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Morrow[1] distinguishes between gaining access to an institution of learning 
and access to knowledge. To facilitate the latter, one needs to ascertain what 
students know about a subject to inform teaching to scaffold the learning 
process. The development of valid and reliable instruments is essential to 
guide and thus enhance teaching and learning activities. Moreover, in the 
absence of pass or fail decisions associated with summative assessments, a 
low stakes baseline or formative assessment provides a less intimidating 
experience and an ideal starting point to establish what students know. 
Importantly, these baseline assessments offer an opportunity to elucidate 
cognitive and content knowledge gaps that may exist.[2,3] This is valuable 
information, as students from diverse educational and socioeconomic 
backgrounds may be provided with access to an institution, but may not 
have access to the subject knowledge that is required to succeed. In the 
South African (SA) context, there are a few tailor-made test instruments 
that explore students’ preparation for university. The Health Sciences 
Placement Tests developed by the Alternative Admissions Research 
Project (AARP), currently the Centre for Educational Testing for 
Access and Placement (CETAP), were used by Wadee and Cliff[4] to 
predict academic success during the first year of study. The individual 
component scores of the test were aligned with biology, chemistry, physics, 
sociology, psychology and fundamentals of medical and clinical sciences 
to identify specific predictor domains of student success in a medical degree. 
Allers et al.[5] used medical students’ National Senior Certificate (NSC) and 
National Benchmark Test (NBT) results to compile profiles of successful 

students and those who failed physiology, and to identify predictors for 
success in physiology. An earlier study at the University of Cape Town 
(UCT) focused on developing a mathematical literacy questionnaire to 
identify which students entering the MB ChB programme were in need of 
extra mathematical literacy interventions. The diagnostic tool showed a 
moderate improvement post intervention in the mathematical literacy of 
these students.[6] Potgieter and Davidowitz[7] developed the Chemistry 
Competence Test to probe the school-university interface in SA for the 
level of conceptual understanding of chemistry. Their study is similar to ours; 
however, none of these instruments addresses constructs obtained from 
Grade 12 life sciences that are aligned to topics in the first-year anatomy and 
physiology curricula. In SA, the school-leaving (Grade 12) examinations, 
administered by the Department of Basic Education, measure whether 
students have acquired the knowledge and skills needed to exit the school 
system and enter tertiary-level education. Some students admitted to the 
first-year MB ChB, physiotherapy and occupational therapy programmes 
may not have studied and completed life sciences as a Grade 12 subject, but 
rather mathematics and physical science, as these are entrance requirement 
subjects. Even for students who have studied life sciences, given the 
variation in curriculum design and pedagogies employed by the various 
public and private high schools in SA, the Grade 12 marks for life sciences 
do not give a dependable indication of a student’s foundational knowledge 
for first-year health professional courses. There are often huge variations 
in students’ cognitive, problem-solving and reasoning skills[8] that emerge 
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from the different schooling experiences in this country. SA studies have 
also shown that in the physical sciences, students with poor cognitive and 
problem-solving skills often struggle in their first year at university.[9,10]

 
Poor 

performance has been linked to the lack of dialogical discourse, rote 
learning and failure of teachers to ensure that students actively engage with 
the content.[11] Students in the health sciences are taught anatomy and 
physiology in their first year, with the assumption that they have acquired 
the prerequisite foundational knowledge and cognitive skills from their 
Grade 10 - 12 curricula. Currently, when students enter their first year 
at university, there is no assessment to measure their level of knowledge 
and to identify those who may benefit from early academic support in 
anatomy and physiology. Consequently, students who fail the anatomy and 
physiology courses must repeat these, or are placed in an extended degree 
programme.[12] In our study, we describe the development and refinement 
of a novel baseline assessment, which aligns content of the Grade 12 l ife 
sciences curricula with content that is relevant to the first-year anatomy and 
physiology curricula.

Methods
Study design
The study describes the development of a baseline assessment to determine 
students’ foundational knowledge of human anatomy and physiology on 
entry to university. Psychometric analysis was performed to measure the 
reliability of the test instrument. 

