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Abstract

The development of aset of rubricsfor teachersand curriculum designersinterested in the quality
of numeracy tasks emerged from our struggle with an attempt to clarify the distinction between
numeracy and mathematics. Shifting our perspective from asking what numeracy and
mathematics are to asking what they are about led to the conceptualization of a core mandate for
numeracy scholarship and arecognition that a distinct feature of numeracy tasksisthat they aim
to inspire transfer from concrete to abstract thinking spaces and back.

Next, we used models of the thinking process for real-world problem solving devel oped
by Verschaffel, Greer, & De Corte (2000), Burckhardt (2008), Blum and Ferri (2009), OECD
(2017) and especialy Wolfram (2020) to shape the devel opment of Rubric 1 and 2 for discerning
quality numeracy tasks. These models helped break down the idea of transfer from concrete to
abstract thinking spaces and back into well-defined thinking actions. We then added athird rubric
that aims to help teachers decide whether to use a particular numeracy task in their classroom
setting.

In a conference workshop at ALM 30 (in 2023) we presented the rubrics and a series of
tasks from a variety of settings as tools to help with the stress test. This paper first outlines the
background and rationale for numeracy tasks as a distinct type of mathematics task, then presents
an updated and scaled down version of the three rubrics, demonstrates them in action with a series
of distinct mathematics tasks, and reports on what we learned from stress testing.

Key words. numeracy tasks, word problems; quality numeracy tasks; rubric development;
transfer.

From numeracy to numeracy tasks — a foundation.

One of the core motivations for numeracy in its origina conceptudization (Crowther, 1959;
Cockroft, 1982) came from the realization that school-mathematics skills were not automatically
being transferred to the real world. Since the 1980s scholarship in numeracy has grown in scope
and in depth, but the idea of transfer remains at its core.

This new term “numeracy” was needed to highlight a gap in mathematics education, not
in mathematics. While mathematics is very useful in providing us with a way to think about (to
make sense of) the concrete world around us, numeracy’ s goal isto help us think about transfer,
an educational, not mathematical challenge. Indeed, the term numeracy is not one that
mathematicians use when participating in the discourse of mathematics. Numeracy is not a child
of mathematics, but rather they appear to exist on different planes of human endeavour.

71



GulaT & LovricM

Disentangling the two is easier when we consider what they are about and sets the stage for
making numeracy tasks a well-defined subset of mathematics tasks.

In Gulaand Lovric (2024) we set the stage for the devel opment of numeracy task rubrics
by gathering the threads of the scholarship of numeracy and its most prominent family members:
Quantitative Literacy (QL), Quantitative Reasoning (QR), Mathematical Literacy (ML) and
numeracy’ s word problem cousins. We coined the term ‘word problem cousins' to indicate that
scholarship focused on word problems has some of the same concerns as numeracy scholarship,
however these scholars rarely refer to each other’s work. We did not attempt another definition
of numeracy as many numeracy scholars agree that there is no consensus as to a unifying
definition (Geiger et al., 2015), even referring to the construct as ‘ slippery’ (Coben et al., 2003 p.
9).

Instead of framing the question as ‘What is numeracy? we asked: ‘What is numeracy
about? . This reframing helped us outline six areas of consensus in numeracy scholarship (Gula
and Lovric, 2024, p. 2-9) that served as a foundation for a proposed core mandate:

Our core mandate as scholars of numeracy is to investigate how our educational institutions and
teachers within and outside of those formal systems can improve citizen (and student) use of
mathematical abstractions to help make sense of the concrete world that they/we live in and to
interpret the abstractions of others. (Gulaand Lovric, 2024 p. 9)

A key aspect of the core mandate is areframing of transfer as the shifting from concrete
to abstract thinking spaces and back, instead of transfer from school-mathematicsto real world as
originally conceived. This reframing provides the groundwork for conceptualizing numeracy
tasks as ones that provoke or inspire a specific series of thinking actionsin the student.

Before moving on, we would like to acknowledge other numeracies that have
emerged including statistical literacy and reasoning (DelMas, 2002), financia literacy
(Titko & Lace, 2013), health numeracy/literacy (Schapira et a., 2014), data literacy
(Gummer and Mandinach, 2015) and academic numeracy (Brady, 2016). Each aims to
extend numeracy into new contexts or settings. Whilethey broaden the scope of numeracy
scholarship, we do not see them as changing the core mandate of numeracy scholarship.

Shaping quality numeracy tasks as a distinct form of mathematical task.

A large body of scholarly work examines problem solving in mathematics and many of the
thinking actions that good problems (good tasks) are to inspire in students (Polya, 1945;
Gravemeijer, 1997; Caprioara, 2015; Hendriana, Johanto, & Sumarmo, 2018). Thinking actions
gleaned from those include: reasoning (deductive, inductive), generalizing, making conjectures,
persevering, experimenting, and proving. Similar thinking actions were proposed in a discussion
of the mathematical habits of mind in Cuoco et al (1996). The fact that these actions are desirable
and relevant whether the problem requires transfer (i.e., the shifting from concrete to abstract
thinking spaces) or lives exclusively in the abstract suggests that they aren’'t helpful in shaping
qualities of a numeracy task nor in developing a system of assessment specifically for numeracy
tasks.

