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Abstract

To be numerate is to have the ability to understand numbers and be confident with
numeric information presented in day-to-day situations. The way numeracy is defined varies
between researchers; however, most agree that having skills in numeracy is essential to function
in the world. In order to provide students with the opportunity for exposure to basic numeracy
skills, McMaster University’s course Math 2UU3 — “Numbers for Life” is offered to non-
mathematics major students in second year or above. To measure the effectiveness of this course,
and to determine whether students retain the numeracy skills and knowledge acquired in the
course, we developed a series of assessments with questions based on content learned throughout
the semester. Students were tested three times — once before completing the course, once after
completing the course, and once again a year later. This study focuses in on the logical reasoning
aspect of numeracy which includes understanding logical structures and being able to work
through problems rationally and systematically. The results from the study reveal that students
who took the course and participated in completing the given assessments showed improvement
with their logical reasoning skills significantly.
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Introduction

While becoming quantitatively literate is a skill that needs to be learned and practiced,
there needs to be just as much emphasis on the ways in which these skills are being introduced to
students. “Numbers for Life” course has been designed to address the lack of numeracy
knowledge and related skills among post-secondary students. Very high demand for the course
suggests that contrary to some beliefs, teaching numeracy in K-12 education only does not
suffice.

Although hard to be conceptualized precisely, quantitative literacy (QL) has many
definitions from different domains with similar ideas. The Mathematical Association of America
defines QL as “the ability to adequately use elementary mathematical tools to interpret and
manipulate quantitative data and ideas that arise in individuals’ lives.” The importance of
quantitative literacy is widely agreed upon, however there is inconsistency among what people
believe it really means.

Quantitative literacy was first used synonymously with numeracy in the UK where
authors aimed to find a word that would serve as “a mirror image of literacy.” The Cockroft
report from 1982 suggests that for one to be numerate, they must satisfy two attributes. The first
attribute is the ability to utilize existing mathematical skills for dealing with practical
mathematical needs of everyday life. The other attribute is the ability to appreciate and
understand information when it is presented in a mathematical way, such as graphs, charts,
tables, or percentages. Because of the varying opinions on the meaning of quantitative literacy,
educators who are tasked with teaching courses in QL are left without substantial guidance on
what methods or content should be used.

Another way to define quantitative literacy has been suggested by the Association of
American Colleges and Universities (2010) who state that quantitative literacy is a “‘habit of
mind’, competency, and comfort in working with numerical data.” They believe that individuals
with strong abilities in quantitative literacy are better suited in solving problems in authentic day
to day scenarios, as well as understanding how to use quantitative evidence to form arguments.

Numbers are like written language in the sense that they are a type of technology of
communication. Just as the human brain has the capacity to learn spoken languages, each person
is born with some sort of numerate ability. This can be as simple as counting on your fingers.
The emergence of exposure to quantitative literacy depended on methods of comprehension,



Master’s Thesis — M. Kelly; McMaster University, Department of Mathematics and Statistics

such as the invention of numbers and written language, being sustained by social factors (Fisher,
2011).

Based on a definition by Andre DiSessa, literacy is a “socially widespread patterned
deployment of skills and capabilities in a context of material support to achieve valued
intellectual ends.” This definition can be translated as the quantitative counterpart, where we
consider the utilization and comprehension of numbers with the material support of numbers,
decimals, arithmetic, graphs, calculators, computers, etc. This raises the question of which skills
are necessary to utilize these numbers. The list of skills necessary is constantly changing and it
varies between contexts, and so DiSessa improves his definition to say literacy is a “convergence
of a large number of genres and social niches on a common, underlying representational form.”
Researchers have concluded that in order to be quantitatively literate, one must be numerically
confident, appreciate mathematics, be able to interpret data, have the ability to think and reason
logically, and apply mathematics to different contexts (Karaali, 2016).

Despite the variations of the definition of numeracy, each of these definitions aim to
clarify the vagueness of what “skills required to function in today’s world” really means.
Essential Skills Ontario (2012) states that numeracy should be divided into five components
which are reflected in day-to-day situations:

Math involving money or the ability to make financial transactions.

Scheduling, budgeting, accounting, or planning for the best use of money and time.
Measuring quantities, areas, volumes, and distances.

Analyzing data.

Numerical estimation.

A e

Numeracy is often used synonymously with quantitative literacy, or sometimes
“mathematical literacy” because they share common features which involve mathematics
knowledge and skills. They aim to prepare individuals to function effectively and be comfortable
using numbers in work and society and include the ability to apply mathematical knowledge to
real-world situations. Mathematics and numeracy are not the same, but some mathematics (such
as arithmetic, basic geometry, and probability) is imperative as a strong basis for applying
mathematical skills in a practical world.

In simplest terms, numeracy can be thought about as a combination of specific
knowledge and skills, which are needed to function in the modern world. It involves reasoning
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related to numeric information which can be presented in a variety of ways (numeric, graphic,
and dynamic forms). In addition to the common questions associated within traditional
mathematical contexts (such as: What is this? Why is this true? How do we know?), we expand
numeracy to include critical, evidence-supported thinking, common sense, and logical reasoning
in situations/contexts where, numbers or quantitative information are not explicitly present. Even
though many authors do not mention it, logical reasoning and arguing are implicitly present in
their understanding of numeracy. For instance, a numerate person should be able to understand
this typical statement from a financial document: “unless a customer keeps their balance under
the maximum spending limit and pays the minimum payment or more, they will be charged a fee
according to the schedule on the next page.”

To be numerate does not mean that one must be proficient in advanced mathematical
concepts. Instead, it is sufficient to be able to thoughtfully apply fundamental skills in
mathematics that have been learned at early grade levels into real world tasks — such as filing
taxes, having the correct dosage of a medication, or understanding how a mortgage works. In a
similar way to literacy, which is constantly being developed, numeracy is also a skill that is
constantly being refined. Many authors do agree that the way mathematics is being taught in
schools focuses too heavily — or in some cases exclusively - on abstract concepts and processes
and does not adequately cover authentic real-world problems. According to Brooks (2013), when
teaching numeracy, material should be presented “in context for a specific purpose; reason for
learning is to solve a problem and apply it.”

Numeracy is a very important skill to have, yet a survey done by the Conference Board of
Canada in 2012-2014 revealed that 55% of Canadian adults do not have sufficient numeracy
skills, and the number has grown significantly within the last decade. Although adequate
numeracy skills among adults is very low, it is likely not as prevalent among university students.
Despite this, it is still a serious concern. The need for numeracy skills is evident in greater
society, as we are faced with important, complex, and sometimes ambiguous and vaguely stated
questions and issues in which it is important to inform ourselves. These questions and issues are
inclusive but not limited to elections, freedom of speech, societal inequalities, public
investments, health and well-being, etc. Numeracy is also essential in recognizing and evaluating
the information we see in texts and online from which we can form meaningful and evidence-
supported opinions.
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Research Questions

This thesis is part of a larger, government funded (HEQCO = Higher Education Quality
Council of Ontario) research project which aims to determine the extent of which the course
“Numbers for Life” taught at McMaster University develops numeracy skills among students to
evaluate the effectiveness of the way the course is taught and to study how it contributes to the
development of numeracy skills. This project fits into HEQCO’s mission of evaluating efforts to
improve numeracy knowledge and to develop and upgrade transferable skills among university
students, and within the general population.

As the course "Numbers for Life” aims to prepare students for the numeracy demands of
day-to-day life, it is important that we make sure students are engaged with the content and are
genuinely benefiting from the material learned. For my thesis, I aim to answer the following
question(s):

(R1) To what extend does the course, “Numbers for Life”” develop students’ numeracy skills?
More specifically, how has students’ ability to use logical reasoning (such as understanding and
creating cause and effect arguments) and recognizing logical fallacies changed after completing
the course, and are students able to better communicate their answers to quantitative reasoning
problems and questions after completing the course?

(R2): To what extent are numeracy skills retained a year after the course is complete?

(R3): How do students’ academic backgrounds, interests and experiences affect the development
of their numeracy skills?

The research questions were inspired by the importance of numeracy in general, as well
as by the absence of research into similar courses in other universities, because there are very
few similar courses in Canada. Thus, positive outcomes of this research could be used to
promote the development and teaching of numeracy courses on a broader scale in Canada and
beyond.
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Literature Review

The primary objective of this thesis is to measure the effectiveness of the way “Numbers
for Life” is taught at McMaster University and to investigate the ways the course contributes to
an overall improvement in students’ learning of numeracy as well as their development of
numeracy skills. In particular, we focused in on the logical aspect of these skills and how they
were developed over the span of taking “Numbers for Life.”

Despite there being an extensive number of research on numeracy and its benefits,
assessment of numeracy, and numeracy instruction, there does not currently exist many
publications which address the specifics of numeracy instruction. Further, the body of literature
that measures the ways in which students need to argue logically in day-to-day scenarios is very
limited. It is a common occurrence in mathematics education research that only a small number
of researchers study post-secondary classroom teaching practices. In addition, mathematics
education researchers are, as a rule, not involved in authoring textbooks for these courses, nor in
creating online learning materials.

The main questions we are exploring - how do we teach numeracy, and how do we know
that we have succeeded (or not) - are poorly covered in literature. Our research aims to fill this
gap, by providing insights into the teaching of specific topics (see Research Questions) and
assessing to what extent students have learnt these topics. Another aspect of our research is that
we assess retention, by testing students one year after they completed the course. There is one
publication we know of that addresses numeracy being learned in the longer term. A study by
Mandell & Klein (2009) assesses the long-term effects of numeracy education by comparing two
groups of students — one group which took a specific financial literacy course, and another group
which did not. The results of this study showed that there was ultimately no difference in the two
groups of students in terms of being financially literate. Further, students who were enrolled did
not find themselves to be any better at saving money than the students who never took the
course. As a result of these findings, the study raised some questions about the effectiveness of
financial literacy courses in the longer term.

