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Abstract—HELM (Helping Engineers Learn Mathematics) was a three-year
project undertaken by a consortium of five English universities between 2002
and 2005. HELM released a range of workbooks and online resources, designed
to enhance the mathematical education of engineering undergraduates, which
were well received, and widely used. All that remained in 2020 from HELM
were PDFs of “student workbooks” which could not be edited. Since 2018,
the University of Edinburgh has developed and taught fully online courses for
university mathematics in which all materials form part of coherently organised
digital exercises and expositions. The work reported in this paper combines the
two approaches: we take a similar approach to the existing successful Edinburgh
course and rejuvenate the static HELM materials by creating online resources
designed to support the mathematical education of engineering undergraduates.
The paper describes the rationale, educational design, practical execution and
preliminary analysis of the workbooks’ usage at the University of Edinburgh.

Keywords—mathematical education of engineering undergraduates,
online assessment, curriculum development

1 Introduction

As a response to COVID-19 during the summer of 2020, the University of
Edinburgh and Loughborough University collaborated to develop online workbooks
for engineering and STEM mathematics based on the previous HELM (Helping
Engineers Learn Mathematics) project workbooks. HELM materials were the outcome
of a three-year curriculum development project undertaken by a consortium of five
English universities led by Loughborough University between 2002 and 2005. As of
April 2020 only the PDF files remained publicly available from the original project.
We sought out, and obtained permission to use, the original source files for HELM.

In the summer of 2018 we developed a fully online course “Fundamentals of Alge-
bra and Calculus” (FAC) through the STACK (System for Teaching and Assessment
using a Computer algebra Kernel) online assessment system at the University of
Edinburgh [1], [2]. This course has been tried and tested, and proved highly success-
ful. In the summer of 2020 we developed another fully online course “Introduction to
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Mathematics and its Applications” (IMA) and used many of the techniques developed
for FAC in a wide variety of other courses as a response to COVID-19. Based on
our positive experience of running and evaluating FAC, we decided to rejuvenate the
HELM materials in the style of FAC to better support engineering students.

In Sections 2 and 3 of this paper we describe FAC and the HELM project respec-
tively. Then Section 3 provides some basic information about the STACK assessment
system, and the Moodle learning environment. Section 4 describes our approach to the
material development during the summer of 2020, Section 5 details how we have made
use of these materials during 2020-21 and provides some comment on preliminary
evaluation. Section 6 describes our intended next steps.

2 Background: FAC online course

The University of Edinburgh course “Fundamentals of Algebra and Calculus” (FAC)
is designed to prepare students for study of mathematics at the University of Edinburgh,
where incoming students have a wide range of mathematical backgrounds [1], [2]. Fun-
damentals of Algebra and Calculus covers approximately the material taught as part of
the Scottish Qualifications Authority (SQA) Advanced Higher Mathematics and English
Advanced GCE (“A-level”) in Further Mathematics. The course is optional for incom-
ing students, has run since 2018, and is taught completely online. The central idea behind
the implementation of FAC is to take the book and put the academic content inside a
sequence of interactive online quizzes, an idea we discuss in detail in [3]. That is, there
are short blocks of text, worked examples, interactive diagrams, and short focused video
clips embedded within the sequence of exercises and questions. Students work through
the quizzes, and success on the course is judged by their success on the quizzes. To be
clear: there are no textbooks, no printed notes or PDF documents; no regular live lecture
events; no problem/exercise sheets to hand in (i.e. homework); and no separate final
written examination. The metaphor we followed is to put the book inside the quiz.

The focus is firmly on exercises and questions which direct students’ attention and
require their activity. Most questions in the course (apart of the tests at the end of each
week) give immediate feedback on students’ attempts. In that way students become
aware of what they had learned and they can immediately act on the feedback by retry-
ing the question [4], [5], [6]. The development of FAC was informed by previous edu-
cational research on mastery learning [7], interleaving of topics [8], [9] and by using
specific techniques such as sequences of faded worked examples [10]. The topics are
arranged into 10 weekly units, each of which has a common structure:

e a “Getting Started” section, which motivates the week’s topic and reviews
pre-requisite content (e.g. differentiation facts when starting integration),

e four sections of content, each of which is designed to take around 2 hours to com-
plete (roughly equivalent to one traditional lecture plus associated practice),

¢ a 90-minute “Practice Quiz” with a mix of questions on the work of the week; this
can be taken an unlimited number of times, with full feedback provided on each
attempt, and

¢ a 90-minute “Final Test” which is similar in style to the Practice Quiz, but only
allows a single attempt.
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All of these are implemented as quizzes in the Moodle virtual learning environment,
containing STACK (and other) questions specifically designed for assessment of math-
ematics. The Moodle quiz environment and STACK questions are described in detail
in Section 3.