In her book “ Thinking as Communicating” Anna Sfard (2008) describes mathematics as
a discourse with its own thinking space. She points out that “Bertrand Russell ... put it bluntly,
mathematics begins where the tangible rea-life objects end and where reflection on our own
discourse about these objects begins.” (Sfard, 2008, p. 129) Mathematics education is about
bringing students into the discourse of mathematics, and good mathematics tasks (problems) can
do that in part by living in the abstract.
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Task 1 (below) for example, isavery basic arithmetic task that stumps many students (all
high school graduates from a variety of countries) in a college mathematics class taught by one
of the authors (many would put 10 and 18 in the two blanks). It comes from a mathematics
sophistication index designed for prospective elementary teachers (Szydlik, 2009). The task can
assess student understanding of the meaning of the equal signiif it involves some sort of reflection
as part of the exercise, and in that way can bring students into mathematical discourse. Task 2, a
much more complex and open-ended task provides many more opportunities for mathematical
discourse, and for engaging the thinking actions important to mathematicians.

Task 1: 3+7= +8= . What numbers go in the blanks? (Szydlik et al., 2012)

Task 2: Inscribe asguarein agiven triangle. Two vertices of the square should be on the
base of the triangle, the two other vertices of the square on the two other sides of the triangle, one
on each (Polya 1945, p. 31).

Neither of these tasks aim to inspire transfer and thus they are clearly not numeracy tasks
- they are not set in nor about the real (concrete) world. Although they are different from each
other, they are united in that they exist purely in the abstract thinking space, the discourse, of
mathematics.

Polya (1945, p. 93) described two types of mathematics problems, the purely abstract
mathematics problems (like Task 2 above) and what he caled “practica
problems...acknowledging that they [practical problems] are different in various respects from
purely mathematical problems”.

We propose two word problem examples (Task 3 and 44) that are pretty standard in a
variety of algebraand pre-cal culus courses as examples of practica problems.

Task 3: A farmer has 2400 ft of fencing and wants to fence off a rectangular field that
borders a straight river. He needs no fence along the river. What are the dimensions of the field
that has the largest area? (Stewart, Clegg, & Watson, 2020, p. 337)

Task 4a (arelated rates problem): imagine a spherical snowball with aradius of x cm. It
ismelting so that the radius shrinks at a constant rate of y cm per hour. How fast is the volume of
the snowball decreasing?

Intuition suggest that these are, at best, contrived real-world problems, and at worst, ones
that promote the plugging of numbers into a formula or some other standardized procedure
approach to problem solving. Furthermore, these mathematics problems do not inspire the
thinking actions described above. Evans (2000) and Jablonka (2015) help give a foundation to
these intuitions when describing a tendency for mathematics teachers and faculty to give primacy
to mathematical structures rather than concrete situations when posing mathematics problems set
in rea-world contexts. Indeed, word problems in Calculus textbooks (often referred to as “story
problems’) are typically about using a specific mathematical idea, structure or calculation rather
than about the context described, and that fits with their course objectives. The point here is not
to critique calculus textbooks, but to show that numeracy tasks have a different goal.

From this perspective, word problems such as Task 3 and 4a are poor numeracy tasks
even though they are set in rea-world contexts in part, because they are about abstract
mathematical structures. In the first stage of a solution, students are expected to “strip” the
problem of wordsto find out what mathematical structure they are supposed to be using. In being
defined as arelated rates problem task 4a' s mathematical nature is made explicit, confirming that
the problem is not about melting snowballs. The student who would go out and study snowball
melting in practice would be considered distracted by the noise (the details) of the context.
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The bias to see the rea world as composed of mathematical structures that we must
recognize when solving problems is seen in numeracy scholarship as well. In their detailed
analysis of Quantitative Literacy assessments among Health Numeracy scholars, Vacher and
Chavez (2009, p. 38) used the following mathematical structures as markers of numeracy skill:
numeration and counting, hierarchy, arithmetic, multistep arithmetic, and probability. This kind
of list is not an uncommon way of presenting the skills of numeracy and suggests that
mathematical structures are what many real-world word problem tasks are about. Furthermore,
even those who contribute to a sophisticated conceptuaization of numeracy and its many
dimensions indicate a bias towards seeing the real world through the eyes of mathematical
structures. For example, Geiger states (our emphasis): “What it meansto be numerate isin astate
of constant revision because of the mathematical demands of an increasingly globalized world...”
(Geiger 2016, p. 252). Note that we are not suggesting that knowledge of mathematics and
procedures is not important to numeracy. Instead, we are suggesting that key aspects of
numeracy’ s core mandate are being neglected in many tasks designed to inspire transfer.

Perhapsit isthisbiasthat has prevented many from seeing two distinct types of numeracy
tasks: onetype of task isabout mathematical structuresand their relations, while asecond is about
the concrete context the task is set in.

Dahl et al. (2023, p. 29-30) use a Problem Based Learning (PBL) perspective that
inadvertently helped support the conceptualization of numeracy tasks as a distinct type of
mathematics task by delineating three types of problems in mathematics. Two of the three are
designated as internal to mathematics, echoing the work of Anna Sfard (2008) who would
describe them as ones that aim to bring students into mathematical discourse. The first of these
two is set purely within the abstract world of mathematics (e.g., the arithmetic ‘ sophistication’
task — Task 1, or Polya sinscribe a square into atriangle task — Task 2) and the second of the two
issetin an artificial real world in order to motivate specific mathematical actions (e.g., the fence
question — Task 3a and the melting snowball question — Task 4a). For example, in the melting
snowball problem, the snowball is simply a convenient and interesting representative for a sphere
rather than the sphere being a convenient representation of a snowball. Students can read the
intent and respond in kind.

