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Introduction

Teaching in the classroom is a never-ending cycle. It begins with carefully
planning the learning objectives, designing the lesson plan, delivering the
content, coaching students, assessing student performance, and more. A
reflective practitioner will likely also evaluate their own teaching: What
worked? For whom? What might they do differently next time?

What we teach is only the beginning; how we teach it can take us and our
students over the finish line. This belief drives every classroom teacher
and teacher-turned-Learning Specialists at Maths Pathway. Maths
Pathway is an evidence-based programmatic approach to maximise
teacher efficacy in delivering differentiated maths learning in Australia
across years F-10 (read the Analysis whitepaper here). The Maths
Pathway model has multiple elements, including rich learning, feedback
and targeted explicit teaching all underpinned by a robust pedagogical
approach. This white paper focuses on one specific part of this model, in
which students complete different workbook activities at the same time,
guided by the computer based on their identified points of need. The aim
is for students to work in the Zone of Proximal Development (ZPD). These
activities are called ‘modules’ (i.e. lessons) and are developed using a
unique evidence-based approach that supports mastery in maths
learning.
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Bridging research and practice in learning
materials

Which teacher isn’t aware of the hustle compiling the best units from
different textbooks, websites, and other resources so we deliver
appropriate content to our learners? Traditional learning materials, often
published as textbooks or worksheet practice guides, typically engage a
team of expert authors, curriculum designers, editors, copywriters etc.,
who work together in iterative cycles before printing or digitally publishing
the content. The impact of the learning content is unknown, except to the
teachers and students who use it. Then perhaps, a new version or edition
of the book may be released a few years later, rarely with substantial edits
— at least not in a timely fashion.

Imagine instead an iterative development
process which begins with an expert
design that is tested in the classroom
which then informs tweaks and revisions
in an ongoing manner. At Maths Pathway,
research and practice is bridged in an
interactive process to develop and
continuously iterate learning material
geared towards improving student
performance. Research, as a systematic
analysis of student performance data,
referred to as “Learning Analytics” (Long
et al., 2011) informs the design and
sequencing of material grounded in
pedagogical theory, referred to as
“learning design” (Lockyer et al., 2013).
Current research investigating the
intersection of learning analytics and
learning design agree that an optimal
application is bi-directional (see Figure 1, Shibani et al., 2018;
Mangaroska & Giannakos, 2018).

Learning

Design

Learning

Analytics

Figure 1, Relationship between
learning design and analytics

So how do we bring together learning design and analytics to deliver
reliable instructional content modules?

Ask the right questions to leverage research
and practice

Maths Pathway uses student performance and behavior data across
around 80,000 Australian students to ask questions, similar to every other
reflective teacher, across three areas: Length, Learning, and Readiness.
Table 1 presents the comparison of what a teacher may ask and how
Maths Pathway asks the same question:
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How does Maths Pathway design and
review high-quality modules?

The team of experts at Maths Pathway reviews one part of the curriculum
material at a time, prioritising areas where students spend the most time,
or currently experience the most difficulty . Material is re-written with a
high degree of rigour, adopting a multi-step collaborative process
involving reviews of literature, detailed defense of scaffolding and
narrative flow, and more. The module is then re-released for teacher and
student use. The similarities with traditional publishing end at this point.
At Maths Pathway, the team performs a detailed review guided by the
questions presented in Table 1 of student performance in each module
and its associated assessment items when there is sufficient data. A
detailed description of the process, including why Maths Pathway does
what they do, has been published in this whitepaper.
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Table 1. Questions asked by reflective teacher and Maths Pathwa

The Reflective Teacher Team at Maths Pathway

Reflection on Length

e How long did it take students to complete the activity? e Did this module take students the same amount of time as
e \Was this length appropriate for my context, accounting for other modules (15 to 30 minutes)?
students’ attention span, timetabling constraints, and the pace of e \Were there any unusual patterns in data that suggest
the course? concerns related to engagement or performance?
Reflection on Learning
e How do students perform on assessments connected to the learning e How did students perform on this module’s related
objective? assessment items?
e Did most students meet the learning objective? e What percentage of students answered all those test
e Did the activity appear to be too easy for students, or too hard for questions correctly on the first attempt?
them? e Was this module too easy or too hard or just right?
Reflection on Readiness
e \Were students ready and able to complete the activity? e Did the personalised pathway direct students appropriately to
e Did any students not engage because they were missing some this module based on their previous mastery?
foundational knowledge or skill? e Are there changes needed to the diagnostic question to
e Were some students disengaged because they already had the improve the fit of challenge level to students’ competence?
competency to meet the learning objective before they started?