Characteristics of the study population (sampling) and 
procedure
A total of 371 students admitted into the first-year MB ChB, physiotherapy 
and occupational therapy programmes completed the multiple-choice 
assessment. These undergraduate programmes in the health sciences 
faculty offer anatomy and physiology courses during the first semester 
of the first year. Whereas the admission requirements for the first year at 
university vary, it is expected that all students should have mathematics 
and physical sciences or life sciences to be eligible for acceptance into 
the different programmes. At the higher education institution where 
the study was conducted, the minimum entrance requirements for 
first-year MB ChB students is at least 60% for mathematics, physical 
sciences and English and at least 50% for the 3  next best subjects. The 
entrance requirements for the first year in the Division of Physiotherapy 
are that students obtain at least 50% for all subjects, which must include 
mathematics and physical sciences or life sciences. For the Division of 
Occupational Therapy, students are required to have obtained at least 50% 

for all subjects, which must include physical sciences or life sciences and 
mathematics (or 60% for mathematical literacy). All students wrote the 
same NSC examination, and therefore were expected to have acquired the 
foundational knowledge and cognitive skills in the subjects. A 37-item 
4-option (single best answer) multiple-choice assessment was developed 
and administered during the first week of lectures on the university’s 
online learning system. The responses of participants (including the 
questions) were exported into an Excel spreadsheet (Microsoft Corp., 
USA) for further analysis by a test development co-ordinator. Participants’ 
names and student numbers were anonymised by the primary investigator 
(AA). Only students who gave consent and were ≥18 years old at the time, 
were eligible participants. 

Development of the data collection instrument
The pool of multiple-choice assessment items was developed by the 
principal investigator and co-investigators to explore students’ cognitive 
skills and conceptual knowledge in anatomy and physiology. The content 
for the selected items was based on the content of the 2012 - 2015 Grade 12 
final life sciences examination papers and relates to the curriculum 
covered in the first-year anatomy and physiology courses. The items were 
evaluated by 2  disciplinary experts to ensure adequate coverage of the 
domain and field of anatomy and physiology. The researchers carefully 
selected the distractors for each item, based on content and concepts 
that past students found challenging. This was done to give researchers 
a better understanding of students’ knowledge, misconceptions and 
reasoning abilities at the start of the academic year. Each of the items for 
the anatomy and physiology foundational knowledge assessment (A&P 
foundational knowledge assessment) was rated according to the cognitive 
domains of Bloom’s taxonomy. This taxonomy is frequently[13-16] used to 
classify the cognition required in multiple-choice items. The items were 
designed with specific focus on Bloom’s taxonomy categories of knowledge 
and comprehension, as these were thought to be the most appropriate at 
an entry level to first-year anatomy and physiology.[17] For each of the 
items, the knowledge domain and comprehension required to solve the 
problem were analysed and documented in a specification table (Table 1) 
before administering the test. This helped to shed light on the students’ 
level of understanding of the concepts and sub-concepts of the content 
tested. Topics included: homeostasis, anatomical terminology, levels of 
organisation of the human body, body systems, the endocrine system, 
development and inheritance. In 2016, the assessment was piloted using 
data from 134 students in the first-year anatomy and physiology courses 
to allow for revision and refinement. 

Table 1. Classification of each item in each domain assessed into the cognitive levels of Bloom’s taxonomy

Bloom’s taxonomy categories Items in each domain, n Medical students, mean (SEM) 
Occupational therapy and 
physiotherapy students, mean (SEM) p-value 

Level 1: knowledge 26.59 (4.20) 21.18 (4.66) <0.0001 
Physiology 10
Anatomy 11

Level 2: cognitive skills 
(comprehension) 

26.43 (4.29) 21.13 (4.66) <0.0001 

Physiology 11
Anatomy 5

SEM = standard error of the measurement.
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Analysis
Item difficulty and item discrimination were calculated for each item of the 
assessment using Iteman version 4.3 software (Assessment Systems Corp., 
USA).[18] The classic test theory (CTT) analysis[19] allowed insight into the 
reliability of the overall test and of the anatomy and physiology domains 
independently.

