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Undergraduate Biochemistry Student Difficulties with 

Topics Requiring Mathematical Skills: Use of an Online 

Maths Skills Support Site. 

 

Abstract  

A number of areas of difficulty in basic numeracy and mathematical skills were 

identified, which hinder students’ success in a foundational biochemistry course. 

Many students have difficulty with the concepts of pH and buffers (requiring 

proficiency with logarithms) and enzyme kinetics (requiring algebraic manipulations 

and graphing). The voluntary use by students of an ‘in house’ online support site, the 

Maths Skills Site, to address these difficulties was varied and seemed to be motivated 

by assessment deadlines, as well as deliberate instructions to refer to the relevant 

Maths Skills Site modules when completing assessment. The majority of the users of 

the online support site were those who performed poorly on a diagnostic test 

administered at the beginning of the course. There was a small but significant effect 

of Maths Support Site usage with users achieving improved grades for graphing 

functions compared to non-users. The combination of mathematical backgrounds and 

prior academic performance also correlated with success in first-year university 

biochemistry. 

Keywords Essential concepts and skills for biochemistry; pH and buffers; 

Graphing; Enzyme kinetics; Online mathematics support. 
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Introduction  

It been extensively reported that the mathematical skills of students entering 

university are deficient and that the “Mathematics Problem” is worldwide (Treacy and 

Faulkner, 2015; Atuahene and Russel, 2016; McAlinden and Noyes, 2018; Hodgen et 

al. 2018, Lawson et al. 2019). In this study we set out to address this problem by 

providing online support situated in a discipline specific context and examining 

student usage and performance on exam questions requiring mathematical skills.  

Numeracy skills in bioscience undergraduates have declined over time (Tariq et al. 

2013) and there is a general perception that students in the life sciences have a less 

positive attitude to mathematics (Quinnell et al. 2013; Wachsmuth et al. 2017).  In 

Australia, the continuing decline in the numbers of high school students studying 

advanced mathematics has been attributed to the increased choice of subjects offered, 

students’ perceptions of their ability and subject difficulty, and the removal of 

mathematics pre-requisites for University entry (Kennedy et al. 2014; Wilson et al. 

2014). Further reasons include dissatisfaction with mathematics, arising from a lack 

of confidence, interest and subject enjoyment (Hine 2017). Such negative academic 

attitudes lead to poor motivation (Kim et al. 2014).  Students also tend to choose a 

lower level mathematics course to maximise their university entrance score and allow 

increased time for other subjects (Hine 2018). The value of the extra time and effort 

associated with higher level mathematics courses was not appreciated by students. 

Other contributing factors are low maths self-efficacy and maths anxiety, which have 

a reciprocal relationship with maths performance (Beilock and Maloney 2015; Foley 

et al. 2017; Zientek et al. 2017). The result of all these factors is that students are 
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coming to University under-prepared for Science, Technology, Engineering, and 

Maths (STEM) courses.  

Students in STEM need to acquire a core set of skills for graduation and success in 

their future careers. For biochemistry students, experimental and mathematical skills 

have been identified as critically important (Adkins and Noyes 2017; Tansey et al. 

2013; White et al. 2013; Wright et al. 2013), although these skills are applicable to all 

STEM courses and students. Application of quantitative approaches is an important 

basic skill required to understand biological systems. Biology is increasingly reliant 

on applications of quantitative analysis and mathematical reasoning (Koenig 2011). In 

a vision paper for undergraduate biology education, Brewer and Smith (2011) 

identified as core competencies: the ability to use quantitative reasoning and analysis 

to interpret biological data; the ability to develop and interpret graphs, and the ability 

to apply statistical methods to diverse data.  Essential mathematics for the molecular 

life sciences includes using equations to define biological and chemical processes, as 

well as linear, exponential, hyperbolic (saturation) and sigmoidal functions (Wright et 

al. 2013).  

Over many years of teaching biochemistry, we have observed that students have 

most difficulty with the concepts of pH and buffers (requiring proficiency with 

logarithms) and enzyme kinetics (requiring algebraic manipulations and graphing). 