The importance of the development of numeracy knowledge and skills among both
students and adults has been recognized in research literature, as well as in various government
documents (Dingwall, 2000; Dion, 2014; Geiger, Goos, & Forgasz, 2015; National Numeracy,
2019; Orpwood & Sandford Brown, 2015). Despite this, it is still a challenge to effectively teach
numeracy at all levels of formal education. Research that supports this challenge of teaching is
slim and inadequate. Geiger, Goos, & Forgasz (2011) believe that there is not much known about

10
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how those who teach numeracy learn about, appropriate, and create effective mathematics
teaching practices.

While some believe that numeracy education requires its own space for instruction,
others claim that it should be integrated within traditional education and taught as a supplement
in many subject areas. In his paper that defines quantitative literacy, Fisher (2019) concludes
that it is “the facility to participate in the intersecting quantitative practices of many different
communities, each with their own patterns of discourse.” As literacy is innately social, courses
that address numeracy need to provide students with the opportunity to engage in discussions
which involve numbers. These discussions should also aim to encompass many different areas in
which mathematics presents itself. The social contexts where numbers are found should be the
focus, more than the list of skills required when preparing future instructors to teach courses on
quantitative literacy. Due to numeracy appearing naturally in a broad number of disciplines,
instructors from these disciplines (including non-mathematicians) should try to introduce
numeracy practices into their curriculums.

We contribute to this debate by analyzing teaching and learning in a university-level
numeracy course, which places numbers in multiple contexts and authentic real-life situations.
This approach aligns with the ideas of Steen (2001); however, we diverge in the implementation:
Steen believes that numeracy must be addressed in all (school, university) subjects (i.e., through
an integrated interdisciplinary curriculum), and that there is no need for a specific numeracy
course. Recognizing the realities of slow decision-making processes and occasional aversion
toward significant curricular changes within universities, rather than wait, we created a free-
standing numeracy course at McMaster University, which is open to all students on our campus
(except to Math and Stats majors).

Among the research addressing teaching of numeracy, we consulted those that were
specific in studying teaching practice, and creating resources, such as Goos (2016). Within the
Australian context, Kissane (2012) discusses numeracy-related projects in school mathematics.
Several authors suggest word problems (Gravemeijer, 1997; Karaali, 2008; Hoogland & Pepin,
2016) as the means of facilitating the development of the problem-solving skills, albeit not
always in authentic, real-life contexts.

11
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Financial literacy is explored in a study by Sunderaraman, Barker, Chapman and
Cosentino (2020) in which a population of 88 cognitively healthy adults were used to examine
the relevance of various aspects of numeracy for financial literacy. Results of this study show
that numeracy plays a major role in making financial decisions and it is important for researchers
and instructors to understand how the different aspects of numeracy relate to financial literacy.
Moreover, proficient numeracy appears to be a key predictor of various financial outcomes such
as investment and retirement decisions.

Durst and Kaschner (2019) explore student performance on true or false assessments
involving logical implication statements of the conditional form “If P, then Q” with the intent to
better understand the ways in which students process conditional statements in logic, and to see
if their logical misconceptions are impeding their ability to demonstrate mathematical
knowledge. The study involved the administering an online assessment to students enrolled in a
Calculus II course. Findings from this study suggest that students do in fact make errors on the
true or false items, but that the errors are due to a misunderstanding of logical structures and
unrelated to how well they can grasp concepts in calculus.

Kaye (2014) discusses teaching environments and suggests an interesting departure from
teaching numbers (within numeracy) and, instead, focussing on topics such as data and
measuring shape and space.

The assessment of numeracy knowledge and skills, on its own and not as part of
assessment of mathematical knowledge and skills, is relatively new. Geiger, Goos, & Forgasz
(2015) offer an overview of assessment efforts, both on a large scale (international assessments)
and on smaller, local scales.

Various types of mathematical reasoning in mathematics education were outlined in a
systematic review done by Hjelte, Schindler, and Nilsson (2020). The review provided an
overview of the different ways people reason through mathematic problems and what kinds of
methods of reasoning are addressed in empirical research in mathematics education. This study is
only an overview, as with limited resources, it is hard to generalize and account for every single
type of mathematical reasoning. The results of this study show that scholars either have a
domain-general, or a domain-specific view on mathematical reasoning. In the domain-general
view, reasoning is not bound to a specific mathematical topic, and it can be applied in any
mathematical task or subject. This conclusion is essential to numeracy development because in

12
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order to be numerate, one must be able to apply fundamental mathematics ideas and calculations
to real-world contexts.

Tout and Gal (2015) write about the creation of assessment frameworks for two major
assessments of numeracy skills: Programme for International Student Assessment (PISA) and the
Programme for International Assessment of Adult Competencies (PIAAC, also known as the
OECD Survey of Adult Skills). Both frameworks have been the result of collaboration of several
international experts. Of course, the relationship between assessment and instruction is not
linear. The authors write: “while assessments per se should not drive instruction, the PISA and
PIAAC frameworks do reflect cumulative wisdom and research findings that are important to
examine in a systematic manner.”

In creating assessment instruments for this project, we were guided by the assessment
frameworks for PISA and PIAAC, as well as published research on numeracy assessment,
questions from various surveys of numeracy, and materials that aim to prepare students for
numeracy tests. Of course, we narrowed our focus on questions that helped us to answer our
research questions.

Gaze et al. (2014) offer a thorough walk-through the development of their quantitative
literacy/quantitative reasoning (QLR) assessment instrument. Their definition of QLR as “the
skill set necessary to process quantitative information and the capacity to critique, reflect upon,
and apply quantitative information in making decisions” is close to generally accepted
conceptualizations of numeracy. Gaze et al. (2014) offer insights into the assessment
development, that we found quite valuable, and include suggestions to:

e Replace procedural, algorithmic questions with more involved reasoning, critical thinking
questions.

o Ask students to interpret tables and charts rather than doing it for them.

o Focus on quantitative literacy, using numbers in meaningful sentences rather than just
computation.

o Ask students to postulate possible explanations for statistics rather than traditional logic
games.

To analyze the difficulty of our assessment tasks, we consulted Weingarten, Brumwell,
Chatoor & Hudak (2018) numeracy proficiency levels.

13



Master’s Thesis — M. Kelly; McMaster University, Department of Mathematics and Statistics

There are many sources (such as MyWellesley, n.d.; Hoogland & Pepin, 2016) which offer,
what they claim to be, numeracy tasks. However, often, one must go through them carefully to
separate those that focus on mathematical rather than numeracy skills (such as performing
arithmetic operations which do not come from a real-life context.

Methodology

In this study, our goal was to evaluate the retained numeracy knowledge and skillset of
students who had been enrolled and completed the numeracy-based math course “Numbers for
Life” at McMaster University. To do this, we needed to observe how well these skills were being
used in both the short term and long term.

Our survey population consists of the Fall 2021 cohort of students who were enrolled in
Math 2UU3, “Numbers for Life”” at McMaster University. About two thirds (384/592) of the
students gave consent for their data to be used in our study, which constitutes a very large sample
size.

The first piece of data collected that we felt may be important in answering the research
questions was information on students’ academic backgrounds. We organized students by the
faculty they were earning a degree in. This consisted of the following degree programs: Health
Science, Science, Commerce, Engineering (students in this faculty were predominantly in
computer science engineering), Humanities, Social Science, and Arts & Science. This
information aided us in answering our research question (R3) which explores how student
backgrounds and experiences influence their success in this particular course.

Next, we used course assessments which were collected from the Fall 2021 cohort.

The pre- and post-tests given to the consenting students contained the same questions and
were administered at the start of the course (pre-test), at the end of the course (post-test), and one
year later (delayed post-test). We studied students’ responses to 13 numeracy-based questions
which related to topics that would have been familiar to them from the course, or possibly from
their previous schooling or from life experiences. As a novelty in this kind of research, we
measured a longer-term retention of these skills by surveying the Fall 2021 cohort once again in
December 2022. Due to the difficulty of reaching out to students who are no longer part of a

14
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course for their participation, we incentivized them by offering gift card of a small value to thank
them.

In order to measure the improvement in skills and knowledge, we could not rely only on
quantitative comparisons of pre and post-test scores. Instead, we looked closer at students” work
to better understand how their learning and development of skills had changed. As much of the
data collected was going to be analyzed qualitatively, we developed rubrics. The rubrics used
were in accordance with research questions 1 and 2 and spanned the following categories:

Category A: A student’s ability to understand numbers (e.g., relative size, absolute size,
numerical patterns) and work with numeric information (e.g., approximate, scale,
visualize, estimate).

Category B: A students’ ability to use logical reasoning (such as understanding and
creating cause and effect arguments) and recognize logical fallacies.

Category C: A students’ ability to engage with multiple step-problems which require
quantitative reasoning.

Category D: A student’s ability to communicate their answers to quantitative reasoning
problems and questions.

In this thesis, I focus mainly on the questions which required an understanding of the
structure of logical sentences and logical reasoning, so the category that was most useful in
qualitatively analyzing those responses was category B, with category D being useful in
determining how well their answers were communicated.

To use the rubrics, we developed a mechanism to score how well students were able to
logically reason through the problems, and if they were able to clearly communicate and justify
their thought process.

This study is quite unique in that we were able to collect data three times to generate a
repeated experiment. This was the only way to keep the research controlled and consistent, as
new university student cohorts often differ significantly from year to year. By repeating this

15



Master’s Thesis — M. Kelly; McMaster University, Department of Mathematics and Statistics

experiment, we are able to control the effects of pedagogical interventions that may affect the
success of different cohorts, as well has distinguish between outcomes which would be
consistent and those which would have only occurred in one cohort.

We also conducted delayed post-test interviews with students from the Fall 2021 cohort.
Due to limited time, we interviewed only six students, and we did not analyze the responses to
the delayed post-test questions which were given to all the students to respond to. The
interviewed students were informed of the purpose, benefits, and risks of the study (see Appendix
D) and were given 60 minutes to answer the questions (see Appendix B). A more thorough study
of the data that we have will be conducted starting in Fall 2023.

We have obtained ethics clearance with McMaster University Research Ethics Board.
Recruitment was accomplished through McMaster Ethics Board-approved means: class
announcements, advertisements on the course web page, and individual emails to students. The
letter of information and consent form were introduced in a lecture, posted on the course web
page, and mailed to each student. A graduate research assistant ensured, through standard ethics-
approved routines (such as coding of names), that students’ privacy is fully protected.