Individual questions were analysed according to: (i) reliability of the 
test without the item; (ii)  item difficulty; (iii)  discrimination indices; 
and (iv)  correlation indices. The total scores, standard deviations, 
standard error of the measurement (SEM) and distribution scores were 
also calculated using the CTT Iteman software. Analysis was performed 
on the whole group and by splitting the students into 2 groups – the 
MB ChB students in one group and the combined physiotherapy and 
occupational therapy students in another group. The reason for splitting 
the students into the 2 groups is that, in the health sciences faculty, 
not only are the admission requirements similar for the occupational 
therapy and physiotherapy students, but these students register for the 
same anatomy and physiology course in their first year. Data collected 
were coded by a research assistant. The coded data were recorded in 
an Excel program (Microsoft Corp., USA) and later transferred to 
SPSS version 25 (IBM Corp., USA). In addition to the abovementioned 
analyses, the mean and distribution scores of the 2 groups were 
compared with each other.

Ethical approval
The proposal received ethical approval from the Human Research Ethics 
Committee of the Faculty of Health Sciences at the University of Cape 
Town (ref. no. HREC 7982016). 

Results
Overall reliability, item difficulty and discrimination 
performance of the baseline assessment
Analyses were performed on the test as a whole and on the 37 items consisting 
of 2 domains: anatomy and physiology. For the 2 student cohorts, using the 
Kuder-Richardson formula 20 (KR-20), the test had an overall reliability 
of 0.64  (alpha), with the SEM at 2.53. As an assessment, the instrument 
demonstrated an acceptable level of reliability, given that it was a low-stakes 
assessment with only 37 items. The small SEM shows that the observed 
scores were closely distributed around a student’s ‘true’ score. We then 
evaluated the  performance for each of the items by analysing the point-
biserial correlation discrimination indices (rpbis). This was done to ascertain 
how well the item differentiated between low- and high-scoring students 
and how easy or challenging each item was, expressed as an item difficulty 
index (p-value). Items were deemed difficult if the index was ≤0.25 and 
easy if it was ≥0.95. The discrimination index ranges from ‒1 to +1. Here, 
negative scoring items are considered to have poor discrimination, given 
that low-scoring students were more likely to choose the correct option than 

high-scoring students. A discrimination index of ≥0.2 was considered to offer 
the best discrimination.[20-22] Overall, the mean score for all the test items was 
21.73, with 59% of students answering the items correctly (mean p=0.59). 
Of the 37 items, 6 items were flagged as not discriminating well, with 2 of the 
6 items having negative discrimination and 2 of the 6 items having a p-value 
of 0.1 - 0.2.

Overall, item difficulty was reasonable, although the item discrimination 
index of all 37 items would need to be reviewed, as the mean rpbis of 0.18 
was lower than expected (Table 2). 

Reliability, item difficulty and discrimination performance in 
the anatomy and physiology domains
The physiology and anatomy domains consisted of 21 and 16 items, 
respectively. Individually, the domains demonstrated lower reliability than 
the overall assessment, with physiology KR-20 at 0.48 and anatomy KR-20 
at 0.57. Given the small number of items in each domain, it is not surprising 
that the reliability tended to be on the low end of acceptable, as reliability 
is a function of the number of items in a test. The mean item difficulty 
index (p-value) for physiology was 0.60, with a lower mean discrimination 
index of 0.15, whereas anatomy had a mean item difficulty index (p-value) 
of 0.57 and a marginally higher mean discrimination index of 0.21. Overall, 
some of the items in the physiology domain failed to discriminate the 
high-scoring students from those who achieved lower scores. The items 
that failed to discriminate would need to be reviewed; for anatomy the item 
discrimination was reasonable. The anatomy items were only slightly more 
challenging, with students achieving a correct score of 56.6% compared with 
physiology at 60.4% (Table 2). The combined scores for all the items and 
the distribution of raw scores for physiology and anatomy, respectively, 
were normally distributed. The two domains had a low correlation of 0.37, 
indicating that what was being tested was distinct (Fig. 1). 