The third mathematics problem type includes those that are external to mathematics,
fitting with the conceptualization of numeracy tasks as ones that inspire transfer from concrete to
abstract thinking spaces and back. These problems/tasks are rooted in a concrete situation where
mathematics can help make sense of and resolve any challenges faced by the protagonist(s). A
correct solution will involve the use of mathematics, but the focus of the solution will be on the
concrete world externa to mathematics. This conceptualization provides away of delineating two
types of world problems, one about the real world (we call these numeracy tasks) and a second
set in the real world, but about mathematics.

Dahl et a. (2023) a so provide support for numeracy tasks as atype of modelling problem,
one which promotes the use of abstract mathematics to make sense of the concrete. Calculus
textbooks typically present tasks internal to mathematics (like Task 4a) where the use of €legant
models that can be generaized to other situations isimportant. This is also a common approach
to modelling problems in mathematics courses.

Let uslook at arevised version of Task 4awhich we have reset to be about the concrete
context and thus framed as a numeracy task.

Task 4b (snowball melting version 2): Assuming that you livein a placewherethere
iscurrently snow, go outside and make afew different snowballs of various shapesand sizes.
Take them inside and place them on a funnel over a measuring cup and watch them melt
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tracking arisein water level in the cups (or make a video watching them melt in the same
setup). Isthere some sort of commonality to their rates of melting? Isthe level of water in
the measuring cup related to the change in size of the snowball?

Task 4b is framed as ‘an investigation of melting snowballs' problem in which their
shape, composition, density, etc. play arole in melting. In Task 4athe person completing the task
is invited to play in the abstract side of the divide and engage in the internal discourse of
mathematics, and in task 4b - external to mathematics - about the concrete situation presented, in
which playing around in the concrete situation is more important than the mathematics used to do
so. Both involve modelling, but only Task 4b fits with Dahl et a. (2023) as a problem external to
mathematics discourse, and with the conceptualization of numeracy tasks that emerge from the
core mandate of numeracy.

At this point we have established numeracy tasks asadistinct subset of mathematics (and
mathematical modelling) tasks, and a distinct subset of word problems. Perhaps there is also a
case to be made for numeracy tasks as distinct from mathematics tasks altogether, but that is not
the god here. Whether you choose to see them inside or outside the set of mathematics tasks
really will not matter to the design of the numeracy task rubric, as the goal is to systematize the
recognition of high-quality tasks that inspire the shift between concrete and abstract thinking
spaces and give primacy to the concrete in creating numeracy tasks.

There are many elements to being numerate that have been set aside in our approach. For
example, mathematical knowledge and skills, dispositions, contexts and cognitive processes, as
suggested by the Common European Numeracy Framework (Hoogland et al. 2019). Those are
important to consider as we work to help (and inspire) students to become better at shifting
between concrete and abstract thinking spaces. Having a strong sense of what a quality numeracy
task looks like is an important and often neglected aspect of numeracy education.

Shaping components of transfer as a thinking process.

The impetus for creating a rubric for classifying the quality of numeracy tasks came from a
frustration in seeing tasks that claimed to be numeracy tasks (often framed as real-world word
problems) in published materials and presentations that many colleaguesintuitively identified as
weak, artificial, or lacking meaning without having any well-defined criteria to support those
intuitions. A well-developed rubric for assessing students quantitative literacy (AACU, 2009)
and the rationale for Mathematical Literacy items used in PIAC assessments (OECD, 2017)
provided guidance towards what those criteriamay be, but we could not find aformalized system
designed to assess the quality of the numeracy tasks themselves.

Thereframing of transfer, key to the core mandate, points us towards a focus on thinking
actions that make up the shift between concrete and abstract thinking spaces when considering
the aboutness of numeracy tasks. Thinking actions specific to numeracy and thus to transfer are
grounded in the work of awide variety of scholars, yet show aremarkable commonality.

In Gula & Lovric (2024) we gathered a series of five thinking process models for what
we call numeracy tasks and other scholars identify asword problem solving (Verschaffel, Greer,
& De Corte, 2000), modelling (Burkhardt, 2008; and Blum & Ferri, 2009), mathematizing
(OECD, 2017), and computational thinking (Wolfram 2020). These thinking process models gave
us confidence to start the process of developing arubric for the classification of numeracy tasks
that would inspire students to experience and practice transfer. Though many of the models
visualized the idea of transfer as shifting between rea world and mathematics world, the
visualizations and steps made it clear that thinking of these as shifts between concrete and abstract
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thinking spaces was more accurate. Though they do not mention the term transfer explicitly, each
articulates aclear (though implied) delineation between concrete and abstract thinking spaces and
the need to shift from one to the other when solving problems in the real (or material, physical,
concrete, immanent) world.

Conrad Wolfram (2020) outlined a thinking process model that breaks down the solution
to a good numeracy task (he calls it a computational thinking task) into four thinking actions:
define, abstract, compute, and interpret. This model is the one that most directly informed the
development of numeracy task Rubric 2 and impliestransfer as the shift from concrete to abstract
(through define & abstract actions) and back (interpret results).