Results

Pre- and Post-Test Evaluations

In order for us to answer our research questions on the numeracy skills developed, and
how students are able to communicate their quantitative reasoning, we asked students to
complete two surveys comprising of 13 numeracy-based questions (See Appendix A). The first
survey was given near the beginning of the semester to the students who were enrolled in
“Numbers for Life” in Fall 2021. In addition, a large group of those students were asked to
complete the same survey at the end of the course. This allowed us to compare their responses, to
determine how well they answered the questions to get a sense of their improvement. We
evaluated the responses using a rubric, and in this thesis, we are looking specifically at the
improvements in logical reasoning and communication in responses.

While logic presents itself in some way in all areas of mathematics, logical reasoning is
not something that is centred out as a specific concept in mathematics education. Logic is in

16
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some capacity used in solving every math problem, even something as simple as adding two
single digit numbers. Unlike topics related to numbers and developing number sense, logical
reasoning is not taught explicitly in secondary school, or in post-secondary courses except for
specific courses in mathematics and philosophy. For this reason, it is likely that any
improvements in performance on these logical-based questions are very likely due to the course
instruction in “Numbers for Life.”

Post-test numerical data was normalized in order to provide a more meaningful
comparison to the pre-test. The normalization was based on the amount of time it took students
to complete the full pre-test and post-test. However, this does not resolve the issue completely, as
it is impossible to know all the reasons why students finished the test quicker during the post-test
in comparison to their pre-test. Reasons for this could include the fact that students could finish
faster because they had learnt the material, but the lack in detail in some of the responses in the
post-test that had previously been given in the pre-test dispute this. Despite not having found any
literature to support this, we still felt it was an appropriate figure to represent scores and measure
improvement.

The average time it took students to complete the pre-test was 137.5 minutes with the
range being between 5 minutes to nearly 24 hours, and the average completion time for the post-
test was 116.89 minutes with a range between 1 minute and nearly 24 hours. By calculating the
ratio between these values, we found

This figure tells us that students, on average, spent 17.6% more time on completing the pre-test
than they did on the post-test. The normalizing factor used to mitigate the effects of this was half
of this increase (i.e., 8.8%) and helped us obtain the numbers in the last column of Table 1.

17
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Quantitative (Explanations of
Quantitative Reasonings)

Question Rubric Category Pre-Test | Post Test | Normalized
(Out of 5) | (Out of 5) Post Test

11
Category B: Logical Reasoning (Logical 3.49 4.04 4.40
Structures)
Category D: Ability to Communicate with 3.45 4.54 4.94
Quantitative Information (Communication
of Solutions)
Category D: Ability to Communicate with 2.99 3.14 342
Quantitative (Explanations of
Quantitative Reasonings)

12
Category B: Logical Reasoning (Logical 3.32 3.67 3.99
Structures)
Category D: Ability to Communicate with 3.25 3.17 3.45
Quantitative Information (Communication
of Solutions)
Category D: Ability to Communicate with 3.02 2.66 2.89

Table 1: Mean values on questions about logical reasoning, marked using rubrics on a scale from 0-5, together with
the normalized pre-test means.

Questions 11 and 12, which aimed to evaluate students’ understanding and the use of
mathematical logic and logical reasoning, were graded using rubrics (see Appendix C). There is
clearly a significant improvement in logical reasoning as well as ability to communicate this

reasoning on question 11. This is evident by the increase in post-test scores as both a raw score
and a normalized score. While the ability to logically reason through a problem improved from

pre-test to post-test in question 12, we did not see the same improvement in the assessment of
ability communicate quantitative information.

18
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Question Topic Pre-Test Post-Test | Delayed post-test
6
Distinguishing between
causation and correlation in the 225/384 249/374 65/119
case of symptoms and disease (58.59%) (66.58%) (54.62%)
7
Venn diagram of a relationship
between two populations 349/384 337/374 103/119
(90.89%) (90.11%) (86.55%)

Table 2: Comparison of the Fall 2021 cohort of students on the pre-test and post-test on multiple choice questions
(note: questions 7 was changed from multiple choice to an “explain” question in the delayed post-test).

Question 6 which highlighted the understanding of causation and correlation saw a
significant increase in performance, even for the sample size being slightly smaller. Question 7
did not have much of a change between pre-test and post-test, as both means were extremely
high. In the delayed post-test, question 7 was adjusted so that students were required to choose
the correct Venn diagram and then justify their reasoning. With time being a limiting factor for
our research, we were not able to go through these responses and grade them for a thorough
qualitative analysis. The intent in changing the format of the question was to help us obtain data
which is more telling in revealing how well students understood numeracy concepts and how
effectively they communicated their answers.

Delayed Post-Test Interviews

The only source of delayed post-test information we were able to use for this thesis were
from 6 interviews conducted in early March 2023. For the purpose of this thesis focusing
primarily on logical reasoning, we will only analyze and discuss the results of questions 5, 6, 7,
and 8 (see Appendix B). The responses to these questions were verbal, and students were
assessed based on their general correctness and ability to justify their reasoning when being
questioned further on their thought process.

19



Master’s Thesis — M. Kelly; McMaster University, Department of Mathematics and Statistics

Question Topic Result (based on overall
correctness)
5
Venn diagram of a
relationship between two 5/6 (84%)
populations
6
Distinguishing between
causation and correlation in 6/6 (100%)
the case of symptoms and
disease
7
Ability to produce the 5/6 (84%)
negation of a statement
8

Recognizing different 3/6 (50%)
conditional statements

Table 3: Results of the delayed post-test interviews conducted in March 2023, results showing how many students out
of a sample size of 6 answered correctly. Not much importance should be placed on the bare statistics as the sample

size 1s too small.

The results from these delayed post-test interviews were very well articulated for
questions related to logical reasoning, and the ability to have a conversation with the students via
the verbal interview allowed us to ensure students were being thorough in how they
communicated their responses. Question 7 is interesting in the sense that there are two ways to
disprove the statement, and one can use either of the two ways, or both, to show that it is false.
Similar to how responses were marked in the written the Fall 2021 pre-test, and the written post-
test in Fall 2022, students were given a score of 4 if they mentioned only one of two possible
ways to disprove the statement; a student who mentioned only one way to disprove the statement
in their interview received a half mark.

Additionally, students who could correctly conclude that the conditional statements given
in question 8 were not reinterpretations of each other got partial credit if they were not able to
fully justify their answer.
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Discussion

The results of administering the survey instruments and interviews and qualitatively
analyzing responses showed us that there was an overall improvement in numeracy skills related
to logical reasoning of students who took the course “Numbers for Life.” This points in a
positive direction in answering our first research question which aims to determine to what
extent are numeracy skills and knowledge learned and retained after completing the course.

Pre-Test and Post-Test Responses

I analyzed four questions which were related primarily to testing students on their
improvement in understanding logical statements, with a secondary focus on how well they were
able to communicate their responses. Two questions in the pre and post-test were formatted as
multiple choice responses, and so were not graded as extensively and not in as much qualitative
detail as the two of the questions which allowed students to respond by providing some
justification for their thought process.

In the first written response-style question (see Question 11, Appendix A) which assessed
the improvement in logical reasoning, there was an overall increase in correct responses shown
in the post-test. Students were asked how they would disprove the statement:

In my neighbourhood there are ten dogs and they all bark at night.

The statement takes on the logical form “A and B,” where A= “there are ten dogs” and
B= “they all (i.e., all dogs) bark at night.” In order to disprove a statement like this logically, you
would need to show that either component (or both components) of the statement is not true —
either A is false, or B is false, or both A and B are false.

In other words, students would need to claim that to disprove the statement, there would
either need to be more or less than ten dogs, or there would need to be one dog that did not bark
at night. Students who were able to clearly state that disproving both components independently
as well as provide a clear justification on why received full credit based on the rubric created to
assess their competency (see Appendix C). Here is a sample of two responses:
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“First, I would check if there are 10 dogs. Then I would then have to determine if each
dog is barking at night by checking to see if all 10 are barking at night. Through this if
you find that the amount of dogs is more or less than 10 then the statement is false and if
there are not exactly 10 dogs barking at night the statement will be false.” — 2439 (pre-
test) (Bachelor of Science, Life Sciences)

“You would have to prove that there are more or less than 10 dogs in the neighborhood.
Alternatively, you could also prove that not all 10 bark at night by finding one that does
not bark even once in the night. For this statement to be true both clauses of the statement
need to be true and disproving even one clause would render it false.” — 90580 (pre-test)
(Bachelor of Science, Biology)

The two responses above are clearly communicated. We see that the two students can
correctly articulate their justification and show that they understand how to correctly negate a
conjunction statement.

Next. We look at the following responses:

“The neighbourhood doesn't have 10 dogs (can be more or less) OR - the neighbourhood
has 10 dogs, but they don't all bark at night. If I use the structure learnt in class: in my
neighbourhood there aren't 10 dogs, or they don't all bark at night.” — 91017 (post-test)
(Bachelor of Science, Life Sciences)

“To disprove it: not (A and B) = not A OR not B. In my neighbourhood, there are not 10
dogs, or they don't all bark at night.” — 93558 (post-test) (Bachelor of Arts, French and
Linguistics)

Each of these responses demonstrates the understanding that to disprove the statement,
negating either of the components in this statement will suffice. Students who argued that one
would only need to disprove one part of the statement were correct but scored a 4 (out of 5) on
the rubric category B (which measured understanding of logical structures) for not recognizing
every possible way to disprove it. Student #91017 even mentions in their post-test answer that
they used the structure that they had specifically remembered learning in class. While some
students may struggle to remember the specifics of what they learned in the course, they are able
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to recognize familiar words or phrases that were brought up in class at some point. This,
however, may suggest that students only remember certain words or topics, but do not internalize
that information effectively enough to be able to apply it in the short term.

