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Abstract 

Personal experience suggests that the continued use of (predominantly) traditional learning practices in 

senior classrooms, including applied mathematics, is not in the best interests of either learners or 

educators. While the apparent need for change is seldom argued, change occurs slowly — if it happens 

at all. Some reluctance on the part of educators may be based on fears of increasing an already 

demanding workload, or lack of confidence regarding what to do and how to do it. The juggernaut of 

math education does not readily change direction.   

The purpose of this project was to provide a choice of alternatives to traditional direct 

instruction with paper and pencil practice, for the delivery of applied mathematics at the grade 10 level. 

Access to a web-resource in which students can experience some (guided) autonomy — within the BC 

2018 curriculum guidelines — may allow students to achieve greater success and educators may be 

encouraged to try different approaches. The project was supported by current research in the fields of 

online instruction, with a focus on mathematics, and exploration of student-focused independent 

learning methods, including the principles of game design, while incorporating aspects of contemporary 

best-practices pedagogy. The paper and project are guided by the Critical Challenge Question:  

'How can a traditional Workplace Math 10 course be re-designed to provide personalized, online, 

on demand delivery?' 

The Major Project is a web-based resource that provides access to materials sufficient to deliver 

a multi-modal WP10 course with choice of pace, path and process for students, supported by rigorous 

research, as documented in a companion five-chapter Process Paper. 

Major Project Companion Website:  https://sites.google.com/sunnybits.ca/mmmmmath/welcome 

 Keywords: Flex Model, Multimodal, Game Based Learning, Game Like Learning, Inquiry Based 

Learning, Project Based Learning, Direct Instruction, Personalized, Workplace Math 10 

https://sites.google.com/sunnybits.ca/mmmmmath/welcome
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Chapter 1 – Introduction  

Background 

 Before I became a teacher of mathematics, I worked at many things. I spent several years 

working in new house construction, pumped gas, worked in retail (as a store clerk mostly), served in 

restaurants, cleaned houses, logged core and ran drill programs for mining exploration, cooked in a 

camp, ran a daycare, ran a boarding house, built, managed and maintained computers and networks, 

created and managed a computer repair and maintenance business, built laser devices for sawmills, and 

raised two spectacular children. It took all of that life experience to prove to me that I could do math, a 

discovery that eventually lead to post-secondary school. The result of all that life, and a lot of learning, is 

an awareness of the importance of mathematics, where it fits in the world around us and why it 

matters. The wonder of discovering that I could actually do math, and that even I could learn to do 

'hard' math, was so influential that I became an evangelist and eventually earned an undergraduate 

degree in maths and science. I have now earned two diplomas and two degrees. My personal mission is 

to help as many people as possible discover their own mathematical abilities and thereby empower 

them to pursue whatever goals inspire them, rather than limit themselves through math avoidance, as I 

once did. 

Justification for the Project 

The BC Ministry of Education imposed new curriculum guidelines for secondary level 

mathematics classes in 2018. The new curriculum emphasizes flexibility, supported by Big Ideas and 

Curricular Competencies rather than discrete learning outcomes (Workplace Mathematics 10, 2018). 

The result is that educators are empowered (and encouraged) to use a wide range of instructional 

methods to accommodate the diverse abilities and interests of students in their classrooms.   

The Workplace Math 10 (WP10) program in our district becomes the default entry level senior 

math class for all students who struggle with school in general, and math specifically. The school serves 
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a small northern town with a growing immigrant population. We welcome several English as a Foreign 

Language students annually, as well as being the appropriate math choice for students planning to 

pursue apprenticeship training. Since our district has a highly successful dual credit program that allows 

students in their final year to simultaneously pursue graduation credits and Level 1 apprenticeship 

training at the local college, there is a significant number of students in the latter category. Thus, the 

spectrum of learning needs in all of our WP10 classes can be extensive, including students with 

language, behavioural, social or learning exceptionalities and with skills ranging from very low to well 

above grade level. There is need for a flexible, diverse, and differentiable method of delivery to 

accommodate these learners and support their teachers. 

Purpose of the Major Project 

A recurring problem encountered during research has been the apparent shortage of recent 

academic information regarding the results of implementing best practices blended learning teaching 

methodologies in public school age classrooms (Garrett-Dikkers, 2018). The dearth of recent research is 

compounded if one wishes to focus on high school mathematics classes in Canadian classrooms 

Observation in the three districts in which I have worked suggests that, while a few notable individuals 

are bringing about change in math instruction in their own classrooms, the majority of math teaching 

still relies primarily on traditional delivery, including direct instruction, worked examples, and pencil and 

paper practice. There is evidence that, in order to meet diverse needs as described above, and to guide 

more students to success, there are other methods that could, and should, be employed. The purpose of 

this Major Project is to provide teachers with a configurable resource from which they can choose 

modules to meet students' individual needs, and to provide choice for students within those modules. 

Critical Challenge Question and Hypothesis 

My Critical Challenge Question is: 'How can a traditional Workplace Math 10 course be re-

designed to provide personalized, online, on demand delivery?' 



WP MATH 10: PERSONALIZED, ONLINE AND ON DEMAND 3 

In completing the Major Project as a companion to this paper, I hope to provide a non-linear 

resource that offers a range of approaches to teaching and learning applied mathematics as supported 

in the literature review presented in Chapter 2 of this process paper. Such a resource could provide 

teachers with both materials and ideas, and students with guided autonomy and independence. 

Major Project Overview 

Key Deliverables 

 The MMMMMath! website was built on a Google Sites platform. It is a collection of linked, but 

independent, WP10 topics, with the 2018 BC math curriculum as a guide. The site is modular in design 

so that educators can choose to use included material as a resource for specific lessons, or students can 

be assigned individual (or groups of) modules for review or as enrichment opportunities. Modules will 

be interconnected such that if a student is not able to succeed at a given level of instruction, they can be 

cycled back to develop earlier skills until an appropriate level of challenge is attained. Similarly, if a 

learner has the ability to move on to more complex concepts, intervening skill development levels can 

be bypassed. Each topic will have multiple methods by which a student can pursue their learning, 

including direct instruction (through video lessons), skill development that depends on gaming 

principles, inquiry or research-based learning, or a "student's choice" option which allows students to 

demonstrate prior and concurrent knowledge from outside the classroom. 

 An extensive, in depth review module of foundational math skills is included in the web resource 

so that a broad spectrum of abilities can be accommodated. The design is also modular so that, in 

future, Workplace Math 11 curricular competencies could be included.  

The site is designed for use in a Flex model of blended learning (see Chapter 2), in a face to face 

environment with a facilitator present, but can also be used asynchronously for circumstances requiring 

remote learning, or for students to move entirely at their own pace. Evaluation, particularly as it relates 

to ascertaining the 'level' at which a student is able to perform, must be part of the online experience 
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(ideally providing immediate feedback), but cumulative, or summative, evaluations and student 

assessment would be done with an educator present. 

The key deliverable for this Major Project is a multi-modal, modular, WP10 website which 

addresses my critical challenge question:  

'How can a traditional Workplace Math 10 course be re-designed to provide personalized, online, 

on demand delivery?' 

Definition of Terms 

 Some of the common terms used in this paper and the related project are defined in Table 1 

below to clarify meaning as intended in this document. 

Table 1 

Definition of Terms 

Term Definition Source 

Affective 
(observations) 

Affective observations relate to how a learner 
feels about what they are doing: whether or not 
what they are doing is interesting, motivating or 
relates to them as individuals. 

https://link.springer.com/
chapter/10.1007/978-3-
319-67615-9_1 

Asynchronous Asynchronous is a term usually applied to 
online learning. Asynchronous delivery is not 
limited by a specific time or time period. 
Lessons are not in person, so can be made 
accessible at a time appropriate for the learner. 

https://www.edglossary.
org/asynchronous-
learning/ 

Authentic (learning) In education, authentic is a term used to 
describe learning that is applicable to real world 
situations; learning that is relevant to life 
outside school. 

http://www.acel.org.au/a
cel/ACEL_docs/Publicatio
ns/e-Teaching/2016/e-
Teaching_2016_10.pdf 

Automaticity Refers to the ability to respond to a question 
without consideration. In mathematics, 
automaticity applies to things like the 
immediate recall of foundational facts, such as 
sums or multiples of numbers. 

https://files.eric.ed.gov/f
ulltext/EJ1194585.pdf 

Blended Learning Also referred to as Hybrid Learning, Blended 
Learning is the phrase used to describe a mix of 
face-to-face and online learning. There are 
several different varieties of Blended Learning, 
from Flipped Classrooms where lessons are 
delivered outside the classroom and skills are 
practiced face-to-face, to models where all 

https://www.teachthoug
ht.com/learning/the-
definition-of-blended-
learning/ 

https://link.springer.com/chapter/10.1007/978-3-319-67615-9_1
https://link.springer.com/chapter/10.1007/978-3-319-67615-9_1
https://link.springer.com/chapter/10.1007/978-3-319-67615-9_1
https://www.edglossary.org/asynchronous-learning/
https://www.edglossary.org/asynchronous-learning/
https://www.edglossary.org/asynchronous-learning/
http://www.acel.org.au/acel/ACEL_docs/Publications/e-Teaching/2016/e-Teaching_2016_10.pdf
http://www.acel.org.au/acel/ACEL_docs/Publications/e-Teaching/2016/e-Teaching_2016_10.pdf
http://www.acel.org.au/acel/ACEL_docs/Publications/e-Teaching/2016/e-Teaching_2016_10.pdf
http://www.acel.org.au/acel/ACEL_docs/Publications/e-Teaching/2016/e-Teaching_2016_10.pdf
https://files.eric.ed.gov/fulltext/EJ1194585.pdf
https://files.eric.ed.gov/fulltext/EJ1194585.pdf
https://www.teachthought.com/learning/the-definition-of-blended-learning/
https://www.teachthought.com/learning/the-definition-of-blended-learning/
https://www.teachthought.com/learning/the-definition-of-blended-learning/
https://www.teachthought.com/learning/the-definition-of-blended-learning/
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lessons are online but in a bricks and mortar 
classroom with a teacher supervising. 

