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This thesis looks at the development of a physical 3D learning model designed
to introduce key stage 3 students to the basics of SolidWorks with the ultimate
aim of developing the model to a level where schools can use it in the education
of students.
The purpose of this thesis is to identify any problems with the author’s final year
undergraduate project (a three-dimensional card model of Tower Bridge, which
features instructions to help teach the fundamentals of SolidWorks), and to create
a new learning material based on those findings.
The creation of the new learning material was in part based on feedback during
visits to local secondary schools. Small scale user trials were also conducted
throughout the product development in order to gain first-hand insight into how
the solution was meeting its objectives, i.e. being a viable learning pack for
Secondary Schools.
The overall project aim was to create 3 – Dimensional teaching material designed
to assist in classrooms for secondary education. This aim was partially realised
in that a clear and concise learning path was created. However, due to lack of
engagement from local secondary schools it was not feasible to conduct user
trials. These trials and subsequent review have been suggested as possible
future work.
It should be noted that apart from the Tower Bridge product, reviewed in chapter
3, all work presented within this thesis was conducted as part of this master study.
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1.0 Introduction

This thesis describes the development of a physical 3D learning model designed
to introduce key stage 3 students to the basics of SolidWorks and is based on a
review of the Major Design Project (MDP) undertaken in 2016/2017 as part of the
author’s final year at the University of Bradford. It is laid out as follows
1.1 Chapter 1 – Background

In the University year of 2016/2017 the author conceptualised and developed a
three-dimensional (3D) learning tutorial which aimed to promote individual
learning to Key stage 3 design and technology students. This was as part of the
Major Design Project (MDP) module. The project aimed at resolving issues in
relation to Computer Aided Design teaching regarding individual learning and the
visualisation of 3D shapes.
In order to continue development of the project the Master of Philosophy (MPhil)
year was undertaken. So that progress could be measured a set of aims and
objectives were written. These can be seen below.

1.1.1 Objectives
•

To create 3D Teaching Material designed to assist in secondary education

1.1.2 Aims
•

Review Learning Material (Major Design Project) and assess suitability

•

Review teaching practice with specific emphasis on CAD in secondary and
further education

•

Develop version two of learning material

•

Assess Suitability of Version Two for Secondary and Further Education

SolidWorks which is used by 1 in 3 schools contacted during this study was
chosen as the platform for the learning material to be based on. It should be
noted that it would require only minor adjustments to convert this over to other
packages, such as Fusion 360.
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1.2 Chapter 2 – Literature Review

This chapter looks to highlight and review the current teaching methods in which
CAD is taught in schools. The mode of delivery in secondary education and at
undergraduate level is underlined and discussed. Online training resources for
multiple CAD programmes are found and reviewed for usability and usefulness.
A singular analysis of the SolidWorks built in tutorials is included in the review.

1.3 Chapter 3 – Major Design Project Review

In this chapter the concept of the SolidWorks instructional pack is introduced.
This is the original model on which this Masters of Philosophy project is based.
Detailed walkthroughs of three tasks feature in this chapter including the starting
two modules followed by the introduction to multi-stage techniques. The learning
path is displayed and scrutinised to show faults in the development of this version.
Also included in this section is a detailed review of the MDP project.

1.4 Chapter 4 – SolidWorks Learning Pack 2.0

Chapter 4 looks at how the development of a new 3-Dimensional model with
improved user experience was conducted. This new model, whilst more simplistic
than the previous Major Design Project Tower Bridge, featured a greatly improved
learning path. Visits to local secondary schools were made and the feedback is
summarised. A specification of the new learning pack is included. The new
instructions which have been designed around the new models are shown and
discussed. An overview of each new model is given this includes the individual
learning paths. The final part of the chapter is a review of the complete MPhil
development.
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1.5 Chapter 5 – User Trials

Chapter 5 includes information collected from user trials undertaken in the MPhil
year. The introduction contains information on data collection, control tests and a
description of the trial. Data collected from the user trials are split into two sections
based on skill level. A summary of necessary changes is concluded from the
review of each trial. The final part of section 5 describes revisiting a secondary
school to show how the project has developed.

1.6 Chapter 6 – Conclusions and Further Work

The final section of the thesis is split into the two sections. The conclusions are
drawn in from each of the sections. These include any adaptations to existing
parts or any new features which have been determined. The further work section
discusses what would be done following on from the MPhil year in order to
improve the project.
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2.0 Literature Review

Liem (2012) stated that the central challenge of design work is to gain an
understanding of the designed product; its contexts, its values, and its functions.
This chapter highlights and reviews the current methods by which Computer
Aided Design (CAD) is presented and how it is taught in schools, to help identify
key needs for the learning pack redesign.

The review is based on discussions with teaching staff at three schools in the
Bradford area (Marsden, Taylor, Smith. 2017) as well as secondary research into
teaching methods and psychology. The literature review also looks into current
CAD Software used in schools with specific focus on SolidWorks.

