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A significant number of tertiary science, technology, engineering, and mathematics (STEM) 

students drop out from their courses during the first-year not because the courses are too 

difficult but because, in their words, they „are too dry and boring‟. There are even such 

special terms as emotional disengagement and academic disinterest (e.g. Blondal & 

Adalbjarnardottir, 2012). Enhancing first-year tertiary student engagement is considered an 

important strategy for improving retention (Horstmanshof & Zimitat, 2007).  

Many lecturers would agree if students are interested the rest is easy. An ongoing project 

that is being conducted at the Auckland University of Technology will be presented at the 

session. The idea of the project is to improve students‟ engagement in STEM subjects, in 

particular in mathematics that underpins all STEM disciplines. The project has two aims: 

firstly, the development of digital resources comprising puzzles, paradoxes, provocations 

and sophisms (PPPS) in STEM subjects; secondly, an evaluation of their impact on 

students‟ engagement and retention rate in courses. The intention of using PPPS is to 

engage students‟ emotions, creativity and curiosity and also enhance their critical thinking 

skills, problem-solving strategies and lateral thinking “outside the box”. The resources are 

being developed in the form of  

e-books that can be read on mobile devices and available from tertiary institutions‟ online 

platforms. Their effectiveness in the teaching and learning of STEM subjects will be 

evaluated via comprehensive questionnaires, interviews, class observations and analysis of 

course success rates. The expected outcome is the increase of the retention rate in STEM 

subjects via enhanced students‟ engagement. 

By a puzzle we mean non-standard, non-routine, unstructured question containing a twist. 

Typically a puzzle appears deceptively simple. By a paradox we mean a surprising, 

unexpected, counter-intuitive statement that looks invalid but in fact is true. By a provocation 

we mean a question that looks like a routine question but in fact has a catch. We include 

here also incorrect statements that have to be disproved by counterexamples. By a sophism 

we mean intentionally invalid reasoning that looks formally correct, but in fact contains a 

subtle mistake or flaw. At this stage most of the PPPS resources being developed are in the 

context of mathematics with the rest in engineering, computer science, physics and 

astronomy.  

The main benefits to learners will be improved engagement with STEM subjects. To 

measure engagement we adjust the model introduced in (Fredricks, Blumenfeld, & Paris, 

2004) for the tertiary environment. Out of the three student engagement dimensions - 

behavioural, emotional, and cognitive – in our case the most relevant is cognitive. It deals 

with students‟ investment in learning, perseverance in the face of challenges, and use of 

deep rather than superficial strategies. The following three types of measurement methods 

will be used in the project: 

a) Student self-report in which students respond to open questions and to questions 
with specified response formats (such as “strongly agree” to “strongly disagree”) 
including questions on the impact of PPPS on their decision to continue their study; 

b) Lecturer reports based on lecturer responses to a set of items using a specified 
response format (for example, “very true of student” to “not true of student”) and also 
open questions; 



c) Observational measure involving direct observation of behaviour of targeted students 
or classrooms. 

 
The expected contribution to existing knowledge will comprise new insights on the impact of 

the suggested pedagogical strategy of using PPPS in teaching and learning of STEM 

subjects on student decision to continue their study after the first year at tertiary institution.  

After a 10-15 minute presentation of the above project the floor will be open for discussion. 

Participants will be invited to give their perspectives, critique and even join the project. 
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