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Abstract

Anatomy and physiology courses are a foundation for numerous degrees, but experience some of the highest failure
rates of all undergraduate health science programs (Higgins-Opitz & Tufts, 2014). While interventions have been
developed in an attempt to remediate this concerning phenomenon, there is a paucity of evidence to determine the
reason anatomy and physiology courses pose such an obstacle to students, and whether there are reliable early
determinants for student success in these courses. This review will discuss why this obstacle exists, and the factors that
contribute to success and failure in undergraduate anatomy and physiology courses.
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1. Introduction

The study of human anatomy requires significant intellectual effort to identify the diverse structures and their internal
organisation, as well as comprehension of their relationships with other structures of the body (Pandey & Zimitat,
2007). Likewise, physiology deals with the functions and activities of life (such as organs, tissues, or cells) including
the physical and chemical phenomena involved (Gove, 1986). The notion that anatomy and physiology (A&P) is an
integral component of health science courses, is reinforced by the findings of Pandey & Zimitat (2007) who discovered
that many anatomists believe mastering the fundamental rote learning style of anatomy can aid students across
numerous disciplines (Pandey & Zimitat, 2007). This was further highlighted by Anderton and Chivers (2016) as well
as Sitticharoon, Srisuma, Kanavitoon, and Summachiwakij (2014), who identified success in A & P courses translates
to, a remarkable overall university Grade Point Average (GPA) for both health science and medical student cohorts,
respectively. Therefore, A&P is an integral foundational subject, underpinning health and science undergraduate
courses, and required for the advancement of allied health professionals.

Historically, anatomy has been taught within the first or second semester of undergraduate study, with such courses
providing a base of knowledge required throughout the degree (Ramsden, 2003). Unfortunately, compressing such
fundamental content into the early stages of a degree, where students fail to appreciate relevance, encourages
superficial and inefficient learning (Ramsden, 2003). More so, in recent years an emerging trend has resulted in the
downsizing of anatomy courses, likely a result of an expanding STEM (Science, Technology, Engineering,
Mathematics) curriculum and a shortage of qualified anatomists to deliver course material (Bay & Ling, 2007).

The majority of university health science courses, such as nursing, physiotherapy, radiology and medicine, require
anatomy and physiology or other foundational biology subjects that include A&P as core units (Gultice et al., 2015;
Sefton, 2005). Therefore, in order to determine the factors that contribute to performance in anatomy and physiology,
and improve student outcomes, one must first appreciate the perceived barriers and difficulties associated with learning
these fundamental courses.
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2. Factors that Contribute to Performance in Undergraduate Anatomy and Physiology

The importance of A&P as foundational content for health and science undergraduate courses presents a need to
determine the elements leading to success in such courses (Harris et al., 2004). Fundamentally, these contributing
factors can be defined as student’s engagement in STEM throughout their schooling (lowa Department of Education,
2013), and the environment and opportunity provided to students throughout secondary school.

2.1 Gender Differences

Findings from a number of studies illustrate a variety of fixed and modifiable variables have a significant and
consistent impact on a student’s performance ability in the first year of their tertiary studies (Andrew, 2018; Li &
Carroll, 2019; Mills et al., 2009; Tani, Dalzell, Ehambaranathan, Murugasu & Steele, 2019). One of the most
consistent and unmodifiable of these variables is gender, with females consistently outperforming their male
counterparts academically in first year university courses (Win & Miller, 2005). The suggestion that females
consistently outperform males academically is strengthened by Pomerantz et al. (2002), which demonstrated this trend
occurs from as early as elementary school, with females consistently outperforming boys academically in all four core
subjects (language arts, social studies, science and mathematics). A similar trend was observed in tertiary health and
science degrees, with superior performance of females compared to their male counterparts (Anderton & Chivers, 2016;
Davies et al., 2009), a phenomenon compounded by greater enrolment of females in life science degrees (Chee et al.,
2005). A&P are foundational first year subjects in tertiary health science degrees and therefore this relationship is
transferable. Taken together the current state of the literature suggests some degree of gender effect, in favour of
females, on performance in tertiary health science, and A&P specifically.

