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STRUCTURED ABSTRACT 

CONTEXT 
Poor mathematics aptitude remains a significant barrier for students to commence or complete STEM 
tertiary education. As part of the Higher Education Participation and Partnership Program, a pilot 
initiative between CQUniversity and the Bundaberg North State High School provided over 100 year-9 
students with knowledge and understanding of tertiary institutions and first-hand practical experience 
in learning and applying high school mathematics curriculum in STEM-related fields. 

PURPOSE 
This paper studies the immediate changes in students’ task value perceptions of mathematics after 
experiencing a practical mathematics excursion to CQUniversity and any longer-term changes in 
perceptions after using mathematics learning resources deployed at their school throughout 2018. 
Increasing perceptions of task value can also increase motivation to study, hence understanding the 
impact of practical interventions that enhance the learning and teaching of the mathematics curriculum 
is vital for promoting STEM courses and careers.  

APPROACH 
Three separate surveys provided data for this study on changes to students’ perceptions of studying 
mathematics, their knowledge of applying mathematics in the workforce and their desires to study a 
STEM tertiary course. Students completed surveys before and after participating in a practical 
mathematics excursion, and a final survey was in late 2018 after continued usage of the HOTMaths 
resources deployed at their school. 

RESULTS 
Results indicate that while the numbers of students interested in pursuing a STEM career has not 
changed significantly after participating in the excursion, perceptions of mathematics has changed in 
some areas indicating students are now more able to make informed choices about their senior 
subject selection and ultimately whether to pursue a STEM career, due to the practical interventions. 

CONCLUSIONS 
With changes to Commonwealth funding to promote success in higher education, it is now more 
critical that high-school students make informed decisions about their senior subject selections and 
their tertiary education preferences. This pilot has demonstrated that practical excursions and learning 
resources which promote practical thinking can improve students’ task value perceptions of their 
mathematics curriculum and these activities are likely to assist students to make valid choices 
concerning future studies. 
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Introduction 
The study of mathematics is crucial for students’ future success, concerning everything from starting 
salaries to completion rates in higher education (Yu and Singh, 2018). However, many students 
struggle to engage with the study of mathematics (Petocz and Reid, 2005) and one reason for this is 
that students fail to see how mathematics relates to real-world practical problems. Increasing the ‘task 
value’ of mathematics may help students to comprehend how their studies might relate to their future 
careers and hence increase their motivation to study (Pintrich, 2000).  

In other STEM subjects such as chemistry and physics, practical experiments play a crucial role in 
developing a student’s understanding of the curriculum as they are required to reflect while applying 
the theories they have studied (Millar, 2004). However, practical problems do not feature so strongly in 
high school mathematics, and this may be one reason that students often feel that mathematics is 
merely a subject in which they manipulate numbers with little relevance to the real world (Petocz et al., 
2007).  

In this study, we attempt to introduce practical interventions into the high school mathematics 
curriculum to increase the task value of mathematics and increase student’s perception that 
mathematics could be useful to them in the future. These outcomes are vital for students to make 
more informed choices about which mathematics subjects to study in senior high school so they can 
prepare for STEM-based courses in tertiary education and future careers. 

A collaboration between CQUniversity Bundaberg, School of Engineering and Technology, and 
Bundaberg North State High School created the foundation for this study. Both institutions are in a 
region with one of Australia’s highest representations of people with low Socio-Economic Status (SES) 
backgrounds, as determined by the Index of Education and Occupation (ABS 2011). 69.2% of 
participants in this study were of low SES background, based on permanent residential address. 

Methodology 

The study reported here was part of a CQUniversity pilot initiative – Towards a 5-year STEM Tertiary 
Education Transition and Success Plan for Students of Low SES – funded by the Higher Education 
Participation and Partnerships Program (HEPPP). The initial phase of the pilot is the focus of this 
study which aimed to increase the understanding of low SES high school students regarding the 
mathematics knowledge and skills required to fulfil a STEM career.  

Students' choice of senior mathematics subjects was identified as the most critical point in high school 
for students to follow a direct path to achieving their post-secondary school aspirations in STEM, and 
that year 9 is the period that has the highest potential to influence this decision. Additionally, for many 
low SES students who may become the first in their family to attend tertiary education, there is 
evidence that unfamiliarity with university life creates perceived barriers that need to be broken down 
(Krause and Coates, 2008; Laselle et al., 2009). 

Hence, the pilot was restricted to all year-9 mathematics students at Bundaberg North State high 
School. It was designed to provide students with knowledge and understanding of tertiary institutions 
through curriculum delivery. Furthermore, through the practical interventions, students were given 
direct access to tertiary academic staff during a unit of study and were able to utilise tertiary level 
practical apparatuses to make connections between current academic study and tertiary study. 