A student’s grade on the course is determined by combining the results of the
10 weekly Final Tests (together worth 80% of the grade) with a final 2—hour synoptic
test covering topics from the whole course (worth the remaining 20%). The course
was well-received by students in its first delivery in the 2018/19 academic year, and
their overall performance on the course was strong: the mean course result was 66%,
while 47% of students achieved an A grade and only 5/109 students failed. See [11] for
more details.

Following the success of FAC, we created another course “Introductory Mathematics
with Applications” (IMA) during the summer of 2020. IMA focuses on non-specialist
students willing to consolidate and build their previous mathematics education to better
prepare for a wide variety of degrees. Put more clearly, IMA was designed for stu-
dents not taking a mathematics (or other STEM) degree, but still interested in taking an
optional mathematics course in year 1 at university. This course was first introduced in
the academic year 2020-21.

3 The HELM project

The mathematical education of engineers and scientists has been seriously con-
sidered as a distinct area of mathematics education for some time, e.g. see [12]. The
engineering community have developed curricular guidance, so that different degree
providers can prepare engineering graduates with a comparable mathematics edu-
cation. The work of the European SEFI group has been particularly influential here,
e.g. [13], [14] and [15].

HELM (Helping Engineers Learn Mathematics) materials were the outcome of a
three—year curriculum development project undertaken by a consortium of English
universities led by Loughborough University. It was funded by a £250,000 grant from
the Higher Education Funding Council for England under the Fund for the Development
of Teaching and Learning during the period from October 2002 to September 2005.
The HELM learning resources were produced primarily by teams of writers and
developers at five universities: Hull, Loughborough, Manchester, Reading and
Sunderland. The outcomes of this project included workbooks, interactive learning seg-
ments, a computer—aided assessment regime which was originally intended to ‘drive
the student learning’ and a report on possible modes of usage of the materials: see [16].

A further grant of £25,000 was awarded to disseminate the HELM learning and
assessment resources across higher education institutions and the HELMet (“HELM
educational transfer”) project, ran from October 2005 to July 2006 and involved the
Loughborough HELM team working with six universities who were using (and adapt-
ing) HELM materials: Leicester, Newcastle-upon—Tyne, Nottingham, Oxford Brookes,
Portsmouth, and Salford.
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3.1 HELM workbooks

Originally HELM had online support, but all that remained in 2020 were the PDF
files of 50 Workbooks which are available publicly at https://www.lboro.ac.uk/depart-
ments/mlsc/student-resources/helm-workbooks/. These files comprise:

e 46 Student Workbooks, written specifically with the typical engineering student in
mind. These are the core of the academic content of HELM.

e A Workbook containing an introduction to dimensional analysis, supplementary
mathematical topics and physics case studies.

¢ A Workbook containing Engineering Case Studies ranging over many engineering
disciplines.

e A Students’ Guide.

e A Tutor’s Guide.

Anyone wanting to know more details about the original HELM project, and who
contributed to HELM, should consult the HELM Tutor’s Guide.

The Student Workbooks, the academic core of the HELM project, include (a) worked
examples, (b) tasks for students to undertake with space for students to attempt the
questions, and, often, intermediate results provided to guide them through problems in
stages, and (c) exercises where normally only the answer is given.

These Workbooks are subdivided into smaller manageable Sections, with each
workbook containing 2—7 sections (190 sections in total). Each Section is available as
a single PDF and was designed to be a self—contained topic. The length of the Sections
ranges from 4 to 34 pages, representing a few hours’ work for students. For the current
project, each Section or PDF file, was converted into a single online ‘quiz’ (in Moodle
terminology) containing the written content, including worked examples, and appro-
priate interactive content built in STACK and other question formats. An example of a
subsection in PDF and interactive formats is shown in Figure 1.

4 The STACK online assessment system

The STACK online assessment system (System for Teaching and Assessment using
a Computer algebra Kernel) is a highly sophisticated assessment software for math-
ematics, science and related disciplines. STACK uses the Computer Algebra System
(CAS) Maxima to support the assessment process, a topic discussed in detail in [17].
STACK is open source software which forms a question type in the Moodle and ILIAS
(Integriertes Lern-, Informations — und Arbeitskooperations-System [German for “Inte-
grated Learning, Information and Work Cooperation System”]) learning management
systems, which is very widely used internationally and which has been in continuous
development and use since 2005.

