for unexplained variation in different subjects' ability to give correct answers (random 

effects) when drawing inferences about the effect of subject-level covariates (fixed effects).   

 

RESULTS 

The “human body” event was not a formal educational intervention with a follow-up summative 

assessment. Rather, the informal setting and open forum platform served as an opportunity to ask 

the researchers about the anatomy of the human body. The participants were from a group of 

sixty three whose mean age was 36.5 years (SD 16.4, range 8-74), their gender comprised 36 



 

 

females, 26 males and 1 individual who preferred not to disclose their gender and was excluded 

from the gender analysis.  

 

 

Figure 1 shows the number of correct answers for each organ, by gender. The only organ which 

100% of respondents answered correctly was the brain.  The biceps muscle and the cornea were 

the next most correctly answered structures. At the other end of the spectrum the adrenal glands 

were the structures that fewest respondents were able to identify; less than 15% of people knew 

where they were located, with many believing them to be located in the neck. The spleen was the 

next most weakly identified structure, with 20% answering correctly closely followed by the 

gallbladder with only 25% of respondents being correct. All of the structures in the questionnaire 

contributed to the reliability, with Cronbach’s α of 0.724, this increased slightly with the removal 

of the bladder (0.745) or heart (0.726).  

 

 

The number of correct answers (out of 20) ranged from 2 to 20 and showed a weak, but 

statistically significant (p = 0.029) quadratic trend with age (Figure 2).  Subjects in health-related 

employment scored significantly higher than those not in health-related employment (p < 0.001, 

odds ratio 3.296).  There was a significant interaction between gender and organ type (p = 0.002) 

with males scoring higher than females in identifying muscles, but not in identifying internal 

organs. There were no significant associations with highest educational qualification (p = 0.476) 

or visit to health professional within previous week (p = 0.254). Parameter estimates and 

standard errors for the final model are shown in Table 1. The estimates seen here represent the 



 

 

change in log odds of the outcome of difference between the two levels of the factor of interest 

(i.e. the respondent’s ability to answer correctly). The coefficients for age and age squared 

together describe how the ability to answer correctly varies with age, initially rising with age but 

then falling (Figure 2). 

 

DISCUSSION 

The value of the current study is twofold. Firstly, it demonstrates the general public’s eagerness 

to learn anatomy. Secondly, it highlights the varied level of anatomical knowledge of the public. 

The latter aspect emphasizes the value of health education for the public. The second benefit also 

offers a reminder of the need for anatomical knowledge and literacy as focal points in UK and 

wider undergraduate medical education. Whilst many of the public do not have or need formal 

anatomical knowledge, it is beneficial in monitoring and explaining their own health. This study 

demonstrates that the general population has a wide and varied knowledge about the human body 

that increases with age. The level of academic qualification does not correlate with ability to 

identify structures. This work adds to the hypothesis of previous work that has already shown 

that there are disparities in the ability of the general population and patients in identifying 

structures, even those with organ or structure specific disorders (Rashid and Jagger, 1996, 

Weinman et al., 2009; Ramanayake et al., 2014). Health campaigns that specifically target 

certain diseases or disorders, although they have shown increased referral rates (Meecham et al., 

2016) they may still be missing people due to weak anatomical knowledge of whether they have 

that organ or where it is? In our study many internal organs were poorly identified and 

individuals who had visited a healthcare professional prior to the quiz fared no better than those 

who hadn’t. This suggests that “Dr Google” may not have all the answers and having visited a 



 

 

healthcare professional in the previous week did not help them with their anatomical knowledge. 

Furthermore this indicates that tasks as simple as identifying organs and structures on the correct 

side of the body is not straightforward for the general public, hence a clear and competent 

knowledge of basic anatomy is a fundamental requirement for modern healthcare professionals., 

This study went one step further in assessing knowledge than other already published studies in 

that current participants were not given a multiple choice option of locations, they were given a 

blank canvas in order to try and place the correct location, making it much harder to answer 

correctly. The work undertaken in this manuscript also represents a more complete assessment of 

the knowledge of the public, as it has been shown that multiple choice testing allows reactivation 

of marginal knowledge (Brame and Biel, 2015). The anatomical understanding and knowledge 

used by medical professionals is learnt over many years and applied in practice long before 

practitioners are able to interact safely with patients.  

