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Contemporary higher education institutions are making significant efforts to develop cohesive, 
meaningful and effective learning experiences for Science, Technology, Engineering and 
Mathematics (STEM) curricula to prepare graduates for challenges in the modern knowledge 
economy, thus enhancing their employability (Carnevale et al, 2011). This can inspire innovative 
redesign of learning experiences embedded in technology-enhanced educational environments and 
the development of research-informed, pedagogically reliable strategies fostering interactions 
between various agents of the learning-teaching process. This paper reports on the results of a 
project aimed at enhancing students’ learning experiences by redesigning a large, first year 
mathematics unit for Engineering students at a large metropolitan public university. Within the 
project, the current study investigates the effectiveness of selected, technology-mediated 
pedagogical approaches used over three semesters. Grounded in user-centred instructional design, 
the pedagogical approaches explored the opportunities for learning created by designing an 
environment containing technological, social and educational affordances. A qualitative analysis 
of mixed-type  questionnaires distributed to students indicated important inter-relations between 
participants’ frames of references of the learning-teaching process and stressed the importance 
(and difficulty) of creating appropriate functional context. Conclusions drawn from this study may 
inform instructional design for blended delivery of STEM-focused programs that endeavor to 
enhance students’ employability by educating work-ready graduates. 
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Introduction 
Today’s engineering students need Science, Engineering, Technology and Mathematics 
(STEM)-specific knowledge and skills at their fingertips. This need can be fulfilled through 
active engagement with the learning environment; an experience that fosters “meaningful 
learning - the conscious attempt to make sense of topics for oneself” (Entwistle, 2009, p. 16). 
Actively engaging with the learning environment allows deep learning and the acquisition of 
higher-order thinking skills conducive to life-long learning, which is one of the most 
distinctive features of the knowledge-based economy. To facilitate active engagement, the 
authors undertook the challenge of creating a “world of learning” (Kirschner et al., 2004, 
p.25): a specific, technology-enhanced learning and teaching environment that promotes the 
learning process. More precisely, a first year mathematics for engineering unit at a large, 
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metropolitan Australian university was redesigned using a blended learning approach to 
embed new technology, foster deep learning, and improve students’ ability to apply specific 
skills and techniques covered in the unit. Such a learning environment offered students 
technological, social and educational opportunities for action. The effectiveness of the design 
was evaluated through the notion of affordance: the qualitative data analysis investigated the 
students’ perception and up-take of the created opportunities. The data was gathered through 
two questionnaires which investigated students’ perceptions of the affordances offered by 
WeBWorK, an online testing tool capable of appropriately representing mathematical 
problems and analysing algebraic responses for correctness, one of the pedagogical elements 
embedded in the redesigned unit. 
 
The study investigated: (1) if the technology-enhanced learning and teaching environment 
created by the researchers was successful in promoting learning (2) if the students perceived 
the value of the technological, social and educational affordances provided by WeBWorK (3) 
if the students took up the affordances offered by WeBWorK, and if so, which ones and why?  
 
Literature review 
In today’s world, the capacity to generate new knowledge not only fosters social change, but 
is also a keystone of the modern knowledge-based economy. While there are many 
definitions of the knowledge-based economy, we use the definition proposed by Powell and 
Snellman (2004) who define it as “production and services based on knowledge-intensive 
activities that contribute to an accelerated pace of technological and scientific advance as 
well as equally rapid obsolescence” (p. 201). The knowledge-based economy affects all 
sectors of industry, heavily relies on continuous development of capabilities and skills, and 
promotes innovation at “every stage of the production process from the R&D lab to the 
factory floor to the interface with customers” (Ibidem, 2004, p. 201).  
 
Higher education institutions across the world face complex challenges in preparing future 
professionals for a knowledge-driven workplace. These challenges require the design and 
application of new learning and teaching approaches that would encourage students’ 
cognitive development and acquisition of higher-level management and analytical skills. The 
new approaches to learning and teaching need to be fully accessible and effectively cater for 
increasingly independent learning styles of contemporary students, while also providing a 
stimulating environment and structured support for the development of the 21st Century 
STEM-associated competencies, work interests and values (Carnevale et al., 2011).  
 