STACK has the following key features:

o STACK uses the CAS to generate questions with random variables, ensuring differ-
ent students see different variants of the question.
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The vector equation of a line

o Exercise

Consider the straight line AP B shown in the following Figure. This is a line in three-dimensional space.

Figure 3
Points A and B are fixed and known points on the line, and have position vectors a and b respectively. Point P is any
other arbitrary point on the line, and has position vector r. Note that because A B and ﬁ are parallel, AP is simply

— —  —
a scalar multiple of AB, thatis, AP = tAB where t is a number.

—
Referring to Figure 3, write down an expression for the vector AB in terms of a and b.

Referring to Figure 3, use the triangle law for vector addition to find an expression for r- in terms of a, b and 7, where

A=
AP = tAB. If your answer involves multiplication, please indicate this by use of the * symbol.

Check

3. The vector equation of a line

Consider the straight line AP B shown in Figure 48. This is a line in three-dimensional space.

Figure 48
Points A and B are fixed and known points on the line, and have position vectors a and b respectively.
Point P is any other arbitrary point on the line, and has position vector 7. Note that because AB

and AP are parallel, AP is simply a scalar multiple of AB, that is, AP = tAB where t is a number.

—
Referring to Figure 48, write down an expression for the vector AB in terms of a
and b.

Your solution

Answer
oy
AB=b-a

Referring to Figure 48, use the tria ngﬁblaw fo_r:/ector addition to find an expression
for 1 in terms of @, b and t, where AP = tAB.

Your solution

Answer
OP = OA+ AP
so that

—
a+tb-a) since AP =tAB

T

Fig. 1. HELM subsection example: interactive (top) and PDF (bottom) versions
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e Students provide the final answer in the form of a mathematical expression, e.g. an
equation, rather than responding to multiple choice questions. See [18] for a discus-
sion of problems with multiple choice in mathematics.

e STACK establishes the mathematical properties of students’ answers and generates
outcomes including partial credit when an expression only satisfies some of the
required properties.

e STACK can generate plots dynamically within any part of the question, including
feedback in the form of a plot of the student’s expression.

STACK supports working with significant figures and scientific units, see [19].
Students can work line by line reasoning by equivalence until they have a final
answer in the correct form, see [20].

More information about STACK can be found on the documentation site: https://
stack-assessment.org/ (Jan 2022).

STACK gives teachers the freedom to write their own questions while keeping ques-
tions authoring as simple as possible. That said, authoring STACK questions is a com-
plex task. STACK grades answers through algorithms knows as “potential response
trees” (PRTs), where teachers can give partial marks and tailor feedback depending on
the different mathematical properties of the student’s answer. For example, the teacher
may give partial marks for an answer that is equivalent to the correct one but not written
in the conventional algebraic form, or to the correct level of numerical accuracy.

A unique characteristic of STACK is that separates “validity” from “correctness”.
When a student types an answer, it is interpreted by the CAS and a “validation box”
is shown displaying how the student’s answer is interpreted. This gives the student a
chance to fix any syntax errors before their answer is marked (e.g. typing sinx instead
of sin(x)). The validity/correctness separation helps students understand what type of
answer is expected and this significantly reduces the extent to which students are penal-
ised on a technicality.

In many situations we want the correct answers to have specific properties or follow
a specific pattern. The teacher should be able to encapsulate the algebraic and pedagogic
content of all questions of a certain class. Generally, this is achieved by randomising
the answer, and reverse-engineering using this answer back to build the question seen
by a student. For example, if we want to ask a student to solve a quadratic equation it
is sensible to randomise the roots and use the roots to construct the quadratic, rather
than randomise the coefficient a, b, ¢ in ax®+ bx + ¢ = 0. In this way we make sure that
all random variants of a question have the same proprieties, e.g. they all have integer
roots, or perhaps all have a double root, etc. Care needs to be taken to ensure that each
variant of the question has the same difficulty and that we do not set a mathematically
impossible problems. Academic judgement, and constrained random generation, are
both essential to create high-quality learning materials.

It is important to test questions to ensure they work correctly in advance of releasing
them to students. Testing questions is difficult and time consuming, but important to
ensure quality control. STACK automates testing by allowing authors to write “Ques-
tion Tests” in a similar way as unit testing is handled in software development. The
question author may establish with confidence that the “Potential Response Trees” are
processing the student’s answer as expected and that the marks are allocated correctly.
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Indeed, STACK is distinctive in enabling authors to unit-test their materials in advance,
and this has proved highly valuable in practice, both before the first use and for
longer-term maintenance year to year. As a minimum, the teacher can automatically
check that the pre-specified “teacher’s answer” is actually awarded full marks by the
potential response trees.

