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Abstract

Maths Pathway applies several evidence-informed strategies in the
design and implementation of its curricular materials, a sub-component of
the broader Maths Pathway approach. The intentional design for effective
learning is a challenge that Maths Pathway meets by using student
performance data (summative and question level) and behavior data
(question level) to inform learning design decisions. This white paper
details Maths Pathway’s content development and review process guided
by five key goals and executed through 6 checkpoints for rigorous
alignment between insights from analytics and purposeful learning design.

Introduction

Maths Pathway is an evidence-based programmatic approach to
maximise teacher efficacy in delivering differentiated math learning for
Years 5 - 10 in Australia. The approach uses multiple research-backed
strategies in its instructional model, including a focus on ongoing
assessments. Specifically, there are three key avenues for digital
assessments within the Maths Pathway model that serve different and
interconnected purposes: (i) adaptive diagnostic pre-assessments, (ii)
formative assessments, and (iii) summative assessments. The data
generated from these assessments direct the student’s personalised
learning pathway through content modules. In parallel, the generated data
also inform the learning design of modules. A module in the Maths
Pathway approach is akin to a class lesson and incorporates elements of
activating prior knowledge, instruction, and formative assessments. This
whitepaper will describe Maths Pathway’s module development and
review process, highlighting how the analysis of student performance
data informs learning design at Maths Pathway to increase the likelihood
that in-module learning is concise, effective, and streamlined with
performance in diagnostic assessments.
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Assessments and Mastery at Maths
Pathway

A student using Maths Pathway for the first time experiences all three
forms of digital assessments. At first, the student completes an adaptive
diagnostic pre-assessment. This adaptive assessment is designed to
include questions that assess central concepts and principles from across
the curriculum to identify the learner’s mastery and gaps of knowledge.
The results of the diagnostic pre assessment direct students’
personalised learning pathway. Among the multiple evidence-informed
pedagogical elements employed in the Maths Pathway approach, a
central element is the digital delivery of instructional content (called
modules) that is personalised to each student’s competency. The design
of content modules is informed by existing research on recommended
strategies and techniques to teach the mathematics concept and the prior
teaching experiences of members of the Maths Pathway Learning Team.
In addition to instructional content and scaffolds, the modules consist of
formative assessments. The program also gives students an option to
complete a mini-diagnostic test mid-module, based on student
performance. If a student successfully completes the mini-diagnostic,
they then continue on their learning pathway. If a student chooses to
continue through the module, they will complete a summative assessment
at the end of the module. A student may pass the summative assessment
at first attempt or after a ‘reflection’ which is an opportunity for students
to review their errors and correct those they are able to. The multiple
avenues to mastery are in line with Maths Pathway’s grounding
pedagogical belief in encouraging a growth mindset (Yeager & Dweck,
2020) towards math performance. For a more in depth understanding of
the evidence supporting Maths Pathway, see our previous whitepaper.

The results from the formative and summative assessments are shared
with the teacher who may connect with the student to provide feedback,
recalibrate areas of need and growth, and set new learning goals. In
parallel, the Maths Pathway team accesses student data across all three
forms of assessments to refine and improve the content modules and the
assessments themselves. The following section presents current
academic discourse on the use of student data to inform learning design.

Using student data to inform learning design

Using student data to design the learning experiences is a growing field of
research and application. Learning analytics, as it is traditionally
conceived and applied, refers to “the measurement, collection, analysis,
and reporting of data about learners and their contexts, for purposes of
understanding and optimizing learning and the environments in which it
occurs” (Long et al., 2011). A key difference between educational data
mining (Baker, 2010) and learning analytics is that learning analytics
places agency of action on stakeholders while the former tends to focus
on automatic adaptation, usually by software.

In applied terms, one use of educational data mining is to inform and
support the development of adaptive programs by automating the
pathways based on previously collected data (e.g. Rummel et al., 2016).
Learning analytics on the other hand is often surfaced as data
dashboards for educators and students, as in the case of Maths Pathway.
Recently, there is increased convergence between the two approaches to
leverage robust analytical techniques on large quantities of student data
obtained from digital learning environments to provide actionable insight
(du Boulay, Poulovassilis, Holmes, & Mavrikis, 2018; Siemens, 2012).