Competencies 
(Curricular) 

As defined in BC's new curriculum documents 
(2018) this term refers to "the skills, strategies, 
and processes that students develop over 
time."  

https://curriculum.gov.bc
.ca/curriculum/overview 

Confounding Material Confounding material is extra information that 
can lead to confusion or distraction. 

https://dictionary.cambri
dge.org/dictionary/englis
h/confound 

Differentiable Differentiable means that a learning 
opportunity can be adapted to serve a wide 
group of learning abilities and needs in the 
same classroom or learning space.  

https://www.edglossary.
org/differentiation/ 

Digital Divide The digital divide is about the widely different 
levels of access to, and understanding of, 
technology among individuals.  

http://www.digitaldividec
ouncil.com/what-is-the-
digital-divide/ 

Direct Instruction Direct instruction is learning directed by the 
teacher, and delivered to students. Students are 
sometimes passive consumers of knowledge 
rather than constructors of their own learning. 

https://www.edglossary.
org/direct-instruction/ 

Discrete Discrete means separate. When describing 
learning outcomes, it means lessons are 
designed to stand alone. 

https://dictionary.cambri
dge.org/dictionary/englis
h/discrete 

Dual Credit A dual credit program allows students to attend 
a single program, yet earn credits for both high 
school and college at the same time.  

https://www.nlc.bc.ca/Pr
ograms/Dual-Credit-
Programs 

Elementary (school) In Canada, elementary school applies to the first 
8 years of education: Kindergarten through 
Grade 7. 

https://www.educanada.
ca/programs-
programmes/elementary-
primaire.aspx?lang=eng 

Engagement Engagement is related to the level of 
participation, and personal commitment, a 
learner imparts to their learning.  

https://www.edglossary.
org/student-engagement 

Flex Model The Flex model of blended learning is one in 
which the majority of learning is done with 
online resources, but in a face to face 
classroom. An educator is in attendance to 
provide necessary support. Learning is 
customized for individual students.  

https://www.blendedlear
ning.org/a-deeper-look-
at-the-flex-model/ 

Flow Flow is that state of intense focus that happens 
when one is so immersed in an activity that the 
outside world ceases to exist. Time even 
appears to move at a different rate.  

https://positivepsycholog
y.com/mihaly-
csikszentmihalyi-father-
of-flow/ 

Game Based Learning 
and Gamification 

Gamification is the process of including game 
style elements, like badges and leader boards, 
as motivators in lessons. Game Based Learning 
is more about turning the actual learning 

https://uwaterloo.ca/cen
tre-for-teaching-
excellence/teaching-
resources/teaching-

https://curriculum.gov.bc.ca/curriculum/overview#:~:text=The Curricular Competencies are the,connected to the Core Competencies.
https://curriculum.gov.bc.ca/curriculum/overview#:~:text=The Curricular Competencies are the,connected to the Core Competencies.
https://dictionary.cambridge.org/dictionary/english/confound
https://dictionary.cambridge.org/dictionary/english/confound
https://dictionary.cambridge.org/dictionary/english/confound
https://www.edglossary.org/differentiation/%23:~:text=Differentiation%20refers%20to%20a%20wide,,%20classroom,%20or%20learning%20environment.
https://www.edglossary.org/differentiation/%23:~:text=Differentiation%20refers%20to%20a%20wide,,%20classroom,%20or%20learning%20environment.
http://www.digitaldividecouncil.com/what-is-the-digital-divide/
http://www.digitaldividecouncil.com/what-is-the-digital-divide/
http://www.digitaldividecouncil.com/what-is-the-digital-divide/
https://www.edglossary.org/direct-instruction/
https://www.edglossary.org/direct-instruction/
https://dictionary.cambridge.org/dictionary/english/discrete
https://dictionary.cambridge.org/dictionary/english/discrete
https://dictionary.cambridge.org/dictionary/english/discrete
https://www.nlc.bc.ca/Programs/Dual-Credit-Programs
https://www.nlc.bc.ca/Programs/Dual-Credit-Programs
https://www.nlc.bc.ca/Programs/Dual-Credit-Programs
https://www.educanada.ca/programs-programmes/elementary-primaire.aspx?lang=eng
https://www.educanada.ca/programs-programmes/elementary-primaire.aspx?lang=eng
https://www.educanada.ca/programs-programmes/elementary-primaire.aspx?lang=eng
https://www.educanada.ca/programs-programmes/elementary-primaire.aspx?lang=eng
https://www.edglossary.org/student-engagement
https://www.edglossary.org/student-engagement
https://www.blendedlearning.org/a-deeper-look-at-the-flex-model/
https://www.blendedlearning.org/a-deeper-look-at-the-flex-model/
https://www.blendedlearning.org/a-deeper-look-at-the-flex-model/
https://positivepsychology.com/mihaly-csikszentmihalyi-father-of-flow/
https://positivepsychology.com/mihaly-csikszentmihalyi-father-of-flow/
https://positivepsychology.com/mihaly-csikszentmihalyi-father-of-flow/
https://positivepsychology.com/mihaly-csikszentmihalyi-father-of-flow/
https://uwaterloo.ca/centre-for-teaching-excellence/teaching-resources/teaching-tips/educational-technologies/all/gamification-and-game-based-learning
https://uwaterloo.ca/centre-for-teaching-excellence/teaching-resources/teaching-tips/educational-technologies/all/gamification-and-game-based-learning
https://uwaterloo.ca/centre-for-teaching-excellence/teaching-resources/teaching-tips/educational-technologies/all/gamification-and-game-based-learning
https://uwaterloo.ca/centre-for-teaching-excellence/teaching-resources/teaching-tips/educational-technologies/all/gamification-and-game-based-learning
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outcomes into a game where learners develop 
skills through play.  

tips/educational-
technologies/all/gamifica
tion-and-game-based-
learning 

Grit Grit describes the level of commitment and 
determination one maintains in achieving a long 
term goal. It is about having a passion for 
achieving your objective, and persevering 
through setbacks and failures until you reach it. 

https://www.canr.msu.ed
u/news/what_does_it_m
ean_to_have_grit 

Inquiry Learning Inquiry Learning is an instructional strategy that 
uses open ended questions to inspire students 
to find their own answers and build their own 
understanding of a topic. Usually, the subject 
being investigated would not have a yes or no 
answer. Students must support their findings, 
and reflection on their results is part of the 
process. 

https://www.queensu.ca/
ctl/teaching-
support/instructional-
strategies/inquiry-based-
learning 

Instructional Design Instructional Design involves using our 
understanding of how learning occurs to 
develop processes by which we can best 
address the needs of learners. 

https://instructionaldesig
n.com.au/what-is-
instructional-design/ 

Learning Management 
System (LMS) 

An online repository for learning resources. An 
LMS provides a means to provide learning 
opportunities, and to track progress. An LMS 
can also allow for creation of online resources. 

https://elearningindustry.
com/what-is-an-lms-
learning-management-
system-basic-functions-
features 

Learning Modality Also referred to as learning styles, learning 
modalities are the ways in which people learn. 
The 4 modalities are visual, kinesthetic, auditory 
and tactile. Students sometimes learn better 
through one modality than another. Educators 
are more likely to meet the needs of diverse 
learners by providing instruction in multiple 
modalities.  

https://www.kinestheticl
earningstrategies.com/le
arning-modalities-and-
why-they-are-important/ 

Learning Outcomes For educators, a learning outcome is the goal 
we want students to reach when they have 
completed an educational experience.  

https://teaching.utoronto
.ca/teaching-
support/course-
design/developing-
learning-outcomes/what-
are-learning-outcomes/ 

Learning Theory Learning theorists study, and attempt to 
provide explanations for, how and why people 
learn. There are several different theorists, their 
ideas rooted in psychology, whose research has 
influenced choices and change in modern 
instruction.  

https://www.psychology.
org/resources/educationa
l-psychology-theories 

https://uwaterloo.ca/centre-for-teaching-excellence/teaching-resources/teaching-tips/educational-technologies/all/gamification-and-game-based-learning
https://uwaterloo.ca/centre-for-teaching-excellence/teaching-resources/teaching-tips/educational-technologies/all/gamification-and-game-based-learning
https://uwaterloo.ca/centre-for-teaching-excellence/teaching-resources/teaching-tips/educational-technologies/all/gamification-and-game-based-learning
https://uwaterloo.ca/centre-for-teaching-excellence/teaching-resources/teaching-tips/educational-technologies/all/gamification-and-game-based-learning
https://www.canr.msu.edu/news/what_does_it_mean_to_have_grit
https://www.canr.msu.edu/news/what_does_it_mean_to_have_grit
https://www.canr.msu.edu/news/what_does_it_mean_to_have_grit
https://www.queensu.ca/ctl/teaching-support/instructional-strategies/inquiry-based-learning
https://www.queensu.ca/ctl/teaching-support/instructional-strategies/inquiry-based-learning
https://www.queensu.ca/ctl/teaching-support/instructional-strategies/inquiry-based-learning
https://www.queensu.ca/ctl/teaching-support/instructional-strategies/inquiry-based-learning
https://www.queensu.ca/ctl/teaching-support/instructional-strategies/inquiry-based-learning
https://instructionaldesign.com.au/what-is-instructional-design/
https://instructionaldesign.com.au/what-is-instructional-design/
https://instructionaldesign.com.au/what-is-instructional-design/
https://www.kinestheticlearningstrategies.com/learning-modalities-and-why-they-are-important/
https://www.kinestheticlearningstrategies.com/learning-modalities-and-why-they-are-important/
https://www.kinestheticlearningstrategies.com/learning-modalities-and-why-they-are-important/
https://www.kinestheticlearningstrategies.com/learning-modalities-and-why-they-are-important/
https://teaching.utoronto.ca/teaching-support/course-design/developing-learning-outcomes/what-are-learning-outcomes/
https://teaching.utoronto.ca/teaching-support/course-design/developing-learning-outcomes/what-are-learning-outcomes/
https://teaching.utoronto.ca/teaching-support/course-design/developing-learning-outcomes/what-are-learning-outcomes/
https://teaching.utoronto.ca/teaching-support/course-design/developing-learning-outcomes/what-are-learning-outcomes/
https://teaching.utoronto.ca/teaching-support/course-design/developing-learning-outcomes/what-are-learning-outcomes/
https://teaching.utoronto.ca/teaching-support/course-design/developing-learning-outcomes/what-are-learning-outcomes/
https://www.psychology.org/resources/educational-psychology-theories
https://www.psychology.org/resources/educational-psychology-theories
https://www.psychology.org/resources/educational-psychology-theories
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Mastery (based 
learning) 

Mastery based learning was first proposed by 
Benjamin Bloom in the early 1970's. It 
advocates providing learners with the time and 
supports necessary to achieve a high level of 
competence with a concept before they move 
on to new material. Mastery- and proficiency- 
based learning are synonymous. 

https://hechingerreport.o
rg/im-not-successful/ 
http://www.ascd.org/pub
lications/educational-
leadership/oct10/vol68/n
um02/Lessons-of-
Mastery-Learning.aspx 

Media Media are the tools used to promote learning 
and provide information and communication. 
Choice of media can range from pencil and 
paper to videography.  

https://education.stateun
iversity.com/pages/2211/
Media-Learning.html 

(teaching) 
Methodologies 

Methodologies are the way, or ways, an 
educator provides participants with access to 
learning. Lectures, project based learning or 
collaborative research are some common 
teaching methodologies. 
 

https://www.wisegeek.co
m/what-is-a-teaching-
methodology.htm 

Mobile  Mobile, in a modern context, is often directly 
connected to the use of cellular, or mobile, 
telephones. However, when used to define a 
type of learning, it is the learner that is mobile 
through use of diverse devices and services. The 
entire learning environment travels with the 
individual. 