To help ensure questions work correctly teachers are strongly advised to pre-generate
and “deploy” variants of a question. When a student attempts the question they will be
given a random selection from the deployed variants, rather than a version randomly
generated on the fly. Deploying variants aids quality control in two ways. Firstly, the
teacher can run all test cases on all the deployed variants in advance. Automatic test-
ing of variants significantly reduces the occurrence of impossible random questions.
Secondly, the teacher can check each deployed variant is of comparable difficulty by
reviewing the variants and exercising their academic judgement. Using the combina-
tion of test cases and deployed variants it is unlikely a student will be given a random
variant which does not work correctly.

STACK gives the teacher the ability to write a full worked solution for each ques-
tion, which follows the randomisation. The question author may need to define more
question variables than are needed to specify the question in order to give a sufficiently
detailed worked solution. This may require to spend more time on creating the ques-
tion but it will normally be worth the effort as, in our experience, students find that a
step-by-step solution is a particularly useful recourse for their learning. Access to the
worked solution is normally given to the student once they have used all their permitted
attempts at the question, once they have given a correct answer, or once a “due date”
has passed. The quiz environment is flexible providing a teacher with a wide range of
options suitable for purely formative teaching through to formal timed examinations.

4.1 Moodle and the Moodle quiz

Moodle is an online learning management system (LMS), widely used in a variety
of learning situations including universities. The first version of Moodle was released
in August 2002, and it is currently distributed under the GNU General Public License.
The Moodle Project is led and coordinated an Australian company with approximately
50 developers which is financially supported by a network of partner companies world-
wide, and a larger group of open-source developers.

The Moodle quiz is a core module which enables teachers to select a list of questions
for students, and manage policies such as dates and the availability of worked-solutions.
The quiz has a wide range of features making is suitable for a very wide range of use,
including formative assessment or formal online examinations.

Moodle, an acronym in which the ‘M’ stands for Modular, has been successful in-part
because it is possible to adapt and customise Moodle in many ways. In particular, the
plugin mechanism allows for third-party features to be included and Moodle currently
has hundreds of plugins which extend all aspects of the core functionality. The STACK
question type, qtype_stack, is one such plugin which extends the functionality of the
quiz sub-system for mathematics.

STACK is also available for the ILIAS learning system which is widely used
in Germany.
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5 Translating HELM workbooks into interactive workbooks

As a response to COVID-19 during the summer of 2020, the University of
Edinburgh and Loughborough University collaborated to provide better materials
to support the teaching of engineering students during a rapid emergency response
for the forthcoming 2020-21 academic year. We needed reliable and comprehensive
materials, designed with engineering students in mind, over which we had intellectual
property rights permitting us to put the content online. In this context HELM, at this
point only available as static PDF, was a natural choice as a starting point. For example,
many design decisions (notation, terminology, content order) had been made during
the original project. The materials were collaboratively developed to a high standard,
were revised and mistakes removed regularly. The HELM materials remain in use some
15 years later.

To translate the HELM workbooks into interactive online workbooks we recruited
18 PhD students inters (Digital Creation Assistants) to help with the digitisation of the
content. At the University of Edinburgh the digitisation of HELM workbooks was part
of ASID project (Assist, Support, Implement, Deliver) [21], which had as main goal to
facilitate the transition to hybrid teaching in the School of Mathematics. At Loughbor-
ough University the digitisation was part of the Centre for Mathematical Cognition’s
impact-generating activities.

Initially, each intern was assigned 2 HELM sections to ensure they started their
work with a common task and to help them understand how to create online materi-
als. They were asked to create one quiz per HELM section, containing all the worked
examples, and with appropriate STACK and other Moodle questions (Multiple Choice,
True/False, Drag and Drop, Matching). The process of converting each HELM section
(PDF file) into an online quiz consisted of two main parts. First, the content (text) was
converted to HTML. Second, the STACK and other format questions were created.

Most of the HELM PDF files were available in HTML. To convert the remainder we
used pandoc (https://pandoc.org/) which creates clean HTML and retains the LaTeX
maths environments. The .tex files included some antiquated code, and one student
developed a script to automate the conversion to contemporary .tex code. The figures
that were included on the .tex files were converted to Scalable Vector Graphics (SVG)
files. SVG format was preferred amongst other images format mainly because it is a
scalable vector format that can be resized to any dimension without losing any quality,
and is likely to be supported for the longer term. In a learning context, an SVG file is an
excellent option because it creates really sharp images which are good for people with
vision impairments.