Three-Dimensional Computer Aided Design (3D CAD) is technology that allows
users to digitally build a model to showcase design, analyse practicality and
optimise for innovation. CAD has changed the face of the design industry and
has influenced the lives of designers and engineers worldwide (Brown 2009).
Sequin (2005) states that Digital design tools have the capacity to enhance
industrial design practice by efficiently modelling complex geometry. According
to Scales and Sneider (1999) It also provided students with an adaptive media
for creating, refining and evaluating complex models, which in turn could be
efficiently translated into real products. Iyendo et al (2015) conclude that CAD
has had a positive impact on students enabling them to “process digital visual
information faster”.
Unver (2006) writes that 3D CAD packages generally allow users to specify
functions and generate functionally compliant variants quickly. This reduces time
taken to design prototypes and test them. As two technologies of CAD and CAM
are now being combined into unified CAD CAM systems, a design can be
developed and the manufacturing process controlled from start to finish, within a
single system (Milner D.A., Vasiliou V.C. 1986)
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2.1 CAD Software in School
In a Department of Education (2011) report it was stated “Where ICT, and
particularly CAD and CAM, were readily available to support designing and
making, they made a good contribution to students’ learning. In the best practice
observed, computer-based equipment was used effectively with traditional
machines and hand tools to develop and extend students’ understanding and
experience of materials and their knowledge of current manufacturing
processes”. This is supported by Unver (2006) who specified that CAD has
continued to offer a challenge to studio-based, modular design education. For
example, CAD has empowered students with weak visualisation skills”. This
conforms to a statement by Asperl (2005) who believes visualization abilities
helps to teach them [students] ‘how to design objects’.

Prior to the introduction of CAD, design was essentially a hands-on process
involving a variety of physical media and manual tasks. (Brown 2009) Connolly
(2009) writes that Students spent many hours “on the board”, and this training
enhanced the students’ graphics communication, design and visualization skills.
Students would not just be drawing but also using materials that can be quickly
worked by hand, such as card and closed cell foam (e.g. Styrofoam) (Ulrich and
Eppinger 2003). Techniques of digital sketching are now employed although
this requires significant investment in hardware and software when compared to
pen/pencil and paper. (Evans et al. 2015)
Kösa and Karakuş (2018) state that the subjects of engineering, graphics and
design are part of the core curriculum for all industrial technology and
engineering programmes. This is associated with multiple levels of education.
Asperl (2005) writes that “According to psychologists the best age to improve
spatial ability is between 13 and 14. So it’s a good idea to start 3D modelling at
this early age, though at the beginning of CAD education there should be a
short introduction into 2D construction techniques.”. This Indicates that Key
Stage 3 students are the right age to begin learning CAD but should start
learning visualisation by starting with a 2D module first to learn how shapes are
made.
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Pektas and Erkip (2006) observe that several investigators have pointed out
that Computer Aided Design (CAD) is now implemented by professionals in
most architectural school curricula to enhance CAD teaching skills, such as 3D
modelling and digital presentation, consequently grabbing academia to
impromptu develop pedagogy for a digital practice. Research by Scales and
Sneider (1999) has found that CAD serves as an adaptive medium to design
students for creating, refining, and appraising multifaceted models, which
successively could be expeditiously transformed into actual products. Cil and
Pakdil (2007) concentrated on the use of CAD, particularly in 3-Dimensional
formats, and concluded that it can aid the development of perceptual skills in
design students, as well as in the development of spatial abilities. This is
backed up by Chester (2006), who states that CAD can assist in the
development of spatial abilities. Whilst Unver (2006) concludes “The use of
CAD technology can deepen the student’s understanding of final form, structure
and performance of a product.” This is something which separates designers
from engineers. The ability to design a product which is not only aesthetic but
also functional.
SolidWorks, Autodesk Fusion 360 and SketchUp were highlighted as CAD
solutions from online research and interviews conducted with teachers during
school visits (Marsden. A, Taylor. S, Smith. A. 2017). This was backed up with
data available from SolidWorks (2019) and Autodesk (2019) that SolidWorks is
the most used CAD software for 2D drawing and Autodesk for 2D.

Price being a factor can affect the functionality of the product. Gaget. L (2018)
states that “Fusion 360 offers a free license for teachers and students”. Which is
as specified, a tick when price is a variable. However, Gaget (2017) also writes
in the same article that “SolidWorks is certainly less intuitive to use, but this
software will have more advanced features, which make it particularly adapted to
technical projects”. In addition to the actual software the price of learning
materials and mode of delivery is also of importance, section 2.3.
“Lynda.com (owned by from LinkedIn) is an example of commercial learning
material. Their website states it is a “leading online learning platform that helps
anyone learn business, software, technology and creative skills to achieve
6

personal and professional goals. Through individual, corporate, academic and
government subscriptions, members have access to the Lynda.com video library
of engaging, top-quality courses taught by recognized industry experts. Experts
post tutorial videos to the site along with transcripts and files so that students can
follow and learn whilst actively practising the skills being taught”. (Lynda, 2019)
Although owned by LinkedIn, the Learning material is available on either the
Lynda or LinkedIn Learning websites.
Whilst Lynda is a “leading online platform”, it is subscription based, aimed at
professionals and falls outside the scope of the study. A monthly rolling
subscription costs a user £24.99, users can also buy individual tutorials. An
example of this is the SOLIDWORKS 2019 Essential Training which costs £34.99
per student.