The appearance of new pedagogical paradigms that integrate technology allows the 
development of learning and teaching approaches that would satisfy the above-mentioned 
needs. Such technology-enhanced learning (TEL) and teaching should “enable new types of 
learning experiences and to enrich existing learning scenarios” (Laurillard et al., 2009, 
p.289). This will only happen within a new type of learning environment. To be efficient in 
creating such environments supportive of learning processes, the technology-enhanced 
approach needs to be grounded in pedagogy which, adjusted to the specifics of the particular 
learning environment, will effectively inform the design of activities for all learning contexts 
(Jochems et al., 2004). The current project represents an attempt to create such a “world of 
learning” (Kirschner et al., 2004). The effectiveness of the redesign was defined, evaluated 
and interpreted through the notion of affordance (Good, 2007; Czaplinski, 2012), an 
analytical lens used in disciplines investigating complex interrelations between humans with 
other humans and surrounding environments, such as Ecological Psychology (Gibson, 1977, 
1979; Good, 2007), Human-Computer Interaction (Hartson, 2003; McGrenere and Ho, 2000); 
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and Learning Design (Laurillard et al. 2000; Kirschner, 2002; Kirschner et.al, 2004; 
Czaplinski, 2012). The authors use a psychological perspective of the notion of affordance 
(Gibson, 1979; Good, 2007), which can be explained in terms of an entity ‘nested’ (Good, 
2007, p.277) within a functional context that, in its turn, is also nested in the frame of 
reference. Such an interpretation stresses the importance of all constituent ‘layers’ of the 
concept and emphasises their interdependencies. As explained, the study focused on 
investigation of the effectiveness of the “world of learning” from the point of view of 
technological, social and educational affordances (Kirschner, 2002; Kirschner et al., 2004). 
We define technological affordances as properties of the object that make it easy to use. 
Social affordances are the properties of the environment that encourage social interaction. 
Finally, educational affordances are the properties of a particular pedagogy applied to a 
particular cohort of learners within a particular environment.  
 
Background 
This project involved first year engineering students required to take the mathematics unit 
under investigation if they did not study mathematics at a sufficiently high level at High 
school. The subject provides the mathematical knowledge and skills that form a foundation 
for use later in the students' engineering studies. It covers topics such as functions, complex 
numbers, calculus, matrices and vectors. They were several challenges contained within the 
unit, such as cohort diversity, teaching team turnover, and the various resulting teaching and 
pedagogical styles. These included teacher-centred methodologies characterised by didactic 
lecturing, limited collaborative learning, drill-focussed workshops, and basic use of online 
tools. In addition, some students lacked a clear view of the relevance to their engineering 
degree of the material being taught, resulting in low student satisfaction and a reasonably 
high level of students who needed to repeat the unit.  
 
Spread over three semesters, but focusing on the same unit, the project applied the principles 
of blended learning design (Partridge et al., 2011; Saliba, et al. 2013), in the context of 
mathematics courses (Stevenson & Zweier, 2011; Calderon, et al., 2012; Carbonell, et al., 
2013) with attention paid to the affordances of information communication technologies 
offered by e-learning environments (Kirschner et al., 2004; Jochems et al. 2004). The 
researchers’ objective was to create a learning environment encouraging a shift from 
competitive to collaborative learning, a social context to encourage both individual and group 
construction of knowledge, and a technological context to blend the use of physical and 
virtual spaces into one complementary and cohesive entity. The changes were introduced 
sequentially, from summer semester 2013/2014 to semester two, 2014. In the first instance, 
the redesign focused on setting up the frame of the blended delivery model. More precisely, 
the learning management system (Blackboard) site of the unit was redesigned to reflect the 
proposed learning flow between lectures, tutorials and workshops. In addition, the new online 
tools embedded in the unit included WeBWorK, an online quiz tool, used as a weekly 
diagnostic informing students about their progress. The unit also incorporated assistance from 
STIMulate, the university’s learning support program. All changes were aimed at creating 
one, logically organised, coherent and collaborative learning environment. The design 
focused on developing student-centred approaches to teaching with elements of self-study 
present in the form of weekly quizzes to be completed individually, outside the classroom 
using WeBWorK. It is important to underline that, despite further modifications implemented 
over the next two semesters, WeBWorK remained one of the core online tools used through 
the project. 
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To provide visible links between the particular components of the framework, in semester 1, 
2014 challenge questions, a series of contextualised problem-solving tasks, were introduced. 
Enrooted in engineering contexts, the challenge questions were built on content presented 
during the lectures and provided material for application of freshly acquired concepts during 
in-class collaborative activities. Student responses collected through an end-semester online 
survey indicated overall satisfaction with this approach. 
 