An Educationally Relevant 
Definition of Mobile 

Motivation Motivation is the driving force behind one's 
attempts at a task. It can be internal — driven 
by one's own will to succeed for various 
reasons; or external — inspired by some reward 
or recognition provided by outside sources (like 
grades or rewards). 

https://www.k12academi
cs.com/educational-
psychology/motivations 

Multi-modal (learning) In a teaching and learning context, multi-modal 
means using varied methods to share 
information or communicate with learners. For 
instance: videos, voice recordings, art works, 
lectures and projects are some of the different 
modes available to share a particular learning 
outcome. 

https://www.prodigygam
e.com/main-
en/blog/multimodal-
learning/#definition 

On Demand Learning on demand provides flexible timing for 
access to material. Lessons, or courses, are 
available as, and when, students are able to 
partake. This includes time of day, or point in 
the school year. Completion dates can also be 
highly flexible, though a final submission date 
for specific course credit is not uncommon. The 
learner controls when they will participate, and 
how much time they will allocate. 

https://www.onlineschoo
ls.com/ask/online-vs-on-
demand 

https://hechingerreport.org/im-not-successful/
https://hechingerreport.org/im-not-successful/
http://www.ascd.org/publications/educational-leadership/oct10/vol68/num02/Lessons-of-Mastery-Learning.aspx
http://www.ascd.org/publications/educational-leadership/oct10/vol68/num02/Lessons-of-Mastery-Learning.aspx
http://www.ascd.org/publications/educational-leadership/oct10/vol68/num02/Lessons-of-Mastery-Learning.aspx
http://www.ascd.org/publications/educational-leadership/oct10/vol68/num02/Lessons-of-Mastery-Learning.aspx
http://www.ascd.org/publications/educational-leadership/oct10/vol68/num02/Lessons-of-Mastery-Learning.aspx
https://education.stateuniversity.com/pages/2211/Media-Learning.html
https://education.stateuniversity.com/pages/2211/Media-Learning.html
https://education.stateuniversity.com/pages/2211/Media-Learning.html
https://www.wisegeek.com/what-is-a-teaching-methodology.htm
https://www.wisegeek.com/what-is-a-teaching-methodology.htm
https://www.wisegeek.com/what-is-a-teaching-methodology.htm
https://www.semanticscholar.org/paper/We-need-an-educationally-relevant-definition-of-Laouris-Eteokleous/a42110ce607e186a433455f32ec54ba8032878f1
https://www.semanticscholar.org/paper/We-need-an-educationally-relevant-definition-of-Laouris-Eteokleous/a42110ce607e186a433455f32ec54ba8032878f1
https://www.prodigygame.com/main-en/blog/multimodal-learning/#definition
https://www.prodigygame.com/main-en/blog/multimodal-learning/#definition
https://www.prodigygame.com/main-en/blog/multimodal-learning/#definition
https://www.prodigygame.com/main-en/blog/multimodal-learning/#definition
https://www.onlineschools.com/ask/online-vs-on-demand
https://www.onlineschools.com/ask/online-vs-on-demand
https://www.onlineschools.com/ask/online-vs-on-demand
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Pedagogy Pedagogy is the practice of teaching young 
learners. Traditionally, pedagogy has been 
teacher dependant assuming little life 
experience on the part of students. The 
understanding, and application, of pedagogy 
has, over time, become less restrictive. 

https://elmlearning.com/
pedagogy-vs-andragogy/ 
https://en.wikipedia.org/
wiki/Pedagogy 

Personalization or 
Personalized Learning 

Also referred to as student-centred, or student-
focused learning, personalization is the process 
of making an individual learner the focus of 
their particular program. Aspects such as 
methods of delivery, timing and assessment are 
determined through understanding of a specific 
student's needs, not to meet the demands of 
the school system. 

https://www.edglossary.
org/personalized-
learning/ 

(non) Prescriptive Prescriptive means telling people what should 
be done. It describes a 'top-down' approach to 
instruction. Conversely, a non-prescriptive 
approach would involve suggestions, questions 
and guidance to allow learners to find their own 
path. 

https://www.collinsdictio
nary.com/dictionary/engli
sh/prescriptive 

Proficiency-based 
(learning) 

Proficiency-based learning is an approach 
where the expectation is that students have 
acquired a high level of ability with skills 
considered essential for future success. 
Students are provided instructional supports 
and time to meet pre-determined standards 
before they are granted credit. Proficiency-
based and mastery-based apply to the same 
systems of instruction.  

https://www.edglossary.
org/proficiency-based-
learning 

Scaffolding Scaffolding is the process of providing carefully 
structured supports that are appropriate to an 
individual learner. Outcomes are broken into 
smaller, more manageable portions that are 
achievable by an individual, but require some 
amount of extension. Guidance is necessary, 
but the onus is on the student to find solutions. 
Therefore, the goal must be within the learner's 
reach provided minimal assistance. 

https://www.opencollege
s.edu.au/informed/teach
er-resources/scaffolding-
in-education-a-definitive-
guide/ 

Secondary In Canada, Secondary (or High) school refers to 
grades 9 through 12 — except in Quebec. 

https://www.educanada.
ca/programs-
programmes/elementary-
primaire.aspx?lang=eng 

Self-assessment As the term implies, self-assessment is the 
process undertaken by students to measure the 
results of their own work. It is not simply a 
matter of marking questions against an answer 
sheet, but should include opportunities for 

https://files.eric.ed.gov/f
ulltext/EJ815370.pdf 

https://elmlearning.com/pedagogy-vs-andragogy/
https://elmlearning.com/pedagogy-vs-andragogy/
https://en.wikipedia.org/wiki/Pedagogy
https://en.wikipedia.org/wiki/Pedagogy
https://www.edglossary.org/personalized-learning/
https://www.edglossary.org/personalized-learning/
https://www.edglossary.org/personalized-learning/
https://www.collinsdictionary.com/dictionary/english/prescriptive
https://www.collinsdictionary.com/dictionary/english/prescriptive
https://www.collinsdictionary.com/dictionary/english/prescriptive
https://www.edglossary.org/proficiency-based-learning
https://www.edglossary.org/proficiency-based-learning
https://www.edglossary.org/proficiency-based-learning
https://www.opencolleges.edu.au/informed/teacher-resources/scaffolding-in-education-a-definitive-guide/
https://www.opencolleges.edu.au/informed/teacher-resources/scaffolding-in-education-a-definitive-guide/
https://www.opencolleges.edu.au/informed/teacher-resources/scaffolding-in-education-a-definitive-guide/
https://www.opencolleges.edu.au/informed/teacher-resources/scaffolding-in-education-a-definitive-guide/
https://www.opencolleges.edu.au/informed/teacher-resources/scaffolding-in-education-a-definitive-guide/
https://www.educanada.ca/programs-programmes/elementary-primaire.aspx?lang=eng
https://www.educanada.ca/programs-programmes/elementary-primaire.aspx?lang=eng
https://www.educanada.ca/programs-programmes/elementary-primaire.aspx?lang=eng
https://www.educanada.ca/programs-programmes/elementary-primaire.aspx?lang=eng
https://files.eric.ed.gov/fulltext/EJ815370.pdf
https://files.eric.ed.gov/fulltext/EJ815370.pdf
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reflection and analyses of the quality of their 
thinking, their work, and their understanding of 
concepts — including suggestions for 
improvement. 

Student-focus Also known as student-centred or personalized 
learning, student-focussed learning uses diverse 
strategies to address the distinct learning needs 
of an individual student rather than a class.  

https://www.edglossary.
org/student-focused-
learning/ 
https://www.edglossary.
org/student-centered-
learning/ 

Summative 
(assessment or 
evaluation) 

Summative assessment occurs when a section 
of learning is complete. It is the learner's 
opportunity to demonstrate their cumulative 
knowledge of the topic, rather than being a 
learning opportunity itself. A traditional 
example would be a final exam. 

https://www.cmu.edu/te
aching/assessment/basics
/formative-
summative.html 

Tutoring For the purposes of this document, tutoring 
refers to the provision of one-on-one, or small 
group, assistance by the instructor — as and 
when required by learners. 

https://dictionary.cambri
dge.org/dictionary/englis
h/tutor 

  

https://www.edglossary.org/student-focused-learning/
https://www.edglossary.org/student-focused-learning/
https://www.edglossary.org/student-focused-learning/
https://www.edglossary.org/student-centered-learning/
https://www.edglossary.org/student-centered-learning/
https://www.edglossary.org/student-centered-learning/
https://www.cmu.edu/teaching/assessment/basics/formative-summative.html
https://www.cmu.edu/teaching/assessment/basics/formative-summative.html
https://www.cmu.edu/teaching/assessment/basics/formative-summative.html
https://www.cmu.edu/teaching/assessment/basics/formative-summative.html
https://dictionary.cambridge.org/dictionary/english/tutor
https://dictionary.cambridge.org/dictionary/english/tutor
https://dictionary.cambridge.org/dictionary/english/tutor
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Chapter 2 – Literature Review 

Introduction  

 In this literature review, I present some of the supporting arguments for the necessity of 

building the MMMMMath! web-resource, starting with an exploration of Learning Theories and 

Instructional Design — providing engagement and motivation through choice and personalization — to 

the positive effects of using gamification and gaming principles in math education. I have provided 

justification and best practices considerations for building a web-resource that is multi-modal, mastery 

based, mobile, and modular to address the Critical Challenge Question (CCQ): 'How can a traditional 

Workplace Math 10 course be re-designed to provide personalized, online, on demand delivery?' 

Learning Theories 

According to Picciano (2017), a learning theory is "a set of statements, principles, or ideas that 

relate to a particular subject" (p. 166). Learning theories provide a foundation on which to develop 

processes that can encourage learners to make progress. In their attempts to determine how people 

learn, theorists provide insight into what techniques might best succeed for different topics and learning 

levels. Taruna Goel (2017) says that "a theory helps us make more informed decisions around the 

design, development and delivery of learning" (para. 4).  

In designing the MMMMMath! web-resource, the learning theories that applied most directly to 

achieving the desired results were Behaviorism, Cognitivism and Constructivism. 

Behaviorism 

 A dominant theory in the field of psychology in the 20th century, Behaviorists postulated that, in 

order to be scientific, psychological studies must involve "objective observable behavior rather than 

subjective mental events" (Sullivan, 2009, p. 44) or, as described by Tony Bates (2016); Behaviorism is 

concerned with what can be seen and recorded. Affective observations, like feelings, are not 

measurable and are therefore not to be considered in interpreting data. 
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In education, Behaviorism is most frequently associated with the work of B. F. Skinner in which 

the focus was on stimulus and response (Bates, 2016). Behaviour is met with either positive 

reinforcement (rewards leading participants to repeat an action) or negative reinforcement 

(punishment, to discourage repeating the action). Rewards can be in the form of marks, or praise, or 

prizes (Sullivan, 2009). Tony Bates suggests that Behaviorist learning theory can be of value when "rote 

learning of facts or standard procedures" is required (Bates, 2016, p. 54). 

Cognitivism 

Unlike the proponents of Behaviorism, Cognitive theorists argue that motivation and 

imagination are vital contributors to learning. Emotion, interaction, and experience will affect what and 

how learners learn. Though it is among the original schools of learning theory, Cognitivism continues to 

be a predominant guide in implementation of modern pedagogy. One of the principles of Cognitivism 

that has particular application to online delivery is the need to break learning into small packets of 

information — 'chunks' (Bates, 2016).  

As long ago as 1956, George Miller, in his paper on memory and recall, observed that, from a 

psychological perspective, memory could be considered a matter of coding data into small, easily 

retrieved, related portions. The brain’s ability to break up large amounts of information into smaller 

pieces makes it possible for learners to remember more for longer (Miller, 1956). On this basis, and on 

further research, educators began to employ chunking in lessons to help students retain more. Chunking 

refers to the practice of breaking a lesson into smaller, related mini-lessons, permitting processing 

between learning events, and has become common in learner-focused classrooms at all grade levels — 

including secondary mathematics.  