Pluralsight is another online source of learning material. Providing course
material for business and personal users, they offer courses for multiple
programmes across a multitude of digital programmes. “At Pluralsight, we believe
everyone should have the opportunity to create progress through technology and
develop the skills of tomorrow. With assessments, learning paths and courses
authored by industry experts, our platform helps businesses and individuals
benchmark expertise across roles, speed up release cycles and build reliable,
secure products” (Pluralsight 2019).

They provide a range of video walkthroughs customised for users with beginner,
intermediate and advanced skill. Similar to Lynda, it is a subscription based
platform and falls outside the scope of study. A monthly rolling subscription costs
£24 where a Premium annual package costs £370. (Pluralsight 2019)
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2.1.1 Software Layout

The CAD packages which are being addressed in this section feature a similar
layout. The work area tends to be in the middle of the screen and is largest in
area. The toolbars run along the top of the screen. The design tree which holds
the file information tends to run down the left or the right side of the work space.
An example of a standard layout is shown in figure 1

Figure 1: Average layout of a CAD programme (Based on multiple packages)

2.1.2 Software Profiles

Section 2.1.2 aims to profile the three pieces of software discussed above. A
profile of each company will be formed from the following criteria, company name,
user base and disciplines which use the software. A brief description of the
product will be included.
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Table 1: Table showing profiles for each software
Software

Fusion 360

SolidWorks

SketchUp

Company

AutoDesk

Dassault

Trimble

Systemmes
User Base

120,000,000

2,300,300

-

Educational

31,000

-

Commercial

234,800

Disciplines

4,000,000

Design

3D CAD/CAM

CAD

Engineering

Engineering

Architecture

Architecture

Architecture

Interior

Mechanical

Mechanical Eng.

Mechanical Eng.

Eng.

Electrical Eng.

Film/Game

Electrical Eng.

Data Systems

Design

Fusion 360
Fusion 360 is a product of AutoDesk. The company was formed in 1982.
According to Brown, (2009), “Its foundational product, AutoCAD, is still one of
the most well-known CAD programs that newer versions are based on”.
“Autodesk makes software for people who make things. If you’ve ever driven a
high-performance car, admired a towering skyscraper, used a smartphone, or
watched a great film, chances are you’ve experienced what millions of Autodesk
customers are doing with our software. Autodesk gives you the power to make
anything” – AutoDesk 2019
According to AutoDesk (2019) “Fusion 360 connects your entire product
development process in a single cloud-based platform that works on both Mac
and PC”. AutoDesk apply a lot of emphasis to student development and allow
free access to students worldwide.
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SolidWorks
Dassault Systemmes was formed in 1981 “To design products in three
dimensions” with the start-up software, SolidWorks being acquired in 1997.
(Dassault 2019)
As of 2016 SolidWorks had over 2.3 million active users, with 31,000 educational
institutions holding licences (Schmitz 2016).
Dassault Systemmes (2017) calls SolidWorks Premium a “comprehensive 3D
design solution that adds to the capabilities of SolidWorks Professional with
powerful simulation, motion, reverse engineering capabilities, visualisation and
much more”.

SketchUp
According to research by (Bethany 2018) “SketchUp was released to the public
in August 2000 as a “general purpose” 3D modelling tool—looking to make the
design process easier, more intuitive and more fun. Trimble (2017) – The current
owners of the software – described SketchUp as, “useful from the earliest stages
of design to the end of construction. Programming, diagramming, design
development, detailing, documentation, you need SketchUp Pro”.

2.2 User Interface analysis

This section compares each of the three defined interfaces as shown in figure 1.
An analysis for each section will be made of each programme. The user
interfaces for each programme are displayed in figure 2. These show the initial
interface for each programme as the software is opened.

10

(a)

(b)

(c)
Figure 2: Each user interface as seen when programme is opened. Fusion 360
(a) SolidWorks (b) SketchUp (c)
As seen in figure 2 each interface is relatively similar. The Fusion 360 and

SolidWorks screens both show the layout being identical to the layout seen in
figure 1. SketchUp has the design tree located on the right-hand side of the
screen rather than the left.
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2.2.1 Work Area

Fusion 360 shows a 2D grid which allows users to snap a tool to one of the points
when drawing a shape. The default grid setting is set to 10mm intervals, but more
accurate dimensions can be inputted once the drawing is defined.

SolidWorks features a blank screen. In order to start a drawing a plane must be
selected. To select a plane users are required to either press the sketch button
or individually turn each plane on in the design tree.

SketchUp features a 3D axis with a blank background and a humanoid figure for
scale. The axis featured on the SketchUp work area allow users to draw on either
the front, right or top plane. Users can only snap to the centre point or draw in a
random area on either plane. Drawing on the top or front plane in this case can
be difficult and requires the user to draw from the centre point at a specific angle
depending on which plane they require.

