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Abstract

Constructive alignment focuses on alignment between curriculum, learning outcomes, teaching
activities, and assessment. This study argues that for lecturers to set intended learner-centred
outcomes, they need insight into students’ prior knowledge of a discipline’s threshold concepts.
Little is known about how a syllabus’s assumptions of prior knowledge match up to what first-
year students know. Yet this insight is necessary; new knowledge is built on existing knowledge,
and learning is about moving to higher cognitive levels. To gain this insight, at the start of the
2018 academic year, 292 first year biology students voluntarily answered two formative, online
multiple-choice assessments on DNA and RNA synthesis. The responses showcased their
knowledge gaps versus what the syllabus expected. Data analysis of their responses was used to
shape teaching activities. This study extends constructive alignment by showing how quality
teaching in content-dense disciplines such as biology further requires that lecturers gauge
students’ prior knowledge.

Keywords: constructive alignment, curricular adaptation, first-year preparedness for university,
lecturer practice, multiple-choice assessments, students’ prior knowledge

Introduction

In South Africa there are differing levels of student preparedness for university, and factors
external to the student can influence preparedness (Sobuwa and McKenna, 2019). First-year
cohorts come from a range of school backgrounds and thus learning experiences, and this
background experience is one external factor that could impact on preparedness (Dukhan, 2018).
For quality teaching and learning to occur within university classrooms, there is a need for
lecturers to be aware of gaps that might exist between first-year students’ prior knowledge, and
the knowledge the prescribed syllabus presumes (Wang, et al., 2013).

Constructive alignment (Biggs, 1996; Biggs and Tang, 2007) illustrates the intricate
association between learning outcomes in the intended curriculum (or prescribed syllabus),
teaching and learning activities, and assessment. One of the foundations of constructive
alignment, as presented by Biggs (1996), is that teachers should view students’ conceptions from
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their learners’ perspective, and any alternative or erroneous understandings should allow for
cognitive development. However, few studies within the context of biology teaching indicate how
this can be accomplished. This study examines how lecturers’ insights into student knowledge, in
terms of the syllabus’s expectations, could shape teaching practice, and thereby provide closer
alignment between the students’ needs and the syllabus.

This study focuses on a large first-year biology class, i.e., approximately 450 students that
| teach. Biology is a content-heavy discipline where abstractions are a norm, therefore lecturers
need to find approaches to assist students with making meaning of the content presented in the
classroom (Armbruster, et al., 2009). As a lecturer, | have observed that while some students are
knowledgeable about the foundational terminology and concepts in the first-year prescribed
syllabus, others were not. This means there could be gaps between what students know, the
expectations laid out in the syllabus, and what lecturers plan to teach based on the knowledge
expected of first years. Biggs's (2003) constructive alignment theory explains that within any given
course there needs to be coherence across the curriculum, teaching practices, learning outcomes,
and assessments. When first-year biology classes are large and diverse (Moravec, et al., 2010), as
is often the case with public higher education institutions in South Africa (Dukhan, 2018), lecturers
could experience difficulty in gaining insight into students’ relevant prior knowledge of threshold
concepts that need to be built on during teaching (Kelly-Laubscher and Van Der Merwe, 2015).

A threshold concept is a form of knowledge that enables access to fundamental concepts,
and students reposition themselves in terms of these concepts as they consider how new
knowledge influences prior knowledge (Meyer and Land, 2005). For lecturers to guide this
process of learning, it is necessary to understand the depth of prior knowledge students have in
relation to threshold concepts (Dennick, 2016).

In biology, accessing threshold concepts often requires visualising intangible, abstract and
complex processes and structures: An example is the process of DNA (deoxyribonucleic acid) or
RNA (ribonucleic acid) replication and protein synthesis, which is notoriously difficult for students
to grasp (Wright, et al., 2014). For lecturers to bridge the gap between what students know, and
what first years are presumed to know based on the prescribed syllabus, lecturers need to have
insight into students’ prior understandings of this concept. One way to gain this insight is to use
low-stakes formative tests (Baird, et al., 2017).