A theme that showed up in both pre-test and post-test (but more frequently in the pre-test)
was the idea of disproving the statement by gathering tangible evidence. As numeracy is about
authentic situations, we take such answers seriously, even if they do not involve traditional,
expected, numeric approaches. About 97 among the 384 students in the pre-test answered the
question by stating they would be able to show there were not 10 dogs in the neighbourhood by
conducting experiments, collecting video evidence, or listening for 10 distinct barks by
recording. Some examples of these evidence-based responses are given:

“To prove that this statement is not true, it would be best to put each of the 10 dogs under
observation for one night. The observational footage would then be examined the next
morning to see if indeed all 10 dogs were barking the previous night or not”. — 38355
(pre-test) (Bachelor of Science, Life Sciences)

“I would have to find evidence to prove this statement wrong by doing repeated
experiments. For example, I can monitor the 10 dogs every night for a span of two weeks.
If I find that not dogs DO NOT all bark every night, then I can prove the statement
wrong. The statement in the question is not a mathematical theorem that has been proven
or established, but a real life situation, which is not clear-cut. Real life differs from pure
mathematics in the sense that repeated experiments with similar outcomes can be
accepted. Although math theory cannot be built on statements that have not been proven
rigorously, real life statements can. Thus, if in real life, if there is evidence that NOT all
10 dogs bark every night, then this would prove the statement above as not true”. — 18838
(pre-test) (Bachelor of Health Sciences)

“We would have to monitor each individual dog either by physically being there and
looking at them or through cameras to see whether each of the 10 dogs is barking at night
or whether a few are barking a lot giving the impression that all 10 are simultaneously
barking. If all dogs aren't barking at night, the statement will be proven to be false.” —
89507 (pre-test) (Bachelor of Health Sciences)
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Responses that were similar to those above were less common in the post-test, where
only about 14 students relied on some visual or audible evidence-based means to successfully
make the statement false. An interesting trend found in these responses is that nearly every
student that gave an evidence-based solution related the evidence to the second part of the
conjunction — “all 10 dogs bark at night”. It was less common for students to want to gather
evidence on the number of dogs in the neighbourhood — such as finding out whether there were
indeed only 10 dogs in the neighbourhood.

Where some students lacked sufficient detail in communicating their thought process, it
was evident that they still understood how to work with logical statements. Most responses that I
concluded exhibited latent evidence were very short responses which lacked sufficient detail.
(Latent evidence is referring to the meaning underlying what is said or shown.) Thus, we can
infer that the following students know how to correctly disprove the statement:

“Firstly, go to the neighbourhood to check if there are 10 dogs. Then, stay up and count
how many dogs bark at night. Verify all of them do so.” — 10905 (pre-test) (Bachelor of
Engineering, Computer Science)

“How does he know there are 10 dogs?” — 69697 (post-test) (Bachelor of Arts, Social
Sciences)

While these answers are concise and do not provide much detail, there is some latent
evidence to suggest students understand how disproving a conjunction works. Student 10905
mentions to go and check if there are 10 dogs but does not state what it would mean if there were
more or less than 10 dogs. Similarly, as both components of the statement are briefly mentioned
— verifying the number of dogs in the neighbourhood and checking they all bark, the student is
aware that they could show either of those parts are not true to successfully disprove the
statement. Student 69697 asks a follow up question to the original. By asking how we know for
certain there are 10 dogs, the student may be alluding to the fact that if there was some way to
prove there were not actually 10 dogs, then the statement could be disproved completely.

The overall increase in performance of responses to question 11 reveal a promising result
on how “Numbers for Life” developed student’s numeracy skills pertaining to logical reasoning.
Responses in the post-test showed a less-common occurrence of evidence-based responses, and [
found that more students were likely to either negate the quantifier of the statement or find one
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dog that did not bark. The following responses include both of these attempts to disprove the
statement:

“Some possible ways this statement could be proven not to be true are counting the
number of dogs in the neighbourhood and finding that there are less than 10 dogs or more
than 10 dogs or finding at least one dog that does not bark at all during the night.”

— 20031 (post-test) (Bachelor of Science, Life Sciences)

“Either find that there are not 10 dogs in the neighbourhood (find out how many dogs
there are in the neighbourhood) OR prove that one of the 10 dogs do not bark at night.” —
24255 (post-test) (Bachelor of Science, Psychology, Neuroscience, and Behaviour)

“I need to prove that in my neighbourhood, there are not 10 dogs (can be more than 10
dogs or can be less than 10 dogs) or not all dogs bark at night. Satisfying one of the
situations (not 10 dogs / not all dogs bark at night) can disprove the statement.” — 20238
(post-test) (Bachelor of Commerce)

“You would have to prove either the assumption or the outcome is not true. For example,
if there are not exactly 10 dogs in the neighbourhood, the statement is not true by
contradiction. Further, if there are 10 dogs in the neighbourhood you will need to prove at
least one does not bark at night.” — 54840 (post-test) (Bachelor of Arts, Social Sciences)

While I viewed a complete answer as the four responses shown above, [ was also glad to
see that many students in the post-test were able to at least mention one of the ways to disprove
the statement — by either negating the quantifier, or by only finding a single dog that does not
bark. The following responses illustrate this:

“To show that there exists at least one dog that doesn't bark at night.” — 8378 (post-test)
(Bachelor of Arts, Social Sciences)

“Show that there are more or less than 10 dogs.” — 38571 (post-test) (Bachelor of Health
Sciences)
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“You will simply have to find one of those 10 dogs and prove that it is not barking.
Finding one dog that is not barking in the neighborhood would mean the statement is not
true.” — 89507 (post-test) (Bachelor of Health Sciences)

“To prove the statement is not true, we should find that there is one of these 10 dogs
doesn't bark at night.” — 36168 (post-test) (Bachelor of Commerce)

Disproving only one of the parts of a conjunction is enough to disprove the entire
statement, so these students are almost entirely correct. It would be interesting, in a future study,
to question students when testing them on statements like this by asking them if they would
disprove it the same way if the statement were a disjunction instead of a conjunction. Some
information pertaining to this notion was gathered during the delayed post-test interviews, which
will be discussed later in this thesis.

The second question (see Question 12, Appendix A) that required a written solution and
probed students’ understanding of logical structures involved conditional statements. When
comparing the pre-test performance to the post-test performance, there was a slight increase in
the logical reasoning category B. The same positive results were not observed in category D that
measured communication. This question took the following statements:

If you do not study, you will not pass the test. 1

If you do study, you will pass the test. 2)

Students were asked if the two above statements were correct reinterpretations of each
other, and then to explain why or why not.

The statements are related to each other as negative statements (‘“negative” meaning that
the constituent parts of the two statements are negatives/ negations of each other). The first
statement (1) is of the form “If A, then B” where A = “you do not study,” and B = “you will not
pass the test.” Statement (2) takes on the form of the original conditional statement, “If not A,
then not B” where not A = “you do study,” and not B = “you will pass the test.”
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This question also encourages students to demonstrate their understanding of causation
versus correlation, in particular, knowing that correlation does not imply causation. The
following responses give some insight into how students understand this notion in the pre-test:

“Saying both of these statements assumes that there is one that causes the other. While
this seems logical, it isn't always true that if one studies, they will pass the test. There is
however, a strong positive correlation between studying and passing tests.” — 91017
(pre-test) (Bachelor of Science, Life Sciences)

“No, this is not a correct conclusion. The first sentence represents a cause and effect.
Studying is the cause and passing the test is the effect. This is a causality. If the causality
is true, then the converse may or may NOT be true. In other words, just because not
studying will cause someone to fail a test, does not mean that studying will cause them to
pass the test for sure. Of course, studying increases the chances of passing a test.
However, studying varies per student, and inefficient studying or studying for very little
amounts can also lead to failure. Thus, studying can still lead to failing a test, so the
conclusion in the question is incorrect.” — 18838 (pre-test) (Bachelor of Health Sciences)

“No this is not a correct conclusion because studying and passing is correlation not
causation. Studying for a test does not cause you to pass the test. They are positively
correlated meaning if you study you are more likely to pass, however it is not guaranteed
that if you study you will pass.” — 29633 (pre-test) (Bachelor of Science, Kinesiology)

“No, this statement is not correct. The original statement declares that not studying
causes failing the test. Though, it does not establish a relationship between studying and
passing the test. It is reasonable to assume that there is a correlation between studying
and passing, but that does not necessarily mean that in every instance of study will the
student pass the test. Therefore, this reinterpretation is not accurate”. — 57039 (pre-test)
(Bachelor of Health Science)

These responses, among many others, show that students already had some idea that
causation does not imply correlation before taking the course. With the success rate of logical
reasoning skills improving by the scores from the rubric, it is likely that many students who
completed the course learned about these ideas for the first time. This is because logical
reasoning is not explicitly taught in high school math courses, it is instead used implicitly within
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math problems. This may especially be the case for many students enrolled in “Numbers for
Life.” Since the course is not open to mathematics majors, these students have probably not
taken more than first year calculus, if they have taken that at all.

There was a common occurrence of students often confusing what negative and converse
statements meant. In both the pre-test and post-test, many students seemed to be unaware that the
converse of a statement of the form “If A, then B” is “If B, then A”. A few examples of this are
given:

“This is an incorrect conclusion because if a causality is true, the converse may or may
not be true. People who don't study for tests typically fail however not everyone that
studies for a test will pass their test.” — 48555 (pre-test) (Bachelor of Commerce)

“No this is not true. The converse is not always true for a saying. There may be a
correlation between studying and passing or failing a test. But the fact that one studies
does not cause one to pass- it is simply related.” — 11677 (pre-test) (Bachelor of
Commerce)

“No, this is not a correct conclusion because "If you study, you will pass the test" is the
converse and does not necessarily imply that it will be correct. There is no relation
between the truthfulness of a statement and its converse. Therefore, these statements are
NOT equivalent.” — 442 (pre-test) (Bachelor of Science, Life Sciences)

No, this is a converse, which is not necessarily true. However, if the statement was "if
you pass the test, then you studied" then that could be an interpretation of the original
statement because it is it's contrapositive.” — 90738 (pos-test) (Bachelor of Commerce)

None of the above responses are wrong, because each response reveals that the student
can recognize that the statements are not correct reinterpretations of each other. However,
students seemingly cannot easily distinguish the difference between the converse, negative, and
contrapositive of a conditional statement despite knowing when each of the different types are
correct or incorrect as reinterpretations. For example, student 90738 in the post-test mistook the
negative for the converse (like many other students) and was correct in stating that the converse
of a true statement is not always necessarily true. They also rewrote the statement correctly as
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the contrapositive but did not give an answer that provided sufficient explanation to the
particular question.