Difficulty with understanding of pH has been attributed to a lack of understanding of 

logarithms (Watters and Watters 2006; Orgill and Sutherland 2008; Park and Choi 

2013). Sgambato et al. 2012 suggested using the simpler, Henderson equation 

(without logs) when teaching medical students about pH (Sgambato et al. 2012). The 

ability to create and interpret graphs is also troublesome for many students (Angra 

and Gardner 2017). In a recent study, mathematical topics of functions/graphs, 
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algebra and logs/exponents were in the top five areas causing difficulty for students 

(Ní Shé et al. 2017). These topics are the same as those described above as being 

essential for the molecular life sciences (Wright et al. 2013).  

In recent years, a range of mathematics support centers and online approaches have 

emerged in order to address the well-recognized deficiencies in mathematical skills of 

STEM undergraduates (Jackson and Johnson 2013; Pohjolainen et al. 2018). These 

are reported by students to have a positive impact on student retention, confidence, 

performance and ability to cope with the various mathematical demands of their 

courses (Jackson and Johnson 2013; Hillock et al. 2012; Ní Fhloinn et al. 2014), 

despite the fact that they are often stand-alone without discipline specific context.  

Contextualising learning not only enhances attitudes but also improves 

understanding (Bennett et al. 2007) and Realistic Mathematics Education emphasises 

the importance of learning through problems located in real-life situations 

(Freudenthal 2006). Hence, it is important to integrate the learning of mathematics 

and science in ways that students can apply the relevant mathematical concepts to the 

solution of bioscience problems. Therefore, we developed and introduced a discipline 

specific online mathematical support environment, termed the Maths Skills Site 

(MSS), designed for chemistry/biochemistry courses, and integrated it into the first- 

year biochemistry curriculum. 

The present study incorporates tracking data from students who used the MSS 

and correlates this with their performance in first year biochemistry topics requiring 

numerical literacy (e.g. ability manipulate exponents and logarithms) and 

mathematical literacy (understand graphing functions, algebra reasoning and solving 

simultaneous equations). The aims of the study were to explore the extent to which 
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students accessed the resource and what impact the resource had on learning 

outcomes. 

Our research questions are as follows: 

1. What are students’ patterns of usage of an online maths skill support site 

when doing biochemistry topics requiring mathematical literacy and 

numeracy? 

2. What are the outcomes for users of the MSS compared to non-users of 

the MSS for students studying biochemistry?  

 

Methods 

Course Context 

The biochemistry course is a first year foundation course for a number of degree 

programs including biomedical and forensic sciences. It was delivered through 

traditional lectures (4h per week over a 13-week semester) with several 

assignments and online (virtual) laboratories to reinforce fundamental 

biochemical concepts. The lectures provided the theoretical content including 

topics such as the molecular organisation of cells and the biochemical properties 

of the major classes of biological compounds in the cellular environment e.g. 

amino acids, nucleic acids, carbohydrates and lipids, along with topics about the 

properties of water, pH and buffers, the structure and function of proteins, 

including an introduction to enzymes, the cell membrane and membrane 

transport. Solving and answering problems during the online laboratory, 

assignments and exams required students to use foundational mathematical 

skills, such as algebra, logarithms and graphing, as well as the simpler concepts 
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of exponents, significant figures, scientific notation and positive and negative 

numbers. The curriculum, assessment and lecture teaching team were the same 

for the course during 2014-2016. 

 

Participants 

Participants were students who completed the biochemistry course in one of the three 

years of the study (2014-2016). They had a range of mathematical backgrounds and 

were in their second semester of study during their first year of university. The 

student sample (n = 740 over 2014-2016, (2014, n = 229; 2015, n = 256; 2016, n = 

255)) comprised those enrolled in the following a Bachelor degree programs – 

Medical Science, Biomedical Science, Forensic Science and Science. Entry 

requirements of the various degrees are different and reflect the students’ mathematics 

background and prior academic performance as detailed below. This study presents 

the outcomes for 96.5% of the total cohort. The remaining 3.5% of students were in 

miscellaneous study, including those undertaking a Bachelor of Arts degree enrolled 

in the course as an elective, and study abroad students. They were not considered in 

the present study.  