Human Powered Learning Engine

Although Maths Pathway delivers a personalised learning pathway for
learners, the pathways are intentionally organised by the Learning Team
who consist of experienced educators to build conceptual
understanding of mathematical concepts. The ways in which teachers
and students can use and view their data to inform their teaching,
learning, and goal setting have been outlined in a previous whitepaper
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In a relatively recent report (Colvin et al., 2016) supported by the
Australian Government Office for Learning and Teaching, the field of
learning analytics, particularly in the higher education contexts, was
expected to follow two trajectories: (i) to support retention activity and (ii)
to inform pedagogy, curriculum, and learning. Persico & Pozzi (2015)
argue that designing for learning must extend beyond an individual
designer’s experience or a colleague’s recommended practices to adopt
a strategic data-driven approach that also applies the findings from
investigations of students’ engagement and progression of achievement
to inform the learning design. In turn, there is increased academic
discourse on the intersection of learning analytics and learning design,
where learning design is the documented design and sequencing of
instructional practice grounded in pedagogical theory, usually with intent
of sharing with other practitioners (Lockyer
et al., 2013).

Learning
Design

Interestingly, the existing research on this
intersection agrees that the optimal
solution is a bi-directional relationship (see
Figure 1) between the two in application
(Shibani et al., 2018; Mangaroska &
Giannakos, 2018). In other words, learning
analytics can be contextualised when
integrated in pedagogical contexts and
when measures of analyses are aligned
with intended learning outcomes (Shibani
et al., 2018). Several researchers have
applied learning analytics in real
educational contexts, largely in higher
Figure 1, Relationship between €ducation or Massively Open Online
learning design and analytics Courses (MOOC) and observed a parallel

increase in learning outcomes and
informed learning design (e.g., Liu & Koedinger, 2017; Shibani et al., 2019;
Mavrikis et al; Haya et al., 2015).

Learning
Analytics

To elaborate on an example specific to how learning design and analytics
came together in learning mathematics digitally, the learning goal for the
application by Liu and Koedinger (2017) was to be competent in area
calculation of a circle in mathematics. The researchers mapped this

outcome to specific knowledge components (e.g. ability to perform
forward and backward calculations) by adopting an automated
educational data mining technique called Learning Factors Analysis (LFA)
to analyse the data of US high school students’ performance in an
intelligent tutoring system. When the researchers implemented changes
to the tutoring system, i.e. increased practice time for backward
calculation of radius from circle area among other changes, they
observed significantly higher learning gains.

Across each of these instances, there was tight alignment between the
analytics and curriculum including the learning outcomes, learning task
sequences, student resources, learning analytics tools, and feedback
mechanisms to support the learning outcome. These coherent and
streamlined connections were underpinned by evidence-informed
learning strategies and resulted in knowledge artifacts that could be
documented in a digital learning environment and analysed in accordance
with the stated objective. In these instances, the learning analytics
informed engagement and design by the teacher and student. The use of
learning analytics-learning design by other stakeholders, such as the
curriculum designers (when not the teacher), are discussed in conceptual
frameworks but have limited empirical evidence.

In this whitepaper, we describe Maths Pathway’s efforts in establishing a
learning design informed by learning analytics. In this instance, the
learning design is documented as the course development and design
process and the learning analytics are contextually grounded at a smaller
scale and used by the Learning team to continually monitor and refine
content modules.
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Learning design using learning analytics at
Maths Pathway

Maths Pathway’s approach to learning design is collaborative, rigorous,
informed by pedagogy and data-driven. The method of intersecting
learning analytics and learning design at Maths Pathway align to two
dominant frameworks. The first framework is called Learning Analytics
integrated Curriculum Component Design Patterns (LA-CCDP; Law &
Liang, 2020). LA-CCDP recommends that learning analytics must be
integrated fully into the learning design by strategically mapping the
purpose of the learning analysis (i.e. functionality), the data collected, the
specific analyses conducted and intended user of the analysis to each
layer of learning design decision-making as outlined by Goodyear (2005).
The four layers to pedagogical decision-making distill an abstract
(ilpedagogical philosophy into (i) high-level pedagogy outline which is
then planned out in terms of (iii) pedagogical strategy, before being
produced as (iv) pedagogical tactics (Goodyear, 2005). Pedagogical
philosophy refers to the underpinning epistemology, or beliefs related to
the nature of knowledge and how people learn. High-level pedagogy
presents options of approaches that are compatible with the pedagogical
philosophy. More familiar to educators, a pedagogical strategy provides a
broad outline of intentions and actions to achieve specific outcome
objectives. Lastly, pedagogical tactics are more granular and concrete
descriptions of the learning activities that must occur in the design to
meet the intended learning objectives.