A positive performance in respondents who indicated they worked in the broad field of 

healthcare fared better than those who didn’t. The bracket of “worked in healthcare” covers a 

huge number of professions, from surgeons through to pharmacists and healthcare assistants; 

regardless of their actual profession, their exposure to the human body and anatomy would be 

expected to raise their knowledge level above that of the general public; something that the 

public relies on. The volume of anatomy and physiology and how to apply them are learned over 

many years, with these subjects often forming core components of their curricula 

(Kaveevivitchai et al., 2009). Evidence points towards improved consultation and patient 

satisfaction when doctors and patients have a shared anatomical/medical vocabulary (Williams 

and Ogden, 2004). It is reassuring that these results support an improved performance in 

individuals who work in healthcare (Spielmann and Oliver, 2005, Gupta et al., 2008, Kong et al., 



 

 

2015) , this is not always the case, a small number of studies have shown a lack of distinction in 

performance; established doctors showing less anatomical knowledge than medical students in 

certain areas of medicine and anatomy (Segaren et al., 2012).  

It is well known that ageing increases the likelihood of diseases and disorders and that these 

patients will have consulted medical professionals on a more regular basis (Burkle et al., 2007; 

Akushevich et al., 2013). These patients will likely also have explored internet-based resources 

and therefore may be familiar with the location of the structure that is causing them pain (Jeannot 

et al., 2004). This may explain the average higher number of correct answers in the 40-49 age 

bracket than those from either side, as data from the United Kingdom show that the number of 

consultation rates per person begins to increase in the 40s (Ackermann Rau et al., 

2014).Furthermore, this age group may become more aware of the location of structures and 

organs that cause conditions that necessitate an understanding of where these structures are. 

Weinman and colleagues (2009) documented similar findings in their study; participants from 

specific diagnostic groups, liver disease and diabetes, were more accurate in identifying the 

organs involved (Weinman et al., 2009). 

It has also been argued that individuals with lower levels of education need special skills and 

support for understanding health-related information (Hippisley-Cox and Vinogradova, 2009). 

The data presented here do not support the hypothesis that those with fewer or lower educational 

qualifications perform significantly worse than others, although the individuals with the lowest 

scores were from this demographic profile. This study is the first, to the authors knowledge, that 

looks at the performance of individuals under the age of 18. The youngest respondents were aged 

8, 8, 11, 11, 12 and 17 answered 9, 3, 10, 6, 2 and 10 out of 20 correct, respectively. The age of 

many of the under 18 respondents places them within the “pre-adolescent” age bracket. It has 



 

 

been demonstrated that these students show a desire to learn about the human body, but may be 

limited initially due to the lack of knowledge of relevant content from their educators (Burns, 

2008). Educational outreach to students of this age has a two-fold benefit 1) they have a desire to 

learn given the anatomical and physiological changes that are occurring as they grow and move 

through puberty. 2) They are at an age where experimentation with substances such as tobacco 

becomes likely. Educational outreach which combines normal anatomy and pathological changes 

that result from life choices is likely to be more beneficial at this age and linked to improved 

health outcomes in later life (Burns, 2012).  Innovative and highly successful outreach programs 

can be utilized to identify the individual needs of students and the staff educating them, using a 

variety of settings which provide the scope for better educational and health outcomes (Burns, 

2002). The role of Universities in providing outreach education in this field suggests that there 

are limited knowledge and opportunities within core educational curricular. In the UK there are a 

variety of providers that offer secondary educational courses as part of GCSE and A-Level 

qualifications. However, the amount of anatomy in them is very limited. The UK Government 

documents give very little information about what specifics linked to anatomical structures are 

taught; rather they are somewhat vague with only direct reference to the heart in its physiological 

role, instead focusing heavily on cellular structure and function(s) (Department for Education, 

2014). An improvement in delivery of basic anatomical knowledge within primary and 

secondary education may have beneficial health outcomes in later life, as well as reducing 

burden on healthcare services by ensuring competent communication between patient and 

healthcare professional.     

 

Study limitations 



 

 

This pilot observational cross sectional study employed a small sample size compared to similar 

publications (Weinman et al., 2009; Ramanayake et al., 2014). The authors did not explore 

specific diagnostic groups such as diabetes, cardiovascular disorders and liver disease. The 

choice of individuals to participate was interpreted by researchers as them doing so through their 

own interest in anatomy and health and thus may represent a biased population that are at the 

more informed end of the general public spectrum of knowledge. Similarly, it cannot be 

compared how the demographics of the participants are representative of the other attendees on 

the day, as these data were not collected. 