The use of online multiple-choice tests is an efficient way to gauge student understanding
under time and large-class constraints (Kelly-Laubscher and Van Der Merwe, 2015; Morrison and
Free, 2001). Lecturers can use their critique of student responses to the assessments to fine-tune
their teaching. This can occur once lecturers see the extent to which students understand
threshold concepts related to the new knowledge that will be taught, and the errors they make
(Hattie, 2015). To consider the usefulness of this approach, this study addresses the research
question: ‘How can student responses to online multiple-choice tests in biology provide the
lecturer with quick insight into the prior knowledge first years have in relation to threshold
concepts about DNA and RNA?’
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This paper proposes that first-year students’ responses to online multiple-choice
assessments could help lecturers identify problem areas that could impact on the students’ grasp
of threshold concepts. The theory on constructive alignment suggests that teachers get learners
to engage in activities appropriate to their current knowledge structure, but the theory does not
speak about what teachers need to do to gain this insight. This paper contributes towards
addressing this gap by examining a way in which the responses to online tests that students
complete, early in the year, could function as the lecturers’ tools to 1) gain insight into the depth
of student understanding relative to threshold concepts of DNA and RNA in the syllabus, 2) aid
in customising pedagogy according to their students’ needs by building on their prior knowledge,
and 3) show how the use of online multiple-choice tests can facilitate constructive alignment

within the course.

Literature Review and Conceptual Framework

Constructive alignment describes the interconnection of learning outcomes in the intended
curriculum, teaching and learning activities, and assessment (Biggs and Tang, 2007). This
constructivist theory is founded on the perspective that learners oversee their own learning, and
that teachers mediate this process by designing activities that enable students to actively
participate in their learning (Biggs, 2003).

Biggs (2003) identifies four stages to constructive alignment. Firstly, setting intended
learning outcomes; secondly, choosing teaching and/or learning activities aligned to these
outcomes, thirdly, assessing learners’ needs to determine the extent of learning in relation to the
outcomes; and lastly, establishing a final grade for learners. Biggs warns that teaching and
assessment need to be at the appropriate level to ensure learning equilibrium. When curriculum
and assessment needs are met, classroom instruction benefits. The question that emerges then
is: If large first-year classes are diverse in terms of student preparedness for university, what could
be done to provide an enriched learning environment in relation to constructive alignment as
outlined by Biggs? This study builds on Biggs’'s notion to demonstrate that when teachers
understand their students’ needs, they can design curricular and assessment requirements to
achieve better alignment.

Furthermore, the study proposes one more step for Bigg’'s alignment to occur: Teachers
need to have insight into the prior foundational knowledge that students have when they enter
a course. Without this level of awareness, it is possible that learning activities could be set at
either higher or lower cognitive levels than needed to achieve the curriculum’'s learning
outcomes. If learning activities are targeted at higher than required cognitive levels, it is possible
that students would not have the necessary knowledge structures to be able to tackle the tasks.
If learning activities are set at lower than required cognitive levels, there would be little
development of learning. Thus, for constructive alignment to occur, lecturers need to be aware
of their students’ prior knowledge.

The intended curriculum in the form of the syllabus can make the relevant prior knowledge
and threshold concepts visible to students (Wang, et al., 2013). It is therefore necessary for
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lecturers to determine the extent to which these knowledge areas and concepts are explicit in
the syllabus (Kember and Kwan, 2000). Literature on teaching and learning activities show that
assessment can be used to measure learning gains, i.e., ‘assessment of learning’, while assessment
practices could also be used as a tool to encourage learning, here literature describes ‘assessment
for learning’ as well as ‘assessment as learning’ (Boud and Falchikov, 2007; Carless, 2015). My
study focuses on assessment as a tool to aid instructional design. The focus is on how students’
responses to online multiple-choice tests on their prior knowledge can be used to shape lecture
content and delivery on DNA and RNA.

When constructive alignment is considered during curriculum design, it can support a deep
approach to learning (Wang, et al., 2013). The teaching activities that are considered and planned
during instructional design should prompt learners to consider how new knowledge fits into what
they already know. Ambrose and Lovett (2014) explain that students who exhibit a surface
approach to their learning, and repeatedly invest effort using the same technique, are often left
wondering why their academic performance does not improve; but when a deep approach to
learning is applied, the learning process becomes meaningful (Hattie and Yates, 2014). This study
contributes to literature by examining a practical approach that lecturers can use to meaningfully

shape teaching practice, and presents a mechanism to facilitate lecturer practice and pedagogy.

The relevance of prior knowledge and threshold concepts to teaching and learning
When prior knowledge is correct it facilitates the comprehension of new concepts and the
development of new skills (Van den Broek and Kendeou, 2008). When prior knowledge is
incorrect, students tend to discount the new knowledge that conflicts with their current
knowledge. This is where the students’ responses to multiple choice tests could expose gaps in
their understandings (Van Loon, et al., 2015). In contexts such as South Africa where first years
come into university from a diversity of school backgrounds and thus levels of preparedness, it
is crucial to determine how students could be catered for within the large class, biology setting.
South Africa now has opportunities for a diversity of students to access higher education, and
this study seeks to contribute towards pedagogic practice that could scaffold their academic
success.