Comparison of test scores for medical, physiotherapy and 
occupational therapy students
In addition to establishing the overall reliability of the assessment, 
we were  interested in determining whether the occupational therapy, 
physiotherapy and medical students performed similarly or differently in 
the baseline assessment. The baseline assessment scores of the medical 
students were slightly higher than those of the occupational therapy and 
physiotherapy students. The mean test scores for the medical students 
for  the anatomy and physiology test was 26.03. Of the 227 medical 
students, an average of 59% answered the items correctly. In comparison, 
the occupational therapy and physiotherapy students (n=144) had a 
mean score of 20.06  for the anatomy and physiology test, where 53% 
of the students answered the items correctly. We then compared the 
students’  results on  the baseline assessment with those of their final 
Grade 12 life sciences  results  for both medical, occupational therapy 
and physiotherapy students. Of the 371 registered first-year students, the 

Table 2. Item difficulty and discrimination for all scored items in each domain
Domain Items, n Mean (SD) Minimum score Maximum score Mean p-value Mean rpbis 
Items scored, N 37 21.73 (4.25) 10 34 0.59 0.18 
Physiology 21 12.68 (2.69) 5 19 0.60 0.15 
Anatomy 16 9.05 (2.45) 0 16 0.57 0.21

SD = standard deviation; rpbis = point-biserial correlation discrimination indices.
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majority had studied life sciences (n=356) (medical, n=217; physiotherapy 
and occupational therapy, n=139). Fewer than 10% of students reported 
not having studied life sciences (medical, n=11; physiotherapy and 
occupational therapy, n=4). Medical students entered university with 
a slightly higher final school grade for life sciences than physiotherapy 
and occupational therapy students. The mean life sciences grade for 
medical students was 88% (n=217) (range 74 - 100%). The physiotherapy 
and occupational therapy grade was 71.50% (n=139) (range 47 - 94%). 
The results of the baseline assessment showed a similar trend as for 
the life sciences grades, as medical students scored slightly higher 
than occupational therapy and physiotherapy students for anatomy and 
physiology. When we compared the performance of students based 
on Bloom’s taxonomy in knowledge and comprehension (Table  1), the 
medical students scored significantly higher in both cognitive categories 
than occupational therapy and physiotherapy students. This aspect of the 

research will be explored in greater detail in another study, focused on the 
understanding of the life sciences conceptual knowledge and problem-
solving skills students possess at the start of the academic year. 

Reliability of the test for the 2 student groups 
The test had a lower reliability for the medical students (0.57), with a 
larger SEM (2.78) than for the occupational therapy and physiotherapy 
students, where the test reliability score was (0.66), with an SEM of 2.66. 
When calculating the reliability of the individual domains of anatomy 
and physiology for each discipline, the test achieved lower reliability. In 
physiotherapy and occupational therapy, the anatomy and physiology 
domains achieved a reliability of 0.60 and 0.42, respectively, whereas for 
medical students a slightly lower reliability was achieved for anatomy (0.52); 
physiology was higher (0.43).

Discussion
This study describes the development and refinement of an assessment 
instrument that aims to establish students’ foundational knowledge of human 
anatomy and physiology learnt in Grade 12 life sciences. The benefits of 
such an assessment can be to inculcate content expertise, alter attitudes, 
promote student growth and offer an opportunity to receive feedback 
from peers and lecturers.[23] Moreover, the assessment can also provide an 
opportunity for lecturers to understand students’ prior knowledge[24,25] and to 
use this information to inform teaching.[26,27] Establishing the knowledge that 
students bring into learning spaces is less well explained in the literature.[28] 

The baseline assessment administered to first-year health sciences students 
shows potential as an efficient and acceptable method to establish students’ 
prior knowledge. Ideally, assessments that inform pass or fail decisions, such 
as summative examinations, should have a reliability coefficient of >0.8.[29] 

This is because the consequences of these decisions have an impact on the 
students’ future, whereas the aim of the baseline assessment was to inform 
teaching and learning. In our study, the assessment achieved a modest 
reliability of 0.64, which is lower than assessments that examine student 
preparedness.[4,7] It can be attributed to the fact that we purposely selected 
key themes that served as indicators of entry-level foundational knowledge. 
This resulted in a limited number of items generated, and the associated 
shorter length of test administration most likely played a part in the lower 
reliability that is usually associated with formative assessments (0.70 - 0.79).[30] 