A common similarity between all the packages is that when
starting a sketch without defining a work plane the software will indicate to the
user to select a plane. Shown in Figure 3 are the 3D prompts which are given to
users in order to select a plane.
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(a)

(b)

(c)
Figure 3: 3D interfaces showing a reference guide for each plane. Fusion 360
(a) SolidWorks (b) SketchUp (c)
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The guides which are shown in figure 3 represent the 3D interfaces which are
shown before drawing a shape. The guides appear once a user selects a tool and
before drawing their first 2D shape. The guide allows users to choose which plane
to draw on.

The grid display for Fusion 360 rotates in this scenario and displays 3 square
boxes. The squares are shown on an XYZ axis grid. Each square represents one
of the three working planes. When a square is selected the grid rotates to a face
on view of that plane. When “modifying” a shape it will revert to an orthographic
view and the shape can be modified in relation to the face.

Similar to Fusion 360, SolidWorks also requires users to select a plane to work
on. As discussed above users can either select the plane after selecting the
sketch tool or turn the planes on manually. SolidWorks shows the planes
overlapping which could look confusing to some people.

Spatial visualisation is such an important part of working in 3D space. XYZ is
used in all aspects of 3D working, It is vital that this is taught in the early stages
of CAD education. While spatial visualisation refers to the ability to imagine
rotations of objects or their parts in 3D space by folding and unfolding, spatial
relations denotes the ability to imagine rotations of 2D and 3D objects as a whole
body; this includes mental rotation and spatial perception. (Kösa, Fatih 2017).
Iyendo (2015) writes “The CAD systems and designed objects visualisation on
the other hand, help students to comprehend diverse phases of the design
process, and equally help them to get a profounder understanding of how an
object works before they are built in real life”.
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2.2.2 Toolbars

The next area of the layout being discussed is the toolbars, figure 4.

(a)

(b)

(c)

(d)
Figure 4: Toolbars as displayed as seen on each piece of software. Fusion 360
(a) SolidWorks “Sketch” tab (b) SolidWorks “Feature” tab (c) SketchUp (d)

There are 10 tool boxes on the Fusion 360 toolbar. These follow the processes
which users would take to create a part or assembly from 2D sketching, modifying
a shape, 3D part creation and assembling the part with multiple other
components. Each box represents a different process and when clicked, a
dropdown box appears with all of the tools which belong to that specific practice.
With all the tools being located in a dropdown menu time may be increased if the
user does not know which category a tool falls under
When opening SolidWorks users are directed to the “sketch” toolbar which
automatically opens. Unlike the toolbar on Fusion 360 2D/3D tools are separated
into different tabs. Interestingly the sketch tab is the second tab on the toolbar
even though it is the first process. The first tab is the feature tab which users
would focus on when converting 2D shapes to 3D forms. Using the sketch tab as
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an example, as shown in figure 4 it can be seen that each section is clearly
separated. There is a split between shape tools and entities tools which are used
less commonly. Tools which are not completely clear use text to indicate to users
what their purpose is.

When looking at the SketchUp toolbar, there are some icons which appear to be
self-explanatory and some which are not. The icons which are somewhat selfexplanatory are the pencil, which indicates drawing, and a rubber, which is to
erase. Some less obvious icons are the “Axis” button and “Toggle Axis” button.
Whilst the icons appear the same, the tools allow for the manipulation of 3D and
2D space.

2.2.3 Design Tree

The design tree is an area of the screen dedicated to showing users information
about the project. The tree can show which processes have been undertaken or
give information about a tool once it is in use. Shown in figure 5 is a closer look
at the design trees for the three different packages.

(a)

(b)
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(c)

(d)

Figure 5: Design Trees of each programme. Fusion 360 (a) SolidWorks (b)
SolidWorks Tool Design Tree (c) SketchUp (d)

The fusion 360 design tree consists of the document settings, named views and
origins. When a tool has been used the process is underneath these tabs.

The SolidWorks design tree consists of multiple folders. The first three folders,
History, Sensors and Annotations are rarely used at introductory level. The
material button allows users to specify a material to the part. There are the three
plane views which users can turn on by selecting them. When a tool is used it is
shown in the design tree under the origin point. After selecting a tool on
SolidWorks the tool interface becomes visible in place of the design tree. When
changing options in the interface a preview of the change will be shown.
The design tree featured on SketchUp holds more information that the previous
trees. As well as being able to change the materials, the scene and style can also
be changed from this point. Also featured in the design tree is the instructor tab
which gives an overview of the current tool which is in use.
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2.2.4 Help Available (Software)

All software packages listed above provide some degree of help for the user.

When interacting with tools in Fusion 360 if the user hovers over the writing, a
black box appears which has a description of the tool and in some cases a
diagram of how to use it, Figure 6. This is very good when introducing the
software to a new user but may become tedious after becoming accustomed with
the software. This feature can be turned off. However, to do so the user must
navigate through multiple settings windows.

Figure 6: Help box as seen on Fusion 360 which appears when the mouse
cursor is held over a tool.