When lecturers identify gaps in prior knowledge among students and then prepare
instructional material accordingly, students connect better what they already know to the new
content provided (Ambrose and Lovett, 2014). This research proposes that instructors identify
the level of relevant prior knowledge by providing tests that are linked to threshold concepts to
be taught for the course, as this illuminates their prior knowledge. Students do not usually engage
with the syllabus when preparing for class in ways that lecturers expect (Richmond, et al., 2016),
which means that students might not necessarily be aware of the content they need before the
lecture. Based on their learning experiences at high school, many students have not developed
the know-how to use a syllabus when they enter first year (Kelly-Laubscher and Van Der Merwe,
2015).
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It is necessary for first-year lecturers to understand the students’ quality of prior knowledge
so that there is no misconception of threshold concepts being understood. Concepts within
biology are difficult for students to visualise because abstractions are usually required to
understand biological processes (Wright, et al., 2014). Threshold concepts could act as
gatekeepers for more complex material to be understood meaningfully. For instance, to
understand the process of DNA replication and protein synthesis, it is necessary to first have a
firm prior understanding of the structure and function of the different parts that make up DNA
and RNA. Without this, little meaning would be gained when attempting to elucidate how DNA
replication and protein synthesis work (Coley and Tanner, 2015; Prevost, et al., 2016). It is
therefore necessary for lecturers to establish what the gaps in prior understanding are before
moving into more complex areas of the syllabus.

The use of online tests to uncover students’ depth of prior knowledge

It is useful for lecturers to identify the quality of students’ background understanding of topics
related to the syllabus so that any gaps in prior knowledge can be incorporated into instructional
design. One way that lecturers can identify students’ depth of understanding early on is with
online tests (Baleni, 2015). Using these tests as an aid to lecturers’ preparation for class has not
received much attention in literature but as this paper will show, it is a valuable lecturer-led
strategy that promotes student learning.

Constructive alignment is critical when designing how to make abstract concepts visible to
first years, especially in content-dense disciplines. This study sheds light on this alignment and
contributes to current literature through introducing how students’ responses to online multiple-
choice tests early in the year can be used to shape lecture preparation for large and diverse
biology classes.

Methods
The first-year ‘Introduction to Medical Biology' syllabus was examined to determine what
threshold concepts students were expected to know for the topics, DNA and RNA synthesis.

This research was conducted in 2018 within a first-year medical biology course at a South
African university. Sections on DNA and RNA were taught over a four-week period, with two
weeks dedicated for each of these topics. Each week, students were provided with four 45-minute
lectures; one two-hour practical laboratory session; and one 45-minute tutorial. There were
approximately 450 students registered for the course, 292 first years participated on two online
assessments at the beginning of the year, i.e., ahead of the start of teaching. Respondents were
46% female and 54% male. The class answered the online tests on a voluntary basis, it was not a
compulsory aspect of the course.

The test questions were selected from the test bank made available by the publishers of
the prescribed textbook. Each test consisted of 30 questions, i.e., 60 questions in total. The first
test focused on knowledge that students were expected to know on DNA replication, and the
second test was on RNA and protein synthesis. All tests comprised multiple-choice questions
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only. The tests were provided on the university’s online learning platform. Each test was set to be
completed within a 45-minute period. Only questions considered as part of prior-knowledge, as
noted in the first-year syllabus, were included.

The lecturer analysed the test questions to gain a concrete impression of the depth of
understanding and relevant fundamental knowledge that would be expected of the students for
each question, and the extent to which the syllabus’s expectations were accurate. Additionally,
the lecturer analysed student responses to test questions to determine the extent of their prior
knowledge of the topics.

Table 1 depicts the rubric used to analyse test questions. Cognitive abilities are defined at
the structural, conceptual and procedural level, and show an increase in mental abilities as one
moves up each of these cognitive levels. Part of the analysis was to rank test questions according
to whether they required students to recall, understand or apply information, or to analyse data.
Examples of these types of questions are provided below in the methods section and in the
results section.

There were two dimensions to the analysis of the test questions (Table 1).

Table 1: Rubric showing the hierarchy of cognitive levels and knowledge dimensions that were
assessed by means of the test questions
COGNITIVE LEVELS

1 2 3 Total per
Recall Understanding Analysis knowledge
dimension

Factual knowledge
(F)

Conceptual
knowledge (C)
Procedural
knowledge (P)
Total per cognitive
level

KNOWLEDGE
DIMENSIONS

The first dimension, which represents the required cognitive level, has a scale of 1-3, where:

1 = Recall; 2 = Understanding; 3 = Analysis.