The relationship between the female gender and higher academic performance has been investigated since the 1970’s
and is believed to be multifactorial encompassing the approach to feedback and achievement (Roberts, 1991),
heightened desire to please peers (Pomerantz, Alterman & Saxon, 2002), influence of social capital (Chee, Pino, &
Smith, 2005). and learning style (Nuzhat, Salem, Hamdan & Ashour, 2013). There is a tendency for females to be more
concerned with pleasing their peers, such as adults, parents and teachers, which may heighten their efforts to do well in
school, thereby enhancing their academic performance (Pomerantz et al. 2001; Pomerantz et al. 2002). Another factor
that is proving to underlie the gender differences in academic performance is the different approaches to achievement
and feedback. Roberts (1991) argues that females view such situations as offering an opportunity to gain information
about their ability and as a consequence view evaluative feedback as diagnostic. This approach may increase their
effort to do well and thereby their academic performance because they view this performance as being informative
about their abilities (Pomerantz et al. 2002). In addition, Chee et al. (2005) highlights the benefits of social
relationships and social capital as a factor for increased academic performance by females as they are more likely to
actively participate in student clubs and groups. Additionally, learning style preference is thought as an important
determinant of academic performance (Nuzhat, Salem, Hamdan & Ashour, 2013; Remali et al. 2013). As female
students are identified as having diverse learning styles (Nuzhat, Salem, Hamdan & Ashour, 2013; Remali et al. 2013),
such multimodal learning which is associated with a higher cumulative GPA, could further explain the
gender-associated differences.

2.2 Secondary School Environment and Academic Performance

In addition to school engagement in STEM programs, the respective schooling environment can significantly
influences a student’s future success in tertiary A&P (Mills et al., 2009). An example of this was illustrated by
Kumwenda et al. (2017) where students with equivalent entry scores for university courses found government schooled
children consistently outperformed all other variables, inclusive of private and catholic schools when it came to
summative tertiary results. However, this phenomenon was not recently established, with West (1985) finding students
from independent schools were performing at the same level in tertiary education as those from government schools
with matriculation scores one quarter to one half of a standard deviation beneath them.

Win and Miller (2005) sought to determine the effectiveness and contributing factors towards student’s matriculation
scores in Western Australia. As universities predominantly rely on matriculation scores for course selection, the factors
that impact such scores are integral to education research. One of the key findings of their research was that schools
attended have a significant impact on the academic performance of students once they have graduated and commenced
tertiary education, students from government schools consistently outperformed students from catholic and
independent schools at the university level (Win & Miller, 2005).

High matriculation scores in STEM throughout schooling years provide one of the best predictive factors for success in
tertiary A&P (Mills et al., 2009). The relationship between such academic success and higher matriculations scores is
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well documented in educational research and thought to be the to a higher level of engagement, correlated with greater
field interest and study effort (DeBerard, Spielmans, & Julka, 2004; Murphy, Papanicolaou, & McDowell, 2001).
These links are not surprising when considering the impact that enhanced academic engagement has at various periods
of one’s educational journey. Moreover, increased engagement in the form of additional time spent on
curriculum-based work; either in the household completing homework, or in the classroom, can be linked to higher
achievements in school (Singh, 2010). Evans and Farley (1998); and Kumwenda et al. (2017) further demonstrated,
through a study of students’ academic results across multiple disciplines at university, that first year performance is
related to students’ prior academic achievements at secondary schooling, both overall and discipline specific. This
trend extends to STEM, where students who have engaged well with STEM subjects throughout their high school years,
achieve higher matriculation scores, and outperform those students who have not engaged with STEM prior to tertiary
A&P (Mills et al., 2009). The reason for such results was identified by Win and Miller (2005) as what is termed “inter
school effects” such as the immersion effect and reinforcement effect, where students who are surrounded by other
high achieving students begin to perform at an elevated level and continue to do so once at university respectively. This
phenomenon is importantly separated from false perceived increased self-efficacy, where students who perceive
themselves as high achievers without the academic skill set, seek less support and assistance from those around them,
leading to the overall demise of academic results (Ofori & Charlton, 2002). While engagement in STEM is linked to
matriculation scores and further success in A&P, this predictive factor is considered by some to be highly subjective as
engagement can be a difficult variable to effectively measure (Wang, Bergin, & Bergin, 2014). Therefore, it is
important to assess student’s overall performance as quantitative data sets, typically considered the next step in the
sequence of increased engagement, as a predictor of success in tertiary A&P (Anderton & Chivers, 2016).

2.3 Transition from Secondary School to University: The Impact on Tertiary A&P Performance

The transition from secondary school to university is particularly stressful, with success at university influenced by
emotional and social competencies (Garg, Levin & Tremblay, 2016; Parker, Saklofske & Keefer, 2017; Parker,
Summerfeldt, Hogan, & Majeski, 2004). A significant number of secondary school students who commence tertiary
educational institutes in Canada withdraw before graduation, across multiple discipline including health sciences.
(Pancer, Hunsberger, Pratt, & Alisat, 2000; Parker et al., 2004). High withdrawal rates are believed to be due to the
variety of unique stressors faced by first year university students, which include making new relationships with peers,
modifying existing relationships with friends and family, learning study habits in a new academic environment, as
well as learning to function as independent adults (i.e. budgeting time and money) (Parker et al., 2004; Tinto, 1987).