Among the pioneers of Cognitive learning theory is Benjamin Bloom, creator of Bloom's 

Taxonomy. He originally described six key elements to learning: knowledge, comprehension, application, 

analysis, synthesis and evaluation. The original taxonomy was revised in 2001 by Anderson and 
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Krathwohl and now includes the following six key elements to learning: remembering, understanding, 

applying, analyzing, evaluating, and creating (Anderson et al., 2001; Armstrong, n.d.; Bates, 2016; 

Picciano, 2017). Furthermore, learners should progress through all six elements during the learning 

process.  

Figure 1  

Revised Bloom's Taxonomy, following Anderson et al., (2001) 

Note: From Vanderbilt University Center for Teaching. https://cft.vanderbilt.edu/guides-sub-

pages/blooms-taxonomy/ Attribution Vanderbilt University Center for Teaching 2020 CC BY 2.0 

Social Constructivism 

Advocates of Behaviorism and, to some extent, Cognitive learning theorists, see behaviour and 

learning as predictable, measurable and mostly beyond the control of learners. Social constructivists, on 

the other hand, argue that teaching and learning are very subjective; learners are constantly seeking 

greater understanding of their world through observation of past and present events. The process of 

encountering new knowledge or experiences, processing the data through the filter of past 

https://cft.vanderbilt.edu/guides-sub-pages/blooms-taxonomy/
https://cft.vanderbilt.edu/guides-sub-pages/blooms-taxonomy/
https://creativecommons.org/licenses/by/2.0/
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observations, and adjusting our understanding accordingly is what leads us to construct new knowledge. 

(Picciano, 2017).  

Leaders of the Social Constructivist school of thought include Jean Piaget, Lev Vygotsky, and 

John Dewey.  

Piaget. Jean Piaget was a Swiss psychologist, working at the turn of the 20th century. His research 

focused on elementary school-aged children and became the foundation of modern Constructivist 

learning theory.  

Piaget described four learning stages of which educators should be aware when designing for 

younger learners. The first stage, sensorimotor, involves learning about the physical environment. Next, 

a child progresses through a preoperational stage, in which symbolic learning can occur — such as 

acquiring language skills. In the concrete operational stage, young learners begin to engage in logical 

thinking and are able to move their understanding beyond themselves. Finally, the ability to think in 

abstract terms occurs in the formal operational stage (Cherry, 2020; Hunt, 2010).  

According to Piaget's theories, learning capabilities differ, depending on the stage at which a 

student is functioning at a given time. Brain development is a physical limitation, and learners cannot 

apply past and current learning until they have reached an appropriate level of maturity, as described in 

the four stages. Learning at each stage affects the learning that follows, and children should progress 

through each stage consecutively.  

Piaget postulated many foundations of modern teaching: an individual's understanding of reality 

is directly affected by their own experiences, students must be interested in acquiring knowledge for the 

construction of knowledge to occur, and students need to be "active participants in the learning 

process" (Hunt, 2010, p. 709). Constructivist educators try to draw on the experiences of learners to 

underpin new learning, and to exercise the least amount of control or influence over students so that 
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learners can 'construct' their own new knowledge. Finally, a Constructivist classroom respects 

"children's interests by giving children choices" (Hunt, 2010, p. 709). 

Vygotsky. Lev Vygotsky was a Russian psychologist, also working at the turn of the 20th century. 

He theorized that learning would be optimal if a student was working in their Zone of Proximal 

Development (ZPD). The ZPD is the level of cognitive development in which a learner can perform new 

tasks successfully with limited help from a more knowledgeable mentor (Hunt, 2010).  

According to Wass and Golding (2014), a learning task within a student's ZPD should be difficult 

enough that the student cannot quite complete on their own but, when given assistance (scaffolding), 

will eventually succeed. If the task is too simple, or too much help is given, less learning will take place. 

Teachers need to remove confounding material that is not relevant to the problem so that learners can 

focus on the desired outcome.  

The level of assistance offered is critical. If too much help is given and there is no challenge, 

learners can complete the learning task, but construction of new knowledge is limited. Structuring is the 

process of breaking a task into steps so precise that success is expected. Scaffolding, on the other hand, 

provides students with some choices regarding a possible course of action, and encourages the student 

to progress independently of the teacher or mentor. If a problem is to be within the ZPD, it needs to be 

like Goldilocks' choices: not too hard (completely beyond the learner's ability, even with assistance) and 

not too easy (requiring no effort for completion).  

Learning that engages the ZPD must take place in an environment where mistakes are learning 

opportunities, and there is time for a student to resolve any errors made. Feedback must be prompt. 

Given those circumstances, and providing learners with a problem that falls within their personal ZPD, 

learners will likely, in time, "be able to complete more complex and problematic tasks" (Wass & Golding, 

2014, para. 41). 
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Dewey. John Dewey's work with Constructivist thought was undertaken during the same time 

frame as Vygotsky and Piaget. Dewey focused on the importance of both interest and motivation to 

support learning. He was an advocate of student-focused education, believing that effective teaching 

involved consideration and inclusion of prior learning as part of acquiring new knowledge (Hunt, 2010; 

Williams 2017) and that students learn best through a hands-on approach combined with real-life 

application (Williams, 2017). Dewey is widely regarded as a founder of Experiential Learning theory.  

 Experiential Learning. According to Tony Bates (2016), Experiential Learning is the process of 

'learning by doing', exemplified by apprenticeships and internships. Students are directly, often 

physically, involved in the process of developing new knowledge — especially concrete skills. The key 

factors of Experiential Learning are doing and reflecting — analyzing and thinking about the task and the 

learning that has taken place. Experience and active participation result in better retention of skills 

learned (Hunt, 2010). Some examples of Experiential Learning techniques used in current classrooms 

include problem-based, project-based, and inquiry-based educational opportunities (Bates, 2016). 

Finally, one must address a critically significant factor, present in every approach to Social 

Constructivism, the social aspect of learning. Ideas and new knowledge are not solely the purview of the 

instructor (the student as 'empty vessel' trope) but rather result from interaction with others in the 

school community and the community at large. Combined knowing should be encouraged for students 

to construct new meaning and social interaction with peers, and the larger world; such social interaction 

is integral to the students' progress. 

Instructional Design 

Instructional Design (ID) refers to the processes used to reach predetermined learning goals 

(Bates, 2016; Picciano, 2017). From a teacher's perspective, ID is about determining what content must 

be included, how students will interact with one another and the content to acquire new understanding, 
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and how learners will demonstrate their new knowledge through some form of assessment (Vaughan et 

al., 2013). 

Understanding by Design 

Also referred to as Backward Design, Understanding by Design (UbD) suggests that the best 

course of instruction starts with the end result as the focus. What do students need to know? From that 

starting point, the designer selects appropriate means of providing evidence of learning. Next, activities 

are designed that will help students to achieve those predetermined outcomes. UbD is a commonly used 

approach to ID in all educational environments (Pesavento et al., 2015). The UbD theory is based on 

seven principles (paraphrased and condensed from McTighe and Wiggins, 2014): 

1. Learning is enhanced when teachers think purposefully about curricular planning. 

2. UbD helps to provide focus on the effective use of content knowledge and skill. 

3. Understanding is revealed when students make sense of, and transfer their learning, through 

authentic performance. Six indicators of understanding: the capacity to explain, interpret, 

apply, shift perspective, empathize and self-assess. 

4. Curriculum is planned backwards from long-term desired results. 

5. Teachers are coaches of understanding, not purveyors of content knowledge, skills, or 

activities. 

6. Regular review of curriculum against design standards enhances curricular quality and 

effectiveness. 

7. The UbD framework reflects a continual improvement approach to student achievement and 

teacher craft. 

In their white paper, McTighe and Wiggins (2014) include a table of learning goals and teaching 

roles with suggested strategies. There are three connected learning goals: Acquire, Make Meaning and 

Transfer.  
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 The first learning goal, Acquire, is the process of helping students to develop "factual 

information and basic skills" (McTighe & Wiggins, 2014, p. 13) such as would be necessary in a review 

module, and to ascertain if a student has chosen, or been placed at, a level appropriate to their skills. 

'Make Meaning', the second learning goal, takes learners from base skills to comprehension; 

instructional strategies include both inquiry and problem-based learning. To reach the final goal 

'Transfer', a student should be able to take new knowledge and independently apply it to new 

situations. In order to help learners transfer their learning, personalized feedback and just-in-time 

instruction are advocated (McTighe & Wiggins, 2014).  

Universal Design for Learning 

The need for flexibility and scaffolding for students with learning differences (and in the author's 

opinion, all learners) can be supported using structures that incorporate choice and flexibility, including 

online learning environments. "[T]he characteristics of proficiency-based education and the affordances 

of networked digital learning systems can combine to optimize a UDL approach" while providing control 

over when, where and how quickly learning will occur (Basham et al., 2018, p. 489). 

 Developed by the Center for Applied Special Technology (CAST), Universal Design for Learning 

(UDL) evolved as a set of techniques for "ensuring the effective inclusion of students with disabilities 

and diverse learning needs in general education classrooms" (Basham et al., 2018, p. 477). Diverse 

learning needs include — but are not limited to — economic, cultural, and language considerations, 

physical and mental health challenges, and learning differences. Speaking specifically about online and 

blended classrooms, Basham et al (2018) point out that K-12 students with exceptional needs, while 

their numbers in virtual classrooms increase, are less successful online than in a traditional classroom. 

Furthermore, they suggest that the problem for learners with exceptionalities is that most online design 

is aimed at the "hypothetical average" (Basham et al., 2018, p. 477). To meet the needs of a growing 

learner population with diverse needs, the instructor and the instruction must be flexible. Tony Bates 
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(2012) points out, in his blog entry, that flexibility is a key component in designing for online learning. In 

his discussion, Bates is primarily talking about flexibility in matters of time and teacher access; the UDL 

framework also mandates flexibility in learning choices including how students will demonstrate prior 

knowledge, how they will acquire new knowledge (interact with content), and how they will 

demonstrate their progress (assessment). UDL supports progress based on demonstrated mastery of 

content goals rather than time spent on a task. The tools available to designers of blended and online 

learning opportunities provide for a great deal of choice in delivery of content, skills development, and 

means to display progress in real-time, as learning happens (immediate feedback). The UDL framework 

includes three key principles to accommodate learner differences: 

1. Multiple means of presentation 

2. Multiple means of expression and action, 

3. Multiple means of engagement. (CAST, 2018) 

Basham et al (2018) provide extensive examples of how these three principles can be provided 

by allowing choice for participants. Some of these suggestions include:  

• For engagement: choice can occur in topics of interest, recognition of success, levels of 

challenge and support, as well as having options for external rewards and reinforcement 

(Basham et al., 2018).  

• For providing multiple means of presentation: variety in delivery — text, voice, and visuals, 

including captions for images. Definitions of terms should be included for new English 

speakers, as well as translation and text-to-speech [which would also support students with 

reading challenges] (Basham et al., 2018, CAST, 2018).   