 

Student Background 

Mathematics background of students 

The mathematics background as defined by the Queensland Curriculum and 

Assessment Authority (Queensland Curriculum and Assessment Authority, 2014-

2016) was defined by the admission pre-requisites for the degree program of 

enrolment by the student, where the pre-requisites were:  

o No maths pre-requisite 

o Maths A (basic level, covering financial mathematics, applied geometry and 

elementary statistics and probability) 



9 
 

 
o Maths B (intermediate level, covering periodic functions, exponential and 

logarithmic functions and their applications, derivatives and integrals, as well 

as applied statistical analysis) 

 

The admission criteria for the degree program of enrolment which included their prior 

academic performance is detailed below: 

 

• Medical science (12.6% of cohort) 

o very high prior academic performance (equivalent to the top 2.7% of senior 

school leaver students), intermediate maths pre-requisite, no concurrent 

mathematics study when studying the biochemistry course 

• Biomedical Science (20.0% of cohort)  

o good prior academic performance (equivalent to the top 45% of senior 

school students), intermediate maths pre-requisite, no concurrent 

mathematics study when studying biochemistry course 

• Forensic Science (20.0% of cohort)  

o Average (equivalent to the top 84% of senior school leaver students) to 

good prior academic performance, intermediate maths pre-requisite, 

concurrent mathematics study when studying biochemistry course 

• Science (35.8% of cohort) 

o average prior academic performance with either basic or intermediate maths 

pre-requisite, concurrent mathematics study when studying biochemistry 

course 

 

A diagnostic test, based on that described by Tariq (2002), was administered at the 

beginning of the course. Students in the Medical Science degree program scored on 

average of 65-71%, whereas those enrolled in the other degrees scored between 40 

and 50%. These results reflect the prior academic performance and background of 

these students. The Medical Science students are high achieving and highly motivated 

to maintain a place in postgraduate medical school.   
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Maths Skills Site Intervention/Support 

The extra-curricular Maths Skills program developed at La Trobe University (Jackson 

and Johnson 2013) supports mathematics learning for large enrolment first year 

courses with a diverse cohort of students, offering a choice of learning modes – online 

delivery, worksheets and drop-in sessions. Based on the La Trobe program, we 

developed and introduced a discipline specific, purely online mathematical support 

environment, termed the Maths Skills Site (MSS). As described elsewhere (Johnston 

et al. 2016), the MSS is a flexible online learning resource, designed for use in 

chemistry/biochemistry courses, comprising nine modules of mathematical support 

that specifically targets students’ areas of difficulty. The module topics cover positive 

and negative numbers, exponents, significant figures, scientific notation, algebra, 

logarithms, quadratic equations, simultaneous equations and graphing. Each module 

had four key sections (Notes, Questions, Answers, and Links to Multiple Choice 

questions) and was designed to guide students to advance their knowledge and skills 

in the topics they find troublesome and therefore build confidence in using 

mathematics in a biochemistry context. Students could access context-based topic 

Notes that explained the topic clearly and contained many instructive illustrations and 

worked examples. The Questions were cross referenced to the notes and ranged from 

simple to more challenging self-paced questions to scaffold skill development. 

Worked Answers for every question were available to help build student confidence 

and provided self-paced feedback on questions. Links to Multiple-choice Online 

Questions that were biochemistry based and required mathematical manipulations 

were available to enable the students to practice the appropriate mathematical skills, 

in a low-stress environment, until they have mastered the required skill and gained 

confidence. Specific examples are described elsewhere (Johnston et al. 2016). The 
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MSS was linked to the course via the university’s online Learning Management 

System (LMS) and available for all students for the duration of the course. 

Information about the voluntary study, awareness of the MSS and how to access the 

materials was communicated through announcements in lectures, the LMS, and 

emails, notices and voluntary invitations to students. All data were collected in 

accordance with an approved ethics protocol. 

 

Data Sources and Analysis 

Sources of data for this study included students’ use of the MSS, students’ 

mathematical background and grades in the course, students’ performance on tasks 

requiring numerical and mathematical skills and students’ perceptions based on 

questionnaires. 