As was mentioned earlier, each HELM section includes simple tasks for students
to undertake and exercises (normally at the end of each section) for students to work
through. These were implemented using STACK and other Moodle question types,
where appropriate. We decided that, as part of this project, all STACK questions needed
to have:

e basic randomisation (unless impossible),
e question tests and a set of pre-deployed variants (for quality control),
o and full worked solutions, reflecting the particular random variant.
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Of course, it is inappropriate to direct translate all paper-based questions into online
questions without taking into consideration the educational construct they are testing.
In some cases we needed to modify the existing questions in an appropriate way.

Quizzes may contain interactive components, such as graphs and diagrams in which
the user can “drag” components to better understand the underlying relationship. How-
ever, we only included other software in our quizzes where the licence is compatible
with “CC BY”. (“Non-commercial licences” such as GeoGebra are incompatible and
so cannot be included.). We mostly decided to use JSXGraph for interactive graphics,
for consistency and maintenance.

All interns received training on STACK. We organised a practical workshop to intro-
duce them to STACK, author their first STACK question and get familiar with the
environment. STACK is, by design, a sophisticated tool and therefore unfortunately
has a steep learning curve: most users need around a month to become proficient and
independent question authors. To make the most of the limited time available, we iden-
tified similar STACK questions from existing courses and shared these examples with
the interns. In most instances the interns simply needed to edit/modify these questions;
only rarely were they required to write a question from scratch. We had frequent
meetings where we discussed issues and resolved any enquires they had. A local
STACK expert worked closely with the interns and had one-to-one sessions with them
when necessary.

To coordinate the progress of each HELM section we used a ticketing system on
TEAMS, a board where we could monitor the status of each quiz (in progress, ready
for checking, completed). When the interns had finished a whole section (content and
STACK questions), the section was reviewed by the local STACK expert, for STACK
related issues, and by a more experienced intern for style consistency. The interns
received feedback on their conversion and then did the relevant changes before moving
the task onto the next board. When both style and STACK were accepted, the HELM
section was checked by 2 undergraduate students for typographical errors and any
smaller issues. At the end each HELM section, which was now fully translated into
a Moodle quiz, was reviewed by the course organiser to verify that the educational
content is maintained.

5.1  Style guide

To ensure the consistency of the layout between all authors we created a style
guide, which largely follows the style of our previous FAC course. The guide outlines
the agreed style these materials will adopt and contains information about the way
we are naming the quizzes and the questions in them, the quiz settings and the con-
tent appearance (key points, examples, matrix inputs). See Figures 2 and 3 for some
examples of style we used in the workbooks. Many of the mathematical design decisions,
e.g. a consistent notation of derivatives, integrals and scientific units, had been made
by the original HELM project. These decisions are a huge help when coordinating a
large team of authors, and made it easier for us, but we had to recognise and respect
this previous work.
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Fig. 2. Style of a “Key point”: PDF (left) and interactive (right) versions

@ Example

Identify the index and base in the following expressions.

%Example 13 m 8t (=2)° p !

Identify the index and base in the following expressions. (a) 8", (b) (~2)°, 4
©p? Solution

m In the expression 811, 8 is the base and 11 is the index.

Solution In the expression (—2)°, —2 is the base and 5 is the index.

(a) In the expression 8'!, 8 is the base and 11 is the index.

(b) I the expression (~2)°, —2 i the base and 5 is the index In the expression p~7, p is the base and —q s the index.

(c) In the expression p~7, p is the base and —g is the index. The interpretation of a negative index . ) o - S
will be given in sub-section 4 which starts on page 31. The interpretation of a negative index will be given in worksheet 4.

Fig. 3. Style of an “Example”—multipart: PDF (left) and interactive (right) versions

5.2 Workhours

Creating quality online learning materials requires a team effort and many work
hours. We estimate that each intern could complete 2 HELM sections (content and
STACK questions) during a working week. For our courses at the University of
Edinburgh we required 48 HELM sections for semester 1 and 32 HELM sections for
semester 2. Lecturers at Loughborough required a further 11 sections that were not
already needed for the Edinburgh courses. Together this required around 1600 hours
only for the content creation.

After being created, each Section was reviewed to verify that it was consisted with
the style guide. This process took around 50 hours and it was necessary for the first few
Sections (the interns became familiar with style guide after creating 2-3 sections each).
Review of STACK question required more time and we estimate that it took on average
2 hours/section, so around 180 hours in total.