• For action and expression: choices in media and communication methods  

• To demonstrate learning: projects, podcasts, videos, exhibits, traditional quizzes or tests, 

reports, presentations, or other appropriate demonstrations that are of interest to the 
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student (Basham et al., CAST 2018). 

• For representation of learning differentiation can include: choice of media (text, audio or 

video representation of content) related to the same learning goal, and the same variety can 

be used for students to represent their learning (Basham et al., CAST, 2018). 

The Multimodal Model of Instructional Design 

Terry Anderson (2011) provided the basis for a model of ID specifically for online learning. He 

was concerned about how to integrate the conflicting requirements for social interaction (synchronous 

delivery) and flexibility for learners to choose the time and method of learning. He hypothesized a 

design that was community— knowledge— learner— and assessment centred. Anthony Picciano (2017) 

used Anderson's work as a basis from which to create a framework that could be used specifically for 

designing in a blended environment. Picciano's Multimodal Model (see Figure 2) is modular, allowing for 

the instructor/designer to include, exclude, or adapt, design elements depending on the mode of 

delivery, ranging from a completely traditional face-to-face classroom, through varying degrees of digital 

inclusion, to an entirely online course. The result is a highly flexible, non-prescriptive approach to design 

that allows the person developing the course to incorporate whichever elements meet their 

requirements.  

 The Multimodal Model is driven by pedagogy and content. Each module is independent, and 

modes of presentation can vary. For instance, the reflection module could be an online blog, a private 

pencil and paper journal, or a face to face (f2f) interview. Collaboration can be done online in a virtual 

community, or as small group work in a live classroom.  

In Picciano's (2017) model as described above, learning and design are broken into small 

portions. The instructor is then able to design, reflect and re-work each section before working on 

another. The process of small module refinement is especially appropriate for classroom teachers who 
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would like to move some, or all, of their face-to-face courses into a blended or online model (Pesavento 

et al., 2015). 

Picciano's (2017) work provides a highly flexible model on which to design any course, including 

f2f, blended or online delivery. The multimodal model provided the basis on which the MMMMMath! 

web- resource was designed. 

Note. From "Theories and frameworks for online education: Seeking an integrated model," by A. G. 

Picciano, 2017. Online Learning, 21(3) p. 182.  

Game Design Principles in Instruction 

Game-Based Learning (GBL) is the process of incorporating game features into lessons as part of 

the teaching strategy. According to the Centre for Teaching Excellence at the University of Waterloo 

(2018), GBL can include (but is not limited to) designing a story-line in which a learning strand is 

developed, and opportunities to 'level-up' as increasingly more complex problems are mastered. GBL, 

Figure 2 

Anthony Picciano's Multimodal Model of Instructional Design. 
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especially as it is used in video games, is about collaborative problem solving. In video games, 

opportunities are provided for learners to engage in real-world experiences without encountering real-

world risks (McGonigal, 2010).  

Game-Like Learning (GLL), as implemented at the Quest to Learn school in New York, does not 

require digital technology, but uses gaming principles to address learning outcomes in a play-based 

environment. Instructional Design that uses gaming principals requires breaking larger goals into smaller 

tasks, permitting learners to experience frequent, small successes, and providing scaffolding and 

feedback to inspire greater achievement (Salen, 2013). Each of these latter points is also a characteristic 

of Constructivist Learning Theory.  

 James Paul Gee (2007) provides 36 different principles around which game design evolves. 

Echoing Gee’s principles, Jane McGonigal (2019) refers to having a gameful mindset which has seven 

guiding characteristics (list adapted from Gameful Mindset). 

1. The expectation of constant feedback. 

2. Willingness to accept failure as part of learning. 

3. The ability to repeat until mastery is achieved. 

4. Awareness of 'just in time' understanding — learning occurs during play as and when needed, 

neither before nor after. 

5. Grit (self-efficacy): the belief that success will come through hard work and determination. 

6. Flow: complete immersion in the task, to the exclusion of all else. 

7. A tendency to appreciate play and to want more. 

According to Gee, GBL is problem-solving that includes lots of opportunities to fail and try again. 

Testing is frequent, feedback is constant, and teaching is neither too soon nor too late, and not at all if it 

is not needed. The level for demonstrating success is high, and excuses are not accepted. Tasks are not, 

according to Gee, 'dumbed down' for players, but encouragement, mentorship, and opportunities are 
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provided to guide every player to success. (Gee, 2008). Even simple, repetitive games such as the 

ubiquitous 'match 3' applications students play on their smart phones (for example: Candy Crush©, 

Bejeweled©, or Cookie Crush©) incorporate constant feedback, mastery and just in time learning.  

Incorporating gaming principles into instruction and educational applications provides 

motivation and engagement, and mastery is an expectation.  

The Flex Model of Blended Learning 

The Flex Model of blended learning is characterised by the high level of personalization possible, 

including pace and path (Horn & Staker, 2015). Flex learning was pioneered, and has been successful in, 

course completion and alternative education programs like those found in storefront schools. Unlike 

other blended learning models in which face to face instruction is augmented by virtual tools, the Flex 

Model of blended learning provides all content online augmented by real-time educators. Students can 

also be directed to supplemental offline learning opportunities, but the primary method of delivery is 

digital. Learning happens in a face to face classroom environment and instructors serve in such capacity 

as is appropriate to each student at a given time, providing — for instance — explanation, enrichment, 

tutoring, or technical advice. The result is a supportive blend of learning modalities, allowing students to 

approach material through the method by which they are most comfortable, from worksheets through 

research to role playing games.  

The Flex Model also protects students who may be hampered by a digital divide. A digital divide 

distinguishes those who have the wherewithal to engage in fully online learning from those who are 

more constrained. Some constraints include rural homes: living on farms and on reserve, where internet 

is provided by slow dial-up service or expensive satellite access, if they have internet capabilities at all. 

These members of our student population are not able to complete assignments with mandatory 

internet-based components unless there is sufficient time for work to be done during school hours, 

which are planned for, and expected, in a Flex classroom. The digital divide is not always one of socio-
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economic status, though it can be — but it may also include barriers involving first language, gender, 

community support and digital literacy issues (Ragnedda & Muschert, 2013). 

The Flex Model of blended learning provides a suitable framework with the configurability, 

personalized learning options, and flexibility necessary to support the MMMMMath! web-resource. The 

Flex model also ensures that student participation need not be limited by access to technology or digital 

skills.  

Conclusions  

The MMMMMath! web-resource has several M's to illustrate its defining characteristics: Mobile, 

Modular, Mastery based, Multi-modal, and Mature. The research supports the necessity of including 

each of those aspects in a web-resource that addresses the CCQ: 

 'How can a traditional Workplace Math 10 course be re-designed to provide personalized, 

online, on demand delivery?' 

 Behavioural learning theories support rote learning for entry level skills. Empowering students 

to pursue math facts to automaticity, if they so choose, can allow them to focus on more complex ideas 

when they later arise. Returning to foundational concepts builds confidence as well as ability, and 

mastery of those foundational skills can be addressed through repetition and reward as advocated by 

Behaviourists. Providing students with multiple modes of learning will allow them to move through the 

levels of Bloom's Taxonomy as is appropriate for their learning abilities — effectively personalizing 

learning. 

One problem with using existing resources for senior mathematics is in the approach to review. 

In the author's experience, practice that addresses low level skills such as addition and subtraction is 

directed at a very young audience which demoralizes older learners — or delivery is pencil and paper 

repetition, which does not often inspire creativity or determination. Hence, the MMMMMath! web-

resource must be mature — at a level appropriate for the overall age group and for individual students. 
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 Cognitivism argues in favour of chunking learning, which, in the case of the MMMMMath! Web-

resource, occurs at multiple levels — each module is a chunk of the course, and within each module 

lessons are divided into discrete learning outcomes. Individual learning outcomes can be further 

separated into steps. Small sections will be easier for students to pursue autonomously, with greater 

chance of success and will provide for frequent feedback and evaluation. (See Appendix A for a model of 

the MMMMMath! web-resource.) 

Constructivists advocate for student control of how they pursue their learning, and the necessity 

of considering prior experience and knowledge in determining at what level, and how, their learning 

should progress. One method of pursuing and demonstrating success in each module will be 'Student's 

Choice', in which case, as the title suggests, a learner can propose their own method of acquiring and 

exhibiting understanding.  

In designing the resource, Understanding by Design and Universal Design for Learning support 

maximizing provision of learner choice in how they will learn, and ways to demonstrate learning. The 

MMMMMath! Web-resource will include options for students to partake in direct instruction, inquiry-

based or gaming modes of delivery. Gaming methods can be designed to address all aspects of UbD and 

UDL, and can incorporate a wide variety of learning theories, not just those included in this research. 

The framework for the entire MMMMMath! web-resource is based on the Multi-Modal Model 

as described by Dr. Anthony Picciano (2017). Dr. Picciano's design permits the modularity necessary to 

ensure personalization through choice of pace, path and place. Development of the MMMMMAth! web-

resource is detailed in Chapter 3 of this Process Paper and the findings of this comprehensive Literature 

Review will be applied to the course design.  
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Chapter 3 – Procedures and Methods  

Designing MMMMMath! A Web-Resource 

 The MMMMMath! web resource was created to address my CCQ: 'How can a traditional 

Workplace Math 10 course be re-designed to provide personalized, online, on demand delivery?' 

The title of my project: MMMMMath! emphasized the need to incorporate Modularity, 

Mobility, Mastery, Multi-modality and Maturity in all learning outcomes, to engage a young — but 

nonetheless adult — audience having a wide spectrum of needs.  

Modularity and Multi-modality 

I decided that a website would effectively provide a mobile repository of materials to support 

both educators and students, while making available varied approaches to applied senior mathematics. 

The website, sufficiently chunked to address Constructivist concerns regarding student autonomy, 

would be modular. Each module would be made to standalone so that learners could be directed to 

specific outcomes appropriate to each individual's limitations or gaps in prior learning, as determined in 

consultation with an educator.  Modularity would also enable teachers to more easily differentiate 

delivery for diverse learning. Within each module, multiple modes of addressing each topic would 

support the arguments of Behaviourists to ensure that different learning styles are incorporated, 

thereby encouraging as many learners as possible to succeed.   

Mastery, Mobility and Maturity 

Demonstrating mastery for each section necessitated finding a way for participants to interact; a 

digital means for students to provide evidence of their progress, and for educators to provide feedback 

even outside regular classroom hours (so that mobility need not be compromised). Finally, in order to 

make sure that young adults would not feel that they were being patronized while engaging in necessary 

review, any efforts to re-visit foundational concepts must be tightly tied to real-world examples while 
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avoiding the preponderance of online activities that cater to much younger learners (especially where 

foundational skills are involved).  

Choosing Appropriate Tools  

The best tool to meet all of my requirements seemed to be the Google Suite for Education (GSE) 

— including Google Sites for the website, and Google Classroom in close connection with Google Forms 

for students to submit work and to provide prompt feedback either through automatic marking or from 

the teacher.  During the recent pandemic disruption to education, to facilitate remote delivery, I moved 

my classes to the GSE.  I used Google Sites for posting resources, Google Classroom for submitting work 

and to permit communication, and Google Forms for evaluation. The change in delivery built some 

personal familiarity with those programs that I felt would be applicable to my Major Project. 