MSS usage. The LMS Statistics Tracking tool was enabled, allowing 

determination of the use of individual items within the MSS modules (e.g.: logarithms 

multiple-choice questions, algebra questions and answers, simultaneous equations 

notes, etc.), frequency of use and ‘hits per content area’, where superficial hit 

equated to a single access by a user to the MSS. All student usage data were de-

identified and aggregated for analysis.  

Student Data. The data were collected from the students in the course for 

three academic years (2014-2016). Students who had withdrawn or dropped 

their enrolment by census date (end of week 4 of a 13-week semester), or not 

completed any assessment items were not included in the detailed analysis of 

the study. All student background data were obtained from degree program 

enrolment, and all student grade data for the course was de-identified such that 

all data contained no personal information. The data were aggregated by 
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number of hits or grade (7, 6, 5, 4, or ≤ 3) for analysis. The definition of final 

grades can be found in the appendix (Table A1). 

 
Answers by students to written questions involving calculations and graphing in 

assignments and the final exam, as well as multiple choice questions in quizzes were 

analysed. For individual questions correct answers attracted full marks, partially 

correct answers were awarded part marks and no marks were awarded for incorrect 

answers. Examples of student work were converted into a digital format to de-identify 

any handwriting. Statistical analysis, in the form of a Chi-Square Test, was used to 

assess differences in performance on specific questions between users and non-users 

of the MSS. Overall performance in the course was determined as the final grade (7, 

6, 5, 4, or ≤ 3) (Appendix Table A1). The null hypothesis tested was: H0; the overall 

performance is independent of use of the MSS. Comparison of the final grades of 

users vs non-users was performed using a T-test. Use of the T-test was justified as the 

distribution of data did not violate any of the T-test assumptions.  

Questionnaires. Students enrolled in the biochemistry course were invited to 

voluntarily respond to a survey questionnaire at the commencement of their course 

and participate in using the MSS. The questionnaire was administered during teaching 

sessions during weeks two and three of semester 2, 2014. The sample of biochemistry 

students who responded to the questionnaire was 70, representing 30.3% of the 

student cohort in that year. An anonymous, short follow-up questionnaire comprised 

of four Likert questions was administered online within two months of completion of 

the course in 2014. The sample of students who responded to the short follow-up 

questionnaire was 69, representing 29.9% of the student cohort in that year. All 

students were asked to participate in the study and gave their informed consent before 



13 
 

 
participating in the research and for the researcher’s use of individuals existing data 

for research purposes. Students had the right to make a free choice over whether to 

contribute to the study or not. All student data were de-identified by an independent 

person and aggregated prior to analysis and were stored in a secure location.  

As part of the initial questionnaire, students answered two Likert-style questions 

(Q1-2, Table A2) on whether they thought mathematics is important for the study 

of biochemistry and rated their confidence with maths. In the follow-up 

questionnaire further questions on student’s perception of anxiety and 

importance of maths were included (Q3-4, Table A2). Two Likert-style questions 

on awareness and use of the MSS were also included (Q5-6, Table A2). 

 

Limitations. This study focuses on students enrolling in the biochemistry course in 

the years 2014-2016 in one institution. Our analysis shows that these students are 

typical for this university and represent a full spectrum of students entering 

Queensland universities (University entry is managed by an independent state 

authority). As the use of online maths support was voluntary, the manipulation of 

groups and formation of control groups was not possible. Variables such as individual 

student motivation levels or alternate mathematics support during a student’s semester 

of study are unknown and cannot be controlled or reported. It was not possible to 

determine what students did with the information presented once they accessed the 

MSS.   

 

Results and Discussion 

To address research question 1, we examined student usage of the MSS over the 

semester, and by topic. 



14 
 

 
Overview of MSS Usage 

Understanding the mathematical background of students entering the 

biochemistry course was important to the context of the MSS usage. We carried 

out an analysis of the usage of the MSS during the period of the study (2014-

2016) (Table 1). The medical science students (very high prior academic 

performance and intermediate maths pre-requisite) had lower overall usage for 

the MSS, with 68% being non users and only 14% being multiple users of the 

MSS. The remaining students (biomedical science, forensic science and 

science) were more bimodal in their usage of the MSS, with 53-61% being non 

users and 25-25% being multiple users. It was interesting to note that the 

Science students  (overall average prior academic performance with either basic 

or intermediate maths pre-requisite), who were perceived as being in potential 

need of more maths support, did not use the MSS any more or less than the 

other students (biomedical science, forensic science).  When the MSS was more 

heavily advertised to students (2015-2016), an increase in use by all students 

occurred. This was particularly evident in 2015 (Figure 1). The correlation 

between awareness of the MSS (by advertising on the LMS) and subsequent 

usage of the MSS by the students was particularly evident in 2015 (Figure 1). 