SolidWorks also features a tool guide although it is not as clear as Fusion 360
or SketchUp. The guide is in the design tree once a tool has been selected,
highlighted in a yellow box.
SketchUp features a similar aid. The “instructor” tab is located on the design tree,
see figure 7. The information given gives users a systematic guide on how to use
the tool as well as some useful modifier keys and an overview of the product. The
modifier keys are usually CTRL + functions or shift functions. A comparison
between SketchUp and SolidWorks guides are shown in figure 7.
18

(a)

(b)

Figure 7: SketchUp Instructor tab being used in conjunction with the line tool
(a) Trim tool “help message” located in the SolidWorks Design Tree

2.3 Mode of Delivery

3D computer aided design (CAD) and 3D printing seems to have developed to
such a degree that the students in engineering courses are made to believe that
they could attempt to design all aspects of a product. (Sathikh 2018).
Universities have taken up the challenge posed by the new technologies and
have introduced standalone 3D CAD courses focused on specific topics, such
as geometric modelling or product documentation, or oriented to more extensive
applications such as computer graphics and engineering design Ye et al (2004).
However, this is argued during an interview with the Head of Design at Bradford
Grammar School – he stated that “it [CAD] does not warrant the time for a full
module to be dedicated to it. Usually if CAD is taught, it is at the end of a
module if there is enough time”. (Taylor. S 2016 pers. comm.17th October) This
is backed up by Ault (2012) who found that most universities often find it difficult
to devote a significant amount of time to CAD instruction in the curriculum.
The teaching of Computer-Aided Design (CAD) is such a broad field of study
(Asperl, 2005) that there is no consensus about what to include in the curricula,
since these differ depending on the degree and on the level and age of the CAD
learners. According to Contero et al (2006) there are also several studies that
deal with improving different CAD-related abilities (spatial abilities, visualisation
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skills or the relationship between 2D drawings and 3D models) using different
technologies and methodologies
Unver (2006) describes the University learning process as follows” the vast
majority of ongoing Master courses in the School have an emphasis towards
practice-based activity underpinned with relevant theory”. These activities will
start with a design brief which students can read to understand the tasks which
they are to complete. Evans (2015) hypothesises that “When the full range of
digital design methods that are available to industrial designers are transposed
onto the three phases of practice (Concept Generation, Design Development
and Specification), it is possible to identify the potential for a totally digital
approach that removes all non-digital techniques. This would eliminate all
hands-on skill learning which is a crucial part of a designer’s skill set. Sathikh
(2018) writes that students, were surprised at how a design studio helps them to
step out of their comfort zone and realised that there were no right or wrong
answers, but only design solutions. If these hands-on skills were lost then there
could possibly be a decrease in problem solving leading to problems with
products further down the line. A learning aid which teaches multiple design
skills and 3D visualisation would help deter this.
Crismond (2013) iterates that “Comprehending the design brief is different from
framing the design problem”. Students may pick out key points in the brief to
focus on, after testing the prototype they may discover problems which weren’t
apparent at the time. It easier to build and visualise a prototype on CAD
software but without having the product in the designer’s hands and testing it,
problems may not be seen.
Torner, Alpiste, and Brigos (2015) investigated whether the use of 3D modelling
software such as Solidworks developed the spatial ability of students in the first
year of an Industrial Engineering programme. The researchers used two
different tests. The differential aptitude test-spatial relation subset and the
mental rotation test, to measure the students ‘spatial ability. The students took
two different spatial ability tests at the beginning and at the end of the semester.
The results of this study showed that there was a clear increase in the students’
spatial ability after using CAD.
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2.3.1 Secondary School

Between October and November 2016 nineteen schools within North/West
Yorkshire were contacted. The selected schools all met these criteria;
Outstanding/Good Ofsted rating
Emphasis on Design based subjects
Out of the nineteen schools only 4 teachers responded, with one school
declining a visit. In total four teachers were interviewed with the hopes of
gaining some qualitative research about how students were taught CAD and
how they responded to the schools chosen software.
Students were not interviewed as school policies had not been examined.
In a post on Skipton Girls High School (2016) – one of the local secondary schools
contacted – website it is stated that “CAD is taught in secondary schools from
year 8 onwards. Students are taught how to create a simple model and then
render it to give it a creative effect”.
“When students reach KS4, they begin to use the software in projects. This may
be either to complete a render for a product or to create an engineering drawing
of a product which they have made”. (Taylor and Majid 2017, pers. comm., 18th
May).