The second dimension represents the different knowledge dimensions, where:

F = Factual knowledge (facts were required to answer the question); C= Conceptual knowledge
(concepts/processes/theories were being tested); P = Procedural knowledge (students were required to
do a calculation/interpret a graph or diagram)

Examples:
1. DNA replication is said to be semiconservative. What does this mean?
e Half of the old strand is degraded and half is used as a template for the replication of a
new strand.
e One of the two resulting double helices is made of two old strands, and the other strand

is made of two new strands.
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e One strand of the new double helix is made of DNA and the other strand is made of RNA.
e Each new double helix consists of one old and one new strand.
e The old double helix is degraded and half of its nucleotides are used in the construction
of two new double helices.
This was categorised as F1 i.e., factual recall of knowledge.

2. One strand of a DNA molecule has the base sequence 5-ATAGGT-3'. The
complementary base sequence on the other strand of DNA willbe 3'-__ -5’

e TGGAUA

e UAUCCA

e TATCCA

e TGGATA

e ATAGGT

This was categorised as F3 i.e., factual, but requiring analysis.

3. DNA is a self-replicating molecule. What accounts for this important property of DNA?
e The nitrogenous bases of the double helix are paired in specific combinations A with T
and G with C.
e |ts two strands are held together by easily broken covalent bonds.
e Replication is thermodynamically spontaneous and requires no enzymes.
Here students had to show an understanding of concepts, thus this was categorised as C2.

4, Meselson and Stahl grew bacteria in a medium containing ‘heavy’ radioactive nitrogen
(13N) and then transferred them to a medium containing 14N (non-radioactive). Which of the
results in the figure would be expected after one round of DNA replication in the presence of
14N?

4N DNA

IAN _!SN
hybrid DNA

SN DNAT)

A B C *D
This question required students show their understanding of a process with the aid of a diagram
and was categorised as P3.

The data were analysed inductively by qualitative analysis. According to Braun and Clarke
(2006), thematic analysis is used to examine people’s realities, and acknowledges the way in which
individuals construct meaning. Thematic analysis was used to analyse the prior knowledge
students were expected to have for each topic in accordance with the prescribed syllabus. Codes
that emerged from initial reading of the data were built on during the data analysis process. The
coded data were compared to the knowledge that students had when they entered the course
(i.e., test responses). Analysis was based on the extent to which the students’ prior knowledge



Students’ prior knowledge and threshold concepts in first-year biology 63

was aligned to the content of the syllabus, and the depth of understanding students had when
they were required to apply knowledge to problems which needed higher order cognitive
reflection. Results from the test responses were examined in relation to the threshold concepts
presented in the syllabus for DNA and RNA synthesis. The content indicated as fundamental
knowledge as listed on the syllabus was entered onto MAXQDA (version 18.2.4), a qualitative
software programme, to thematically analyse the data. The comparative, qualitative analysis
enabled the elucidation of concepts that students were struggling with in terms of their depth of
understanding.

Ethics clearance was granted by the University's Ethics Committee (protocol number
2019ECEOQ01PG).

Results and Analysis

This study focused on examining the students’ responses to tests to gain insight into their prior
knowledge. The results were then used to mould a curriculum to their needs. The main finding
showed that although students recalled content related to threshold concepts, they were rarely
able to apply this knowledge when assessed at higher cognitive levels. Moreover, it was evident
that the expectations of prior knowledge as set out by the intended curriculum were a mismatch
to the actual knowledge students possessed when they started the course. This means that
pedagogic practice was needed to deliberate on ways to help students learn to apply the
knowledge that they remembered so that they could get a good grasp of threshold concepts
prior to the lecturer moving onto the more complex aspects of the syllabus.

According to constructivism, learners actively select the knowledge with which they will
engage and build on their foundational knowledge as they consider how the new knowledge fits
into this structure (Biggs, 1996). In the context of the findings from my study and in terms of
constructive alignment, lecturers need to be aware of the prior knowledge of students. This
insight could enable lecturers to design teaching activities that are accessible in assisting students
to achieve the intended outcomes.

The prior knowledge specified by the syllabus
The first-year biology syllabus noted the concepts considered as prior knowledge for each topic.
While some of this background knowledge was explicitly listed, analysis of the syllabus revealed
that unlisted material was also implicitly required as prior knowledge for the course (Table 2).
Students needed to understand the prior knowledge content the syllabus required both
explicitly and implicitly (Table 2) since this provided the foundation for new content to be learnt
about DNA and RNA synthesis. The theory on constructive alignment explains that learning and
teaching goals need to be aimed at higher cognitive levels. My findings show that for lecturers
to adequately set these levels of teaching goals, they need to be conscious of what is explicitly
and implicitly required by the prescribed syllabus in relation to the students’ prior knowledge.
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Table 2: Explicitly and implicitly required prior knowledge on DNA and RNA synthesis

according to the prescribed syllabus

Content that was explicitly noted on
the syllabus as prior knowledge

Content that students were implicitly
required to understand based on the
expectations set out in the syllabus

DNA structure
and synthesis

Explain how the process of life involves
the expression and transmission of
genetic information.