 

Student Usage of the MSS over the semester 

The statistics tracking feature of the LMS allowed us to analyse the patterns of usage 

of the MSS by students (Figure 2 a-c). The hit-count indicated a total of 55, 143 and 

109 individual users in 2014-2016, representing 24%, 56% and 42%, respectively, of 

the course total cohort.  Peak usage by students occurred after the in-class 
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announcements advertising the MSS to students during week 1 and before major 

assessment items, as previously observed for students studying 1st year chemistry. 

This was particularly noticeable for the 2016 assignment 2, where the assignment 

instructions directed students to the MSS graphing module as a resource, and there 

was increased usage (of the graphing notes) in week 11 (Figure 2 c).  

Tracking of use by students revealed that a typical usage occurred where 

students (65%, 78% and 53% of users in 2014-2016, respectively) logged into 

the site multiple times during semester, accessing individual items (module 

notes, questions, etc.) across the various MSS module topics. The remaining 

students (35%, 22% and 47% of users in 2014-2016, respectively) were 

superficial users that logged-in to the site once to survey all topics.  

Aggregated access by students indicated an overall preference for topic notes 

ahead of topic multiple choice questions involving mathematical calculations 

from a first-year online chemistry textbook, followed by short answer questions 

and answers (Table 2). Students preferred accessing topic notes within the MSS 

over the practice questions and answers (Table 2). By comparison, 21-27% of the 

students engaged with interactive learning through use of the multiple-choice online 

problems (Table 2). This may be attributed to the immediate feedback helping to 

improve student understanding.  Students’ usage (superficial or multiple user) of 

topics was mapped against the biochemistry curriculum (Figure 3). Whilst all the 

MSS topics were accessed, greater usage occurred for topics related to assessment 

items (e.g. graphing, Figure 3). 
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Student Performance for Calculations and Graphing in Biochemistry 
 

To address research question 2, we examined the performance of students on multiple 

choice and written questions requiring calculations and graphing. Table 3 indicates 

the student performance on individual multiple-choice questions involving 

calculations, which were included in the quizzes held during semester and the final 

exam. The questions are given in the Appendix. For the multiple-choice questions, 

introductory questions (questions 1 and 4) involved a single-step calculation. More 

challenging questions (questions 2, 3 and 5) involved multiple steps for calculation of 

the answer. The use of a non-programmable scientific calculator was permissible in 

all quizzes and exams.  

An overall comparable or decreased performance was observed between the 

different years for questions that were challenging, except for the - Medical Science 

students. By comparison, comparable or increased performance was observed for 

multiple choice questions that were of an introductory level and involved a single-step 

calculation of the answer. 

The results indicate that Medical Science students (very high prior academic 

performance and intermediate maths pre-requisite) were able to carry out single-step 

calculations for logarithms and pH, as well as single/multiple-step calculations for pH 

and enzyme kinetics in multiple choice questions (Table 3). Similarly, this group 

displayed good performance on more challenging questions involving multiple 

calculation steps for pH and enzyme kinetics (Table 3). By contrast, those students 

with an average to good prior academic performance, and basic or intermediate maths 

pre-requisite background (Forensics Science, Biomedical Science and Science 

students) displayed various difficulties that included simple arithmetic operations, 
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manipulation of logarithms, interpretation of numerical data, and higher conceptual 

understanding of graphical issues associated with enzyme kinetics.  