In addition 16 of the undergraduate students helped with testing and small edits in
the workbooks. Each section needed a full day for testing, review and updates, but we
manage to test only the sections that were created during summertime and needed for
semester 1. Roughly speaking the process took 500 hours. Also the course organiser
was doing the final review, and this required around 100 hours.

Summing all together, transforming almost half of the HELM workbooks to interac-
tive quizzes required more than 2400 hours which is equivalent to 300 person-days of
effort. This is a substantial investment, and we hope the results rejuvenate the materials
and provide a starting point ongoing projects.
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5.3  Challenges

Translating HELM resources into interactive online quizzes was a challenging pro-
cess that required a lot of effort and coordination.

Regarding the general creation of the workbooks, we had many hands working in
parallel (16 interns in Edinburgh all new to STACK) but only a few heads reviewing
the work (3 STACK experts and 1 course organiser). The speed of work varied sig-
nificantly, some of the interns were working part-time and most were later involved in
other ASID tasks apart from HELM. As a result, the workbooks were completed out
of sequence and we were inevitably giving repetitive feedback to different authors. It
would be ideal to receive the HELM sections (now transformed into Moodle quizzes)
in the order they appear on HELM because during the reviewing process we would be
able to understand the course materials and how students will engage with them and
to ensure at least local consistency in how the different authors presented the STACK
questions. The workbooks could only be reviewed in sequence towards the end of
the summer.

The main inconsistency was the technical quality of STACK questions. As we men-
tioned before, STACK has a steep learning curve, and STACK users need to pay atten-
tion to various aspects while creating a question, e.g. have proper randomisation, write
a fully worked solution, add test cases, and deploy variants.

At the coding level, improper randomisation was a significant issue during the first
review of the workbooks and during the first year of using them. Some of the issues
(impossible cases) were easy to spot by running the background testing on questions
as this would flag such errors. Consistency of random variables and not using reverse
engineering in specific questions, were more difficult to spot and the only way to notice
it was by reviewing the deployed variants. It is difficult to record and communicate why
the initial author decided to delete a few deployed variants from a question and if in the
future more variants are generated then it is likely some “bad” variants would reappear.
Also, if you are sharing questions with colleagues, they won’t know if the questions
have bad randomisation.

The main issue we encountered in STACK questions was a lack of a fully worked
solution. The original HELM source provides answers to all questions but typically this
is the final answer, not a step-by-step solution. We know that fully worked solutions are
a particularly valuable resource for the students. Inevitably, not all interns wrote full
solutions and so these questions did not have the detailed model solutions we wanted
to provide. Writing high quality worked solutions takes time and requires the author
to have a clear understanding of the (i) the mathematics, (ii) what students might need
highlighting. It is not enough to only rely on the answer the software calculates. Unfor-
tunately, the only way to check the quality of worked solutions is by reviewing each of
them: a task that requires a lot of time.

Most interns did not add any test cases on the first workbooks they created or some
of the test cases they created were failing. Most of the interns did not deploy any vari-
ants and the majority of the deployed ones didn’t give any useful information about
the question because the question notes were inadequate (just a list of numbers, not a

1JET — Vol. 17, No. 23,2022 79



meaningful note about the question and the answer). These elements are important for
managing the materials and are minor issues because they can be detected automati-
cally when running the bulk test of all questions.

Our main suggestion for people who want to undertake a similar project is to hire
fewer people for a longer period of time. Success depends on the number of expert
staff, who will act as managers/coaches on the project. We believe that a manager can
efficiently manage 3 interns who are new to the technology to be used.

6 Use of HELM online workbooks at the University
of Edinburgh

This section contains a preliminary evaluation of the use of the HELM online work-
books at the University of Edinburgh during 2020-21.

6.1 Use of workbooks

The School of Mathematics at the University of Edinburgh has four courses specifi-
cally designed for engineers and chemists: Engineering Mathematics 1a (EM1a), Engi-
neering Mathematics 1b (EM1b), Mathematics for the Natural Sciences 1a (MNS1a)
and Mathematics for the Natural Sciences 1b (MNS1b), which run over 2 semesters.
These courses cover the standard first year Engineering Mathematics (functions, linear
algebra, calculus, 1st order ODEs).

Before 2020, the weekly structure of the courses was the following:

Three 1-hour lectures, partially flipped.

One 1-hour workshop/tutorial.

3 formative online (STACK) quizzes, with unlimited attempts, one linked to each
lecture.

1 summative online (STACK) quiz covering the week’s topic.

A written assessment during even weeks.