A basic understanding of DNA structure
and replication.

RNA structure | Explain how the process of life involves Structure of MRNA, tRNA and rRNA.
and protein the expression and transmission of Basic concepts for transcription,
synthesis genetic information. translation and protein synthesis.
Explain how amino acids are grouped The structure of amino acids and
into classes based on the characteristics | structural differences between these
of their side chains. molecules.
Distinguish among the levels of Formation of polypeptide chains in
organisation of protein molecules. translation, folding of the polypeptide
chain to form overall protein structure,
and different structural levels of proteins.
Knowledge Describe the components of a Distinguish between the nucleotides
required nucleotide. Name some nucleic acids found in DNA and RNA, and understand
across DNA and discuss the importance of these the composition of each of these
and RNA compounds in living organisms. structures.
structure and Provide labelled drawings of nucleic
synthesis acids.

Explain the difference between a
nucleotide and nucleoside.
Construct diagrams to display the
structure of pyrimidines and purines.
Draw the structural formula of ribose
and deoxyribose.

Thus, lecturers should reflect on what needs to be done to support student learning in relation

to the curriculum'’s intended learning outcomes. This reflective practice could assist with the

development of teaching activities that facilitate in meeting curricular requirements. This notion

connects to teachers making decisions on how the curriculum can be delivered, based on the

learning needs of the student cohort, and this level of instructional design can then lead to the

course being constructively aligned.

The match between prior knowledge requirements listed on the syllabus and the students’
understanding

Students were expected to enter the course with prior knowledge of the syllabus’s content (Table
2). Examples below illustrate that even though students came into first year being able to correctly
recall foundational concepts, their depth of comprehension was not as convincing when they
were required to apply this knowledge.
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Comprehension of concepts on DINA synthesis
According to the syllabus students needed to be knowledgeable about how the process of life
involved the expression and transmission of genetic information (Table 2). Implicitly, this meant
they needed to understand the basics of DNA structure and synthesis (Table 2). This knowledge
required that they recognised the term ‘template’, understood the process for semiconservative
replication, and were able to apply base-pairing rules.

They scored well on recall-type questions on DNA replication. 87.3% and 94.3% of
respondents correctly answered examples 1 and 2 below, respectively (‘** denotes the correct

response for all examples which follow):

Example 1: DNA replication is said to be semiconservative. What does this mean?

e Half of the old strand is degraded and half is used as a template for the replication of a
new strand.

e One of the two resulting double helices is made of two old strands, and the other strand
is made of two new strands.

e One strand of the new double helix is made of DNA and the other strand is made of RNA.

e +Each new double helix consists of one old and one new strand.

e The old double helix is degraded and half of its nucleotides are used in the construction
of two new double helices.

Example 2: Semiconservative replication involves a template. What is a template?

e An RNA molecule
e *One strand of the DNA molecule
e Single-stranded binding proteins
e DNA polymerase

Yet, when first years were required to provide an in-depth analysis of data for the same concept
(example 3), most students selected answers that evidenced a limited understanding. 42.3% of
respondents correctly answered this question which recounts how semiconservative replication
would proceed when cells divide. This shows that students had difficulty applying the information
for a concept they were able to recall.

Example 3: Meselson and Stahl grew bacteria in a medium containing ‘heavy’ radioactive nitrogen
(13N) and then transferred them to a medium containing 14N (non-radioactive). Which of the
results in the figure would be expected after one round of DNA replication in the presence of
14N?
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Again, as much as students understood the core concept for semiconservative replication
(examples 1 and 2), they did not yet comprehend this concept at a higher cognitive level, which
required analysis and application of this knowledge (example 3). The notion of students having
a surface level understanding of basic concepts, and a limited ability to apply this knowledge is
further evidenced in the following two examples on DNA replication. While 95.3% correctly
answered the question which required a straightforward application of the base-pairing rule for
DNA replication (example 4), their knowledge gap became evident when only 41.5% correctly
answered the question that required a more intricate application of this understanding (example
5):