To teach these processes, teachers rely on either videos or paper handouts
which show the process. These are usually planned and made by the teachers
who record themselves making the design. SolidWorks, for example does provide
many inbuilt tutorials.
Marsden (2016) stated “Both of these teaching techniques only help so much
with the students’ education. Each of the learning devices are in 2D, although
the videos do give a bit more 3D visualisation. A study by Erebor (2018) stated
that students were asked if any other media would enhance their learning or
use of CAD Software and they mentioned the use of video tutorials. Videos
appear to be beneficial in helping modern students understand a problem.
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By using screenshots, it is hard to convey which angle the part is facing
students lack the ability to visualise it. At the end of the module most students
are only able to follow the instructions rather than have the knowledge to
undertake their own projects. Crismond (2013) believes that by keeping habits
of beginning designers in mind during instruction, teachers can sharpen their
planning and interventions as they use more design activities. Asperl (2005)
relates to this point, saying that the teacher should not be the center of
activities; it is more efficient to put the individual student into the center.
A more interactive problem-based guide where students are required to think
and use their own initiative rather than rely following a determined path may
help improve learning and possibly help increase the students working
memory.
Working memory is defined by Diamond A (2013) as a “Cognitive system with a
limited capacity that is responsible for temporarily holding information available
for processing”. Working memory is important for reasoning and the guidance of
decision-making and behaviour. “Working memory is often used synonymously
with short-term memory, but some theorists consider the two forms of memory
distinct, assuming that working memory allows for the manipulation of stored
information, whereas short-term memory only refers to the short-term storage of
information”, Cowan (2008)

According to Gathercole, S. E. and Alloway, T. P. (2007), it has been found that
there is a limit to how much information can be held in working memory”. In the
same research it was concluded that “Activities that require difficult mental
processing, such as applying the rules of multiplication during mental arithmetic,
reduce the amount of space in working memory to store information”. Lupton
(2013) states that CADs introduction to design education has facilitated students
with limited literacy and numeracy skills the opportunity to explore design fields.
This may allow students to increase their working memory as some of the harder
maths is eliminated by the CAD software. Asperl (2005) confirms that CAD users
need a lot of CAD knowledge, CAD skills, computer knowledge, but only little
information about the mathematical and theoretical background.
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These statements indicate there is a higher need for CAD knowledge than
theoretical background which students may not take in, or turn them off from
concentrating. Unver (2006) writes during the early years when the first mid-range
software was introduced, only some students used the basic functions of the
software for their design. Shapes of products created were restricted due to
limited knowledge of their CAD skill. Take away all the complex theory that
students are made to read and focus on relevant CAD knowledge and there may
be an improvement on students learning.

2.4 Training Resources

A study by Ye et al (2004), states that A CAD training course should provide
industrial design students with the experience of designing both the outside
form and inside structure. In other words, a provision of the overall experience
of the product development process, in which students can design products
composed of multiple components, generate assembled models, engineering
drawings and fabricate physical models utilizing CAD tools. This is backed up
by Kim (2014) who writes that it seems that these courses in higher education
spend too much time on how to use CAD tools rather than how to design with
CAD tools.
Field (2004) writes that “companies commonly organize tailored courses and
training sessions in collaboration with the leading global vendors in order to
achieve a deeper knowledge on specific 3D CAD-based software for specific
fields of application, according to the professional profile and level of expertise
of their users”.
While the rise in CAD use is principally driven by industrial appetite for
efficiency, the knock-on effect for educational institutions has been a
considerable burden of extra cost (Kallis & Fritz, 2009). As a result, a majority of
universities often find it difficult to devote a significant amount of time to CAD
instruction in the curriculum. (Branoff et al., 2002).
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2.4.1 Autodesk Fusion
“Autodesk Design Academy” is a free web based tutorial service that offers a wide
range of online video tutorials for nine different 3D modelling and animation
packages. AutoDesk Design Academy. (2019). In the Fusion 360 section, there
are 43 video tutorials (25 beginner, 12 intermediate and 6 advanced). Figure 8.

(a)

(b)

(c)
Figure 8: Autodesk Fusion 360 Design Academy page. Beginner (a)
Intermediate (b) Advanced (c)
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The 43 videos range in time between 1 minute and 8 minutes. All videos start
with a fully constructed model. When undertaking the process there are no
shortcuts used. This is the case when watching beginner or advanced videos.
Accompanying the video is a clear and distinctive.
Elsewhere on the top searches for “Fusion 360 tutorials” there is some open
source material provided by Burton. D (2017) from the University of Warwick.
These are files which students at the University would use when creating the
project. There are two choices for material, worksheets and videos. A study by
Gracia-Ibáñez (2016) More than 25 tutorials were produced, ranging from 9 to 38
pages. Each tutorial formulates a problem and explains a strategy to solve it and
how to do it step by step, emphasising the use of the most appropriate tools in
CAD software to achieve it in a more efficient way. 38 pages is a lot of information
for a student to take in. This would possibly decrease productivity and
informational intake, leading to a lower level of education. As stated by
Gathercole and Alloway (2007), “ there is a limit to how much information can be
held in working memory”.

One example of the worksheet can be seen in Figure 9. It is a learning document
which shows the user how to create a “straw support” for a drinks vessel.

Figure 9: Introduction to the “Straw support” paper walkthrough.
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Throughout the document there are screen captures of each stage of model
making, along with further screen captures showing the location of tools.
Corresponding with each image is a clearly numbered text box which discusses
how to complete each step. Keyboard shortcuts are included to speed up the
modelling process.
Red lines in the documentation are used to help identify the location of important
prompts. Whilst helpful, the use of lines in certain parts of the document start to
become rather overwhelming and confusing, figure 10.