The second framework that informs Maths Pathway’s learning analytics
informed learning design is the bifurcation of learning analytics into (j)
checkpoint analytics and (ii) process analytics (Lockyer et al., 2013).
Checkpoint analytics refer to snapshot data that indicate that the learner
has accessed the learning materials and other related prerequisites for
learning. Process analytics provide direct insight into the learner’s
information processing and knowledge structures.

' The pedagogical philosophy and empirical evidence underpinning
Maths Pathway’s approach has been documented in a separate
whitepaper.

These frameworks are applied in Maths Pathway’s content development
and review process at different points. The application of these
frameworks will be referenced in context for better alignment of research
to practice. The following section outlines the goals of the content
development and review process before continuing to describe the
process in depth.

Goals: Content Development and Review

The team at Maths Pathway has established and practices a detailed
content development and review process that has five goals, informed by
the grounding pedagogical approach’:

1. To ensure module content addresses key areas of low
understanding

2. To build a seamless learning pathway of content that builds on
prior content

3. To keep content at a challenging yet feasible level of difficulty, i.e.
keep students at their zone of proximal development (Morgan,
2013)

4. To reduce redundancies in content to maintain student interest

5. To enhance overall student user experience to maintain student
engagement

These goals inform the development of content and underpin the review
process. Thus, they are referenced through the remainder of this paper.
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The Content Development and Review
Process

The content development and review process at Maths Pathway is a very
collaborative endeavour organized by six “checkpoints”. As the name
suggests, each checkpoint is marked by checking the content for
alignment with outlined goals. Each checkpoint is structured to collect
input and feedback from at least one other team member. To maintain
consistency, the same team members are included in at least two
sequential checkpoints. In addition to leveraging student data to inform
learning design and module authoring through the process prior to
release to students, Maths Pathway extends the review process
(Checkpoint 6) beyond initial release. Figure 2 outlines the process at a
high level.

All five goals of the review process are embedded in Checkpoints 1
through 4; with particular emphasis to ensure module content addresses
key areas of low understanding (Goal 1) and to build a seamless learning
pathway of content that builds on prior content (Goal 2). Checkpoint 6,
including the in-depth review, uses student mastery rates to identify
concerns related to keeping content at a challenging yet feasible level of
difficulty (Goal 3) as well as module duration data to reduce redundancies
in content to maintain student interest (Goal 4). Combined, the review
process identifies concerns and prompts targeted resolution to enhance
overall student user experience to maintain student engagement (5)

The following sections will detail each checkpoint. For the purposes of
this white paper, we will reference examples from the process of
development and review of a module on fractions.

Figure 2. Outline of the Content Development and Review Process
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Checkpoint 1. Data-driven Discovery

Checkpoint 1 begins the process of ensuring that module content
addresses key areas of low understanding (Goal 1).

The team, consisting of at least three members, reviews teacher
feedback, the Australian curriculum, the state-based curriculum, and
previous student performance to shortlist content areas for development.
In addition to reviewing the module pass rate (average student academic
performance), the team also considers module completion time and
relative popularity to ascertain if the content area needs additional
development or revision. In this way, analytics, i.e. an analysis of
previously collected student data, informs, in part, identifying the scope of
content to be developed. Once a content area is identified, the team
reviews relevant research and identifies recommended practices to inform
their development. Through this process, the team may decide that the
identified content may be better addressed in multiple modules (i.e.
across multiple lessons) to maintain students’ progression through their
learning pathway. This checkpoint is the first of three points in the module
development and review process where past student performance data
informs learning design.

Applying the process

The content development and review process, including Checkpoint 6,
has been instrumental in identifying concerns and resolving them,
informed by analytics and existing research. For instance, an analysis
of student performance suggested that students are underperforming
on assessment questions on equivalent fractions. The team draws upon
extant literature on effective strategies and tools to enhance
understanding of fractions. An example takeaway is that multiple
representations in terms of language (e.g. one-sixth and %) and visual
representations of fractions (as pies, paper strips,etc) are necessary to
develop competent understanding of fractions (Fuson, 2019; Pearn,
2007; Siemon, 2003). This learning translates to a review of module
content with a focus on language and representations that leads to a
revision. A more detailed walk-through of the process in action is
presented in Appendix A.