Next, we analysed student written answers to short answer questions on the final 

exam dealing with the troublesome topics of pH and enzymes and requiring 

calculations. Figures 4 and 5, show the answers given by two students (1 and 2) to a 

short answer question with parts A and B. Errors commonly observed in the answers 

from students in the final exam include: inability to divide exponents; multiplying 

instead of adding in the denominator of the Michaelis-Menten equation (despite being 

provided with the equation); decimal points in the wrong place; and inability to 

recognise if the answer was well removed from the expected range. Other errors 

included: ignoring units; incorrect unit conversions; incorrect significant figures; 

rounding errors; and applying concepts incorrectly, such as using Vmax from part (a) 

for part (b) although these are different questions. These errors suggest that students 

have a poor grasp of foundational mathematics, a poor understanding of units, unit 

conversions and significant figures, as well as an inability to completely carry out 

algebraic calculations.    

As discussed in the Introduction, the ability to generate and interpret graphs is an 

important skill for biochemistry students to acquire. Students were given a low stakes 

assignment on enzyme kinetics during semester and then tested on a very similar 

question in the final exam. The common errors (Figure 6) include: no points on the 

plot - just a straight line drawn; drawing a straight line through a hyperbolic plot of 

(initial velocity,V0) versus substrate concentration (S); leaving no room for 

extrapolation on to the negative X-axis to determine Km (intercept on negative X-axis 

= -1/Km); no use of units on axes; plotting data on the wrong axis e.g. [S] on Y-axis; 
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and the misconception that Km = ½ Vmax even though Km has units of concentration 

and Vmax has units of rate.  

The percentage of students who attempted the calculation and graphing questions 

on the written answer section of the final exam, and the percentage of correct versus 

incorrect answers, was compared for users of the MSS and non-users of the MSS 

(Table 4). The Chi-Square test of goodness-of-fit was used to determine whether there 

was any difference between the performance of users and non-users of the MSS. No 

significant differences were found except for the graphing question in 2016. Chi-

square analysis for this question indicated χ2 (3, N = 126) = 7.38, p = 0.025. The 

Cramer’s V coefficient (McHugh 2013) is 0.17, indicating a small to moderate effect, 

with those who participated in the MSS program being more successful on the 

graphing task than those who did not. The improvement with the graphing question 

may be correlated with deliberate instructions in assignment 2 in 2016 directing 

students to the MSS. It has previously been shown that students are extrinsically 

motivated by response to assessment (Armstrong et al. 2013), and that students’ 

achievement in the use of learning strategies will also increase their academic 

achievement (Sen et al. 2014).  Grehan et al. (2016) also showed that student 

engagement with maths support is linked to key critical events such as assignments. 

 

Comparison of MSS Users and Non-Users 

We mapped the student results in the diagnostic quiz (held in week 1) against their 

subsequent use of the MSS (Figure 7). It was observed that those students who 

received formative diagnostic quiz feedback of a mark of 10 or less out of 20 

proceeded to be higher users of the MSS.  An analysis of the final grades of users 

compared to non-users was performed using a T-test. Medical Science students were 
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excluded from this analysis as they all obtained grades of 6 and 7 (with one or two 

exceptions) and would thus skew the results. There was a significant difference 

between the users and non-users. The mean grade for users was 4.96 (Std Dev 0.93) 

compared to 4.76 (Std Dev 1.05) for non-users. This difference was significant p = 

0.033, however the effect size was relatively small (0.3).  

The final grade for the aggregated years (2014-2016) in the biochemistry course, 

was mapped against the background of the biochemistry students by program 

enrolment (Figure 8). Interestingly, the distribution of grades was reflective of the 

prior academic performance and mathematical background of a student, where the 

Medical Science students (very high prior academic performance and intermediate 

maths pre-requisite) were highly represented in the top grades of 6-7 and the 

remaining students in biomedical, forensic science and science had a varied 

distribution across all grades. Other studies have also shown that the level of 

mathematics studied in high school has an impact on the successful performance in 

university mathematics and science courses (Anderton et al. 2017).  