The connection between online and in-class modules, however, remained weak. In order to 
“close the loop”, in semester two, 2014 a flipped classroom (Herreid and Schiller, 2013; 
Estes, Ingram and Liu, 2014; Hamdan et al., 2013; Jamaludin and Osman 2014; Willey and 
Gardner, 2013; Abeysekera and Dawson, 2015) model was introduced. Based on the 
principle of reversing the cycle of content acquisition completed during out-of-class self-
study and in-class application of knowledge, the model complemented all previously 
introduced modifications. 
 
Research methodology 
This qualitative analysis reports on data collected using mixed methods (quantitative and 
qualitative) (Hopkins, 2002; McNiff & Whitehead, 2002) applied to students enrolled in the 
unit over three consecutive semesters. The methods encompassed three iterations of a 
questionnaire constructed to receive answers related to above-mentioned research questions. 
In all its iterations, the questionnaire used a combination of structured (i.e. Likert-scale, 
open/closed), and unstructured questions (i.e. open comments), and was administered to 
students and teaching staff at the end of each semester. Although some questions were 
modified, the principal structure of the questionnaire remained the same over three semesters. 
That is, the first part of the questionnaire enquired about overall satisfaction with the unit 
content, pedagogy, delivery and additional support provided by STIMulate, while the next 
part asked specific questions according to the changing scope of the redesign. In summer 
2013/2014 the questions focused on the participants’ perceptions and attitudes towards 
innovations introduced in the unit, such as online quizzes, Blackboard redesign, and better 
integrated learning support. The next version of the questionnaire, delivered online, 
investigated participants’ opinions of the effectiveness of challenge questions for their 
learning. Finally, in semester two, 2014, the questionnaire was focused towards participants’ 
perceptions of effectiveness of the flipped classroom approach. It is important to note that, 
although the foci changed, the overall research problem behind the design of each version of 
the survey remained the same - how the potential for learning created by the redesign was 
perceived, taken up and enacted. The students’ responses, summarised in Table 1, provided 
rich data for analysis. 
 
 

Table 1: Summary of questionnaire responses  
 
Semester Responses Total number of enrolments Response rate 
Summer 2013/14 21 38 55% 
Semester 1, 2014 56 427 13% 
Semester 2, 2014 37 130 28% 
 
 
Findings and discussion 
The intention of the research was to create a learning cycle, composed of modules 
complementing each other and making different types of affordances more salient than 
others. For instance, redesigned workshops provided students with more opportunities for 
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collaborative learning, therefore the dominant affordance made salient to students was the 
social one, although the remaining two were also present. The non-compulsory weekly 
quizzes, colloquially named online diagnostics, allowed multiple attempts, with limited 
formative feedback. Students could email the lecturer for help with a particular problem. The 
correct solutions were released to students after the completion due date, and discussed 
during the lectures. The intention was to create a need for learning that could be satisfied by 
using WeBWork. However the tool offered diverse affordances, including learning, 
developing technological skills or co-constructing knowledge in collaboration with peers. By 
making these opportunities salient through the pedagogical design, we anticipated that 
students would perceive the value of the affordances and would act upon their perceptions 
depending on their needs. 
 
The researchers expected that the tool would offer the following affordances: (1) becoming 
familiar with the ways of using mathematical software (technological), (2) identifying the 
need for help (educational), and actively taking advantage of assistance offered by either an 
academic, a peer and/or a learning support tutor (social), and, finally (3) two educational 
affordances: (a) a curiosity-driven “benchmarking”, allowing students to locate their 
mathematical knowledge in relation to other students and the unit’s requirements (before the 
lecture) and (b) a reward-driven drill activity encouraging recall at various points in time 
(after the lecture). The questionnaire completed at the end of the summer semester 
2013/2014, when the tool was used for the first time, revealed an important discrepancy. That 
is, the ways the researchers perceived opportunities for an action were not equivalent to the 
ways students perceived them, as indicated by their responses summarised in Table 2.  
 
Table 2: Summary of responses - excerpt from questionnaire conducted in Summer 2013/14 (n=21 
responses) 
Question Yes No No response 
(a) Did you use the online diagnostic 
test? 