Example 4: One strand of a DNA molecule has the base sequence 5'-ATAGGT-3. The

complementary base sequence on the other strand of DNA willbe 3'-__ -5,
e TGGAUA
e UAUCCA
e *TATCCA
e TGGATA
e ATAGGT

Example 5: In an analysis of the nucleotide composition of a molecule of DNA, which of the
following combinations of base pairs will be found?

o A=C
o G+C=T+A
o *xA+C=G+T

e A=GandC=T

Considering the syllabus indicated that students should have the listed prior knowledge on
DNA replication (Table 2), it is noteworthy that foundational knowledge gaps existed when
students were asked to apply their knowledge at higher cognitive levels. This means that there
was misalignment between course expectations of prior knowledge and the reality, particularly
problematic when the content is considered to contain threshold concepts to material meant to
be dealt with in first year.

Like with the section on DNA, students also needed to understand the structure of RNA,
and how DNA would provide instructions for the manufacture of the components required in
transcription and translation, and for protein synthesis (Table 2).

Comprehension of concepts on RNA and protein synthesis
The syllabus (Table 2) indicated that students needed to be knowledgeable on the flow of the
genetic message from DNA to RNA to protein. Like the findings for DNA content, students had



Students’ prior knowledge and threshold concepts in first-year biology 67

a superficial understanding of RNA concepts, even though the syllabus indicated that this
knowledge was considered background to new concepts to be taught (Table 2). Students
understood the basic concept regarding the flow of the genetic message, as can be seen by
93.8% of participants correctly responding to the question below (example 6). Most students also
understood base-pairing rules for transcription, as 89.3% correctly answered this type of question
(example 7):

Example 6: The flow of information in a cell proceeds in what sequence?

e *From DNA to RNA to protein
e From protein to RNA to DNA
e From RNA to DNA to protein
e From DNA to protein to RNA

Example 7: A particular triplet of bases in the template strand of DNA is 5'-AGT-3". What would
be the corresponding codon for the mRNA that is transcribed?

e x3'-UCA-Y
e 3'-UGA-%5
e 3'-ACU-5
e 5-TCA-3

However, on closer examination it becomes clear that students may not have necessarily
grasped the processes associated with transcription and translation, since only 26.4%, 67.5%, and
60.5% correctly responded to the following questions (examples 8, 9, 10) respectively:

Example 8: A particular triplet of bases in the coding strand of DNA is AAA. The anticodon on the
tRNA that binds this mMRNA codonis .

e UuUU
e UUA
e TIT

e AAA

Example 9: Which of the following processes occurs during transcription?

MRNA attaches to ribosomes.
DNA is replicated.

Proteins are synthesised.
*RNA is synthesised.
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Example 10: Which of the following molecules are required for the process of translation?

e  mRNA, tRNA and DNA

e  mMRNA, tRNA, DNA and rRNA
o xmRNA, tRNA, and rRNA

o mRNA, DNA, and rRNA

Moreover, students could have looked at the process of transcription and translation in a
compartmentalised manner, i.e., while they were able to correctly identify base-pairs for the
MRNA strand and the associated amino acids for the codons (example 11), they struggled when
this same concept required that they work out the DNA strand based on the amino acid chain
(example 12).

Example 11: What amino acid sequence will be generated, based on the following mRNA codon
sequence?

5-AUG-UCU-UCG-UUA-UCC-UUG-3’

74.8% answered correctly.

e met-ser-leu-ser-leu-ser

e xmet-ser-ser-leu-ser-leu
e met-arg-glu-arg-glu-arg
e met-glu-arg-arg-glu-leu

Example 12: Which of the following sequences of nucleotides are possible in the template strand
of DNA that would code for the polypeptide sequence Phe-Leu-lle-Val?

60.5% answered correctly.

e 5 -TTG-CTA-CAG-TAG-3
e 5-AUG-CTG-CAG-TAT-3
o +3'-AAA-GAA-TAA-CAA-5
e 3 -AAA-AAT-ATA-ACA-Y

This analysis shows that the students’ prior knowledge on RNA synthesis listed in the
syllabus was not aligned with their understandings when they entered first-year biology. While
the examples above illustrate the knowledge gaps and depth of understanding present in prior
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knowledge, the section which follows provides detail on the mark allocation and correct

responses per question type for the tests.

Students’ response to different question types

It could be that while at the procedural level students were able to do simple calculations, they
were still not making meaning of the content on DNA and RNA synthesis. The analysis of data
showed that the majority of students correctly responded to questions which covered factual
material (Table 3). However, fewer students were able to correctly answer conceptual and
procedural type questions (Table 3). Students generally fared better on recall and understanding -

type questions compared to ones which required analysis (Table 3).