The present study revealed that most users (excluding the Medical Science 

students) of the MSS were students who needed help, as identified by the diagnostic 

test (Figure 7). Research has strongly suggested that there is a correlation between 

student engagement with mathematics support and academic success. Those who 

avail themselves of support are more engaged, and engagement was found to be 

influenced by fear, motivation and social interactions (Grehan et al. 2016). Elsewhere 

it has been reported that students with lower and average mathematics achievement 

hold more positive attitudes toward using a web-based homework platform compared 

to higher achieving students (Leong and Alexander 2014). 
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Student Perceptions of Mathematics in Biochemistry 
 
Student confidence and anxiety were captured in the initial and follow up 

questionnaires (Table A2), when students had almost completed a full year of 

study at this University. At the semester commencement, less than a quarter of 

the questionnaire cohort responded that they were not confident/not very 

confident with their mathematical skills (24%). After a full semester of study, 

respondents self-reported feeling anxious (44 % agree/strongly agree) when 

having to answer problems requiring calculations. The perception about the 

importance of mathematics to biochemistry was significant (87% agree/strongly 

agree) after completion of the course. The follow-up questionnaire indicated that 

the predominant reason for non-use was that students felt they did not need to 

use the MSS (66% agree/strongly agree) and this was unrelated to assessment, 

since 81% of respondents were neutral to strongly disagreeing to Question 5 (I 

did not use the MSS because it was not assessable).  

One key theme of the literature review by Lawson and colleagues (2019) was 

the characteristics of students who engage with mathematics support and reasons 

why others do not. Maths support is often used more by good students wanting 

better grades than those trying to avoid failure (Pell and Croft, 2008). In the case 

of drop-in support centres, predominant reasons given by students as to why they 

do not use support are: - not being aware of the support or where it is located 

(Symonds et al. 2008) or times being unsuitable (Mac an Bhiard et al. 2013). In 

our study the questionnaire data (although limited) suggests that some students 

are unaware that they need support (Dunning, 2011).  

 

Conclusions and Implications for Teaching  
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Student patterns of usage for the MSS (research question 1), revealed that about 

50% of total students made use of the MSS, with periods of use coinciding with 

announcements, assessment item deadlines and assignment instructions. There 

was a preference for apparent surface learning, in that module notes were the 

most accessed with little use of practice questions and answers. Higher 

achieving students were less likely to use the support site perhaps because they 

were already confident with their mathematics ability.  

In relation to research question 2, students who made use of the MSS showed 

noticeable improvement for the enzyme kinetics graphing question. Students accessed 

the MSS for the graphing module, gained practice through active learning in 

assignment 2 and then were tested on the graphics component in the final exam.  

Furthermore, there was a small but significant effect of MSS usage with users 

performing better than non-users overall.  As with other studies (Grehan et al. 2016), 

student who demonstrate little or no engagement with curriculum support continue to 

be an identifiable group. Future studies should investigate in more detail the causes 

for student non-engagement with academic support.   

The implication of this study for the teaching of first year biochemistry is the 

requirement to scaffold numeracy and mathematical skills into the student learning of 

troublesome concepts. In addition, the continued support of the students with more 

average prior academic performance in the digital environment with adaptive learning 

approaches should be of value to student academic success in biochemistry. A future 

focus on mathematical skills in context for curriculum and teaching is important for 

helping students attain the necessary skills for a career in biochemistry and science 

generally.  
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Table 1 

Student usage of Maths Skill Site for 2014-2016 by prior maths and academic 

rank  

Degree Program Prior 

Academic 

Rank* 

Prior  

Maths  

level 

Multiple 

user  

(%) 

Single 

user 

(%) 

Non-

user 

(%) 

Medical Science 1 intermediate 14 18 68 

Biomedical Science 9 intermediate 35 11 53 

Forensic Science 12 intermediate 25 15 61 

Science 16 basic or intermediate 32 11 57 

 

*Students receive a position ranking value from 1 to 25 which is used for degree 
admissions, where a rank of 1 represents students scoring in the top 2.7% of all 
students state-wide and a rank of 16 represents the top 84% of students. 
 