In a similar way that students relied on something like tangible evidence to disprove the
statement in question 11, many students responded to this question with an argument that
involved external factors. In the pre-test, the results comprised of many responses that argued the
second statement was not a correct reinterpretation, because reasons beyond our control could
contribute to passing or not passing a test. While answers of this style showed up again in the
post-test, they were not as common. Some examples of responses based on external factors are
shown below:

“This is not the correct conclusion because there are many factors that go into passing the
test. For example, one could study too much for the test and not sleep at all for the
upcoming test. This would result in a very fatigued student, thus leading to an increased
chance of failing the test.” — 26806 (pre-test) (Bachelor of Commerce)

“No, this is not a correct conclusion because those students who didn't study can be lucky
enough to guess the answers or cheat and pass the test also some may not need to study
because they know the content. On the other hand, some students who did study may not
pass because they might not have a grasp on the given content and simply do not
understand how to achieve the correct answers.” — 28161 (pre-test) (Bachelor of Arts,
Social Sciences)

“It's not a correct conclusion because whether you can pass the exam is not just
determined by whether you study hard. Although whether you study or not accounts for a
large part of the proportion, at the same time, your physical condition on the day of the
test and the difficulty of the test questions ext. will also affect whether you pass the test.”
— 88279 (pre-test) (Bachelor of Commerce)

“Not a correct conclusion because if you don't study, you will simply not have enough
information and practice necessary to pass the test (assuming you did not have any prior
knowledge of the subject). However, if you do study, it is not a guaranteed event that you
will pass your test. There may be other variables that cause you to fail the test, even if
you prepared well enough by studying.” — 1281 (post-test) (Bachelor of Science,
Psychology, Neuroscience, and Behaviour)
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“No, this conclusion is not correct, as even if you study, there is still a chance you fail the
test, for example, the test could be overly hard, or you may have studied the wrong
things.” — 8627 (post-test) (Bachelor of Science, Life Sciences)

This is a small sample of the many responses that argued that the reason the statements
were not equivalent was because of reasons beyond our control. These responses are very human
— they do not rely on logical structures and knowledge of conditional statements to justify their
arguments. This may be an indication that students answer differently when they feel like they
can relate to a question. Failing or almost failing a test because you did not put enough time
towards studying, or because an emergency beyond your control occurred is a very common
experience for a lot of students. Doing better or worse than one thought for the amount of effort
one puts into a test is also common.

There is a notion of learning inside the classroom versus outside the classroom that is
discussed by the Education Summary (“Difference Between Learning Inside and Outside the
Classroom,” 2022). Learning inside the classroom means that the focus is placed on giving
knowledge and discipline indoors so that students can be more focused on their learning process.
Learning outside the classroom allows students to learn through experiences and practices, where
they can be challenged in a more practical setting. Students may be answering question 12 by
mentioning these external factors because they find it relatable and are attributing their responses
to behaviours, values, and attitudes learned outside the classroom. As mentioned earlier —
although such responses might not be acceptable as an answer to a mathematical question, they
are viewed as acceptable, and even desirable, in a numeracy setting.

The two multiple choice questions related to logical understanding did not require
students to justify their reasoning, so there is not much to discuss in detail for either of them.
Question 6 (see Appendix A) asked students to distinguish between correlation and causation in
the case of disease and symptoms. The question reads:
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The sentence “The symptoms of meningitis are high fever, neck pain, and seizures”
expresses a:

(a) Correlation between meningitis, and high fever, neck pain, and seizures.
(b) Correlation between high fever, neck pain, and seizures.
(c) Causation, with meningitis being the cause.

(d) Causation, with high fever, neck pain, and seizures being the cause.

The correct answer to this question is (¢), with a fair number of students (58.59%)
selecting that correct response. The second most common answer selected in both the pre-test
and post-test was (a). Students may have chosen the correlation between meningitis, high fever,
neck pain, and seizures since each of these events are likely to occur simultaneously, but most
students were able to recognize that in order to exhibit these symptoms, there needs to be a
reason or a cause for them to occur. The thought process of students answering this question is
briefly explored in the interview results analysis.

The last question to be discussed in this thesis (see question 7, Appendix A) from the test
that aims to measure logical understanding involves selecting the correct diagram to represent a
statement related in inclusion and exclusion.

“Some animals with thick fur are mammals, and some mammals have thick fur.”
Which diagram represents the relationship between animals with thick fur and
mammals?
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There is not much to discuss related to this question, as the students’ performance was
highly successful in all tests. It seems that students were aware that there should be some
common portion in the diagram that represent mammals with thick fur, along with separate
portions that represent the animals with thick fur, and the mammals respectively.

Interviews with Students

The interviews conducted in March 2023 were the only piece of data that could give us
an insight into answering the third research question — how well numeracy skills and knowledge
have been retained in the long term. Since the sample size is so small, I could not extract much
meaningful, generalizable data from them. In the very least, it indicated an overall positive set of
results for the questions related to logic.

In the delayed post-test, question 5 was the Venn diagram question (see Appendix B).
Due to the nature of the interviews, I was able to gather information on the students’ thought
process and how they communicated their choice. Only one student among the 6 who were
interviewed selected the incorrect option to represent the given conditions. They chose option B
and argued that both isolated circles represented animals with thick fur which are mammals, and
mammals with thick fur respectively. The student explained that option A is incorrect because if
you assume the middle section represents thick fur, the larger circle represents animals, and the
smaller circle represents mammals, then the animals with thick fur that are mammals and
mammals without thick fur are not accounted for. They go on to say that option C doesn’t work
either because if the smaller circle represents mammals with thick fur, and the outside circle is
animals with thick fur, then it would suggest that animals with thick fur cannot be mammals
which is a direct contradiction of the statement in the question. This student seemed frustrated by
this question and stated that they found these questions to be somewhat difficult, even after the
“Numbers for Life” course. Based on how they allocated the different parts of the statements to
circles in the diagrams, it would suggest that the student has a fundamental difficulty in
understanding inclusion and exclusion in the context of logic. This is partially confirmed with
the student explaining that they think these questions may be difficult because it is hard to
identify the relationship between statements. Another student mentioned their disdain for these
questions as well, believing that they are easy to overthink, and that it is hard to decide which
circle represents what — despite answering the question correctly.
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The other 5 students chose option A, and each of them had similar reasoning for their
selection, as well as reasoning for why it was not options B or C. When asked how they arrived
at their conclusion, one student said:

“There are mammals in both — so animals that have thick fur are mammals and mammals
with thick fur, so I know that some of them are going to have the same attributes so it
wouldn't be something like B because it has no overlap. Option C means that there could
be some mammals that don’t have thick fur, or some animals with thick fur that aren’t
mammals.”

This student can effectively identify the different categories to be considered in the
diagram and how to arrange them. One student considered the white area of the box surrounding
the circular portions of the Venn diagram — viewing the whole diagram as opposed to the circles
alone. Another student said:

“Not all mammals have thick fur so you can’t pick C because then the big category would
be animals with thick fur, and then mammals would fall under it because some of them
don’t have thick fur. It also can’t be B because this is saying that there is no correlation
between animals with thick fur and mammals because some mammals do have thick fur.
The only right answer would be A where one of the categories would be animals with
thick fur, and the other category would be mammals, and the middle region would be
mammals that have thick fur.”

From the delayed post-test interviews, I gained some insight on the multiple choice question
6 (see Appendix A):

The sentence “The symptoms of meningitis are high fever, neck pain, and seizures”
expresses a:

(a) Correlation between meningitis, and high fever, neck pain, and seizures.
(b) Correlation between high fever, neck pain, and seizures.
(c) Causation, with meningitis being the cause.

(d) Causation, with high fever, neck pain, and seizures being the cause.
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Among all the questions on logical reasoning in the interview, this question was the most
well done with each student interviewed answering correctly. Students’ justification for choosing
the correct response is also consistent among participants. Students were made to think about the
term “cause and effect” when they saw the word causation, and they connected the cause to
meningitis and the effects to the symptoms that result from it. One student said:

“I see meningitis, which is a condition, has symptoms of high fever, neck pain, and
seizures. If we were looking at a correlation, that would just say that one thing is
correlated to the other. But there is no temporal component where one thing comes after
the other because you do not have high fever, neck pain, seizures, and meningitis
independently. It’s the meningitis that comes first and it causes these symptoms, so it’s
more of a causation than a correlation because the condition comes first and causes these
symptoms.”

Some students also mentioned that it was the phrasing of the statement that helped them
decide on option (c). The key word is “of.” When they read “the symptoms of meningitis are...”,
they understood it as the set of symptoms being something that belongs to meningitis or occurs
because one has meningitis.

Question 7 in this delayed post-test was the question on a logical conjunction. Students
were again asked how they would disprove the following statement:

In my neighbourhood there are ten dogs and they all bark at night.

Four out of the six students interviewed mentioned that to disprove the statement, you
would either need to show that there were not ten dogs, or that they do not all bark at night. They
explained that only showing one of those would disprove the entire statement. One student
placed emphasis on what they called a key term being “all.” If the statement is claiming that all
ten dogs bark at night, then finding at least one dog among those ten that does not bark
contradicts the part of the statement that says a// dogs bark at night.

In order to make sure they truly understood why that was the case, I asked some students
if their answer would change if the statement was changed to disjunctive form:
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In my neighbourhood there are ten dogs or they all bark at night.

Students who were asked to disprove this alternate form correctly answered in saying that
in this case, a statement with two conditions separated by “or” requires you to disprove both
parts in order to disprove the entire statement. This gave us a positive result on retention on
logical numeracy skills (but, again, they are relatively insignificant due to the small sample size).

Lastly, we questioned students to gain insight on their understanding of causation and
correlation in the case of the given statements, and whether or not they were equivalent:

If you do not study, you will not pass the test. 0}

If you do study, you will pass the test. 2)

A common response to why these are not equivalent was that it is possible that you could
study and still fail, and if you do study, there is a chance you can still pass the test. Students
believe that you cannot take the converse or negative of a statement and claim that it is true.