Parker et al. (2004) identified a strong association between academic success in the form of a high (first year GPA}
with dimensions of emotional intelligence (intrapersonal, adaptability, and stress management abilities), exclusively
on young adults making the transition from high school to full-time study. The intrapersonal dimension involves the
ability to distinguish among and label feelings, as well as the ability to use information about feelings to understand
behaviour (Bar-On & Parker, 2000; Parker et al., 2004). This suggests, that the ability to self-regulate emotions in the
academic arena correlates with improved performance; that is — first year students who are able to adapt their
learning, manage their new social stressors and identify their strength and weaknesses as they go, are able to perform
better academically. The adaptability dimension specifically involves skills related to management, such as the
ability to identify potential problems, as well as the use of realistic and flexible coping mechanisms (Bar-On &
Parker, 2000; Parker et al., 2004). The stress management dimension involves the ability to manage stressful
situations in a relatively calm and proactive manner, where such people are rarely impulsive and work well under
pressure (Bar-On & Parker, 2000; Parker et al., 2004). However, it should be noted that an individual’s emotional
and social competencies will most likely change and adapt over the course of tertiary education, and that those who
persevere are likely to have a different level of emotional intelligence following the completion of their degree
(Parker et al., 2004).

Academic preparation and organisational skills have also been identified as factors that contribute to A&P and
overall academic success at university (Griff & Matter, 2008; Gultice et al., 2015). Griff and Matter (2008)
discovered a significant correlation between student’s academic successes in a large A&P course and when a
personal electronic device—which enabled participation in class quizzes, was registered. This finding demonstrated
organisational skills as predictors of success in introductory A & P course (Griff & Matter, 2008).

Another factor affecting the transition from high school to tertiary education is the utilisation of an academic advisor
for course selection exposure to college experience and help with balancing study, work and life issues (Gultice et al.,
2015; Steele, 2018). Gultice et al. (2015) validated that a multifaceted approach between students and advisors
regarding course selection could lead to appropriate remediation before a student registers for university, and when
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combined with targeted tutoring and support, a decrease in withdrawal and increased academic success. In the
context of an undergraduate science study, faculty members and student advisors can guide underprepared students,
such as those transitioning from high school to university, using supported pathways that help them to succeed in,
enhancing the efficiency and effectiveness of faculty members (Brock, 2010; Frost, 1991; Gultice et al., 2015).

3. Improving Performance in A&P
3.1 Engagement in Secondary School

Improving performance in tertiary A&P begins well before the university classroom, with roots beginning in
secondary school. While the magnitude of influence has been disputed, the contributing factors to success in tertiary
education, regardless of stream, are undisputed. Success in tertiary A&P requires enthusiasm and motivation (Hassan,
2008) and these are sentiments that are cultivated by a number of factors in the educational passage that include both
subject selection and the schooling environment (Abbott-Chapman, Hughes, & Wyld, 1992; DeBerard, Spielmans, &
Julka, 2004; Everett & Robins, 1991; Mills et al., 2009). Therefore, it is reasonable to propose that an intervention that
engages students in high school STEM and drives their subject choice to favour STEM may lead to enhanced student
motivation and enthusiasm, manifesting as an overall improvement in A&P performance in the tertiary setting.

Looking beyond engagement-based intervention programs, there is significant data to suggest gender environment
may influence both STEM engagement and performance. Cherney & Campbell (2011) illustrated that female single
sex schooling is linked to the highest overall performance in STEM, with a higher achievement motive and
self-esteem being established as a likely cause for increased performance. However, the improved academic
performance did not correlate to overall interest in pursuing a future career in STEM. While single sex schooling was
not responsible for increased career motivation, Solanki & Xu (2018) established a significant effect of teacher
gender on future profession interest. It was found that by having female STEM instructors, the gender gap was
narrowed in terms of engagement. Not only did this lead to better academic performance, but both male and female
students responded positively to female instructors with enhanced future interest in the field (Solanki & Xu, 2018)