Figure 10: Page 3 of “straw support” document showing the use of multiple red
lines across the document.
The sheets are descriptive and show the user every step needed to complete the
model. In the straw support document there are 20 steps. In these tutorials the
text boxes are overly descriptive which creates a lot of reading for the student.
For some students the large amount of text may actually cause them problems
with their working memory.

2.4.2 SolidWorks

Dassault Systemmes (2015), provide a section of their SolidWorks website to
online tutorials called SolidWorks Resource Centre. The resource centre itself
does not appear to be easy to navigate. (Figure 11) Although each section is
defined, there is no visual stimulation which draws users to any of the sections.
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Figure 11: Image of the home page of the Resource Centre Webpage

The SolidWorks tutorials are split into five sections; Parts, Assemblies, Drawings,
Simulation and sustainability. Each section contains a number of tutorial videos.
The videos are based in a pop-up web-browser which immerses the user in the
visual experience. Included is an audio description of the steps taken. Each video
displays the topics which are covered in the online tutorial (Figure 12). The
downside to this is that the material is not interactive, so users cannot easily skip
to the relevant section. Downloadable part files are included so users can edit the
part alongside the video.

Figure 12: Image showing the Topics included in one of the tutorial videos.
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SolidWorks has a large and active online community which allows users to ask
questions and solve problems. This is a more direct way of finding help for an
issue. Users can post their questions to the community and members will reply
with a suggestion on how to carry out the task. Users can upload files to
accompany the question. Forum members will then take the files and help solve
the issue, with some going as far as posting a walkthrough of the steps to
completion. As an example to the benefits of the SolidWorks forum, there is an
example of a question, which has been posted. Seen in figure 13

Figure 13: A post seen on the SolidWorks community forum.
The image shows a community member struggling to cut the threads on a screw
being constructed.

Figure 14: A reply posted on the forum thread.
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The screen capture seen in figure 14 is one reply to the question. The user gives
an in-depth walkthrough of the process which was used as well as three images
which depict the walkthrough.

Although the forum is not necessarily a training resource, the community does
provide a large amount of help to other users. Dassault Systemmes (2017) also
provide a 150-page learning document which introduces the SolidWorks
software.

The booklet is like the tutorials which are embedded into the SolidWorks software.
The use of diagrams and text within clearly subtitled areas allow readers a clear
transition between certain aspects of the interface. The page seen in figure 15
highlights the important areas which are used in SolidWorks. Although there is a
lot of text on the page once users actually break down the text into the sections
that they are in, each instruction only has two or three points.

Figure 15: “Using the interface” section of the printable “Student’s Guide to
Learning SolidWorks® Software”
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Some images clearly depict one step in the process where elsewhere in the
document images are paired with multiple arrows and notes, figure 16.

Figure 16: Section of the walkthrough which contains a large amount of text as
well as an image with lots of descriptive arrows.

A useful additional feature included within the learning booklet is a number of 5minute assessments. These are located at the end of every lesson, as seen in
figure 17. The assessments are basic and require the participant to write a single
word or short sentence down to answer them. They summarise what has been
taught and gives the participant an idea of how much knowledge they have
retained after the section.

Figure 17: Example of an assessment featured in the SolidWorks tutorial
booklet.
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2.4.3 SketchUp

SketchUp features a tutorials section on their website called SketchUp learn. The
site contains multiple sub sections which are all in place to help users with a range
of different problems. Included are forums where users can post questions and a
blog which discusses the latest news in a series of posts and trainers.

A trainer has their own profile to which they upload portfolio images so that people
can get an idea of their skill set. Trainers however is not a free service and clients
need to book in a web session. This is a very good way to learn as these people
will use the software day in – day out, but the cost side will most likely put people
off, particularly schools.

Like other software SketchUp Learn also features a series of online video
tutorials. These tutorials are split into two groups, “skill builder” and “Help Centre”.
The help centre are tutorials that are suited towards users who are trying to gain
an understanding of the software. The section covers the “getting started” aspect
which most tutorials cover. Again these are videos which show users around the
interface and then how to use the tools. There is also a section called “Toolbar
series” which breaks down the videos to look at every tool in a more in depth
situation and cycles through multiple ways to use the same tool.

2.5 Current Learning Material for SolidWorks

This section focuses in more detail on the tutorials built into SolidWorks. The aim
of the section is to focus on how the tutorials are presented from the perspective
of a KS3 student.

Asperl (2005) writes that CAD education focuses on teaching the essentials of
everyday use of CAD. By using professional software which fits best to the
demands of their future jobs, pupils should improve their basic skills. SolidWorks
is a widely used software. As shown is Table 1 it is popular in CAD/CAM
manufacturing.
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Figure 18 shows the tutorial section which is built into SolidWorks. These tutorials
range from introductory to basic and advanced levels. Exam preparation for the
Certified SolidWorks Associate (CSWA) exam is also included. All of the sections
hold multiple tutorials. Depending on the tutorial 3D parts may also be given.