Figure 1: Wolfram's model of computational thinking process (Wolfram 2020, p. 51)

It is our hypothesis that many mathematics courses, or units within them that aim to
inspire transfer tend to focus on the actions of computation and interpretation, and neglect the
define and abstract thinking actions, which are much more difficult to set up aslearning outcomes.
The core mandate of numeracy (presented above) challenges us to think about how to engage
studentsin the experiences of using mathematicsto solve concrete problems, by engaging transfer
between abstract and concrete thinking spaces. Ideas from problem-based learning and the
thinking process models provide support for this conceptualization. The thinking actions
described by Wolfram (2020) break the process down into el ementsthat provide apath that helped
us design Rubric 2 in particular, and can help us rethink curriculum in many courses.

Demonstration of atask that inspiresthe four-stage thinking process.

We introduce Task 5 from an introductory statistics course in Health Sciences at an Ontario
College to illustrate each of Wolfram’sfour stages from Figure 1 in action.

Note that variations of this task can be designed to inspire just one or two of the four
thinking actions he describes. For example, atask that asks studentsto analyserea data- common
practice in introductory statistics courses - allows faculty to develop rich tasks that inspire
computation and interpretation actions. We suggest that making up datain Stage 2b asa part of a
complete numeracy task gives students practice with abstraction without diminishing define and
abstraction actions, and dlightly diminishing interpretation since the results are known before the
action takes place.

Task 5: Design and carry out aresearch study and write up results on the following topic:
Does exercise help university students with sleep? Y ou will complete the work in 4 stages with
the following tasks for each stage:

Stage 1 (define): product is a clear research question that can be used in data collection.

e The process involves establishing the scope and parameters of the terms (What does exercise
mean? How would one measure time of exercise or ask a survey question about it?)
Establishing a connection between the research question and variablesis not atrivial process
and involves a continuous shifting back and forth between concrete and abstract thinking
spacesin students. What assumptions are built into the research questions? Are they potentia
biases? Does the research question get at the actual problem?
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Stage 2a (abstract): product is a data set template, and a plan for data collection (structured asa
proposal for research and including survey/questionnaire or observation method).

e The process will necessitate thinking ahead to data analysis since the data that will be
collected (and especially its type — categorical versus measurement) will define the
computation to come and to choose the output (charts/graphs) that will help answer the
research question. How will data about quality sleep be collected (as ayes/no question, a
measurement/score)? The data set template has to fit with the data that will be collected,
and with the framing of the research question.

Stage 2b (abstract): product is a data set with data made up by the student and entered into the
data set template. Having the student make up data stimulates abstraction and is highly efficient
in avoiding formal research ethics approva process, and alows for topics which would be
impractical if data collection was needed).

e Theprocessof making up datarequires morethan consideration of datatypefor each variable.
Students must also take into consideration that summary statistics and visual s their made up
data produce need to be grounded in the concrete real world — e.g., for a strong positive
associ ation between exercise and sleep the results need to show that exercise helpswith sleep
more than alittle bit (strong positive association) without losing touch with what is realistic
(e.g., sleeping 14 hours a day is not a good thing either).

Stage 3 (compute): product is output (usualy software will produce summary statistics,
chartg/graphs and visuals) that could help answer the research question from stage 1.

e The process will require a comfort with the computation method used, but more importantly
the ability to decide what output hel ps answer the question about exercise and sleep.

Stage 4 (interpret): product is a written report answering the research question with evidence.
Furthermore, students are asked to consider how their made-up data might differ from what they
would find if they actually collected data.

e Process will start with looking for anomalies (e.g., outliers or results that are not realistic —
since datais made up) in output asaway of checking for validity, and if needed stepping back
to stage 2b and 3 to fix any of these.

o After data validity is established, the student is expected to produce a written report
demonstrating that they have answered the research guestion with the data at hand and to
provide evidence to support their answer. Given that the data is made up, students are also
asked to reflect on the extent to which the made up data fits with what would be expected in
the population they are purportedly studying.

Now that we have established a clearer description of the four thinking actions that
numeracy tasks can inspire, we will go to the next step of describing the devel opment of criteria
for apotentially useful rubric.

Rubric development and description

A search in the literature yielded no formalized system that hel ps evaluate numeracy tasks posed
in formative and summative assessments and exercises, though there were several articles that
pointed to characteristics of good numeracy, QL, QR, ML or word problem tasks (Hoogland et
a. 2018; Geiger 2016; Follette et al. 2015; Gaze et al. 2014; Grawe, 2011). Others focused on
evaluating student responses to problems posed. In particular, the Quantitative Literacy Values
Rubric (AACU, 2009) proposes the following Quantitative Literacy skills (similar to
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Define/Abstract/Compute/Interpret actions): assumption, application/analysis, representation,
calculation, interpretation, communication.

We were able to identify nine characteristics of a good numeracy task (Gula & Lovric,
2024, p. 17) that provided the impetus to develop criteria of a numeracy task rubric — Rubric 1.
After afew preliminary sketches we realized that instead of one rubric we would need two, then
by the sixth draft we saw the necessity for three rubrics that each answered a separate question.
We introduce each rubric below by highlighting the questionsthey are to answer. Each rubric has
multiple criteriawith 3 descriptors for high/medium/low quality. The rubrics are not meant to be
used independently of each other, rather to be used in succession.

We present the revised post stress test version of three rubrics below, showing the
descriptor for high quality only. The complete rubrics with descriptors for ‘medium and low
quality’ levels can be found online at Gula and Lovric (2023).