18 3 0 

(b) If you used the online diagnostic, 
please indicate how often: 

1/week 1/fortnight 1/month 1/semester No response
10 5 2 0 1	

Here we identify some ways of using the online diagnostic test to assist your learning. Please let us know if 
you used the tool in any of these ways: 
(c) Practicing content of the unit 
prior to lectures 

Yes No No response 
4	 15 2	

(d) Practicing content of the unit 
after lectures 

Yes No No response 
17 4 0	

(e) Practicing for the quiz Yes No No response 
16 4 1	

(f) Revising material covered in the 
unit prior to the final exam 

Yes No No response 
19 2 0	

 
 
The results indicate that the functional context succeeded in both creating the need for 
learning and providing an opportunity for the perception and enactment of educational 
affordances. The need for learning was created by including online diagnostics in a weekly 
activities schedule. Students’ responses to questions presented in Table 2 show that 
respondents used the WeBWorK regularly, with the majority using it on weekly basis. These 
quizzes assisted students to realise that they needed to learn and practice unit material. 
Therefore, the majority of respondents perceived the salience of the learning opportunities, 
although their particular frames of reference impacted on the action of taking the affordance 
up. To the researchers, there were different types of learning needs to be satisfied at different 
points in time (benchmarking, recall, drill), while most students perceived the tool as a pre-
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assessment practice exercise as confirmed by comments such as: (1) “Online diagnostic is a 
good way to let us know how we go and learn from the lecture content”, (2) “Helped me 
track my progress and show me where to focus my study”. Therefore, drill-type educational 
affordance was easily perceived and taken up by students. These responses might suggest that 
students perceived the value of this particular type of educational affordance as being an 
indicator/ guidance on how to proceed in order to be rewarded, for example by successfully 
completing the unit.     
  
On the other hand, the opportunity for benchmarking one’s own knowledge compared with 
others and the unit’s content was not perceived by a majority of respondents. Only four 
students indicated that they had completed the quiz prior to the lecture. Two students 
commented on this point: (1) “Before lecture was pointless”, and (2) “It is enough for 
practicing for the quiz and after the lecture”. Despite the opportunity for learning created, the 
majority of students did not feel the need for benchmarking to be satisfied; hence the 
affordance was not perceived and not taken up. When identifying the affordances, the 
researchers associated this type of educational affordance with an opportunity to satisfy one’s 
intellectual curiosity. From this point of view, the value of this affordance lies in its 
opportunity for (self)-learning with no (immediate and/or explicit) reward attached.  
 
Comments also revealed the reasons why some students did not use the tool at all: (1) “Too 
busy”, (2) “Have other subjects need to be done; have no time to use it; thought lecture 
questions are enough”. Students’ particular frames of reference prevented them from acting 
on the opportunity. This is more evident in the surprising comment: “Never thought about 
school stuff when I was using internet at home”. Here, the student’s frame of reference was 
too strong for the functional context to be able to create the need for learning. 
 
As for the other two types of affordances, the questionnaire showed that the technical 
affordance was perceived, however not always taken up, whereas the social affordance was 
neither perceived nor taken up. A number of comments, such as: “Wasn’t sure how to use the 
diagnostic. But I completed most weekly quizzes”, suggest that students experienced 
technical difficulties with the quiz. Despite the obvious problems, neither technical 
affordance of learning how to correctly use the tool nor the opportunity for social learning 
from peers or teachers were perceived. When reflecting on the reasons for this situation, the 
researchers concluded that the functional context of completing online quizzes as an 
individual, out-of-class activity impacted on students’ perceptions of the task, most probably 
seeing them as an ‘on-the-side’ element, rather than incorporated into the learning cycle.  
 
In sum, the analysis of the questionnaire revealed that the use of WeBWorK catered for a 
specific educational need of students (drill/recall), and therefore successfully provided 
opportunities for perceiving and taking up this type of affordance. However, the researchers’ 
frames of reference influenced the design of the functional context that did not make the 
social and technological affordances salient.  
 
From the researchers’ perspective, it was important to encourage students to take more 
responsibility for their learning, by actively engaging in learning through recalling, 
practicing, reflecting on results and acting according to needs and opportunities. However, 
students’ frames of reference impacted on their perceptions of the learning environment and 
values carried by particular affordances. Students’ comments suggest that this particular 
educational environment, at least to some extent, encouraged their “pragmatic” approach to 
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learning, strongly associated with some form of reward. The particular functional context of 
the unit failed to trigger full potential for action.  
 
As a result, the design of the unit was modified. The decision was taken that the activity 
using the online diagnostic should prioritise the educational affordance of retrieving the 
information from memory (recall). This element of the design was better embedded in the 
overall redesign of the unit, with leading affordances of each part of the learning cycle made 
salient to students. For instance, challenge questions emphasised collaborative learning, the 
flipped classroom model stressed the importance of both active engagement with pre-lecture 
videos and social co-construction of knowledge during tutorials and WeBWorK activities 
were better connected with the tasks to complete during tutorials. Finally, communication 
about additional support available outside contact hours was improved. Table 3 summarises 
students’ responses to a questionnaire conducted at the end of the semester 2/2014 teaching 
period and confirmed the direction of modifications made to the unit. 
 