In my district, administration for a tightly closed GSE domain (Peacenet) is provided, preventing 

access by users from outside our district. Annually, every family is given the option to sign a permission 

form allowing students to use the GSE on Peacenet (see Appendix C). Requirements for providing 

informed consent are addressed to the satisfaction of our district, in order to meet BC's current 

Freedom of Information and Protection of Privacy Act (FIPPA), as discussed in the Office of the 

Information and Privacy Commissioner's (OIPC) guide (2015). After reviewing the district's 

documentation, I was satisfied that the district was, at a minimum, approaching FIPPA compliance, as 

described in Julia Hengstler's (2014) model of the compliance continuum. My experience over the past 

eight years has been that very few students are denied parental permission to participate. Therefore, for 

use in my own classroom, the GSE on Peacenet seemed an obvious choice.   

Providing Cross-domain Access 

I realized that, while the Peacenet domain and GSE worked well for classes within our school 

district, I would not be able to invite either supervisors or reviewers to critique the web-resource. 

Peacenet does not allow me to share work on Sites, Classroom or Forms with non-Peacenet email 
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addresses, nor do I have the necessary permissions to add users to the Peacenet domain. I was also 

concerned that ownership of my work might be in question if I put everything solely on Peacenet; 

producing the web-resource on a domain owned and administered by my district may result in the 

district having control of my project, even if it was entirely created on my own time (Johnson, 2014).  I 

had no intention to charge for access to, or sell, my work but absolutely wanted to retain the right to 

choose how I would use and distribute my creations. It did not seem wise to use the Google Suite 

maintained by Vancouver Island University (VIU) as I expect our accounts to be suspended sometime 

after graduation.   

I experimented with different ways of moving an established web-page from one domain to 

another, successfully where the page itself was concerned. However, any links on a page were broken 

when the site moved, so I could not build on one domain and then copy the site to another without 

generating a lot of troubleshooting.  

I decided to purchase my own personal domain and a Google account and build the web-

resource simultaneously across both domains. Buying and registering the domain, sunnybits.ca, was not 

complicated and I purposely chose a Canadian host, Sibername.ca, and ensured that their servers are 

located in Canada.  GSE was more challenging as it is not available for single license users, only for 

educational institutions. I subscribed to the Google Suite Business Starter package in hopes that it would 

enable more control of access to Google applications on a personally administered domain. 

Designing for Student Access 

Our student population has a high percentage of rural participants, with widely varied levels of 

internet access, and concomitant disparate abilities with digital media. Access and ability factors are a 

widespread deterrent to successful remote online learning throughout British Columbia, but particularly 

in rural areas (Hengstler, 2016). During the recent lock down associated with the Covid 19 pandemic, I 

witnessed first-hand how such a digital divide can affect learning. In the WP10 course, more than half of 
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my students stopped taking part, and paper packages did not improve participation. On this basis alone, 

building a fully online resource that relied on students working from home without face to face 

guidance, would limit the usefulness of the web-resource. The most appropriate blended learning model 

would be Flex learning, where materials are provided online but the actual learning takes place in a 

traditional environment, fully supported by professional educators, with all infrastructure (from 

hardware through connections to computer tutorials) provided by the school (Horn & Staker, 2015). I 

began design of the web resource, using Picciano's multimodal model as a guide, as discussed in chapter 

two.  

Major Project Development 

The WP10 course includes many students who intend to complete the dual credit program 

offered at our school, wherein students get high school credit for entry-level apprenticeship courses 

taken at our local college. For the last six years, I have used the textbook preferred by the college so that 

my students are prepared for entering post-secondary apprenticeship programs while still in high 

school. I augment the textbook with customized lessons in order to meet provincial curricular 

requirements. I built a mind map to help with the web-resource layout, to ensure I included all the 

topics from both sources, and to address multiple modes of delivery within those topics (see Appendix 

A). I defined the multiple modes as follows: 

• Direct instruction (using both text and video) — appropriate for low level skills and 

sometimes the preferred choice of students. 

• Game principles — some form of play to support learning outcomes. 

• Discovery based — allowing the student to learn through inquiry and research.  

• Student's choice — to permit recognition of learning that occurs outside the classroom. 

The website design needed to address the issue of screen size. In past projects, from building an 

e-Portfolio for the Online Learning and Teaching Diploma, to adapting for emergency online delivery, I 
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learned that there are different considerations when accessing material on a small screen with tap and 

slide gestures, compared to working on a full computer with keyboard and mouse. Buttons and links 

need to be larger for small screen use, and items on a page need to be well spaced for ease of 

navigation. A strength of the Google Sites application is the ability to preview a webpage on different 

devices: mobile telephone, tablet or computer. The majority of students who participated in online 

learning during the pandemic lock down were on mobile devices for at least part of the class. Thus, I 

decided to build the site with a focus on small screen accessibility - the thought being that transfer from 

small screen to big screen is not particularly limiting whereas adaptation in the other direction can make 

access uncomfortable, if not discouraging. 

Building the Framework 

A shortcoming I found with Google Sites early in my labours was that there are no built-in options 

for visually appealing buttons. The Google button is a simple textbox, rectangular with rounded corners, 

as shown in figure 3. The Google button does not allow for sub-entries, it only permits one direct link, so 

the resource framework required the use of sub-pages for topics. The number of pages and sub-pages 

Figure 3 

An example of Google Site's Built-in Buttons. 
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on Google Sites is limited to five which would just barely accommodate the number of levels I needed 

for the MMMMMath! web-resource. The levels I determined were as follows: 

• MMMMMath! Welcome page — to enable additional materials for a Workplace 11 

(WP11), or other applied maths courses, later. 

• Course choice page — Home page for the chosen program (WP10 to start), with links to 

access the Google Classroom, and to subpages for each unit. 

• Unit details page — Links to subpages for each subtopic of the unit, including pretests for 

placement. 

• Topic pages — Either direct links to material using Google Site buttons, or to the last level 

of subpages if more than one option is required by the topic; also the point to provide for 

multi-modal options. 

In building the framework for the MMMMMath! web-resource, I relied heavily on Martin 

Luenendonk's website: Web Design Principles of Successful Websites (2019), provided by Avi Luxenburg 

in the Online Learning and Teaching Diploma (OLTD) program. I first focused on making the web-

resource easy to navigate and visually effective. 

Pushing Buttons 

A feature of Google Sites is that custom buttons can be created, by inserting and resizing any 

image and linking it — either within the site, or to external sources. As part of my design, I wanted to 

use matching buttons and headers as authentic visual cues for the content, rather than simple text-

labelled links, to support visual learners and to illustrate my intent to supplement the more traditional 

read-and-apply approach to applied mathematics where possible. I searched several online image 

providers for appropriately licensed pictures suitable for each topic or process, and if no image existed, I 

made one. For instance, I found no images that offered an effective visual connection to subtraction, so I 

created one using publically licensed clip art. To provide a visual relationship for navigation, I matched 
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the header and button images for topics and subtopics (see figure 4). Though all images were chosen for 

free, unattributed licensing, I decided to acknowledge all images and link back to the original creator. I 

was later grateful that I had done so, as it was very easy to go back to the images if I needed to alter 

them. 

 

 

 

 

 

 

 

Note. Personal work of the author. 

The Google Site builder also limits the sizing of buttons and images to a pre-set vertical grid; an 

inserted image will snap to the nearest grid line but does not maintain the original aspect ratio due to a 

built in auto-crop feature. It is possible to circumvent the auto-crop to make custom button sizes match, 

but the process can be time consuming and unintuitive. My work around was to use Google Draw. I 

made a button template, then imported the header image into the template to generate a matching 

button. That technique ensured that all buttons inserted on a page had the same proportions. Google 

Draw also permits the use of word art to create bold lettering that would stand out against complex 

pictorial backgrounds on the buttons. However, when the buttons are resized on the website, the 

lettering loses resolution, making the buttons look somewhat hand-crafted. The site builder also limits 

images to a quadrilateral shape. Working with other simple image editors, I was not able to create a true 

round button, which I would have preferred, or even a square button with a round image and 

transparent background. Perhaps a more powerful image editor such as Adobe Photoshop© or the 

Gimp© would make shaped buttons possible, but there was not enough time to learn more complex 

Figure 4  

The Whole Number Subtraction Header and Matching Button. 
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software.  The last decision with buttons was required to speed up page loading. I found that the high 

quality images I was using were starting to interfere with page load speed even before I added content, 

so I went back and downgraded the header and button images to lower their resolution. The lower 

resolution images on the buttons also reduced the quality of those images, but load speeds were 

noticeably improved.  

The layout of every page is very linear, with a column of two buttons where there are subpages, 

and a single column where there are direct links to material — found predominantly in cases where the 

stock buttons included in the builder were used. The most foundational item is at the top left, while the 

most complex will be found in the bottom right. The Google site builder does not allow three equally 

sized buttons in a row else I would have chosen three columns so that more complex pages (like the 

WP10 home page) did not feel as long. If there is an odd number of buttons, the site builder will resize 

the middle or standalone button, to be either larger, or smaller, than the others, forcing a visual 

hierarchy on the page, nor was equal spacing between an odd number of same-sized buttons possible 

(see figure 6).  I did not want a hierarchy within the units or the topics, because the choice of which skill 

to pursue should be decided by the teacher and the student, with regard to the needs of the student. No 

single skill is more important than another. Four buttons per row did not leave enough blank space 

between buttons and made the page appear busy and confusing when compared to two columns. I used 

the same linear hierarchy, top left to bottom right — in order of complexity — through the entire web-

resource. When I was forced to an odd number of buttons, where possible, I added in another link to the 

Google Classroom to make the total buttons even. During Covid emergency online delivery, I found that 

students struggled with having both a digital classroom and a website. The expectation was that 

everything would be found on one application, and they defaulted to the Google Classroom. However, 

courses neared completion and an abundance of material was posted, the organization on Google 

Classroom became overwhelming; students struggled to find specific items. The website was more 
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appropriate for finding lessons and support material. For the web-resource, including lots of links to the 

Google Classroom from the site would enable an instructor to emphasize use of the website as the main 

access point, rather than the Google Classroom. A screen capture of the final MMMMMath! home page, 

and the WP10 home page are included in Appendix B. 

 

Filling in the Blanks — Providing Content 

Direct Instruction. Once I had figured out the framework and built all the buttons and pages 

necessary, I started to produce content, beginning with the Whole Numbers - Place Value page. 

Generating material for direct instruction was not too onerous - I used Screencast-o-matic© (an 

application with which I became familiar during the OLTD) to record video lectures, using Microsoft One 

Note on my tablet.  I re-wrote existent lesson plans as student-centred notes, to include more detail and 

examples. The result can be used alongside the video lecture, or can standalone if a student prefers to 

read-and-apply. I also linked to the Google Classroom within the notes whenever use of the classroom 

was required, and linked to helper resources (such as templates) if they were available. 

Figure 5  

An example Showing How Google Sites Treats an Odd Number of Buttons. 
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Student Directed Options. I changed the title of discovery learning to DIY (Do It Yourself) learning 

as 'discovery' learning refers to a specific subset of inquiry based learning (Pappas, 2014) and I did not 

want to limit options for myself or my students. I also put DIY and Student's Choice options together 

onto one subpage called 'Student Directed Options', to simplify navigation. The DIY option is presented 

through a text description similar to the notes. I was assured by the Learning Assistance department at 

my school that Text-To-Speech (TTS) options are widely available for home devices, and included on all 

of our district systems, so producing a companion video would not be required for people with reading 

challenges.  