Rubric 1 (for theteacher or designer): Isthetask posed clearly a numeracy task? Does the task
inspire the shifting from concrete to abstract thinking spaces and back? This rubric is for the
teacher or designer aiming to help assess the extent to which a numeracy task is well designed
and to identify areasthat can beimproved. For each criterion there are three descriptors from high
to low quality.

Rubric 1. Purpose: for the teacher/designer to assess the degree to which a task is well
designed in general over four criteria.

Criteria High quality
Nature of context The task description takes the student (or group of students) out of school (or
(concreteness) away from their desk) and explicitly into a concrete context (without

necessarily doing so physically)

It isexternal to both the class and any mathematics being studied in the class.

Task description: Thetask presented demands a focus on and response to a concrete situation

content (aboutness) = within the scenario.

Though it demands the use of quantitative methods and/or mathematical tools, it

is not about the mathematics that is/needs to be used.

Description makes it easy to assess whether a student (or group of students) is

familiar with the language/culture of that context or has experienceinit.

Authenticity of The scenario is presented in away that it would appear in the given context.
scenario in context | The challenge/problem is one that would arise in that context.

Task description The task described makes explicit the need for responses (however trivial) to
(required actions) each of the following actions of the adapted Wolfram computational thinking

process (Define, Abstract, Compute, Interpret - see breakdown in Rubric 2).
Multiple responses to the posed task are possible, though some may be judged as

stronger (or weaker) if errors are made.

A solution using informal methods of abstraction or computation isjust asvalid

as one using formal mathematical methods.
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Rubric 2 (for the teacher or designer): To what extent does the task inspire responses to each
of the four thinking actions necessary for exercising transfer: Define, Abstract, Compute,
Interpret? Note that we are not suggesting that each task must inspire al four. In many
circumstances teachers may choose to get students to practise individual actions before putting
them all together.

Rubric 2. Purpose: for the teacher/designer to assess the degree to which thetask isableto
inspire responses to each of the four thinking actions associated with transfer: Define,
Abstract, Compute, Interpret.

Criteria High quality

Define the question. | Scenario presented such that student will need to reframe the scenario into
quantitative friendly format in order to complete the task.
The student will need to describe assumptions or simplifications made to reduce
ambiguity inherent in task description.

Abstraction: Scenario requires reframing into aformal or informal mathematical model (i.e.,
in preparation for computation) and allows for at least one correct approach.
No new mathematics needs to be devel oped by the student to solve the task(s)
presented in the scenario.

Computation and Scenario requires calculation(s) without indicating need for technological help.
result(s): The calculation method used by the student can be similar to what would be
expected in the context of the scenario, but does not need to be so.
Expected results of calculations can include visual and or numerical formats,
charts and/or graphs as warranted and appropriate.

Interpret results: A correct response to the scenario is context based, and requires more than just
Task response presenting the result of calculations including some discussion of define and
expectations abstract actions, justifying any decisions made.

May include analysis, discussion, justification with logically sound narratives.

Rubric 3 (for the teacher who is deciding whether to use the task in class): Is the task
designated as good enough by Rubrics 1 and 2 a good one to use for the students | am teaching?
Once a humeracy task passes through the first two filters as high (or high enough) quality, the
teacher needs to make sure that it is right for their setting/context and their students. If not, these
tasks can be tweaked by the teacher to reduce unnecessary barriers.

Rubric 3. Purpose: for the teacher who is deciding whether to use a quality numer acy task
in aclass. Assumption: the task passed through Rubrics 1 and 2 as good enough.

Criteria Yes: useit

Appropriateness of The concrete context that the student is placed in is one that the student (or

context group of students) has experience with directly or indirectly or has the capacity
to grasp.

Accessibility of The language used (especially technical terminology native to the context) is

language and familiar to the student (or group of students) in the classroom setting for the

terminology course being taught.

M athematical The formal or informal mathematics needed to solve the problem are familiar to

expectations the student (or group of students) to whom the task will be presented.
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The rubrics in action - a demonstration with three tasks

We have chosen three very different tasks to anayse through the lens of the rubrics. They were
chosen not only to give the reader a sense of how each rubric works, but also to demonstrate their
effectiveness a recognizing high quality numeracy tasks (i.e., ones that fit with the
conceptualization of them as distinct in their aboutness), filtering out poor tasks and pointing to
areas for improvement in task design. For each task we will go through the three rubrics criterion
by criterion.

Task 4a (Meting snowball problem — original version) versus Rubric 1: The Melting
snowball problem was introduced earlier as a related rates problem, suggesting that this task is
about abstract mathematics rather than the concrete world of melting snowballs. Thus, we would
not expect it to be judged as a high quality numeracy task.

Criterion 1 (concreteness): Thistask does not take the student away from their desk asthe framing
is not of any actual space, time or particular snowball. This task framed as a melting snowball
may be an interesting thing to think about, but more as a puzzle than as any melting snowball that
exists and for which someone needs to figure out the speed that its volume is shrinking. Rating:
very low.

Criterion 2 (aboutness): The discourse of thistask isfar from the discourse of melting snowballs.
Termslike *spherical’ and ‘diameter’ are from the discourse of mathematics - they are indicators
that the snowball is simply there to motivate a specific mathematics routine or set of procedures
using particular structures of mathematics. Given that there is no plausible concrete context (e.g.,
engineers getting ready for a snowball fight with rising temperatures?). Rating: very low.