Checkpoint 2. Frame content within overall structure

In Checkpoint 2, the team identifies content students may have mastered
before (entry point), the gap in knowledge (content) that needs to be
addressed, as well as the expected competency level in the identified
content area (exit point). With these constraints in place, the team
brainstorms the scope and sequence to identify how the identified
content area will be addressed. The team focuses on one module at a
time to ensure that students’ learning pathway is not broken mid-way,
keeping in mind the goal to build a seamless learning pathway of content
that builds on prior content. In sum, at this stage of the learning design
where the high-level pedagogy is outlined, analytics may inform the entry
and exit points.

Checkpoint 3. Outline module

At Checkpoint 3, the team comes together to clearly and explicitly refine
the scope and sequence arrived at in Checkpoint 2 into a specific
module’s outline. The module outline (i.e. pedagogical strategy) at the end
of Checkpoint 3 would have a clearly defined entry point (i.e. known level
of competency), the narrative flow of the module starting from activating
prior knowledge through scaffolding and cognitive elaboration processes
to a well-defined exit point that is tied to a question in the diagnostic
assessment. By explicitly connecting a diagnostic question for every
module (lesson), the Maths Pathway team is set up to use their data in
three intentional ways (i) to assess student performance on a specific
topic segment, (ii) to measure the impact of specific modules and (i) to
target module revisions as necessary. The tight alignment of assessment
questions to target content is a means to improve content validity
(Higgins & Straub, 2006) and bolster the overall quality of insights gained
from the analytics. Further, streamlined connection of assessment
questions to specific modules allows Maths Pathway to direct learners
into the appropriate module based on their competency. In this way, this
checkpoint works towards developing module content addressing key
areas (Goal 1) building a seamless learning pathway (Goal 2) while
maintaining a challenging yet feasible level of difficulty (Goal 3).
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Checkpoint 4. Draft module, with justifications

Checkpoint 4 is a unique step in Maths Pathway’s content development
and review process. Two team members detail the module outline in a
brief document. At this stage, the detailed outline will include the
questions used within the module, any scaffolding offered to students,
and the assessment structure, including diagnostic questions. In other
words, the brief will present the pedagogical tactics and content to be
employed in the learning design. The brief document will also include the
lead author’s rationales for the learning design decisions made in the
module outline as well as key alternatives considered and potential
variations from the outline sketched as a team in Checkpoint 3. The brief
is then reviewed by the rest of the team prior to a team meeting. At the
scheduled team meeting, team members are strongly encouraged to ask
for clarifications, details, and probe and test the strength of the lead
author's rationales. The authors’ role at this meeting is to defend, or
justify, their rationales. Previous student performance data have been an
instrumental tool in coaching authors at this meeting to consider what
question iterations have previously delivered, or conversely, failed to
deliver results whether they be for formative or diagnostic questions.

This process embeds a level of rigor common in scientific research with
the same goal: to pressure test intended content to confirm grounding in
data and best practices as well as to catch potential weaknesses before
they reach learners. This checkpoint is unique in that even before authors
write out the content, they need to carefully construct and justify their
design choices and validate their plan with collaborative team members.
This process has the potential to drastically reduce the time it takes to
write a high quality module, and reduce potential redundancies within the
module (Goal 4) while also serving goals 1 through 3. This checkpoint is
the second of three points in the module development and review
process where past student performance data informs learning design.

Checkpoint 5. Develop, and release the Module

Checkpoint 5 is the last checkpoint before students see a version of the
module appear in their learning pathway. This particular stage can be
broken down further into multiple steps. First, the lead author writes every

question, info-boxes, definitions, words-to-remember, alt-text for images,
and assessment questions, with enough detail and description for the
publisher to use to develop and release the module. The co-author will
support and review the author’s work and make suggestions as
necessary. Next, any videos that are required are produced and reviewed.
Once the content is input into the learner content management system,
the authors have the opportunity to review the module within the system
and make changes and do a final proof-read, including checks for
question and answer accuracy, spelling, grammar, colour pallet, and
accessibility. As the final stage, details related to the module’s positioning
in the larger schema structure, along with structure and diagnostic items
are added into the system and released for student access. Appropriately
adding the structural data and diagnostic items are a key step in being
able to leverage the resulting data for informed learning design. Through
this checkpoint, engaged staff work towards enhancing the overall
student user experience (Goal 5).
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Checkpoint 6. Post release iterative review of
module performance

Unlike content publishers who may end their review process upon
content delivery to learners, Maths Pathway continues to iterate published
modules. Checkpoint 6 is the third and final point in the module
development and review process where past student performance data
informs learning design. The review considers the time a student spends
on the module, their mastery rates, as well as a deep dive into diagnostic
data as and when needed. Figure 5 summarises the key foci of analyses
in the Checkpoint 6 process and the associated expectation.