As a follow up, I asked each student how they would rewrite the statement correctly in order to
determine if their reasoning for thinking the statements were not equivalent was valid. Some of
the responses for correctly restating “if you do not study, then you will not pass the test” were:

a. “If you study, then you may or may not pass the test.”
b. “You will not pass the test if you do not study.”
c. “If you do study, they you may or may not pass the test.”

d. “If you do not study, then you may or may not pass the test.”
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Statement (a) and statement (c) are both the same answer, as partial negatives of the original
statement, with ambiguous conclusions — either passing the test or not passing the test. None of
the students could correctly identify the type of conditional statement this was. They either did
not know or remember, or they mistook the negative of a conditional statement for the converse.

One student explicitly stated that they remembered how to solve this problem from class one
year prior, and provided the reasoning that “if A, then B” where A means you do not study, and
B means you do not pass the test, then the reinterpretation of the statement is the case were you
have the negative of A — you do study for the test, and the conclusion of that is that you may or
may not pass the test. The student attempted to give a clear explanation by breaking the
statement into components but did not answer with complete correctness.

It is evident in the delayed post-test interviews, as it was in the pre and post-tests, that
students were reading this question and answering based on feeling or personal experience rather
than logic. I had asked students if they knew what contrapositive and negative or converse
statements were independently, and they were able to correctly define their structure, however
they were unable to correctly apply those structures to rephrasing the question using the
contrapositive.

As part of this thesis that aims to measure the retention of numeracy knowledge and
skills, we analyzed the responses that students provided when asked “What will you remember
five years from now?”” Most of the students (about 85-90%) stated that financial literacy stuck
with them the most, and that they will remember the lessons on mortgage, credit card interest,
T4, taxes, and tax brackets, understanding debt and interest, consumer price index, and inflation.

Unfortunately, not many students mentioned logical reasoning in their responses. The
students who did mention it emphasized the value on using logic in real life, such as using cause
and effect statements, and knowing that causality does not always hold in the converse.
However, other students stated that while they may use logic in future math courses, they
probably won’t use it in their day to day life. This could be the result of students not seeing the
value of logical understanding beyond the academic setting, or that the statements being used to
instill logical understanding are not realistic enough.

“One thing that I will remember from this course is the use of logical quantifiers as a fast
way to write note or something else in our daily life. Some symbols can just replace the
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words. For example, conjunction and disjunction.” — 14143 (Bachelor of Arts, Social
Sciences)

“One thing that I think I will remember from this course five years from now is how to
logically work through problems. There is always a step by step approach that will help
with solving the problem/issue in math or in real life scenarios.” — 24147 (Bachelor of

Integrated Science)

“I will remember the unit based on logic, contrapositives, converses, etc. I feel like this
logical method to thinking is very applicable to different scenarios in life and can be used
in making critical and informed decisions, no matter the subject. Overall, all of the topics
discussed in this course were very memorable and will most likely continue to remain
relevant five years from now when I can continue to call back on them for everyday
applications to my daily life and thinking.” — 42020 (Bachelor of Science, Biology)

Another common answer to the question of what student will remember in 5 years is the
content relating to reading small print, and the importance of understanding the different ways
quantitative information is given and framed to us. However, this is not directly related to the
retention of logical structures and logical reasoning.

Looking at the longer-term retention, we found a study by Mandell & Klein (2009),
which showed that students who took a course on financial literacy and management were no
more financially literate or had better financial behaviour by the end of those course than those
who did not take the class. However, Sunderaraman, Barker, Chapman, & Cosentino (2020)
found that numeracy is a key indicator of many financial outcomes including retirement and
investment decisions. Unfortunately, we could not find any studies that would address the
retention of the elements of logical reasoning.

Another finding was that students who did not do as well on the pre-test performed
significantly better on the post-test. This revealed that students with a poorer background learned
a lot during the course. We did not look closely into the backgrounds of students who took
“Numbers for Life,” but based on a collection of student demographic data, I found that most
students who took the course came from a science or business background, and that students
seeking a Bachelor of Arts degree in both Humanities and Social Sciences were less common.
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Some students showed significant improvement between the pre-test and the post-test.
One student with a commerce background had initially answered the question on how to
disprove the statement about dogs barking (see Question 11, Appendix A) using evidence based
methods, but in the post-test, was able to apply what they had learned about logical statements to
explain how they would disprove the given statement.

“I would go and ask the neighbors who owned the dogs and check if their dogs bark at
night. If the dog does not have an owner, then I will find out myself.” — 9685 (pre-test)
(Bachelor of Commerce)

“There are less or greater than 10 dogs and they are bark at night, or there are 10 dogs,
but they are not all bark at night, or there are less or greater than 10 dogs and they are not
all bark at night. If one of the above condition holds, the above statements is not true.” —
9685 (post-test) (Bachelor of Commerce)

Not only did the student indicate the two ways to disprove the statement, but they also
demonstrated their understanding through effective communication.

It was also evident that students who have a science background and are completing a
Bachelor of Science degree experienced improvement after completing the course. The following
responses show the difference in logical understanding of a response given by a student in the
Health Sciences program:

“I would send a person to each house during the hours of sundown to sunrise to see if at
least one of them have barked every 5 mins. I believe it is very unlikely this would occur;
therefore, this statement would be incorrect.” — 62414 (Bachelor of Health Sciences)

“Find one dog that doesn't bark out of the 10.” — 62414 (Bachelor of Health Sciences)

While the post-test response is very concise, and lacks sufficient explanation and
communication of logical reasoning, there is still the improvement of the student leaning away
from a more evidence-based, impractical method to disprove. In the post-test, the student can
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now recognize how simple disproving the statement is when reading it in a logical manner. This
tells us that students — even those in a science degree-seeking program, gained something
valuable from the course.

“This is a correct conclusion because both statements represent a positive correlation
between studying and passing the test. In the first statement, the less you study, the less
your chances are of passing the test. Thus, both variables are decreasing. In second
statement, the more you study, the more your odds are of passing the test. Thus, both
variables are increasing. For that reason, both statements can be used synonymously as
they both indicate a positive correlation.” — 12601 (pre-test)

“This is not a correct conclusion because if the first statement is not true (i.e.: if you do
not study, but pass the test), then the second statement may or may not be true (i.e.: if you
do study, you may or may not pass the test). Since there are no clear causality between
the two statements, the effects may or may not be correlated.” — 12601 (post-test)

This student — who once thought the statements were equivalent, can now correctly
identify that the second statement is not a correct conclusion. In the first, pre-test response, they
believed the statements were equivalent and justified it using correlation. In the post-test, the
student still used correlation, but was able to recognize that the statements were not equal
because causation does not equal correlation — a notion covered thoroughly in Math 2UU3.

Conclusion

We began this study with the intention to determine how effective instruction in
“Numbers for Life” is, and how to improve it so that similar courses can be taught within other
institutions. To achieve this, we assessed students before and after completing the course to see if
the improvement was present, identified by the correctness and quality of students’ responses.
Responses to the assessments created to evaluate students on their success of learning numeracy
skills have shown us that students are genuinely retaining knowledge from the course. The main
purpose of this component of the research project was to answer the first research question:

“To what extend does the course, “Numbers for Life” develop students’ numeracy skills? More
specifically, how has students’ ability to use logical reasoning (such as understanding and
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creating cause and effect arguments) and recognizing logical fallacies changed after completing
the course, and are students able to better communicate their answers to quantitative reasoning
problems and questions after completing the course?”

Based on our findings, it is evident that students gained a better grasp on thinking and
reasoning logically, but that they somewhat lacked sufficient skills to explain and communicate
their reasoning. It seems that many students are comfortable with the different forms of logic in
the questions they were given, but that they were, in a sense, answering the questions from a
personal bias and not thinking about the answer mathematically, which was especially evident in
the question about not passing a test (see Question 12, Appendix A).

While we could not extensively study the effects of the course long term and answer our
second research question “to what extent are numeracy skills retained a year after the course is
complete?”, the responses to the interviews from the six chosen students showed that students
could answer numeracy based questions confidently one year later and explain their reasoning
well even when prompted with numerous follow up questions. These results however are not
significant because the sample size is too small to provide meaningful evidence. Therefore, the
delayed post-test results need to be analyzed further to draw any more evidence-based
conclusions to answer this research question.

Our results showed that student background did not impede the learning of anyone who
took the class, and that quality responses, as well as improvements in numeracy skills, were
observed among students in various programs. This helped in answering the third research
question “how do students’ academic backgrounds, interests, and experiences affect the
development of their numeracy skills?” Students who are enrolled in science-based programs
who likely encountered calculus during their undergraduate career did not have an advantage
over other students in different degree programs who did not need to take calculus in first year.
Therefore, the numeracy skills taught in “Numbers for Life” are accessible to all student types
and it is possible to succeed without much background in higher level mathematics.

In conclusion, the “Numbers for Life” course at McMaster University works, and it does
improve numeracy skills and knowledge among students. As a result of these findings, more
universities should be encouraged to adopt similar courses that teach students basic numeracy
skills that will help them function in a world that is dependent on having these skills.
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Appendix A
Pre-test post-test and delayed post-test questions

1. Pre-test Fall 2021, Post-test Fall 2021

A sweater costs S dollars. As the price tag offers a 13% discount, you decide to buy it. At the counter, the 13%
sales tax is added to the discounted price. How much will you pay for the sweater: S dollars, less than S dollars, or
more than S dollars? Explain how you arrived at your answer to this question.

Delayed Post-test December 2022

You are thinking of buying a sweater, and you look at the price tag. Next to it, a sign says that there is a 13%
discount on all sweaters, and you decide to buy it. At the counter, the 13% sales tax is added to the discounted
price. Will you pay more, less, or the same as the price seen on the price tag? Explain how you arrived at your
answer.

2. Pre-test Fall 2021, Post-test Fall 2021, Delayed Post-test December 2022

The table below states the nutritional facts for a container of milk.