During academic the year 2020-21 all our teaching moved online. We had around
500 students in year 1 Engineering and Chemistry which was a greater number than
previous years. The weekly structure of the courses for 2020-21 was:

e 1 HELM workbook/week (3—4 sections). They served as the first introduction
to each topic.

Short video lectures to expand on theory and go through more complicated examples.
One 1-hour online workshop/tutorial.

1 summative online (STACK) quiz.

A written assessment on even weeks.

The courses continued to use the same textbook in 2020-21 as they had in previous
years.
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The HELM online workbooks were used as learning resources, and although STACK
was set to award a score this did not contribute to students’ final mark on the course.
We hoped that the score awarded in the workbooks offered an additional incentive for
students to engage and do well in the activity while also allowing students to track their
progress. The students had unlimited attempts on the quizzes and they could come back
on them for further practice throughout the semester and the revision period. The quiz-
zes were set on “adaptive mode”, meaning the students could immediately check their
answer and retry with a small 10% penalty. A “Check” button appears in each question,
and when clicked the students received immediate feedback on their response. Unsuc-
cessful students who read and act on the feedback can review preceding content again
if needed before continuing.

The students’ evaluation of our courses indicated the HELM workbooks were con-
sidered to be the most valuable resource. They enjoyed the challenge that was presented
at the workbooks, citing easy tasks at the beginning of each section and more challeng-
ing questions at the end. The students appreciated the existence of the “Check” button
(the adaptive mode), that they were able to get the live feedback on the attempt. The
element of enjoyment has been reported by [22] and shows the need to combine utility
with enjoyment in a successful formative online assessment. Enjoyment is also related
with the gamification in learning and as it has been reported by [23] students who use
game—based pedagogical strategies have high levels of motivation.

6.2  Preliminary evaluation

Students behaviour regarding the timing of interacting with HELM resources.
Each week’s materials were released the Friday before the beginning of that week, and
the deadline for the summative assessment was the following Monday. Most weeks
have either 3 or 4 quizzes. This gave the students 10 days (including both weekends) to
interact with each week’s content. We intended the students to have their first interac-
tion with the workbooks during this period before accessing the other elements of the
course and specifically before attempting the summative assessment.

We did some analysis of the overall attempts on each quiz to find how many of them
happened in this 10—days period. We call these attempts timely attempts and they are
depicted in Figures 4a and b for semester 1 and semester 2 respectively. Note that for
semester 1 the EM1a and MNSI1a courses had slightly different content, and they were
2 separate courses on the Moodle server. The analysis was made on the EM1a course
because it had the most students, 362 fully matriculated students for EM1a in compar-
ison to 130 fully matriculated students for MNS1a. In semester 2 both courses have
the same content and had one course on Moodle, so the analysis happened for all the
matriculated students on both courses (364 for EM1b and 124 for MNS1b).
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Fig. 4. Timely attempts

Almost all students engaged with the materials within the first 10 days of their
release (timely attempts). Since completion of the quizzes didn’t offer any marks, and
wasn’t necessary for accessing each weeks assessment, a number of students didn’t
finish/submit these quizzes. We can see that the number of attempts decreases as the
semester moves on, as we would expect. Also, we notice that there is a small drop in the
timely attempts as the semester progresses. The first and second quiz tend to have more
attempts than the third and fourth and we suggest this is because these topics are cov-
ered at the beginning of each week and students have more time to engage with them
before taking the summative assessment. The fifth workbook of Week 2 on Semester 1
appears as an outlier here as this was brought forward from week 3 at the last minute
and many students will have worked on this in line with the initial schedule.
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Students behaviour regarding the timing of HELM quizzes vs assessed quiz.
We expected students to engage with the formative HELM quizzes first, before trying
the summative assessment. We know that some students go straight to the summative
assessments, and only then look at the formative materials. Evidence for this behaviour
comes from other courses in the School of Mathematics which have “reading quizzes”
to replace one of the traditional lecture. In the past, we pre-assigned reading from the
textbook and so could not see this kind of strategic behaviour.

For this analysis, we only looked at 3 weeks within semester 1 and 2. Each semester
has 11 teaching weeks and any week between weeks 3-9 was an ideal candidate.
We avoided weeks 1, 2 because some students may change courses and also avoided
weeks 10, 11 because there are various deadlines towards the end of the semester and
students tend to be less engaged. For each student’s attempt on a certain week we
looked on the “Started time” of the formative quizzes and compared them with the
“Started time” of the summative quiz, and checked if a student opened the summative
assessment before the formative quizzes. Our findings are shown on Table 1.