An example of the Checkpoint 6 process, the analyses, insights, and
resulting changes are presented in Appendix A. The remainder of this
section describes the process in more detail.

Figure 5. Summary of Checkpoint 6 Foci and Expectations

A senior learning specialist at Maths Pathway reviews module

performance at intervals to identify whether a module has at least 100
attempts to provide sufficiently reliable data for a Checkpoint 6 review.

The time gap between Checkpoint 5 and 6 can be upwards of 2 months

depending on how many students’ view the module in their differentiated
pathways. If a module has not hit 100 attempits, it is revisited in two
months and reassessed.

Internal Data dashboard

Maths Pathway has an internal data dashboard that learning specialists
use to analyse student performance to inform their learning design, as
described in checkpoints 1, 4, and 6. This data dashboard allows the
specialists to investigate module performance, module duration, and
mastery rates by slicing attempts by:

a) Duration (Less than 5 minutes, 5-100 minutes, 100-500
minutes, greater than 500 minutes, and those who quit the
module pre-completion).

b) Attempt number (First, second, third or more)

c) Student’s tenure in the Maths Pathway’s approach (first year,
second, third, fourth, fifth, sixth and beyond)

d) Mastery type (by diagnostic assessment, mini-diagnostic,
module summative test, through reflection, or completed but
not mastered or quit)

The dashboard also has summary and question level statistics on
student performance on the diagnostic questions. The dashboard can

also present specialists with per-question level data from the content
modules.
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If a module has a 100 attempts, the following procedure is followed:

1. Module details are recorded, including module name and other
logistical details that allow clear identification of the module, it’s
position in the sequence of modules covering the topic, and related
modules. This allows the team to track changes made and its effect
on subsequent and related modules.

2. The number of attempts and the date of review are recorded to
monitor for the next iterative review.

3. Module duration acts as a fidelity check towards goal monitoring,
especially for goals 4 and 5. In other terms, this check is a form of
‘checkpoint analytics’ (Lockyer et al., 2013) to ascertain if base
conditions for mastery have been satisfied. This check asks the
question: are students spending an appropriate amount of time on
the module?

The learning specialists team look closely at the time students take for
their first attempt in the module, on average. The team expects that first
attempts that took between 5-100 minutes and are completed (i.e. all
attempts except those who have quit or mastered via mini-diagnostic)
should be between 20-30 minutes, allowing time during class to engage
in other components of the Maths Pathway program such as energizers,
mini-lessons, rich tasks, etc®. See Figure 6 for an example of this
investigation.

Additionally, the specialist checks that a minimal number of attempts are
under 5 minutes and over 100 minutes which can suggest off-task
behaviors.

2 For a description of the components, see this previous whitepaper.

Figure 6: Module duration investigation (Step 3, Instance 1) in Checkpoint 6

4.

Module mastery rate is investigated across four instances which
when combined present as a high level summative check that suggests
goals 1 through 3 are likely met. Maths Pathway aims for students to
score 80% with a 5% confidence range, i.e. the average pass rate is
expected to be between 75-85% (benchmark). If the result is within
expected range for each instance, the specialist completes the
checkpoint. However, occasionally the specialist continues to review
the diagnostic data to confirm that there are no additional concerns. If
not, the specialist reviews the diagnostic data (see section) to ascertain
potential concerns.
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Instance 1: Specialists check the mastery rates against the
benchmark range for first attempts that took between 5-100
minutes and are marked successful (i.e. all attempts except
those who have completed but not marked, quit, or mastered
via mini-diagnostic). Mastery via mini-diagnostic is not
included in the evaluation as students have likely not
reviewed the entire content in the module. See Figure 7 for
an example of this investigation.

Figure 7: Module pass rate investigation (Step 4, Instance 1) in
Checkpoint 6

Instance 2: Next, the specialist investigates the potential
difference in mastery rates between students who are in their
first year of using Maths Pathway, and continuing students
(second year and beyond in the Maths Pathway program).
This investigation is intended to identify concerns related to
the level of competencies identified by the diagnostic test.