Criterion 3 (authenticity): There is no context in which concern about the speed of melting of a
snowball might be of value. Rating: very low.

Criterion 4 (required actions): In short: Define — no need; abstraction — minimal need;
computation — yes; interpret — cut and paste interpretation will suffice. The problem does inspire
some shifting between concrete and abstract, but very little. Rating: low.

In conclusion, the melting snowball task (#4a) failsto makeit through Rubric 1 and would
not be recommended to be used in anumeracy course, or in amathematics class where the teacher
isinterested in getting students to experience transfer from concrete to abstract thinking spaces
and back. However, it may be an acceptable and useful mathematical problem in other aspects
where building understanding of mathematical structuresisthe goal.

We will not take thistask to Rubric 2 or 3 asit qualifies asavery low-quality numeracy task.

Task 6 (Bat and Ball task): A bat and aball cost $1.10 in total. The bat costs $1.00 more than
the ball. How much does the ball cost?

TheBat and Ball task isused inavariety of settingsasatest of cognition andisconsidered
to be quite effective. Itis part of the Cognitive Reflection Test (CRT) first described by Frederick
(2005) in which he examines the extent to which people chalenge their intuitive thinking. It
challengesthe habit of applying amathematical procedure (structure) before taking timeto define
the question being posed. Wefirst came across thistask in Danid Kahneman's (2011) “ Thinking
Fast and Slow” as atask that exposes fast thinking. We have used it as an exercise in building
student self-awareness of their responses in mathematics problem solving but have not thought
about it as a potential numeracy task until development of the rubrics.
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Bat and Ball task versus Rubric 1:

Criterion 1 (concreteness): The task does not make any effort to take one out of the classroom and
into another setting other than one in which the cost of aball is of concern. It suggests the use of
amathematics formula, and thusis not external to mathematics. Rating: low.

Criterion 2 (aboutness): The scenario does demand afocus on and response to a concrete situation,
but it is not about that concrete situation, it is about developing awareness of habits where fast
thinking wants to use a convenient, but incorrect procedure from arithmetic. The lesson has
nothing to do with purchasing baseball equipment, it inspires a need to dow down our thinking
to consider the concrete. Language used in description is pretty clear unlessit is being read by a
person with no baseball or cricket knowledge. Rating: medium.

Criterion 3 (authenticity): thereis no real context in which one would be interested in the cost of
aball or betold that the bat costs $1 more. Rating: very low.

Criterion 4 (required actions): Define — no need as scenario is straightforward. Abstraction —this
is where the challenge lies for the person completing the task - informa methods are possible.
Computation — straightforward. Interpret — the task as posed does not require self-reflection, or
judtification but can be extended to do so. Rating: hard to assess as there is a need for only two of
the four thinking actions —a more thorough assessment can be done with Rubric 2.

Bat and Ball task versus Rubric 2:

Criterion 1 Define the question: no need for reframing, nor for statements of
assumptions/simplifications to reduce ambiguity. Rating: low.

Criterion 2 Abstraction: The requirement for abstraction involves focus on the concrete scenario
and avoidance of how fast thinking sends the reader to subtraction (incorrectly). For many
(including one of the authors) appropriate model building begins after first making the fast
thinking error. The algebraic model (x + y = $1.10 and x —y = $1) is one possible god in a
classroom, but there are informal ways to represent solutions to this task. No new mathematicsis
needed for someone with basic arithmetic. Rating: medium to high.

Criterion 3 Computation and results: most basic arithmetic calculations are all that is needed, or
perhaps an algebraic representation, but there is no authentic approach as the context is not one
that would appear in any situation outside of the classroom. Requirement is a simple numerical
result with dollar (or cents) sign. Expectations are simple and straightforward. Rating: high.

Criterion 4 Interpret results. Correct response is just a number with unit and the most commonly
made error ($0.10 for price of ball) can be double checked, but that is not required in the task — it
is presented asif it was a straight calculation question. Rating: low.

This task does not inspire al four of the thinking actions that we propose are important
to numeracy tasks. Thus, we would not suggest promoting it as a complete numeracy task. This
does not mean that it would not be areally good task that could promote the need for slow thinking
when working on abstractions (building models) of concrete phenomena. Its usefulness is in
challenging studentsto make sure they were not just applying the first mathematical structure that
popped into their heads when solving problemsin concrete contexts.

Task 7 (Rental Car task): CTV News (2022) reported the following story (shortened here):

A woman who rented acar in Toronto said she was charged $8,000 after the company made an error.
Giovanna Boniface said she rented a car from Avis for three days after she travelled to Toronto
Pearson earlier this month to help get her daughter settled at university driving atotal of about 300
kms.
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Boniface said she prepaid about $1,000 to rent the car. While waiting to board aflight, she said she
checked her credit card statement online to make sure the charge had been processed correctly.
"That's when | notice this charge for over $8,000 from Avis," Boniface told CTV News Toronto on
Thursday. The company had charged her for driving 36,482 kilometres at a rate of 25 cents per
kilometre.
Shetried calling the Avislocation at the airport, but no one would answer the phone, finally getting
through on their general phone number, but still had issues sorting out the problem.
"They didn't seem to really get what my issue was and | really needed them to remove this $8,000
charge," she said.
Construct an argument that Giovanna could use to show that the rental company made a serious
mistake.