The DIY text page included suggestions of different ways in which a student could engage in DIY 

learning (such as project based work, or research) to guide thinking, but emphasized that students 

should propose a process that was of interest to them personally. The text description ends with a live 

link, in the form of a big green button, at the end of the instruction. The link takes students to a Google 

Form where they can submit a proposal for their teacher's consideration. I built the form with a generic 

layout so that I can use it as a template, requiring minor modifications, for all the DIY selections within 

the MMMMMath! web-resource. 

On selection of Student's Choice, the user is taken immediately to a Google Form — similar to the 

DIY form — where they can make a proposal to have outside learning considered for credit, pending 

teacher approval. The Student's Choice form also has a generic layout so that I can use it as a template 

throughout the web-resource. 

Game Principles. The last piece I set to work on was to find or produce games for the Game-like 

learning option. My original idea was to code some simple match 3 style games to encourage practice. I 

knew that the review level games provided online are overwhelmingly juvenile and students are much 

less inclined to play them than I am. Games like "Kitten Addition", The Big Puppy Canoe Race" and 

"Superhero Subtraction" are not willingly accessed by teenagers, even when I open the games in class 
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and demonstrate how they work. Also the online games for core skills, like addition and subtraction, 

tend to focus on very small values using number facts that only include the digits 0 through 9 inclusive. I 

wanted to make the practice increase in difficulty after a set period of practice. For example: at level 10, 

the play goes from single digit addition to one double digit plus one single digit, then at level 20, the play 

goes to two double digit numbers. I had not worked with coding for several years, but I did not expect it 

would take overly long to awaken dormant skills. I was wrong.  

First, I researched a number of programming options online to find one that offered a wide range 

of tutorials and would allow me to build the games I was imagining. I settled on a free online coding kit 

offered by Massachusetts Institute of Technology, called Scratch©. Scratch© is a drag-and-drop, visual 

programming language, designed for helping students aged eight to sixteen learn to code. The shape 

and colour of each code block defines the type of command selected. The code is then assembled much 

like Lego© bricks (Scratch, n. d.).  Scratch is well supported by online tutorials, and research suggested 

that I could use it to program simple matching games. I started working with Scratch©, but as I 

progressed, I discovered Snap! ©; another visual programming language that grew out of Scratch©, but 

with additional features for more advanced coders (Romagosa, 2020). I switched over to Snap! © and 

spent several hours learning to use the language before I had to set it aside. Tutorials focused on 

graphics and how to write for platform games; the sorts of games in which a player moves horizontally 

through a level, jumping and running to avoid danger and score points. While it would be possible (and 

fun!) to build a platform game that progressed through increasingly complex math concepts, I felt the 

time constraints of this project would not permit me to develop adequate skills. I was forced to shelve 

my plan to build digital games, and focus on games involving cards and dice, or board games, in order to 

include gaming principles for learning.  

I found that most card and dice games — like Cribbage, or Yahtzee© — use multiple skills, so in 

order to isolate specific concepts, such as Place Value, I invented a few games of my own. Inventing, or 
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modifying, existing games also provides examples for students to try design themselves, if they are 

interested. Non-digital gaming formats increase the potential for students to try modifying a game they 

already know which is desirable in that it can lead learners to higher engagement and deeper thinking 

(Farber, 2016). It would have been much harder to have them modify digital games but designing digital 

games could be a DIY option for developing and demonstrating math skills. 

Testing the MMMMMath! web-resource 

With the framework built for the entire web-resource, and all of the pieces for Whole Numbers - 

Place Value created on both sites, I began testing the set up. I used my personal Google address, and my 

VIU Google logon to try to use the full web-resource. I found I could access the website without too 

much difficulty, but I could not access Google Classroom or the Google Forms I had created. I could not 

even invite my other google addresses to share online resources. Several hours of searching through 

forums and trying different settings were unsuccessful. There is no way, at least with my current level of 

skills with Google Suite systems administration, for users from outside the sunnybits.ca domain to see 

the full web-resource. If I add people as users to the sunnybits.ca domain, I think they would be able to 

use the full web-resource. However, Google will charge me $6 per month for each individual user to 

whom I provide access.  

The web-resource works, but I can only allow outside access by giving reviewers and my 

supervisors my own username and logon so they can see my work, which will not provide the global 

access I was working toward. I realized that I am trying to use the Google Suite for a fully integrated 

Learning Management System, which works inside a GSE domain, but is not possible with a business 

license. However, except for the access problems, the MMMMMath! web-resource is able address the 

CCQ with which I began this endeavour: : 'How can a traditional Workplace Math 10 course be re-

designed to provide personalized, online, on demand delivery?' 

  



WP MATH 10: PERSONALIZED, ONLINE AND ON DEMAND 37 

PROPOSED TIMELINE FOR MEdL (July 2020 Starts)-  
  
June 15-  Lit Review submitted for completion of OLTD 510 
  
July 3-   Final Lit Review Completed (Ch.2)  
  
July 3-   MEdL 680 begins 

Chapter 1 under development 
  Chapter 2 complete 

Major Project website v.1 build begins 
 
August 31-  Ch. 1 and Ch. 2 complete. Ch. 3 started 

Major Project website v. 1 ongoing 
  
Sept 14-  MEdL 690 begins    
 
Oct 21 -  Chapter 3 complete 
 
Nov 9 -  Google Form for Feedback completed 

Call for Reviewer Field Testing – invitations sent 
  
Nov 20 -     Reviewer Field Testing -- collating begins 
  Major Project website v. 2 revisions start 
  
Nov 21 -      Ch. 4 complete         

Chapter 5 under development 
Major Project website v. 2 build complete 

 
Nov 22 -   Chapter 5 complete 

Completed paper sent to Supervisor for final review and sign-off 
 
Dec 7 -   Dean’s final sign off of completed paper 
  Transcripts complete 
 
Dec 15  MEdL 690 ends 
        
Jan/Feb 2021 Convocation 
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Chapter 4 – Field Testing and Major Project Revisions  

Major Project Implementation and Feedback Processes 

Field Testing/Feedback Call 

 The construction of the MMMMMath! web-resource was ongoing from August through to the 

end of October, 2020. Due to all of the challenges with cross-domain access documented in Chapter 3, 

specific reviewers were selected rather than issuing a broadcast request for participants. The people 

invited included former students, educators from all levels and multiple disciplines, individuals with 

website expertise, and members of the general public. Reviewing took place over ten days and eight 

responses were received. 

Feedback questions 

The anonymous Google Form provided reviewers with five foci: Participant Profile, Access, 

Navigation, Visual Design, and Content.  A section for Open Feedback was also provided. The question 

set is provided below and a screen capture of the Google Form is included as Appendix D.  

 Introduction. The goal of the MMMMMath! web-resource is to provide a way in which a 

traditional applied math course (Workplace Math 10) can be re-designed to provide personalized, 

online, on demand delivery. The resource is intended to provide educators and learners with examples 

of, and opportunities to engage in, a variety of ways in which foundational math skills can be acquired. 

The Place Value section of the Whole Number review is completed for your analysis. 

 Focus 1: Participant Profile. 

1. Please choose the option that best describes your current role: 

• Educator 

• Administrator 

• Student 



WP MATH 10: PERSONALIZED, ONLINE AND ON DEMAND 39 

• Other (Text box provided). 

2. What is your current comfort level when it comes to using technology? 

• Not comfortable at all. Why am I here? (1) 

• Totally chill. Practically a cyborg. (4) 

Focus 2: Accessing the MMMMMath! web-resource. 

1. What device did you use to review the MMMMMath! web-resource? (choose all that apply). 

• Cellular Telephone 

• Tablet 

• Personal Computer 

• Other (Text box provided). 

2. Which browser did you use most often to review the MMMMMath! web-resource? 

• Google Chrome 

• Internet Explorer (or Edge) 

• Firefox 

• Safari 

• Other (Text box provided). 

3. Welcome page: Does the welcome page provide clear understanding of the purpose of the 

MMMMMath! web-resource? 

• Not clear at all (1) 

• Very clear (4) 

4. General access: were you able to get on the MMMMMath! web-resource site without difficulty? 

• Yes 

• No 
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5. If you answered No to the General access question, could you please provide a brief description 

of your problem? (Text box provided). 

6. Google Classroom access: Were you able to open links to the Google Classroom? 

• Yes 

• No 

7. If you answered No to the Google Classroom access question, could you please provide a brief 

description of your problem? (Text box provided). 

8. Notes access: Were you able to access the Notes (text based lessons)? 

• Yes 

• No 

9. If you answered No to the Notes access question, could you please provide a brief description of 

your problem? (Text box provided). 

10. Video Lessons access: Were you able to access the video lessons? 

• Yes 

• No 

11. If you answered No to the Video Lessons access question, could you please provide a brief 

description of your problem? (Text box provided). 

12. Did you have any other concerns about access to the web-resource you would like to tell me 

about? (Text box provided). 

Focus 3: Navigating the MMMMMath! web-resource. 

1. Talking only about the website portion of the MMMMMath! web-resource; how easy was it to 

navigate through the pages? 

• Very frustrating (1) 

• Dead Easy (2) 
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2. Other links: Did all of the links work? 

• Yes 

• No 

3. If you answered No to the question above, please tell me about the link issues below. (Text box 

provided). 

4. Buttons: Were the buttons a good size for your device? 

• Way too tiny (1) 

• Way too big (4) 

5. How intuitive was the overall navigation experience? 

• Very confusing (1) 

• Very logical (4) 

6. Navigation Comments: Is there more you would like to tell me about navigating in the web-

resource? (Text box provided). 

Focus 4: Visual Relationships of the MMMMMath! web-resource. 

1. Images: Did the visual consistency between the buttons and headers have any effect on your 

comfort with navigating the web-resource? 

• Yes 

• No 

2. Images: Did you recognize connections between the header/button images and the lesson topics? 

• Yes 

• No 

3. How visually appealing did you find the web-resource? 

• Dead boring (1) 

• A thing of beauty (4) 
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4. Additional Comments about the visuals: if you have more to tell me, I would like to hear it. (Text 

box provided). 

Focus 5: Content on the MMMMath! web-resource. The Critical Challenge Question being addressed by 

the web-resource is: 'How can a traditional Workplace Math 10 course be re-designed to provide 

personalized, online, on demand delivery?' In this section, I will ask for feedback regarding my success in 

answering that question. 

1. Modularity: modularity is about the size of the chunks - how much instruction is involved with 

each section. In your estimation, how big were the learning chunks? 

• Way too small. No challenges. (1) 

• Much too big. Not a hope of understanding. (4) 

2. Multi-modality: modality is about how people learn, and is the reason for including game ideas, 

lectures and DIY options. How did you like the multiple choices of ways to learn? 

• It was confusing. (1) 

• I really liked having options. (4) 

3. Mastery: mastery means you have to have a high level of success before you are permitted to 

move on. On the other hand, it also means if you already know something very well, you can skip 

the lesson. How do you feel about the requirement of demonstrating mastery rather than simply 

passing? 