Historically, Maths Pathway has seen higher mastery rates
among first year students suggesting that the diagnostic test
leads to a more conservative pathway to reinforce
foundational concepts. For continuing students, the program
is better able to accurately assess and appropriately direct
their pathways. Hence, this instance verifies that the
observed overall average mastery rates are not skewed by
first year data. Mastery rates for both first year and beyond
have to independently be within the benchmark range of 75-
85%. Additionally, any difference between the mastery rates
is documented. See Figure 8 for an example of this
investigation:

Figure 8: Module mastery rate investigation (Step 4, Instance 2) in
Checkpoint 6
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Instance 3: Specialists check for potential differences in
mastery rates of continuing students who spent less than five
minutes and those who spent between 5-100 minutes.
Students spending less than 5 minutes are not expected to
have a mastery rate between 75-85%. However, it is
expected that students who spend less than 5 minutes have
lower rates of mastery than those who spend 5-100 minutes.
In the event the pass rates are similar, it suggests that
students may have entered the module knowing the content
already (i.e. conservative pathways) or that the question
responses are guessable. Hence, the specialists review
diagnostic data (see section).

Instance 4: Variations in mastery rates by type of mastery is
also investigated. Specifically, specialists record a potential
difference in mastery rates by reflection and by test. A high
rate of mastery by reflection, or a small difference between
the types of mastery, suggest that the questions may be
guessable or have phrasing that can result in false negatives
in diagnostic assessment. Hence, if there is only a small
difference, specialists review anonymised student incorrect
responses to the assessment questions to identify patterns
which can point to concerns with question phrasing or
suggest gaps in knowledge. Additionally, specialists review
the rate of mastery by mini-diagnostic assessment,
especially if the module is the first or only module on the
topic. If there is a 85% or higher mastery rate via the mini-
diagnostics or if half or more attempts were through the mini-
diagnostics, specialists review diagnostic data (see section).
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In-depth Diagnostic Data Review

If the results for step 3 and 4 are outside the expected range for any
instance, specialists review question level student performance, student
responses, and refer to module content, including questions, to identify
potential concerns and brainstorm solutions. These in-depth reviews are
closer to the process analytics described by Lockyer et al. (2013), as they
can provide insights into students’ conceptual building processes. The
reviews are relatively free flowing as is required to address the concerns
that have arisen from the previous steps in the Checkpoint 6 process. In
this section, we describe three reviews the Maths Pathway team may
conduct as part of an in-depth data review.

Review 1: Variability in assessment questions

Maths Pathway’s diagnostic assessments have multiple sets of questions
addressing the same construct. At the same time, student performance
in the diagnostic assessment determines their learning pathway to be
challenging yet feasible (Goal 3). Hence, in this review mimics alternate-
form reliability analyses in that it acknowledges that a key feature of
assessments, especially those intended for diagnostic purposes, is that
alternate forms of the assessment are as equivalent as possible to allow
meaningful interpretation of student performance data. Although
inferential statistics are not calculated at this time, the team reviews the
response data from the questions in two steps. First, they review
summative performance per question item to assess if the questions
(including sub-parts) have low (<70%) or very high (>95%) mastery rates.
Second, they verify that the range in mastery rates across question sub-
parts is small (less than 5%).

See Figure 9 for an example; Question A has an overall mastery rate of
84% with a 15% (91-76) range in sub-part mastery rates; Question B has
an overall mastery rate of 90% with a 8% (86-94) etc. In this example, we
can conclude that while individually the questions are performing similarly
overall, there is large variability within each question. Such data will
prompt the team of specialists conducting the in-depth review to examine
the module and questions closely to identify potential reasons. However,
if there was low variability within each question, the analysis would

suggest that the questions are of relatively similar levels of difficulty and
perhaps there is another reason for the observed concern.