This study is also England/UK-centric and may not be representative of the knowledge of other 

areas of the world where different educational content as part of compulsory education or 

prevalence of different diseases that affect the population may lead to a different level of 

knowledge of a given area.  

Finally, Lancaster is one of western Lancashire’s major healthcare hubs and this explains the 

high proportion of healthcare providers in this study. However, the value of this possible skewed 

representation of the general population of Lancaster highlights the need to strengthen the 

existing anatomical literacy.    

 

CONCLUSIONS 

Health agencies such as the NHS are successfully working on improving the general public’s 

understanding of health and wellbeing. Advertising campaigns for health screening related to 

structures such as the prostate and abdominal aorta, see increased referral rates, but little is 

known about whether individuals actually know where these structures are within their own body 

(Meecham et al., 2016). Body knowledge of the general public appears to vary greatly and this 



 

 

brings into question their individual decision-making about their own care. Effective 

communication between doctor and patient and a matched vocabulary significantly impacts the 

efficiency of a consultation as well as the patient compliance (Williams and Ogden, 2004). The 

data gathered suggest that there are gender differences in being able to identify internal organs 

versus muscles. The type-by-gender interaction is significantly positive, which is explained by 

the fact that the success rate for males identifying muscles is significantly higher than all three 

other categories, i.e. males and females are more-or-less equally good at identifying internal 

organs, but males are better than females at identifying muscles. This information, along with 

recent data showing how functional brain imaging predicts the success of public health 

campaigns (Falk et al., 2016), should be considered by medical students, health care 

professionals and public health campaigners when consulting with patients and designing health 

literature and education materials. Future research is needed to determine the expected 

anatomical literacy of the general public.  

The current study extends beyond data collection and points towards a possible mode of public 

engagement in anatomy. An event such as the Lancaster University’s CITC, involving 

undergraduate students as facilitators, has the potential to highlight the existing gaps in health 

literacy and to form a bridge between healthcare professionals and patients (Chinn, 2011). An 

additional advantage relates to the bioethical considerations when using human or cadaveric 

material in public engagement (Myser, 2007). The sometimes understated value of anatomical 

models circumvents such issues. Technological advances in the computerized representation of 

the human body further has become more realistic and serves as an alternative to controversial 

use of human material in the public domain (Murgitroyd et al., 2015). Finally, medical students 



 

 

should be reminded that their anatomical knowledge should be better than that of their patients, 

and the best place to begin to learn this is in Medical School. 
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FIGURE LEGENDS 

Figure 1: A graph showing the number of the correct answers by structure for males (blue) and 

females (red) as percentage of correct responses. The brain was answered correctly by 100% of 

respondents. The adrenals, spleen and gallbladder were the structures which were identified most 

poorly by respondents.  

 

Figure 2. Scores (percentage of correct answers out of 20, solid dots) against age in years, with 

modelled relationship between score and age (black solid curve). Gender was not significantly 

associated with score, but is indicated for completeness (blue for Females, red for Males). 

 

Table 1: Parameter estimates (log-odds ratio scale) and standard errors (in parentheses) for the 

fitted logistic model. For binary factors (e.g., gender or organ type) each estimate represents the 

change in log odds of the outcome (i.e., the respondent’s ability to answer correctly) between the 

two levels of the factor.  The coefficients for age and age squared together describe how the 

ability to answer correctly varies with age, initially rising with age but then falling (Figure 2). 
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Table 1: Parameter estimates (log-odds ratio scale) and standard errors (in parentheses) for the 

fitted logistic model. For binary factors (eg gender or organ type) each estimate represents the 

change in log odds of the outcome (i.e. the respondent’s ability to answer correctly) between the 

two levels of the factor.  The coefficients for age and age squared together describe how the 

ability to answer correctly varies with age, initially rising with age but then falling (Figure 2).  

 

Effect Estimate (standard error) 

age            0.092   (0.057)  

age-squared        -0.076  (0.029) 

gender 0.112   (0.189)   

organ type           0.066  (0.181)  

gender-by-type interaction 0.916   (0.294)  

health-related employment 1.193   (0.297)   