Due to the availability of the engineering laboratories and the year-9 curriculum sequencing, it was 
decided to base activities on linear equations and have the students work in small groups. Making 
data gathering essential for completing a mathematics assignment (Appendix A) incentivised the 
activities. The three activities used PASCO scientific equipment comprising of measuring the centre-
span deflection of a model single-span bridge subjected to loads applied by the students (Fig.1a) and 
measuring the internal forces on the boom of a model tower crane also subject to loads applied by the 
students (Fig.1b). Additionally, the ultimate strength of a critical member taken from the tower crane 
was determined using a small materials test bed to estimate the ultimate service load for the structure 
(Fig.1c). The serviceability limit of the bridge was based on the maximum deflection ratio of 1/800. 

115 students were invited to attend the half-day practical mathematics excursion on either March 12 or 
13, 2018. On arrival, students were divided into three working groups and rotated through the three 
activities in 30-minute intervals. Engineering academics, technical staff and undergraduate 
Engineering students of low SES background coordinated the activities and assisted the high school 
students to obtain suitable data for their assignment. 
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Figure 1: Practical mathematics excursion activities comprising bridge deflection, tower crane, 
and materials testing 

To maintain students’ interest in studying mathematics subjects in senior school that are requisites or 
recommendations for STEM courses (Maths B - Methods, and Maths C - Specialist), the pilot also 
funded HOTMaths textbooks and access to the Elements online learning platform for all year-9 
students, as a second practical intervention. The mathematics teachers were encouraged to embed 
HOTMaths activities into their lessons, but guidance was not provided by CQUniversity. 

To measure students’ task value perceptions of mathematics and the impacts of both the practical 
mathematics excursion and the deployment of HOTMaths, all year-9 students were invited to complete 
three surveys scheduled prior to the excursion (by March 5, 2018), post-excursion (from March 12, 
2018), and at a follow up time after having suitable use of HOTMaths (from September 10, 2018). The 
pilot project included the appointment of a Research Assistant at Bundaberg North State High School 
to assist students in completing consent forms for the excursion and research participation. The 
Research Assistant also ensured students were allocated enough time and support to complete the 
three surveys which proved valuable in achieving high participation rates in the excursion, 87%, and 
the surveys: 92%, 90%, and 91%, respectively. 

The pre-excursion survey consisted of 14 questions (8 short-answer and 6 Likert). This study includes 
an analysis of data from one short answer question only: Give an example of mathematics being 
applied to a difficult task in the workplace? Responses were coded to sub-major group levels in the 
Australian and New Zealand Standard Classification of Occupations (ABS, 2013) to understand 
students’ impressions of how math skills might correlate with employability. The post-excursion survey 
consisted of 14 questions (4 short-answer and 9 Likert). This study includes analysis of data from two 
questions to measure the change in students’ perceptions of the link between mathematics skill and 
employability and to report the overall satisfaction of students who completed the practical 
mathematics excursion. The final follow-up survey comprised 34 questions (5 short-answer and 29 
Likert) to record students’ sustained impressions of the practical mathematics excursion and their 
perceptions of using HOTMaths as their new mathematics learning platform. The final survey also 
allowed students to register their beliefs about the importance mathematics has on their future, the 
relevance of mathematics skills for solving real STEM-based problems, satisfaction with HOTMaths 
and how using HOTMaths assisted them to comprehend the application of mathematics in STEM-
based fields. 

Class groupings of students on mathematics aptitude, NAPLAN results, assignment results and SES 
backgrounds, were also linked to survey responses but the results herein do not distinguish on that 
basis. Ethical clearance was obtained to gather all student data (20982). 

Results and discussion 

From the pre-excursion survey, fundamental concepts dominated students’ initial impressions of 
occupations involving mathematics, like measurement in construction and basic arithmetic with 
accountants preparing tax returns or cashiers giving change. These responses were also apparently 
biased by the students’ job preferences as a broad range of the sub-major occupation categories were 
represented in some form (Fig. 2). Post-excursion, there was a significant increase in students 
mentioning professional occupations in STEM-related fields. Responses coded to the Design, 
Engineering, Science and Transport Professionals sub-major category increasing from 22% to 43%, 
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while responses for Numerical Clerks halved, and there was no follow up mention of other seemingly 
unrelated occupations (Arts and Media Professionals, Food Trade Workers, Sales Support Workers). 
This significant shift by 59% of the students suggests a substantial improvement in their perceptions of 
the relevance of mathematics knowledge and skills for their future career options, particularly in 
regards to STEM-based opportunities. 