Assessment items

Cat

A

oW

oW

W

I

W

_.1
Total

Figure 9. Summative performance data per question

Override Frequency

0.28%

0.56%
1.15%
1.15%

0.84%
1.05%
2.56%

1.12%
1.15%

2.04%
1.15%
0.70%

Paszz Rate for Answers Number of Answers

84%
85%
85%
91%
76%
90%
94%
89%
86%
90%
89%
91%
38%
82%
93%
89%
89%
84%
94%
89%
88%

1,432
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Review 2: Interdependence of assessment questions

Another review of the assessment questions is focused on reducing
redundancies (Goal 4) by observing the conditional probability of response
accuracy across questions. If there is a high probability (95% or higher) that
students responding to question A correctly will likely respond to Question B
correctly (or vice versa where there is a high probability that students
responding to A incorrectly will respond to B incorrectly), the team discusses
to ascertain if both questions are required or if one is sufficient. Although not
the formal psychometric analysis conducted for assessments, this process
allows for teacher judgment and practical demands to be addressed (e.g. two
different question formats for the same concept that are not replicated
elsewhere in the module). See Figure 10 for an example. In this example,
there are a few conditional probabilities at or around 95%. For instance, we
can see that if a student answers question B correctly, there is a 94% chance
that they would have answered A and will answer questions C and D
correctly as well. This could prompt a closer look at the contents of question
B. On the other hand, if we observe that a student who responds to question
D correctly has a 93-95% chance of answering questions A, B, and C
correctly, the team may discuss if question D is redundant or really
necessary.

Figure 10: Assessment item correlation

Review 3: User engagement and behavior data

The Maths Pathway learning team may also look at data on student
engagement and behavior within the module before deciding on potential
resolutions to enhance overall student user experience. Data such as time per

question part and proportion of students who ask for help and of those who
skipped are reviewed by the specialist team to try to identify user behavior
specific to question parts. See Figure 11 for an example. Standalone, this
data dashboard may provide insights such as which question sub-parts were
most time-consuming or prompted users to request for help or observe a
pattern of increasing proportion of students skipping as the module prolongs.
These insights by themselves suggest specific question sub-parts to look
more closely at, and raises additional questions of whether there are
redundancies in module content or that perhaps the module is too long for
the class and students tended to skip questions towards the end of class.
However, when this review is combined with previously described reviews
and analyses, the learning team at Maths Pathway is more likely able to
triangulate findings to pinpoint what the concern is, which questions are not
functioning as intended, and assess the extent of action required to resolve
concerns associated with the module as directed by student performance
data. The following section describes how this process is summarised into
action.

Figure 11. User engagement and behaviour data
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Process to action

The content development and review process described in this
whitepaper may result in small changes or larger, “complex fixes”. A small
fix is at the curriculum level and can consist of improving language clarity,
providing feedback, or changing visual representations as seen in figure 1
(pre) and 2 (post). Often, the team begins with a small fix if it is deemed
sufficient at first glance and revisit the module in two months to repeat
Checkpoint 6 to ascertain if a more advanced fix is required, as was in the
case of the module on fractions.

Occasionally, the in-depth review can result in a complex fix in which
larger areas of content need to be rewritten or replaced with new
modules. Complex fixes are more common with first time review of older
modules. Maths Pathway has observed a fewer number of modules
requiring a complex fix in its second Checkpoint 6 review. Two potential
reasons for this reduction in number of complex fixes: (i) the team has
used prior student performance data to assess and learn how to design
stronger successful modules; and (ii) the collaborative element allows
team members to share their learnings. Hence, although this process is
time and manpower intensive, it reduces the overall time and effort
required to deliver an effective learning experience to students. An
example of the decisions and resulting changes of this process are
presented in Appendix A.
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Conclusion and Future Directions

Through the content development and review process, data is analysed
and used at regular intervals to streamline the learning design with known
learner behavior and performance patterns. The analyses adopted by
Maths Pathway are purposeful, simple, and offer preliminary grounding in
data to support the design decisions made. Importantly, Maths Pathway
leverages ongoing student performance data to continuously iterate and
improve content modules, as necessary, in a timely fashion which may be
rare for formal textbook publishers and resource-constrained individual
teachers. Maths Pathway’s commitment to using data from continuous
assessment and growth is demonstrated in their internal content
development and review process as much as it is embedded in their
pedagogical model.

To evaluate and measure the impact of using learning analytics to take
learning design decisions, Maths Pathway can attempt tracking question
level performance across module iterations. This would also allow for
future psychometric analyses of diagnostic data and widen the scope and
feasibility of applying advanced learning analytics techniques. Further, it
may be ambitious and exciting to attempt to automate the analytics,
capturing historical and present iterations of student performance data.
Along the same lines, breaking down user behaviour data to record what
category of help learners availed of (e.g. video, worked example,
manipulative etc) can be insightful to gain a deeper understanding of
students’ learning process. Acting on this recommendation may serve to
contribute to the growing body of knowledge bridging learning design and
analytics (e.g. Melero et al., 2015) as well as serve as a data-point for
internal cost-benefit analyses associated with the human power invested
in executing this process.