Even in light of the reliability score, this instrument provides a way to gather 
information to benefit teaching and learning, as it looks back to the content 
of the Grade 12 life sciences curricula and forward to first-year anatomy and 
physiology  curricula. In this way it links prior knowledge with knowledge 
of the forthcoming subject. Using this test, we were able to determine that 
~60% of students had basic knowledge to build on as they entered university. 
Previous studies have shown that students who performed well in secondary 
school subjects were more likely to perform well at university.[31,32] Medical 
students who entered with higher Grade 12 life sciences grades performed 
better in the baseline assessment. The multiple-choice baseline assessment 
performed differently across the 2 groups, with lower reliability achieved in 
the medical students’ group. Reliability can be affected by the formulation 
of the items, such as a mistake on the correct scoring key. Other factors 
that can affect reliability are poorly prepared students guessing correctly 
and well-prepared students somehow justifying the wrong answer.[33,34] In 
the assessment, only 6 items were found to be problematic. The majority 
(57%) of the items were developed at the knowledge level, which may have 
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contributed further to the difference in performance between the 2 groups. 
For the continued use of the baseline assessment, the items must be reviewed 
and adapted to accommodate the range of student groups being tested, as 
well as increasing both the number of questions and length of the test.[35] 

Indirectly, this baseline assessment also provided an opportunity for students 
to access and retrieve information that was learnt previously, which may be 
used in the future.[36,37] This retrieval facilitates learning even if the attempt is 
unsuccessful,[36] as it shows students where their knowledge gaps are. In this 
way, students can adjust their learning strategies. As can be observed from the 
test scores, students possess a reasonable level of understanding of the subject. 
Where it is shown that students do not possess the required content knowledge 
early in the academic programme, it offers an opportunity to effect changes 
to teaching, such as academic support interventions.[38] In our study, students 
were offered additional support alongside the course when their test score 
was ≤55%. (The results of this study will be reported in a future publication.) 
Instituting these types of interventions is especially important where students 
who work with patients need to use their science knowledge to inform clinical 
decisions. Using a less intimidating low-stakes baseline assessment may clarify 
the concepts that link prior knowledge to current experiences. 

Lessons learnt 
A range of criteria exists that supports the development of rigorous assessment 
instruments that can withstand internal and external scrutiny. We set out 
to develop a reliable instrument, while giving attention to validity and  the 
educational benefit.[39] During the development process, we were mindful to 
ensure that the instrument assesses students’ knowledge at the  appropriate 
cognitive level, using the relevant content. The results indicate that additional 
work is required to improve the quality of the items to consistently achieve 
accurate results. Alongside the criteria mentioned in  developing the 
instrument, we also paid attention to fairness and feasibility.[40] Using 
a method of assessment that students have some familiarity with from 
high school is helpful, especially if the assessment is to be taken early in 
the year. The items were reviewed for content validity and language by 
lecturers associated with the programmes and educationalists to ensure that 
English additional language speakers were not negatively affected. A baseline 
assessment used to inform teaching can be challenging to administer early in 
the course, where class schedules are set in advance. In our faculty, timetable 
planning in some instances is done months or a year in advance, which limits 
the freedom of introducing assessment for learning opportunities. Within a 
structured curriculum, the emphasis is often on gaining content knowledge 
and developing appropriate formative and summative assessments, which 
dictate the timetable. The success of developing baseline assessments to 
inform teaching and learning not only requires the buy-in from relevant 
stakeholders, but should be core to the design of a first-year curriculum. 

Conclusion
Establishing baseline assessments clarifies assumptions regarding the 
knowledge of students when starting university study. It enables lecturers 
to create scaffolded learning opportunities to bridge the gaps in knowledge, 
and in doing so helps to facilitate access to subject knowledge. While we 
recognise that to establish statistical levels of reliability, repeated assessment 
opportunities are needed until an optimal level of reliability is achieved, 
this may not always be required if a low-stakes assessment directed at 
learning is developed.
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