This task comes to us from a popular numeracy course (named “Numbers for Life")
created and taught by the second author at his institution.

Rental Car task versus Rubric 1:

Criterion 1 (concreteness): The task does take the student working on it out of the school setting
into a concrete real world context by suggesting that the student needs to help the subject make
their caseto the car rental company and by using ascenario published by local media. Itisunlikely
that this task would be presented within the context of any mathematics topic, and in thisway is
externa to “school mathematics’. Rating: high.

Criterion 2 (aboutness): Thistask demands afocus on and response to the subject in trying to help
correct the error made (and get the money back). There are afew quantitatively grounded reasons
availableto her, and deciding which isbest is not based on any particular mathematical procedure
or structure. Even though renting a car is a fairly common scenario in wedthier countries, not
every student would have been exposed to the detail s of credit card payments and reimbursement,
and car rental (and payment by km etc), however, the details described make it relatively
straightforward to decide whether the students we are teaching will find the setting a barrier, and
the universality of trying to make one's case in being wronged by a large corporation is pretty
close to universal in our world. Rating: high.

Criterion 3 (authenticity): The problem is presented in away that would appear within the given
context asit is a redacted quote from a published news report. People pay for something using a
credit card, and most then check to see if they were charged the right amount. Mistakes happen,
and it is not inconceivable that a charge on one's credit card contains an error. Although thereis
no specific mention of which documents Giovanna could present, or had access to (for instance,
the exact number of kilometres she drove), the article mentions the information that she was able
to gather from looking at the invoice. This information fits within the expected process of
correcting a wrong. We would give a higher rating if the actual invoice was presented to
demonstrate the values presented by the rental company and maybe a map of the area in which
the subject travelled. Rating: medium to high.

Criterion 4 (required actions): Define — need for investigating multiple options — thus yes!
Abstraction —no real need for forma mathematical structure, the approach could be informal, but
will involve abstractions - basic arithmetic will suffice, so no new mathematics is needed.
Computation is straightforward, though visualizations may take time. Interpret — needed to
construct a convincing argument that the rental company made a mistake will inspire some
reflection on the decisions that were made. Rating: medium to high.

Rental Car task versus Rubric 2

Criterion 1 Define the question: A student is expected to go over multiple representations
(abstractions) and think about which is the most straightforward and producing a compelling
narrative to help Giovanna convince the company that they made an error. Lots of shifting to
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abstract and back. Not too many assumptions need to be declared, and the scenario is simple
enough that there isn’t much need to reduce ambiguity. Rating: medium to high.

Criterion 2 Abstraction: There are multiple possible approaches that could help build a solid
argument for the Giovanna, none of which require any new mathematics for a vast mgjority of
those who have experience with forma education. There may be no obvious correct approach,
but instead many possible good (and correct) approaches from which to choose. For instance, one
abstraction could involve a comparison between the total kilometres driven as claimed by the
rental company and some familiar distance. An appropriate framing (such as a comparison to a
known gquantity) would be expected — so the decisions made in abstracti on requires thinking ahead
to interpretation and back to definition. Switching between the concrete and abstract thinking
space will not necessarily be linear in this case. Rating: high.

Criterion 3 Computation and results. Depending on the approach, this task may not require any
computation, but just a comparison of quantities (distances). Thus, no technology is needed to
answer thistask. Producing visualization may be aided by technology where possible. Rated high.

Criterion 4 Interpret results. Given that the student is asked to construct an argument, they will
need to do much more than just present numbers — that approach seems not to have worked for
Giovanna. In framing their argument using a comparison with a known distance, the student may
choose to argue that “the distance of about 36,000 km is nine times the approximate driving
distance from Lisbon to Kyiv, (for Europeans). or Vancouver to Toronto (for Canadians) Just
presenting the facts will likely not work, otherwise Giovannawould not need other peopl€e’ s help
—which adds to the complexity of the response needed. Rating: high.

Rental Car task versus Rubric 3: no ratings are provided as they would be dependent on the
context the reader is considering. The discussion simply provides some evidence to its utility,
and explanation of how this rubric can be useful.

Criterion 1 Appropriateness of context: This task would not be a useful task for engineering
students for example, nor onethat is set in an e ementary class, or remote community without any
of the issues confronted by Giovanna, not because of the mathematics involved, but because it
would be unlikely to engage the students in wanting to help.

Criterion 2 (Accessibility): The task works for students in North America where renting a car is
something that many people do, or at least is available as an option as the discourse is
straightforward without technical language particular to any discipline (high accessibility). Given
that fewer individuals get their news from reading news reports, the presentation of information
may be uncomfortable for some students.

Criterion 3 Mathematical expectations. The mathematical expectations are not dictated
by the scenario, with many options available, especialy informal ones.

Rubric development and stress tests

The authors developed multiple drafts of the rubrics through aless formal stress testing with a
variety of tasks before we introduced it to a wider audience. We have had two opportunities to
present the rubrics to a knowledgeable audience: the first at the National Numeracy Network
conference in the United States in the fall of 2022, and the second at the Adults Learning
Mathematics conferencein Ireland, in the summer of 2023. In each we presented all three rubrics
with 12 tasks in one-hour face to face workshop sessions we called stress tests.
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Our observation of the interactions and discussions made it clear that for almost al
attendees much more time was needed to absorb the complexity and intent of the three rubrics as
well asthe tasks.