Nutrition Facts
Serving size 1 cup (220 g)
Servings per container 3.5
Amount per serving
Calories 140 Calories from Fat 60
% Daily Value
Total Fat 8¢ 12%
Saturated fat 2g 9%
Trans fat 0 g
Cholesterol 10 mg 4%
Sodium 235 mg 10%
Total Carbohydrate 10%
Dietary Fibre 0 g
Sugars 12 g
Protein 20 g 36%

If you drink the entire container, how many calories would you consume?
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3. Pre-test Fall 2021, Post-test Fall 2021

The energy demand that a person needs for its cardiovascular system to function normally is computed by
multiplying their cholesterol level by 9.5 and then dividing by their heart rate. Person A and Person B have the
same heart rate, but person A has lower cholesterol level. Select the correct statement.

(") Person A's energy demand is larger than Person B's energy demand

(i_:} Person A's energy demand is smaller than Person B's energy demand

nj:} Person A's energy demand is equal to Person B's energy demand

Delayed Post-test December 2022

The energy demand a person needs for its cardiovascular system to function normally is computed by multiplying
their cholesterol level by 9.5 and then dividing by their heart rate. Person A and Person B have the same heart

rate, but person A has lower cholesterol level. What is the relationship between Person A's and Person B's energy
demands? Show your reasoning.

4. Pre-test Fall 2021, Post-test Fall 2021, Delayed Post-test 2022

The chances of four events occurring, during a winter storm day in Ontario, are given below. Which event is the
most likely to occur?

(") 1in 45,000 of injury in a car crash

(") 10 in 400,000 of injury from slipping and falling

(") 2in 50,000 of mild to medium hypothermia

(") 10in 500,000 of injury from an exploding fireplace
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5. Pre-test Fall 2021, Post-test Fall 2021

The diagram below shows the net profit (in $ thousand) of a small family-owned company.

2015 2016 2017 2018 2019 2020 2021

When did the company experience the largest relative growth?

O from 2015 to 2016
() from 2017 to 2018
O from 2020 to 2021

Delayed Post-test 2022

The diagram below shows the net profit (in $ thousand) of a small family-owned company.

2015 2016 2017 2018 2019 2020 2021

True/False: The company experienced the largest relative growth from 2017 to 2018. State your answer as true
or false, and explain your reasoning.
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6. Pre-test Fall 2021, Post-test Fall 2021, Delayed Post-test 2022

The sentence "The symptoms of meningitis are high fever, neck pain, and seizures" expresses a

() correlation between meningitis, and high fever, neck pain and seizures
() correlation between high fever, neck pain, and seizures

( _ ) causation, with meningitis being the cause

(_) causation, with high fever, neck pain, and seizures being the cause

7. Pre-test Fall 2021, Post-test Fall 2021

"Some animals with thick fur are mammals, and some mammals have thick fur." Which diagram represents the
relationship between animals with thick fur and mammals?

\ ) /" \\; /

() diagram A

(") diagram B

(") diagram C
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Delayed Post-test 2022

"Some animals with thick fur are mammals, and some mammals have thick fur." Which diagram represents the
relationship between animals with thick fur and mammals?

A P B # p c /\
® O

S/

Answer by stating one of A, B, or C, and justify your reasoning.

8. Pre-test Fall 2021, Post-test Fall 2021, Delayed Post-test 2022

You are in New Zealand, using your Canadian phone. Assume that a roaming charge for the usage over your plan
is $6 per 80MB (megabytes) of data, and assume that you have reached the limit of your plan, meaning that you

have to pay for extra data you use. You decided to watch a movie, whose size is 1.6 GB (gigabytes). How much
will you pay in roaming charges for watching this movie?

9. Pre-test Fall 2021, Post-test Fall 2021, Delayed Post-test 2022

Estimate the area of the part of the wall shown in this picture. (Not the area of the picture, but the area of the
actual, real, wall shown below). Explain your reasoning.

10. Pre-test Fall 2021, Post-test Fall 2021, Delayed Post-test 2022

Last year, there were 100 monkeys on island X and 1000 monkeys on island Y. This year, there are 200 monkeys

on island X and 1100 monkeys on island Y. Thus, on both islands, the populations of monkeys increased by 100.
How would you describe what is different about the change of two populations?
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11. Pre-test Fall 2021, Post-test Fall 2021, Delayed Post-test 2022

Consider the statement "In my neighbourhood there are 10 dogs and they all bark at night." What would you
have to do to prove that this statement is not true?

12. Pre-test Fall 2021, Post-test Fall 2021, Delayed Post-test 2022

The statement "If you do not study, you will not pass the test" can be reinterpreted as "If you study, you will pass
the test." Is this a correct conclusion? Why or why not?

13. Pre-test Fall 2021, Post-test Fall 2021,

Postal codes in Cook Island have the format LL-dddd where L is an uppercase letter and d is a digit; for instance,
DX-3402. The first letter must be one of A, B, C, D, E, F, or G, and there are no restrictions on the second letter.
The first digit in dddd cannot be 0 and cannot be 9, and there are no restrictions on the remaining three digits.
What is the maximum number of postal codes available? Show how you arrived at your answer.

Delayed Post-test 2022

This ad for Harvey's burgers claims that there are 8 million ways to top your burger.

Harvey's @
@HarveysCanada

8 million ways to top your Harvey's burger OR a
different burger every day for 21,917 years!

Have a different burger
every day for 21,917 years

You are suspicious of this fact, and decide to investigate. You discover that to customize your burger, you have to
pick one of the three options for a bun (white, multigrain, or no bun), and then you can choose as many toppings

as you wish among: 3 premium toppings, 10 other toppings and 10 sauces; for instance, you can have 2 premium
toppings, 8 other toppings and 7 sauces. Based on this information you calculate the number of ways to top your
burger. Does your estimate match Harvey's estimate of 8 million? Explain your reasoning.
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Appendix B
Interview questions

Question 1

You are thinking of buying a sweater, and you look at the price tag. Next to it, a sign says that there is a 13%
discount on all sweaters, and you decide to buy it. At the counter, the 13% sales tax is added to the discounted

price. Will you pay more, less, or the same as the price seen on the price tag? Explain how you arrived at your
answer.

Question 2

The energy demand a person needs for its cardiovascular system to function normally is computed by multiplying
their cholesterol level by 9.5 and then dividing by their heart rate. Person A and Person B have the same heart

rate, but person A has lower cholesterol level. What is the relationship between Person A's and Person B's energy
demands? Show your reasoning.

Question 3

The chances of four events occurring, during a winter storm day in Ontario, are given below. Which event is the
most likely to occur?

(") 1in 45,000 of injury in a car crash

(") 10 in 400,000 of injury from slipping and falling

(") 2in 50,000 of mild to medium hypothermia

(") 10 in 500,000 of injury from an exploding fireplace
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Question 4

The diagram below shows the net profit (in $ thousand) of a small family-owned company.

True/False: The company experienced the largest relative growth from 2017 to 2018. State your answer as true
or false, and explain your reasoning.

Question 5

The sentence "The symptoms of meningitis are high fever, neck pain, and seizures" expresses a

O correlation between meningitis, and high fever, neck pain and seizures
O correlation between high fever, neck pain, and seizures

O causation, with meningitis being the cause

O causation, with high fever, neck pain, and seizures being the cause
Question 6

"Some animals with thick fur are mammals, and some mammals have thick fur." Which diagram represents the
relationship between animals with thick fur and mammals?

A B C

@
©

Answer by stating one of A, B, or C, and justify your reasoning.
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Question 7

Consider the statement "In my neighbourhood there are 10 dogs and they all bark at night." What would you
have to do to prove that this statement is not true?

Question 8

The statement "If you do not study, you will not pass the test" can be reinterpreted as "If you study, you will pass
the test." Is this a correct conclusion? Why or why not?

Question 9

This ad for Harvey's burgers claims that there are 8 million ways to top your burger.

Harvey's &
@HarveysCanada

8 million ways to top your Harvey's burger OR a
different burger every day for 21,917 years!

Have a different burger
every day for 21,917 years

You are suspicious of this fact, and decide to investigate. You discover that to customize your burger, you have to
pick one of the three options for a bun (white, multigrain, or no bun), and then you can choose as many toppings

as you wish among: 3 premium toppings, 10 other toppings and 10 sauces; for instance, you can have 2 premium
toppings, 8 other toppings and 7 sauces. Based on this information you calculate the number of ways to top your
burger. Does your estimate match Harvey's estimate of 8 million? Explain your reasoning.

52



Master’s Thesis — M. Kelly; McMaster University, Department of Mathematics and Statistics

Appendix C
RUBRICS FOR GRADING PRE/POST-TEST RESPONSES

The objective of this phase of research was to develop an appropriate assessment structure for
explanatory and qualitative student responses to the pre-, post-, delayed post- and in-course
assessments administered in MATH 2UU3. To align with the research questions of this project, a
rubric was developed for each of the four categories of numeracy skills being assessed. These
categories are as follows:

Category A: A student’s ability to understand numbers (e.g., absolute size, relative size,
patterns) and work with numeric information (e.g., approximate, estimate, scale, visualize)
Category B: A students’ ability to use logical reasoning (such as understanding and creating
cause and effect arguments) and recognize logical fallacies.

Category C: A students’ ability to engage with multiple step-problems which require
quantitative reasoning.

Category D: A student’s ability to communicate their answers to quantitative reasoning
problems and questions.

These rubrics were constructed after a preliminary literature search about numeracy and
assessment of numeracy, and assessment strategies from elsewhere which we deemed to be
appropriate for our study. The primary reference for this phase of research is the First Results of
the Adult Literacy and Life Skills Survey published by OECD and Statistics Canada in 2013.
This source outlines a large study, in which numeracy assessments were part of the concept
domain. Their working definition of numeracy is as follows:

The knowledge and skills required to effectively manage and respond to the
mathematical demands of diverse situations.

While this is admittedly broader than our definition, further dissection of the source identifies
that the numeracy tasks demanded of participants are deeply rooted in their context, as the tasks
administered to students in MATH 2UU3. Further, the document outlines what the others refer to
as “numerate behaviour”:

Numerate behaviour is observed when people manage a situation or solve a
problem in a real context; it involves responding to information about
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mathematical ideas that may be represented in a range of ways, it requires the
activation of a range of enabling knowledge, factors, and processes.