Table 3: Mark allocation in relation to marks attained for test questions

Marks allocated for different types of Average % of correct responses to the
questions different types of questions
Total per Total per
2 know- 2 know-
1 3 1 3 ledge
Under- . ledge Under- . .
Recall , Analysis . Recall ; Analysis | dimen-
standing dimen- standing .
. sion
sion
E
T 16 4 3 25 65,9 67,6 71,1 68,2
£
T
2
gf 10 11 4 23 61,1 58,6 55,9 58,5
5
o
[
>
g 1 2 10 13 70 62,8 42,1 58,7
2
a
Total
per
cog- 27 17 17 65,7 63 56,4
nitive
level

The quick insights offered by the students’ responses to the online multiple-choice tests
provided access to their level of relevant prior knowledge for threshold concepts to be taught in
the course. This information was compared to the expectations of prior knowledge laid out in the
syllabus. The insights gained from these comparisons made the lecturer aware of the students’
needs.
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Constructive alignment theory indicates that teachers need to operationalise what student
understanding means in relation to the delivery of the curriculum. My research shows that this
view is particularly significant if the teacher intends to move students from lower cognitive levels,
such as understanding by memorisation, to higher cognitive levels such as being able to apply
the knowledge learnt. This links in with Biggs's view that if students understand content at a
higher cognitive level they would act differently when interacting with the content as they
proceed with their learning. In the context of my research, students needed instructional
assistance (discussed next) to move from remembering to applying information. It is necessary
to identify the gaps between what students know, what prior knowledge the syllabus expects,
and what lecturers do when they teach, in order to achieve constructive alignment in this context.

Intervention to mitigate knowledge gaps identified by student responses to assessments
Drawing on students’ responses to the prior knowledge tests, | redesigned my lecture material,
slides, and questions for discussion that | could pose during lectures and ones that | provided as
homework exercises. | also converted some of my lecture slots into tutorial -type lessons, which
included a mix of multiple-choice and short paragraph questions. The questions came from areas
of challenge exposed in the prior knowledge tests. During class discussions | also illustrated the
difference between recall, conceptual, and procedural-type questions. This approach was aimed
to provide students with insight into different types of questions they could expect on
assessments in the higher education context.

Since findings indicated that students had difficulty with visualising the process of DNA
replication, | included a step-by-step instruction on building a DNA model. This hands-on activity
was meant to provide students with the opportunity to think about how DNA replication occurs
based on its structure.

These different measures required me to rethink my teaching practice and approach within
this context; however, this was a necessary step so that closer alignment could occur between
the prior knowledge of the cohort and the expectations laid out in the syllabus. In other words,
for learning to be optimised, this form of curriculum modification and delivery was necessary.

Integrated Discussion

To effectively engage with students, it is necessary to understand the quality of knowledge
students have when they enter the course (Ambrose and Lovett, 2014). Meaning-making during
learning is best stimulated when the needs of students are identified and met in learning-centred
teaching (Dennick, 2016), which is part of the process for constructive alignment (Biggs and Tang,
2007). This section reflects on how the analysis of the students’ responses to the online multiple-
choice tests can be used as a tool to gain insight into the understandings they have in relation
to course expectations; the value of the lecturer’s response to narrowing the gap between what
students know and are expected to know when they enter a course and as a mechanism to
provide quality teaching to large first-year classes.
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What students know and what is required by the course syllabus

Learning is a process that is constructive in its nature and occurs through the building of new
knowledge based on current knowledge structure (Hattie and Yates, 2014). Bearing in mind that
students look for cues on the type of study approach which will enable them to pass or achieve
a ‘good’ grade (Luckett and Sutherland, 2000), much thought and planning needs to be given to
how students’ responses to assessments early in the year can impact on good practice in the
classroom. Therefore, it is imperative that lecturers look at how pedagogic practice influences
student learning. For example, the lecturer gained insight into the depth of the students’
knowledge on DNA and RNA synthesis from the online tests. This knowledge was meant to help
close the gap between what students were expected to know and did know.

Effective teaching is associated with the refinement of students’ understanding: an active
and engaged lecturer can create an environment to actively engage students. This study’s
findings indicate that when the lecturer uses students’ responses to online multiple-choice tests
to direct the preparation for class, this addresses the students’ knowledge gaps in a focused and
direct manner and strengthens the students’ position to grasp threshold concepts. This study
contributes to existing literature by showing that the use of online multiple-choice tests on prior
knowledge administered early in the year has proven value for the construction of instructional
materials according to the needs of the students. The provision of individualised and personalised
lectures, implied in studies such as those by Luckett and Sutherland (2000), is, however,
challenging with large classes.