3.2 How Modern A&P is Taught: Delivery Matters

The way in which A&P content is delivered has remained constant in many institutions, with advancements in
learning platforms providing opportunity for a more dynamic delivery. It is well supported in the literature that the
incorporation of various active learning pedagogies into the teaching curriculum and faculty training has been
demonstrated to support student learning (Freeman, Haak, & Wenderoth, 2011; Gabriel, 2008; Roehl, Reddy &
Shannon, 2013; Simkins & Maier, 2010). When the aforementioned pedagogies have been incorporated into biology
courses, an increase in student A&P performance was achieved (Gultice et al., 2015). This success was attributed to
the focus on student engagement to learn by discussion and application, with the ability to provide instant feedback
to assist in development and progress. As a continuation, Wilson, Taylor, Kowalski, and Carlson (2010)
demonstrated the effective implementation of more inquiry-based content modules and increasing the number of
“hands-on” activities to engage underprepared students. These aforementioned pedagogies increased the ease of
explaining complex, abstract processes to students (Wilson et al., 2010), which is further supported by the similar
findings of Hall & McCurdy (1990) and Wood (2009).

Although, not directly linked to the delivery of A&P, Gultice et al. (2015) demonstrated that a heavier course load in
Anatomy and Physiology or Fundamentals of Biology correlated to the greater chance of student success in the
course. This is not intuitive, as a heavier course load might be expected to negatively correlate with a student’s
academic performance, however these results are interpreted as a sign of commitment to the education process
(Gultice et al., 2015). Student success secondary to greater course loads, is believed to be attributed to a student’s
increased focus on earning a degree, having to manage time more precisely, and the increased likelihood of engaging
with the academic community {i.e. professors, other students or support services) (Astin, 1996; Gultice et al., 2015).
Historically, class size has been indicated as a significant factor for student achievement, with smaller classes linked
to an increase in student engagement, increased time on task, and the opportunity for high quality teachers to better
tailor their instructions to the students in the class (Adunola, 2011; Blatchford, Goldstein, Martin, & Browne, 2002;
Freeman et al., 2014; Gultice et al., 2015; Pasternak, 2013; Schanzenbach, 2014). Additionally, in a recent report by
Schanzenbach (2014) for the National Education Policy Centre, small class size (comprising an average of 15
students) was demonstrated to correlate with a positive impact on student engagement behaviours, which include
higher levels of participation, initiative, and levels of effort put into class work. These student characteristics have
been highlighted as important in classroom learning and academic performance; and supported by earlier studies
(Finn, 1997). Interestingly, and contrary to the argument regarding teacher experience and class size, positive
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impacts of small classes were found to be greater for more experienced teachers, as they were better able to take
advantage of smaller class sizes to make pedagogical changes (Schanzenbach, 2006).

4. Concluding Remarks

Withdrawal and failure rates in gateway science courses, including anatomy and physiology, are some of the highest
in developed higher education settings (Higgins-Opitz & Tufts, 2014) and addressing this problem may require a
multifaceted and versatile approach. Part of the reason for such high failure rates in introductory anatomy and
physiology courses can be attributed to a continuing decline in the number of students entering university with
higher-level STEM backgrounds. Thus, many students have been identified as requiring greater academic support in
order to perform at the same level as their STEM established peers (Anderton & Chivers, 2016; Mills et al., 2009). In
addition to the paucity of foundational skills, age, emotional intelligence, teaching style, support systems and finances
can affect an individual’s success in anatomy and physiology (Griff & Matter, 2008; Gultice et al., 2015; Parker et al.,
2004). Therefore, this raised the important issue of how to combat and potentially support this cohort of students.

Participation in STEM subjects in secondary school, in addition to greater matriculation scores, provides one of the
most accurate predictive factors for tertiary A&P success to-date (Mills et al., 2009). The transition from high school
to university is also a significant factor influencing performance in first year anatomy and physiology courses (Griff
& Matter, 2008; Gultice et al., 2015; Parker et al., 2004). While this transition may be perceived by students as being
stressful, it encompasses unfamiliar intrinsic and extrinsic challenges. It would appear however, that those students
who allow unfamiliarity to manifest continue to perform poorly, while those with emotional intelligence,
intrapersonal, adaptability and stress management abilities adapt and succeed (Parker et al., 2004; Bar-On & Parker,
2000). A final key element for student success in undergraduate A&P is the delivery method of content, where
various active learning pedagogies have been highlighted as factors for academic success.

Understanding the current state of tertiary A&P, where schooling participation in STEM is continuing to decline
coupled with rising failure rates, it is important to consider how one might alter the current pattern of behaviour.
Future research should therefore aim to investigate interventions that enhance early STEM engagement or investigate
the reason for a continuing decline in secondary school participation rates. By understanding the multitude and
weighting of variables that contribute to student academic success in foundational science courses, inclusive of
essential anatomy and physiology; we believe that institutions should focus on enriching undergraduate A&P courses,
rather than minimising classroom time and overloading curricula.
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