Given these definitions of numeracy and numerate behaviour, the authors of this paper judge that
their conception and assessment strategies are appropriate to adapt to our study.
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Rubric for Category A: Understanding and Working with Numeric Information

Category Description: A student’s ability to understand numbers (e.g., absolute size, relative
size, patterns) and work with numeric information (e.g., approximate, estimate, scale, visualize).

Ability to
Understand
Numbers

Working
with
Numeric
Information

Level 1
Student
skills are
emerging
in this trait.

Student
skills are
emerging
in this trait.

Level 2
Student can
identify
relevant
numeric
information
but does not
show
interpretation
in context.

Student
attempts to
employ an
inappropriate
quantitative
reasoning skill
but attempts to
address the
numeric
information in
the question
with their
answer.

Level 3
Student can
identify
relevant
numeric
information

from few or no

distractors and
shows attempt
to interpret it’s
meaning in
context.

Student
attempts to
employ an
appropriate
quantitative
reasoning skill
to work with
presented
numeric
information in
context, but
makes three or
more minor
errors (e.g.,
calculation
errors), or one
major error
(e.g., selecting
an
inappropriate
computation).

Level 4
Student can
identify
relevant
numeric
information,
sometimes
from other
plausible
distractors,
and shows a
valid attempt
to interpret
it’s meaning
in context.
Student
attempts to
employ an
appropriate
quantitative
reasoning
skill to work
with
presented
numeric
information
in context,
but perhaps
makes one or
two minor
errors (e.g.,
calculation
errors).

Level 5
Student can
identify
relevant
numeric
information
regardless of
the presence
of
distractors,
and correctly
interpret it's
meaning in
context.

Student can
employ
quantitative
reasoning
skills to
work with
presented
numeric
information
correctly
within its
context, and
in a variety
of forms.
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Rubric for Category B: Logical Reasoning

Category Description: A students’ ability to use logical reasoning (such as understanding and
creating cause and effect arguments) and recognize logical fallacies.

Level 1
Student
skills are
emerging
in this
trait.

Logical Structures

Level 2
Student
attempts to
use an
inappropriate
choice of
logical
structure to
evaluate the
truth value
ofa
statement
and describe
methods of
proving or
disproving a
statement,
OR attempts
to use the
correct
logical
structure
with two or
more logical
errors.

Level 3
Student
attempts to use
the correct
logical
structures to
evaluate the
truth value of a
statement and
describe
methods of
proving or
disproving a
statement but
uses them with
a minor logical
error.

(e.g., correctly
identifying the
use of the
contrapositive,
but
misinterpreting
the meaning)

Level 4
Student
can
correctly
use logical
structures
to
evaluate
the truth
value of a
statement
and
describe
methods
of proving
or
disproving
a
statement.

Level 5
Student
can
clearly
articulate
and
correctly
use logical
structures
to
evaluate
the truth
value of a
statement
and
describe
methods
of proving
or
disproving
a
statement.
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Rubric for Category C: Problem Solving using Quantitative Reasoning

Category C: A students’ ability to engage with multiple step-problems which require
quantitative reasoning.

Engaging
with Multi-
step Problems

Computation
al Proficiency

Level 1
Student
skills are
emergin
g in this
trait.

Student
skills are
emergin
g in this
trait.

Level 2
Student
selects at
least one
correct step
in reasoning
or
computation
s to solve the
problem.

Student is
unable to
construct
mathematica
1 formulae or
arrive at a
final
solution or
constructs
inappropriat
e formulae
and arrives
at an
unreasonable
solution
without
addressing
the issues
with their
solution.
(e.g., having
a negative
number of
postal codes
in a
combinatoria
| problem)

Level 3

Student selects
some correct
steps in both
reasoning and
computations,
or most correct
steps in either
reasoning or
computations to
solve the
problem.
Student
attempts to
construct
mathematical
formulae and
arrives at
reasonable
values for all
aspects of
problem solving
or constructs
inappropriate
mathematical
formulae and
recognizes the
unreasonablenes
s of their
solution. (e.g.,
recognizing a
negative
number of
postal codes in a
combinatorial
problem is an
issue)

Level 4

Student selects
mostly correct
steps in both
reasoning and
computations to
solve the
problem.

Student
constructs
correct
mathematical
formulae and
arrives at
reasonable
values for all
aspects of
problem solving
or recognizes
the
unreasonablenes
s of a given
solution.

Level 5
Student
selects all
correct steps
in reasoning
and
computation
s to solve
the problem.

Student
constructs
correct
mathematica
| formulae
and arrives
at correct
values for
all aspects
of problem
solving.
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Rubric for Category D: Ability to Communicate with Quantitative Reasoning

Category D: A student’s ability to communicate their answers to quantitative reasoning
problems and questions.

Communicatio

n of Solutions

Explanations

of Quantitative

Reasoning

Level 1
Student
skills
are
emergin
g in this
trait.

Student
skills
are
emergin
g in this
trait.

Level 2
Student can
communicate
using at least
one correct
definition of
terms and
concepts, or
mostly correct
description of
terms and
concepts, in
their
communicatio
n of solutions.

Student
attempts to
justify their
choice of
computational
practices, or
their
quantitative
reasoning
practices, or
why their
final answer is
reasonable
based on the
context of the
question.

Level 3
Student can
communicate
using some
correct
definitions of
terms and
concepts, or
mostly correct
description of
terms and
concepts, in
their
communicatio
n of solutions.

Student
attempts to
justify their
choice of
EITHER their
computational
OR
quantitative
reasoning
practices with
reference to
the context of
the question,
and where
necessary,
explain why
their solution
isa
reasonable
one based on
the context of
the question.

Level 4
Student can
communicate
using mostly
correct
definitions of
terms and
concepts, or
mostly correct
description of
terms and
concepts, in
their
communicatio
n of solutions.

Student can
justify their
choice of
EITHER their
computational
OR
quantitative
reasoning
practices with
reference to
the context of
the question,
and where
necessary,
explain why
their solution
isa
reasonable
one based on
the context of
the question.

Level 5
Student can
communicate
using either
correct
definitions of
terms and
concepts, or
correct
description of
meaning of
terms and
concepts, in
their
communicatio
n of solutions.
Student can
justify their
choice of
computational
and
quantitative
reasoning
practices with
reference to
the context of
the question,
and where
necessary,
explain why
their solution
isa
reasonable
one based on
the context of
the question.
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Appendix D
ORAL CONSENT SCRIPT FOR DELAYED POST-TEST INTERVIEWS

Introduction:

Hello, I am [your name]. I am conducting interviews about numeracy skills and numeracy
thinking that you have acquired through participating in MATH 2UU3, Numbers for Life. I'm
conducting this as part of research, under the direction Dr. Miroslav Lovric of the Department of
Mathematics and Statistics at McMaster University.

Study procedures:

I’m inviting you to do a one-on-one virtual interview that will take about 60 minutes. I will ask
you a series of questions that require numeracy to interpret and solve, and to describe your
problem-solving process. I will take handwritten notes to record your answers as well as use an
audio recorder to make sure I don’t miss what you say. If this time no longer works for you, we
can set up a different time and conferencing platform that works for us both.

Risks:

It is not likely that there will be any risks to you in this study. You might worry what we will
think of you, after analyzing your surveys; or you might be bothered by the conclusions we
reach. If you feel uncomfortable about us using your interview for research, you have an
opportunity to withdraw from this research. You will be able to withdraw from the study before,
during, or any time until 48 hours after your interview by sending an email to the researcher Julie
Jenkins at je.jenkins19@gmail.com. We will destroy any data you would like excluded from the
study, and never use it in our research. Data collected throughout the course of research will be
completely anonymized.

Benefits:

In this study, we hope to assess the success of the numeracy course Math 2UU3 to prepare
students for the numeracy demands of day-to-day life. We would also like to identify
instructional practices that benefit student understanding and suggest alternative instructional
methodologies to improve the quality of student learning. It is our hope that we can clearly
exhibit the conceptual gain in these skills and repackage some of what we’ve learned for pre- and
in-service teachers, as well as develop similar courses for other universities. We also hope that
our research, and results, will encourage faculty to consider modifying their teaching of
mathematics by emphasizing student engagement in their classes.

In appreciation for your participation, we will offer you a $25 Amazon gift card. To obtain the

gift card, we only require that you start the interview; we will give you a card in appreciation of
your time regardless of whether or not you complete the interview.
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Voluntary participation:
Your participation in this study is voluntary.
e You can decide to stop at any time, even part-way through the interview for whatever
reason, or up until 48 hours after your interview.
e If you decide to stop participating, there will be no consequences to you, and you will
still receive your gift card.
e If you decide to stop, we will destroy any data collected up to that point.
e If you do not want to answer some of the questions you do not have to, but you can still
be in the study.

If you have any questions about this study or would like more information you can email Julie
Jenkins at je.jenkins19@gmail.com

This study has been reviewed and cleared by the McMaster Research Ethics Board. If you have
concerns or questions about your rights as a participant or about the way the study is conducted,
you may contact:

McMaster Research Ethics Board Secretariat

Telephone: (905) 525-9140 ext. 23142

c/o Research Office for Administration, Development & Support (ROADS) E-mail:
ethicsoffice@mcmaster.ca

I would be pleased to send you a short summary of the study results when I finish going over our
results. Please let me know if you would like a summary and what would be the best way to get
this to you.

Consent questions:

e Do you have any questions or would like any additional details? [Answer questions.]

e Do you agree to participate in this study knowing that you can withdraw at any point with
no consequences to you? [If yes, begin the interview; if no, thank the participant for
his/her time.]

e Do you agree that the interview can be audio recorded? [If yes, begin the interview; if no,
thank the participant for his/her time.]

e Do you consent to having your interviewer take hand-written notes? [If yes, begin
interview; if no, ask if they would like to begin the interview without hand-written notes. ]

e Would you like to receive a summary of the study results? [If yes, ask how they would
like to receive the summary. Once recorded, begin the interview; if no, begin the
interview. |
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