Leveraging learning analytics for better educational content design: Analysis of the Maths Pathway approach



Who designs Maths Pathway’s high-quality
modules?

Maths Pathway has assembled a team of experts to produce high-quality
modules. These ‘Learning Specialists’ are experienced secondary
mathematics teachers, primary mathematics teachers, and
mathematicians. Three members of the larger team of Learning
Specialists are shown below in Figure 2, to illustrate the spread of
expertise across that team as a whole.

Sam Collier specialises in primary
numeracy and taught at multiple year-
levels in primary schools for 10 years prior
to joining Maths Pathway.

Andrew Mark brings 20 years of
experience and expertise in teaching all
levels of secondary mathematics to his
role as a Learning Specialist.

Dr Anna McGann completed a PhD in
Applied Mathematics and was a post-
doctoral fellow at UNSW before becoming
a Learning Specialist.

Figure 2: Some of the Learning Specialists at Maths Pathway, part of a larger team
of experts working to produce high-quality modules
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Walk-through an example of the process in
action

In this section, the Learning Specialists’ first summary analysis as well as
their deeper dive and insights answering the questions are presented to
walk through an example. In 2020, a module entitled “Fraction Sizes with
the Same Denominator” was authored by experts, drawing upon research
on best practice from researchers such as Dr. Karen Fuson', Dr. Diane
Siemon?, and Dr. Catherine Pearn®.

Stage 1: Analysis

Once there was sufficient data available to review, the following insights
were gained:

Length

Analysis result: Students were, on average, taking slightly longer than
the desired range of 15.0 to 30.0 minutes (30.3 minutes).

Maths Pathway deeper dive & insight: Closer look at module data
indicated that students were spending an unusually long time interacting
with a ‘get help’ feature at two points in the module: one where a
question had some higher literacy demands, and another where fractions
equivalent to ‘1 whole’ were first introduced and explored as a special
case. Also, students tended to skip through parts that, upon closer look,
appeared to be repetitive.

" Fuson, K. C. (2019). Overcoming Errors in Fraction Computation by
Emphasizing Unit Fractions, Length Drawings, and Student Explanations.
Universal Journal of Educational Research. Published.

2 Siemon, D. (2002, June). Partitioning - The missing link in building
fraction knowledge and confidence. Victorian State Government
Education and Training.

Learning

Analysis result: The proportion of students showing mastery after their
first attempt was 75.2%, which is within the desired range of 75.0% to
85.0%, but low enough to be worth seeing if it could improve.

Maths Pathway deeper dive & insight: Examining each type of test
question showed that students performed unusually well when comparing
non-zero proper fractions with the same denominator, leading to a
suspicion that these questions may be guessable by some student
naively examining surface features. See Figure 3 for examples of three
types of questions. By contrast, performance dropped sharply on test
items where fractions equivalent to ‘1 whole’ were used (C Type
questions).

% Pearn, C., Pierce, R., & Stephens, M. (2017). Questions to Reveal and
Guide Fractional Thinking. Conference: AAMT Conference 2017.
Published.
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A Type

Write the fraction that
is smaller.

32/45 or 29/45

B Type

List in order from
smallest to largest.

26/28, 2/28, 0/32,
15/28

*includes a zero case
with different
denominator

C Type

List in order from
smallest to largest.

15/26, 15/15, 23/26,
9/26

*includes a whole case
with different
denominator

Figure 3: Example test questions used to determine students’ mastery in the

earlier version of the module.