What we learned about setting up stress tests (from notes we made rather than direct
suggestions from the attendees):

o Itisbestif attendees read through the rubrics and their intent before stress testing them. Due
to the novelty of our rubrics, the need for presentation of the theoretical underpinnings took
time from the workshop sessions, and thus from working on assessing their effectiveness.

o Present ascaled down version of the three rubricsto work with and have the complete version
availablein the background. Having all three rubrics with al three levels (high, medium, low)
available to attendees meant that time was wasted in trying to read through and absorb all the
rubrics and their criteria.

o Carefully curate the tasks that are presented to attendees. We presented 12 tasks and allowed
attendees to choose which to use. This meant that time was spent by the groups to select,
solve and enjoy the tasks before putting them to use in ng the rubrics. Choosing fewer
tasks that are standard and familiar to the audience will help attendees focus attention on
assessing the rubrics.

e Themoderator of the session needsto direct the discussion. Many of the attendees spent time
playing with the tasks we presented, enjoying their challenges - as mathematicians are happy
to do - rather than examining the rubric’s effectiveness. This was a surprise, but should not
have been.

What we learned about the rubrics was generated from comments of the attendees during
the sessions and in written responses post-session. Almost all suggestions have been addressed in
the rubrics presented above in this document. It isworth noting that the feedback and suggestions
we received were exclusively focused on the form of presentation of the rubrics rather than their
content. We have taken this as an indication of the general agreement of those in attendance with
the approach and ideas we presented, though we do not have any formal evidence to support this
contention.

e Therubricswere generally very well received —there wasinterest in its uniqueness given that
we do have rubrics for student responses to tasks, but no system of evaluation for the tasks
themselves. Interestingly, we did not get a sense from the attendees that assessing the
tasks/problems/exercises we give to our students was something they felt a need for in their
teaching or research work.

e Thenovelty and complexity of the rubrics (three rubricswith atotal of eleven criteriabetween
them) made it difficult for many of the attendees to get familiar enough with them to
meaningfully put them to use. Perhapsthisiswhy some suggested reducing the scope of what
the rubrics were intending to do.

e Many suggestions to reduce the wordiness and verbosity of the descriptors — having long
descriptors contributes to the need for more time to absorb and acts as a disincentive for those
that would like to try to make sense of the rubric quickly.

e Bullet points make information much more accessible than long text.

e [tiscrucia to have consistency in language use acrosslevels moving across from high to low
quality. Theimproved versions are not pictured in this document, but accessible online (Gula
and Lovric, 2023).

e Phrasing the descriptors positively and avoiding the use of negative phrasing like ‘ unrealistic’
or ‘impossible’ helps open discussions on improvement of the task.
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e Rubric 1 and Rubric 2 need to be presented in a way that the distinction between them is
clearer. Thiswill help the user know how to use them and when.

Conclusion

The goal of this paper isto provide arationale for a numeracy task rubric, to introduce you to 3
rubrics that emerged as we worked on developing our origina version, and to demonstrate their
potential efficacy through their use with three tasks and by describing outcomes of the stresstests.
We recognize that the process of validating these rubricsisinitsinfancy.

Support for the content validity of the rubrics comes from a theoretical foundation that
justifies numeracy tasks as a distinct form of mathematics tasks, specifically asadistinct form of
a mathematical modelling task. Key to the theoretical foundation is a reframing of transfer as a
shift from concrete to abstract thinking spaces and back, building on the origina
conceptualization of transfer as a shift from school mathematics to the real world outside the
classroom. Thisreframing isrooted in the work of avariety of scholarsin mathematics education,
in particular those that broke down the shifting between concrete and abstract thinking spacesinto
digtinct thinking actions. The usefulness of the theoretical foundation was demonstrated by
examining four tasks showing how the reframing of transfer helps see that numeracy tasks form
adistinct subset of word problems (or modelling problems) and mathematical tasks.

The rubrics were introduced by describing the process of their development including a
rationale for the need for three rubrics as opposed to one.

We dso presented demonstration of the utility of the three rubrics, chalenging Rubric 1
to assess the extent to which three tasks inspired the shift between concrete and abstract thinking
spaces, chalenging Rubric 2 to isolate the four thinking actions important to this shift, and
challenging Rubric 3 to help teachers gauge the appropriateness of those tasks for their particular
classroom.

The stress tests we put the rubrics through helped us streamline and improve the rubrics
and their framing, but we cannot take them asindicative of ageneral consensusin the mathematics
education community as to their effectiveness as tools to help improve the numeracy, QL, QR,
ML or word problem solving of studentsin the courses where teachers use them. Thereis much
more work to be done in that area. Anecdotally we have found that there seemed to be genera
agreement that the rubrics are a useful addition for teachers interested in improving their
understanding of the numeracy tasksthey present to their studentsin mathematics or math-related
courses, but few expressed feeling an urgent need to use them in design or reflection of their own
work.

There are many potential avenues of exploration from this starting point. A more formal
research project that helps establish the validity of the rubrics, but more importantly of the
reframed transfer metaphor, would be a natural next step. Another avenue, which many teachers
and curriculum designers would find useful is to work on curating a series of high-quality
numeracy tasks set in a variety of contexts (and appropriate for a variety of levels) that teachers
can usein classor use as model sto devel op their own. Most importantly, we aim to inspire faculty
to use these rubrics and provide feedback asto their effectivenessto help students strengthen their
understanding and use of mathematics in solving concrete problems.
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