Maths Pathway has taken on the main challenge that much of learning
analytics face: to deliver actionable design, grounded in theory, the
learning context, and the learning design (Rienties & Toetenel, 2016;
Joksimovic et al., 2015) and delivers by leveraging a combination of data,
educator experience and judgement. Maths Pathway is encouraged to
continue sharing their learning, to provide common guidance to both their
internal team members and the broader public on how to use, interpret

and reflect on the learning analytics to adequately refine and redesign
learning activities, similar to Wise et al. (2014).
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Appendix A: An Example of the Process in
Action

In this Appendix, an example of the process in action with the team’s first
summary analysis, their findings from the in depth data review, and their
insights grounded in the data are presented. In 2020, a module entitled
“Fraction Sizes with the Same Denominator” underwent the Checkpoint 6
process.

Once there was sufficient data available to review, the following results
and insights were collected.

Module Duration.

Analysis result: Students were, on average, taking 30.3 minutes which is
slightly longer than the desired range of 15.0 to 30.0 minutes. Hence, the
team investigates the diagnostic data more closely.

Maths Pathway In depth Data Review & insight: The module data
indicated that students were spending longer at two points in the module.
First at a question with extraneous design concerns (e.g. higher literacy
demands), and secondly, at a question 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.

Module Mastery.

Analysis result: The mastery rate for students at first attempt completed
within 5-100 minutes was 75.2% which has barely crossed the threshold
of acceptable mastery rates (between 75.0% to 85.0%). Hence, closer
review was warranted.

Maths Pathway In depth Data Review & insight: Examining each type
of test question showed that consistently, students successfully
responded to questions comparing non-zero proper fractions with the
same denominator. Given the unusual distribution of responses for the

question, the team hypothesized that such questions may be guessable
by some student naively examining surface features. See Figure A1 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).

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 A1: Example test questions used to determine students’ mastery in the

earlier version of the module.

Variability in assessment questions.

Analysis result: No immediate concerns noted.

Maths Pathway In depth Data Review & insight: Examining the data
based on findings from analysing duration and mastery rates warranted a
closer investigation of the diagnostic data. Particularly, the team was
concerned that the protocol allowed students to get two attempts at a
single multiple choice question (C Type; see Figure A2) that touched on
the concept of equivalence to a 1-whole, making it susceptible to false
positive results, i.e. a student may proceed to a module with high level
fractions work without this knowledge, creating a gap in the intended

learning pathway.
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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 A2: 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.

Process to Action

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

Change 1: Shifted the focus of the module. To address key areas of
low understanding (Goal 1), the module was reframed to focus on the
concept of equivalence to 1-whole based on the identified knowledge
gap. The module name changed from “Fraction Sizes with the Same
Denominator” to “Fractions the Same as One”.

Change 2: Trimmed extraneous elements. To reduce redundancies
(Goal 4) and to improve overall student user experience (Goal 5), the team
edited content to reduce the literacy demands of questions, the number
of repetitive practice problems, and removed questions pertaining to
lower knowledge levels (e.g. questions on “ordering” were removed since
performance on pairwise comparison was sufficient to build and test the
relevant concept). Examples are shown below in Figure A3.

Change 3: Provided more exploration of fractions the same as ‘1
whole’. To keep content at a challenging yet feasible level of difficulty
(Goal 3) and to ensure module content addresses key areas of
understanding (Goal 1), the team added several new questions, reframed
the module structure, and updated associated assessment items. An
example of the change is shown below in Figure A4.
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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.

AVt B Faction that s smaller

)

e

« 3 -j:D Reduced the number of parts (students can do this) and moved to

examples without visuals quicker. Also interleaved larger/smaller to keep
< " « B students thinking. Visuals were also added to the worked solutions as an
|

additional support.

L)

Figure A3. Example comparison of old and new material
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Original

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

Figure A4. Example comparison of old and new material
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Results

Following these improvements, the team again reviewed the module’s
data, which showed improvements:
e  Module duration dropped from 30.3 minutes down to 28.4 minutes,

within the desired range of 15.0 to 30.0 minutes.

e First-attempt mastery rate rose from 75.2% to 83.5%, within the
desired range of 75.0% to 85.0%.

e Variability in assessment questions did not indicate any concerns
and closer investigation suggested that any risk of false positives
through guessability were also resolved.
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