Table 3: Summary of responses - excerpt from questionnaire conducted in semester 2/2014 (n=37 
responses) 

Question 
“The online diagnostic…” 

Agree Neutral Disagree 

(a) …was easy to use 13 20 4 
(b) …helped me with practicing the theory 22 11 4 
(c) …results motivated me to seek external help (e.g. tutor, peer, STIMulate) 15 17 5 
(d) …overall, was beneficial for my learning 18 16 3 
 
By better understanding how students perceived and actually used the opportunities for 
action, the improved design allowed the educational affordance of recall and practice to be 
perceived and taken up by students. The results also show that social affordance, previously 
unnoticed, was perceived and enacted by an important part of the respondents.  
 
The data indicate that the implemented changes resulted in improved student learning 
experiences. Figure 1 presents a comparison of students’ responses in both questionnaires. 
Despite the differences in the questions’ foci, it can be concluded that the redesigned unit 
created the need for learning that was felt by students, with the value of different 
opportunities for action perceived and the affordances taken up.  
The educational affordances of recall and practice (responses “b” and “d”) were still enacted 
by most students. This suggests (again) that students were more willing to take up an 
affordance if it represented a reward for their effort. In other words, their frames of references 
of being a university student working for (good) grades strongly impacted on their 
approaches to learning. 
 
The data also indicates that technological affordance of using an online tool was certainly 
perceived, however not fully enacted. It can be suggested that the value represented by this 
affordance was not estimated as important or offering a desired reward.    
 
Finally, responses to question “c” indicate improvement in creating the need for social 
learning, perceiving it and taking it up. The nearly equal number of “agree” and “neutral” 
responses suggests that the redesign principle of closely linking the constructivist approach to 
learning (self-study) with social-constructivist approach (peer learning) was a step in the right 
direction.  
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When reflecting on their overall experience with the unit, semester 2 students expressed 
satisfaction with both design and delivery of the unit, with one student commenting: “This 
was one of the best-organised units that I have done, which really helped my learning. You 
guys were great!” Another student reflected: “The style that lectures took accommodated for 
a diverse range of learners and helped me develop a deeper understanding of the concepts I 
had some background on, and helped fill out the blank places where my a priori studies didn’t 
cover. Thank you all!” It seems that, at least to some extent, a “world of learning”, an 
environment promoting acquisition of knowledge, had been created. 
 
Figure 1: Comparison of responses between summer semester and semester 2 regarding the online 

diagnostic using WebWork. Only positive and negative responses have been included. 

 
 
Conclusion 
This study reported on a project aiming at redesigning a first year engineering mathematics 
unit offered at a large, metropolitan university. The redesign successfully created a 
technology-enhanced environment conducive to learning. The study investigated: (1) if the 
technology-enhanced, learning and teaching environment created by the researchers was 
successful in promoting learning (2) if the students perceived the value of the technological, 
social and educational affordances provided by WeBWorK, (3) if the students took up the 
affordances offered by WeBWorK, and if so, which ones and why?  
 
The results indicated that the designed blended learning framework for mathematics classes 
was successful in promoting learning. The awareness of learners’ and teacher’s attributes, 
resulting capacity to identify learning needs, and the capability of providing learners with 
opportunities for learning by adjusting pedagogical activities to their needs, constitutes the 
condition for creating an engaging learning environment. The data also indicated 
interrelations between students’ perceptions of affordances offered by a particular online tool 
and their estimated value, related to the expected reward offered by the particular 
affordances. The researchers suggested that the estimation of the affordances’ value is 
influenced by students’ frames of reference impacting on their actions. 
 
This study showed the need for further enquiry of the technology-enhanced learning 
environments. The further research should ask questions about the extent to which 
engineering students differ from or are similar to their colleagues studying other disciplines? 
How different to other disciplines are, or should be, STEM-centric approaches to learning 
and teaching within technology-enhanced environment?   
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To create a technology-enhanced learning environment that fosters active engagement with 
learning, today’s educators need to turn towards more personalised learning allowing flexible 
adjustment to the learners’ particularities. In fact, flexibility and personalisation of learning 
environments seem to be the key for effectively and efficiently developing 21st Century 
STEM- associated competencies, values and interests. These are highly sought by employers, 
and play a crucial role in equipping graduates with a competitive edge and facilitate their 
transition into a complex working world. 
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