 

 

Figure 2: Change in perception of occupations involving mathematics resulting from attending 
the practical mathematics excursion 

Other perceptions of mathematics also changed due to participating in the practical mathematics 
excursion. Many students reported the excursion having a positive impact on their views on 
mathematics with 52% of participants agreeing in some form that the excursion and the activities 
involved helped them realise the importance of studying mathematics for their future (Fig. 3). 

 

 

Figure 3: The practical mathematics excursion made me realise that mathematics is important 
for my future 
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55% of the students who attended felt that the excursion improved their understanding of how the 
mathematics curriculum could be applied to real problems in science and engineering fields (Fig. 4). 
Furthermore, 64% of the students surveyed also indicated that they would like to experience more 
practical activities at school, like the practical mathematics excursion.  

 

 

Figure 4: The practical mathematics excursion helped me to be aware of mathematics concepts 
that are applied in science or engineering 

While 72% of students reported being satisfied with the practical excursion, there was no significant 
increase in students wanting to study a STEM course. One area for improvement is that 51% of 
students reported their teacher had not explained concepts in the classroom based on the practical 
activities from the excursion. Transitions between the university and the classroom context needs to 
be more structured to ensure teachers and students have adequate background and previous 
knowledge to make the most of each stage of the experience. 

We also queried the students regarding their perceptions of using HOTMaths, a software that also 
aims to improve students’ understanding of mathematics by encouraging them to think practically. We 
asked students how satisfied they were with the HOTMaths resources and found that 47% were 
satisfied in some form with the software and only 9% expressed dissatisfaction of any sort (Fig. 5).   

 

 

Figure 5: Students’ satisfaction with the HOTMaths textbook and online learning management 
platform 

We also asked students if using HOTMaths had improved their understanding of how science and 
engineering fields apply mathematics, but only 27% of students agreed in some form (Fig. 6). The 
number of students who felt that HOTMaths improved their understanding of STEM was therefore 
substantially lower than the 55% of students who felt that the practical excursion achieved this goal; 
therefore, while the students were satisfied using the software, it did not achieve the same effect as 
the practical outreach exercise.  
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Figure 6: Using HOTmaths has helped me understand how mathematics is applied to science 
or engineering 

Conclusion 

The implications of introducing a practical mathematics excursion to CQUniversity and deploying 
HOTMaths as a practical learning platform into Bundaberg North State High School was examined to 
gauge changes in year 9 students’ task value perceptions of their mathematics curriculum. The pilot 
project involved more than 100 students from a region known for high rates of people with low SES 
backgrounds. In these circumstances, results indicate that engaging in practical activities that 
reinforce the task value of the mathematics curriculum can increase the students’ understanding of the 
role that mathematics plays in real-world situations and can significantly reinforce the importance of 
mathematics skills to their future. The practical mathematics excursion was the most effective 
approach in this restricted pilot study. Attainment of these outcomes was possible through a 
collaborative effort between tertiary and secondary education institutions.    
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Appendix – Abridged mathematics assignment solution by a year-9 student who 
attended the practical mathematics excursion (high achievement example) 

Regarding the methodology of the experiment for Part A, loads of various masses were placed on the 
bridge and their deflections measured.  The results are shown in the following table: 

Table A-1: Data recorded from the excursion to CQUniversity 

Mass (g) (denote this 𝒙 ) Deflection (mm) (denote this 𝒚) 

0 0 

100 5 

200 10 

The maximum permissible deflection is 1/800 and the length of the beam was 40m, so the maximum 

deflection will be 
1

800
× 40 = 0.05𝑚 = 5𝑐𝑚 = 50𝑚𝑚 

As one of the points is (0,0), I can assume that the relationship is a direct proportion relationship 𝑦 =
𝑘𝑥.  The second point can be substituted in to find the constant or proportionality, 𝑘: 

5 = 𝑘 × 100 

5

100
= 𝑘 

0.05 = 𝑘 

The relationship between deflection (y) and mass (x) is therefore 𝑦 = 0.05𝑥 

To check the reasonableness of this solution, the third value can be substituted in to verify.  Substitute 
(10,200) into 𝑦 = 0.05𝑥: 

10 = 0.05 × 200 

10 = 10 

As equality is obtained, the relationship satisfies the three data points collected. 

The relationship can now be used to determine the mass that would have to be suspended to obtain a 
deflection which is on the threshold of being outside Australian Standards.  Substitute the deflection of 
50mm as the 𝑦 value and solve for the x value: 

50 = 0.05 × 𝑥 

50

0.05
= 𝑥 

1000 = 𝑥 

A mass of 1000g would need to be placed on the bridge for the deflection to exceed Australian 
standards. 

 

Figure A-1: Desmos representation of the problem 