Table 1. The number of students who opened the summative assessment
before the formative assessment.

Weeks Assessment Opened Assessment Assessment and WQ
Only before WQs Much Later

S1-W3 15 29 9

S1-W6 27 42 6

S1-W8 20 48 1

S2-W3 48 39 11

S2-W6 46 86 19

S2-W8 47 99 23

We found that every week there was a small number of students who only engage
with the summative assessment and do not attempt the (formative) HELM quizzes.
For semester 1 this was between 4 % to 7.5 %. For semester 2 this number was higher
and around 10%. This is not particularly surprising. We found that during semester 1
between 8% to 13% of the students looked at the summative assessment and then
looked at the assessed quizzes. During semester 2 this number was higher, between 8%
to 20%. It is worth mentioning that during semester 2 there is a small, but not negligi-
ble, number of students who engage only with the summative assessment during that
teaching week and with the HELM quizzes later on during the semester, mainly during
the revision period.

We believe that the difference in students’ engagement between semester 1 and 2
is a reflection of the quality of the workbooks and students may have relied on other
sources, such as the textbook. The development of some of the HELM sections, which
were used during semester 2, happened during semester 1 and less time was available
to us to develop the semester 2 materials. So, the semester 2 workbooks were less com-
plete in terms of written solutions and robust checking. Improving quality of HELM
materials was our goal during the summer of 2021.
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We have previously mentioned in [24] that developing online educational resources,
especially online assessments, ideally needs three phases.

1. Creating the questions prior the teaching period.

2. Monitoring the questions during the period they are used ensuring any ambiguities
and technical problems are resolved immediately.

3. Revising the questions in the light of their use during the previous teaching period,
identifying any weakness and adding better feedback.

The STACK software generates detailed statistics on what students actually type in.
In many situations our prior professional experience can suggest which feedback will
actually be needed by students, and we can add this to the questions in advance. Often
students surprise us with solutions we did not expect, and only the phase 3 revision will
reveal such answers, and allow us to improve the feedback in light of what the students
actually did.

7 Next steps

The original HELM project was a major collaborative effort which has earned respect
for the quality of the original materials, and remained popular for many years. Our
short-term goal was to collaboratively create online workbooks in a style similar to that
of other successful courses at the University of Edinburgh, see [3]. The medium-term
plan is to make a general release in early 2022, once materials have been tested for at
least one academic cycle. Partners have agreed to release the resulting online versions
of each HELM workbook they write, including all the online questions. We agreed
to use the Creative Commons Attribution licence (CC-BY, https://creativecommons.
org/) and make the source of the questions available with the STACK software itself.
We will post updated on the further development of HELM materials on https://stack-
assessment.org/ in the future.

The ultimate goal is to complete any workbooks for which there is a genuine ongo-
ing demand. We appreciate that the mathematical needs of future engineers is remark-
able stable, (e.g. see [14], [15]) and so there is likely to be enduring demand for much
of the original HELM materials. We also appreciate there will need to be changes to the
workbooks, and completely new workbooks. In particular, statistics and data science
are a much more prominent part of engineering education than when HELM was con-
ceived. We hope that future projects will contribute new workbooks to complement the
existing HELM materials, rather than starting entirely from scratch. There is a natural
framework, style guide and constituency for such material.

We are also mindful that the education of engineers has common ground interna-
tionally, and anticipate that HELM could be valuable in non-English speaking coun-
tries. STACK support multi-lingual materials, and HELM might prove to be a valuable
resource if/when translated into other languages.
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8 Conclusions

The project of transforming the HELM workbooks into interactive online work-
books showed that creating quality learning materials requires a team effort. First we
need a robust, user-friendly and feature-rich online platform, like Moodle together with
support for highly interactive mathematical questions, such as STACK. Second we
need well-designed educational materials, such as the HELM workbooks. Third we
need a tested delivery format like the one we designed for FAC, which promotes stu-
dent engagement with the content and promotes mastery learning. And forth we need a
consistent style guide, robust quality control processes and ultimately a high standard
of delivery. As mentioned by [25] the quality and design of the assessment tasks are
directly related to students’ learning and empowerment.

The use of the workbooks in our teaching during the academic year 202021 showed
that our students valued them as an important educational resource. Our students appre-
ciated the interactivity of the workbooks, in particular they appreciated the immediate
feedback on their attempts.

The preliminary evaluation of the workbooks that we used at the University of Edin-
burgh during the academic year 2020-21 gave us a better insight of the resources and
helped us to identify “weak” questions which we update during the summer of 2021.
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