Table 2 

Student usage of Maths Skill Site online module item types  

Maths Skill Site online 

module item type 

Users in 2014 

(%; n = 55) 

Users in 2015 

(%; n = 143) 

Users in 2016 

(%; n = 109) 

Notes 48 52 59 

Questions 23 12 11 

Answers 10 8 9 

Multiple Choice 19 27 21 

 

Table 3 

Percentage of students with correct answer to multiple choice questions on pH and 

enzyme kinetics.  
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Questions by year, 

quiz, final exam  

Medical 

science 

(%) 

Biomedical 

Science 

(%) 

Forensic 

science 

(%) 

Science 

(%) 

All 

students 

(%) 

2015 Quiz 1 Q1 74 24 22 23 33 

2016 Quiz 1 Q1  79 24 27 24 37 

2014 Final Exam Q2 44 23 15 11 25 

2016 Final Exam Q2 62 15 20 11 22 

2014 Final Exam Q3 63 53 38 24 46 

2016 Final Exam Q3 52 42 22 25 34 

2014 Quiz 1 Q4 85 33 28 21 38 

2015 Quiz 1 Q4  88 61 58 40 62 

2016 Quiz 1 Q4 100 73 73 56 77 

2015 Quiz 2 Q5  91 63 45 40 58 

2016 Quiz 2 Q5 87 41 42 27 49 

Note. Q1 = Question 1, introductory logs and pH; Q2 = Question 2, challenging pH; 
Q3 = Question 3, challenging enzyme kinetics; Q4 = Question 4, introductory enzyme 
kinetics; Q5 = Question 5, challenging enzyme kinetics.  
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Table 4 

Percentage of students (Users and Non-users of MSS; all students) with answers to 

graphing and enzyme kinetics questions requiring calculations in the written answer 

section of the final exam. 

 Number of students  

(MSS users) that  

attempted question (%) 

Number of students  

(MSS non-users) that 

attempted question (%) 

Year 2014 2015 2016 2014 2015 2016 

Calculation question       

   wrong  11 (34) 12 (23) 20 (33) 24 (30) 7 (27) 28 (33) 

   partially correct  5 (16) 27 (52) 28 (47) 17 (22) 9 (35) 32 (37) 

   correct 16 (50) * 13 (25) 12 (20) 38 (48) 10 (38) 26 (30) 

   total students 32 52 60 79 26 86 

Graphing question       

   wrong  11 (46) 16 (42) 14 (27) 42 (46) 8 (35) 33 (44) 

   partially correct  6 (25) 7 (18) 23 (45) 30 (33) 7 (30) 17 (23) 

   correct 7 (29) 15 (40) 14 (27) 20 (22) 8 (35) 25 (33) 

   total students 24 38 51 92 23 75 

Note. *For example: Of the MSS users in 2014 (total n =32) 16 students (50% of 
those who attempted the questions) answered the calculation question correctly. The 
graphing question in the 2015 final exam was optional. 
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Figure 2 a. 
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Figure 6 

 

 

 

 



36 
 

 
 

Figure 7 

 

Figure 8 

 

  



37 
 

 
List of Figure Captions 

 

Fig. 1. Student usage of the MSS by enrolled degree during the period of the study. 

Fig. 2 a-c. Usage versus time for 2014-2016, with key assessment milestones (grey 

arrows) and key topic teaching (yellow). MS (mid-semester break); SW (study week); 

EX1 (exam week 1); EX 2 (exam week 2); a: Superficial user (n = 19); Multiple user 

(n = 36); b: Superficial e user (n = 32); Multiple user (n = 112); c: Superficial user 

(n = 51); Multiple user (n = 58). 

 

Fig. 3. Percentage of students accessing MSS module topic for 2014-2016: logarithms 

applied in pH, assessment in online lab 1 and assignment 1; graphing applied in 

enzyme kinetics, assessment in online lab 2 and assignment 2. 

 

Fig. 4   Annotated transcription of errors in the answer to final exam short answer question 1, 

part B by Student 1. The question part B is given in the top panel. 

 

Fig. 5 Annotated transcription of errors in the answer to short answer final exam question 1, 

parts A and B (top panel) by Student 2 (Correct answer Part A = 6.3 x 103 sec-1; Part B = 29 

µM min-1). 

 

Fig. 6    Annotated transcription of errors in the answer to graphing question in assignment 2, 

by Student 3. 

 

Fig. 7 Diagram of Usage Hits on MSS versus Diagnostic Test result (scored out of 20) 

for Biochemistry for 2015-2016. 

Fig. 8 Student academic/mathematical background versus Final Grade for 

Biochemistry for 2014-2016.  
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