Individualised and personalised lectures: Is this a reasonable ask for the large class
situation?

The reality at most universities is that class sizes are increasing, especially at undergraduate level.
The question that arises then is: How does a lecturer monitor learning at the level of the
individual, and provide individualised lectures targeted at specific problem areas, whilst
economising on the time and effort required to manage learning at this level? The findings in
this study show that it is possible for the lecturer to gain insights into students’ understanding at
the start of a course and use it to prepare personalised lectures that address the specific cohort’s
needs. This requires that lecturers be aware of the level of background knowledge related to
threshold concepts that must be understood to fulfil learning outcomes (Richmond, et al., 2016).
Hattie (2015) suggests that to move students to a deeper approach to learning, more is needed
than only speaking to the class during a lecture. My study shows that the lecturer can discover
the students’ knowledge gaps by testing their prior knowledge and use this understanding to
influence the way in which the curriculum is delivered in order to enrich the learning environment.
As much as student quality of engagement and learning lies in the hands of the learners (Biggs,
1996), lecturers can find the means to actively encourage students in this engagement. However,
for instructional design to meet this aim, it is necessary to find out what level of understanding
students have already achieved. Biggs' (1996) notion of constructive alignment indicates that
teachers need to explicitly indicate to students the intended learning outcomes. This study
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expands on this view by showing that it is also necessary for teachers to be knowledgeable on
what prior knowledge foundations students have, so that this foundation can be built on during
instruction design and classroom practices.

Anecdotal discussions often refer to the lack of preparation of school leavers for university,
and that there is not sufficient space in the first-year curriculum to provide for this apparent lack
of knowledge. However, this study has shown that by considering the curriculum and intended
learning outcomes as a flexible area, it is possible to adapt one’s teaching practices to meet the
learning outcomes of the syllabus. Such practices will provide for a more enriched learning
environment for first years.

Final words

In the literature review and conceptual framework section | outlined Biggs’s (2003) four stages to
constructive alignment. My study proposes an additional step. Prior to Biggs's step 1 of setting
intended learning outcomes, a step is required to unravel the relevant foundational knowledge
students have in relation to the expectations of the prescribed syllabus. Once lecturers have this
insight, they need to determine whether the intended learning outcomes need to be adapted in
any way to meet the cohort’'s needs. Biggs claims that when we teach, we need to have a clear
view of what it is that we want students to learn. Through the investigations in this study, | argue
that it is equally important to understand what knowledge students have when they enter the
course. Once this has been revealed to the lecturers, only then can teaching practices be aligned
to the needs of the students, the curriculum, the learning activities and intended outcomes.

Limitations

Considering that students answered tests outside contact time, it is possible that some worked
with peers and/or used sources such as the textbook or the internet to find responses to
questions. Additionally, questions were not randomised, and this could have influenced the
responses. However, it is hoped that since students were aware that the grades did not count as
a summative assessment, and were meant to inform lecturer practice only, this limitation was
mitigated. More depth to our understanding can be gained if we survey students to understand
the approaches they used for their learning. This could tie in with the results that show students
find it difficult to apply concepts which they remember or have a prior understanding about. This
can be considered as territory for future research.

Conclusion

The syllabus provides the student with the intended curriculum and indicates the prior knowledge
required when they enter a course. Using tests to assess students’ level of prior knowledge, this
study shows 1) the mismatch between the expected prior knowledge listed in the syllabus, and
the students’ actual level of comprehension, and 2) how lecturers can use online tests to gauge
students’ level of understanding. As demonstrated in this paper, these insights can be used to
prompt lecturers about knowledge and can facilitate their preparation to suit the class’s needs.
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Constructive alignment recognises that teaching acts as a catalyst for learning. This study
highlights that for this to be a reality, lecturers need to be conscious of the needs of the cohort.
This means that lecturers need to be aware of their students’ foundational knowledge if they are
to set up learning environments that meet the needs of the desired outcomes.

Within the South African context, where there is a persistent and mounting call for
transformation of the education system, it is of paramount importance that the massification of
education does not lead to a dilution of its quality. Whereas the curriculum is generally presented
as a fixed signifier of content that needs to be covered, lecturers hold the key to the extent to
which student learning can be enriched by means of pedagogic practice, even for large and
diverse classes. The author’'s method to analyse prior knowledge in biology would be applicable
to other similar courses. If the primary objective of gaining a university qualification is to provide
an intellectual economy for South Africa, then it is necessary to focus on enriching the learning
opportunities available to our students by determining the level of their relevant prior learning,
especially for first year students with their diverse school backgrounds and preparedness for

university.
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