• Mastery is a waste of time. 50% is good enough. (1) 

• Mastery is best. 50% is half bad. (4) 

4. Maturity: Did you think the material was appropriate for young adults? 

• Yes 

• No 
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5. Comments: If you have more to say about my approach to any of the topics explored above - 

Mastery, Modularity, Multi-modality, and Maturity, please use this space. (Text box provided). 

Open Feedback. A spot for you to say whatever you like about the site, the resource, the content - 

anything that you may want to say for which I have not supplied a forum. 

1. Do you have any other ideas that might help me to improve this web-resource? (Text box 

provided). 

Closing Comments. Thank you very much for your help. Your feedback will be used for modification of, 

and improvements to, the MMMMMath! web-resource. Any consideration of your comments applied to 

my thesis will remain strictly anonymous.

 

Results of Project Re-Design in Relation to the Field Testing Findings 

Findings resulting from the anonymous Field Testing process have been considered and applied 

to Revision 2 of the Major Project build in terms of these design and content areas: 

• Accessibility 

• Navigation 

• Design 

• Content 
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Chapter 5 – Conclusions and Recommendations 

Critical Challenge Question and Intentions for the Major Project 

 In 2018, the BC Ministry of Education implemented a new curriculum for mathematics, which 

provided a diverse and flexible framework for educators to embrace a wide variety of approaches for 

delivering mathematics instruction at all levels. The purpose of this paper was to provide supporting 

documentation and justification of the chosen instructional methods supported by the project, in order 

to present a readily accessible repository for instructional options that would help educators to meet 

the potential presented by the new curriculum. 

 The purpose of this Major Project was to provide a concrete example of methods that could be 

employed to address my CCQ: 'How can a traditional Workplace Math 10 course be re-designed to 

provide personalized, online, on demand delivery?'  As discussed earlier in this document, I perceived a 

need for ways to provide opportunities in applied mathematics that would accommodate a wide variety 

of learners, as well as to provide support to their teachers, with ideas for differentiation and alternative 

presentations. The web-resource was designed to be: 

• Multi-modal — to reach all types of learners;  

• Mobile — to be accessible when and where the learner was ready to engage;  

• Modular — to provide "chunking" of concepts, empowering students to work at a level of 

interest in, but not intimidation by, the material; 

• Mature — so that older students renewing earlier knowledge did not feel undervalued; and 

• Mastery-based — to prevent having students to continue to carry forward gaps in their 

learning that would hamper later progress. 

 The culmination of my research and planning was MMMMMath! — a web-resource for applied 

mathematics.  
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Project Design in Relation to the Literature Review 

 I built the MMMMMath! web-resource based on a comprehensive literature review, presented 

in Chapter 2 of this process paper. The layout was based on Anthony Picciano's multi-modal model 

(2017) which led to the plan illustrated in Appendix A. I used the scope and sequence from my current 

Workplace 10 mathematics courses (constructed with consideration of both the BC curriculum and our 

local dual credit apprenticeship programs) as the lesson structure for the web-resource. I broke each 

major learning focus into smaller chunks in order to provide the modularity advised by Constructivists, 

thus permitting more student autonomy. The modules were made independent of one another so that 

students, or their teachers, could choose what areas of learning were needed for each individual 

student, to make differentiation for individual students more accessible.   

 Each module was given multiple modes of approaching the topic, to support the findings of the 

Behavioural learning theorists, that learners have individual learning styles and diverse options for 

learning will support success. The modes chosen were: Direct Instruction (both text and video lessons 

were provided), Game Like Learning (to encourage learning through play), Student's Choice options 

(where a student can demonstrate knowledge in a given topic obtained outside the classroom) and Do It 

Yourself (the option for a learner to choose their own method of acquiring knowledge and providing 

evidence of their learning).  

 Constructing a website made the material mobile, and using the Google site design provided a 

method by which I could also test the applications on a Smart Phone screen so that the web-resource 

could be readily accessed outside the classroom.  

 The inclusion of Game-Like Learning options, and Student's Choice possibilities supported and 

promoted both Understanding by Design, and Universal Design for Learning, as described in Chapter 2. 

The challenge of ensuring that games and exercises were directed at a more mature audience, despite 

the foundational level of skills employed, necessitated designing the games and exercises myself rather 
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than relying on secondary sources. Student's Choice allowed for consideration of prior and concurrent 

knowledge, as advocated by Constructivist Learning Theory, and also made it possible for learners to 

suggest other, more individually appropriate, methods of approaching topics. 

 The focus of this Major Project was to offer practical ideas, and accessible resources for both 

teachers and learners, and also to provide examples of how educators can employ their personal 

creativity to adapt their own teaching resources in consideration of the new curriculum provisions. In 

building the MMMMMath! web-resource, I addressed my CCQ: ' 'How can a traditional Workplace Math 

10 course be re-designed to provide personalized, online, on demand delivery?' 

Limitations of the Project 

 The Design Pack from the Institute of Play [n.d.] (a guide to building play based lessons for the 

Quest to Learn schools in New York) recommends using a "curriculum team" (Q Design Pack, p. 7) for 

development and design of both curriculum and games. The team should include a teacher for 

knowledge of content and approaches to teaching, a curriculum design specialist for cross curricular 

teaching expertise, and a game designer for their knowledge of using gaming principles to engage 

learners. They also recommend one of the team members have expertise in use of technology and its 

integration in the classroom. One of the most limiting factors in building this project was my personal 

limitations in all fields, with the arguable exception of teaching expertise. 

 I have past skills as a technician, which included programming, gaming and some web design 

ability, as well as an understanding of curriculum, but I can no longer claim expertise, particularly in the 

technical fields, in part because the rate of change in technology and web design work has outpaced my 

ability to maintain current knowledge. I also have broad real world experience, thanks to age and many 

years in the workforce outside teaching, which supports a cross curricular perspective, but my personal 

expertise is still limited in scope. Had time been unlimited, which it was most definitely not, I could have 
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renewed my technical abilities sufficient to create the web-resource envisioned, and sought outside help 

with cross curricular concerns. 

 The time factor was also exacerbated by the exigencies of the ongoing Covid 19 pandemic which 

has, to date, necessitated three massive changes in classroom delivery relating to my daytime work in a 

high school, happening concurrently with the time allotted for researching, documenting and building 

the web-resource. Time was a factor when I tried to build basic online electronic applications for 

including age appropriate games to build mastery, and I had to switch to card and dice games. Time was 

also a factor in completing the full web-resource, limiting the final project to the review portion of the 

Workplace 10 program. 

 The choice of the Google Suite for Education was another challenge that limited the project. As 

discussed in chapter three of this document, while the GSE works well within a closed domain, it does 

not operate as a Learning Management System when cross domain access is required. Thus, a Google 

website on its own works well across multiple domains, but problems arise with trying to include Google 

Classroom, Forms and access to materials stored on a drive outside the user's domain.  Admittedly, 

some of these problems may be due to the author's outdated systems administration skills, and 

specifically limited expertise with administrating a Google domain. However, the GSE caused severe 

enough problems that providing access to reviewers was an almost insurmountable challenge. Opening 

the full web-resource to the general public, as I originally intended, was impossible. 

 Finally, the sheer scope of the undertaking limited the outcome. The MMMMMath! web-

resource, in retrospect, was an attempt to create a textbook, quiz bank, video lesson library, game 

resource and teaching guide on a somewhat loosely integrated suite of applications that are not quite a 

Learning Management System. 

 All of these limitations are surmountable and, from the overall positive feedback received, 

further work is desirable as will be discussed in the following section. 
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Future Recommendations 

 The project can be considered a successful pilot for a similar resource built on a different 

platform. The MMMMMath! web-resource could be more widely accessible if it were developed on a 

more robust, less proprietary, platform such as Dreamweaver©. Such a site build would require more 

expertise and take longer, but some of the frustrations (including access) of the Google Site builder 

could be avoided. Integration of an application such as Google Classroom — by which students could 

submit work — might be a challenge if one were to build a site from scratch, but there are other options 

— such as emailing work and proposals directly to the teacher. 

 I would love to see the MMMMMath! web-resource completed for the entire Workplace 10 

program, with all of the topics and learning options available to students. It is a resource I would use in 

my classroom, to support differentiation and foster both mastery and independence in my students. 

 Developing applications or games that provide skill building opportunities for older students 

could be pursued as a project entirely on its own. Match 3 style games (like Bejeweled© or Candy 

Crush©) could be re-designed to build mastery in addition, subtraction, multiplication and division. The 

habit-forming nature of such games would be both engaging and beneficial for future learners. 

 Extending the five aspects of the MMMMMath! web-resource — modular, multi-modal, mobile, 

mastery-based, and mature — to the Workplace 11 and 12 curriculum would also be worth pursuing. 

The diverse methods of delivery — direct, do-it-yourself, game based and student's choice — were well 

received by reviewers and should continue to be addressed with an older audience. It would be 

interesting to see if providing more student autonomy and diverse instructional methods across the 

applied mathematics spectrum in BC could improve students' interest and engagement with the subject. 

Final Conclusions  

 Personal and professional experience, in conjunction with research, supports the hypothesis 

that interjecting more student-directed learning into senior math education is a challenging and time 
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consuming process. The purpose of my CCQ:  'How can a traditional Workplace Math 10 course be re-

designed to provide personalized, online, on demand delivery?' was to offer a resource that provided 

examples, instruction and perhaps inspiration for educators to diversify delivery methods in their 

classroom. It was also intended to give learners access to a resource that allowed more independence in 

deciding the path, pace and process of their learning. 

 Incorporating Universal Design for Learning (UDL) to provide flexibility and differentiability, and 

Understanding by Design (UbD) to support modularity and individual rates of progress, allows the web-

resource to meet a broad spectrum of mathematical abilities without judging what a student 'should' 

know at a specific grade level. The web resource performs as designed, allowing educators and learners 

to start at a level appropriate for the student, and to progress at their own rate from that beginning. I 

believe that the project has been successful at addressing my CCQ, providing a method by which the 

Workplace Math 10 can be successfully redesigned with a student focus. 

 My hope is that my work will inspire other math teachers to re-visit their lessons with a creative 

eye, embracing their own personal experience, and including some of the student-led, hands on, ideas I 

have provided — in order to bring some enthusiasm and enjoyment to their classes. Perhaps, in so 

doing, others will support my personal mission (as described in the Introduction to this paper) to help as 

many people as possible discover their own mathematical potential, and thus open doors to as yet 

unimagined possibilities, rather than to limit their choices by avoiding anything that looks like it might 

involve Math, as I once did. Math is not only a necessary skill in the real world, it is a rich pursuit of 

puzzles and patterns that can elicit joy and satisfaction, providing one is not hobbled by lack of 

confidence, frustration and futility — students and teachers included. The math classroom can, and 

should, be a fun place for everyone. Happy mathing!  
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A Mind Map of the MMMMMath! Web Resource 
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The Peacenet Internet and Google Suite Permission Form 

 



WP MATH 10: PERSONALIZED, ONLINE AND ON DEMAND 56 

 

  



WP MATH 10: PERSONALIZED, ONLINE AND ON DEMAND 57 

  

Screen Captures of the MMMMMath! Web-resource Home Page, and the WP10 Home Page. 
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Screen Captures of the Google Feedback Form 
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