Readiness

Analysis result: No immediate concerns noted; it appears the pathway is
working as intended keeping students at the zone of proximal
development (Morgan, 2013)*

Maths Pathway deeper dive & insight: Examining the data based on
what was learned about students’ learning and the duration they spent on
the module, the team raised additional concerns regarding the diagnostic
questions. Particularly, they were concerned that the protocol allowed
students to get two attempts at the single multiple-choice question (C
Type; see Figure 4) that touched on equivalence to a 1-whole, making it
susceptible to false positive results. This might mean that some students
could be proceeding to high level fractions work without this gap
addressed, which could cause problems down the line.

* Morgan, H. (2013). Maximising Student Success with Differentiated
Learning. The Clearing House: A Journal of Educational Strategies, Issues
and Ideas, 87(1), 34-38. doi:10.1080/00098655.2013.832130

A Type

Which one is correct?
A. 19/25 is larger than

7/25

B. 19/25 is smaller
than 7/25

C. 19/25 is the same
size as 7/25

D. Itisn’t possible to
compare the size
of 19/25 and 7/25

B Type

Which one is correct?
A. 3/3 is greater than

5/5

B. 3/3is less than 5/5

C. 3/3 is the same
size as 5/5

D. Itisn’t possible to
compare the size
of 3/3 and 5/5

C Type

Which one is correct?
A. 0/4 is bigger than

o/7

B. 0/4 is smaller than
o/7

C. 0/4 is the same
size as 0/7

D. Itisn’t possible to
compare the size
of 0/4 and 0/7

Figure 4: Example test questions used to diagnose whether students need to do
this module, in the earlier version of the module. Each question has at least four
variants, with separate analysis checking for equivalent difficulty.
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Stage 2: Action

Following the insights from the analyses, three broad changes were
made:

Change 1: Shifted the focus of the module. Although some attention had
been given to fractions equivalent to ‘1 whole’ in the module as a special
case, it was evident that students needed additional time and instruction
on it. This led to the decision to reframe the focus of the module to be
centered on the ‘1 whole’ idea. The module name changed from “Fraction
Sizes with the Same Denominator” to “Fractions the Same as One”.

Change 2: Trimmed extraneous elements. To focus cognitive efforts on
the concept in hand and reduce the overall length, the team edited to
reduce the literacy demands of questions, the number of repetitive
practice problems, and even dropped the notion of “ordering” from the
scope since performance on pairwise comparison was sufficient to build
and test the relevant concept. Examples are shown below in Figure 5.

Change 3: Provided more exploration of fractions the same as ‘1 whole’.
This involved adding several new questions, reframing the structure to
parts of the module, and updating the associated assessment items. An
example of the change is shown below in Figure 6.
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New

Original

The original questions were refined to have the same effect with fewer
parts, focusing on the thinking we want students to do, and reducing
literacy demands.
Reduced the number of parts (students can do this) and moved to

‘- I examples without visuals quicker. Also interleaved larger/smaller to keep

" students thinking. Visuals were also added to the worked solutions as an

C rl - B additional support.
|

Figure 5. Example comparison of old and new material
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Original \ New

Increased the volume and depth of exploration around this context. This
is in addition to adding other questions aiming at similar learning
objectives.

Figure 6. Example comparison of old and new material
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Following these improvements, the team again reviewed the module’s
data, which showed substantial improvements:
e Length. This dropped from 30.3 minutes down to 28.4 minutes,
comfortably within the desired range of 15.0 to 30.0 minutes.
® |earning. The first-time mastery rate rose from 75.2% to 83.5%,
comfortably within the desired range of 75.0% to 85.0%.
e Readiness. No anomalies were detected, indicating that diagnosis
and prerequisite structures are now operating correctly. Any risk
of false positives through guessability were also resolved.

Conclusion

In sum, the process at Maths Pathway brings together the grounding of
research and creativity of practice to design and iterate learning content
in an ongoing manner with short turn-around on revisions as needed. This
interactive process of content development and review is made possible
by the intentional inclusion of a diagnostic question in assessments that
tie to specific modules that also allows for more efficient learning
pathways as well. By leveraging current student performance and
behaviour data informed by their teaching experience, the team of
specialists at Maths Pathway continue to reflect on instructional delivery -
at scale - so that the teacher in the classroom has the better version of
content from the start.
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