The tutorials discussed in this section all relate to tools which are covered in the
SolidWorks 3D learning pack, Section 4. These walkthroughs have been
analysed and the usability of the instructions critiqued. Lessons range from
setting up a new document and learning basic techniques, like revolve and
sweeps, to more advanced techniques, like 3D sketching and mould design.

(a)

(b)

Figure 18: Basic tecniques tutorials (a) Advanced techniques tutorials tab (b)

2.5.1 Getting started

The tutorials which feature in the learning pack are shown in table 2. When
hovering over the tutorial a blue box appears over the diagram. This box displays
the time and a brief synopsis of what the tutorial attempts to achieve.
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Table 2: Table showing the tutorial name, duration and the synopsis for the
getting started tab
Tutorial

Introduction to

Lesson 1: Part

SolidWorks

Lesson 2:
Assemblies

Duration

1 hour

30 minutes

45 minutes

Synopsis

Create a part and

Create your first

Build your first

a drawing

SolidWorks part

assembly, based
on the part you
made in lesson 1.

Although from the synopsis, the introduction to SolidWorks and Lesson 1: Part
appear to be the same task without Lesson 1: part being featured lesson 2:
assemblies would not be possible.

Initially the introduction to SolidWorks tutorial appears to be very intense. The
time frame could be very discouraging as an hour is a long time to follow
instructions. The time does depend on the rate the user picks up the information.
Another deterrent is the part which is being made, shown in Figure 19. There is
no indication to what the part is. This could stop users being able to visualise the
part whilst constructing it.

Figure 19: Example part for the introduction to SolidWorks tutorial

The first page of the tutorial shows users how to sketch a circle, figure 20. From
a glance, it appears to be a long process. There is a large amount of text which
spans over seven instructions with all tool names and important details shown in
bold. The instructions also feature the tool icons and a diagram of what should
be displayed on the screen at the end of this step.
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Figure 20: Image showing the stages involved in drawing a circle.
Further on throughout the tutorial is a section which talks about fillets and how to
fillet hidden edges, Figure 21. The image is possibly too complicated for a first
time user.

Figure 21: Image showing hidden line fillets.

Other problems which stem from the tutorials are;

Poorly ordered instructions - An example of this is the first page of drawing
instructions. The instruction shows a preview of a rectangle which is being
extruded, figure 22.
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Figure 22: Screen capture of the first instruction in lesson 1: Parts.

The text on the page reads as if it in an instruction. The instructions which actually
demonstrate how to make the part are on the follow page.

Large amounts of text - The instructions in this section feature pages that are
populated with lots of text. This is shown in figure 23. In the dimensioning section
of the tutorial there is a large segment of text which tends to drag on about
different features of the dimension tool. These are not completely necessary to
complete the task.

Figure 23: SolidWorks tutorial featuring large amounts of text.

In figure 23 there are sentences which are highlighted in blue. These highlighted
sentences are hyperlinks. The hyperlinked words contain words like “constrain”
which are specific to the programme. When clicking on the sentence “What does
Constrain mean” a window opens and displays the following information;
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•

To constrain something is to add a restriction to the geometry of the model.

•

In this case, by starting the sketch at the origin, you made the corner of

the rectangle coincident with the origin.
•

Relations and dimensions constrain geometry in parts; mates constrain

components in assemblies. Relations can be added manually or automatically.
Confusing Imagery – Many of the instructions feature multiple images on a single
page. The images in question, displayed in figure 24 are confusing as, they are
all similar but show the model in different views.

Figure 24: Screen capture of, Lesson 1: Part. Image shows diagram of multiple
isometric views of the same part.

2.5.2 Basic Techniques

The learning techniques which feature in the tutorials section as well as the
SolidWorks 3D learning pack are; Pattern, features and Lofts, table 3.

Table 3: Table showing the tutorial name, duration and the synopsis for the basic
techniques tab
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Tutorial

Pattern features

Lofts

Duration

30 minutes

30 minutes

Synopsis

Create linear and

Create a part

circular patterns

using planes and
profiles, plus loft
and flex features

The pattern features tutorial does not link to the SolidWorks learning pack,
Section 4. The tutorial shows how to apply these features to a 3D model whereas
the learning pack uses these patterns for 2D purposes.

The lesson starts with a description of the task as well as an image of the part
that is being made, figure 25. In this instance the pattern features tutorial follows
on from the “revolves and sweeps” tutorial. A part file is included on this page
which when clicked opens up in the SolidWorks interface.

Figure 25: Screen capture showing the downloaded part file with SolidWorks
tutorial open.

2.5.3 Summary of SolidWorks Tutorials

In order to analyse the value which these tutorials hold, the context of why they
were being used would need to be defined. The tutorials appear to be aimed
towards an older audience, although no age guideline is stated. This idea is
concluded from the image in figure 19 which shows a complex shape with multiple
extrudes, angles and fillets. Another factor is the vast amounts of text which is
37

included. This would most likely be skimmed through and the knowledge not
appropriately transferred.

When looking at users who would see an importance in learning these skills, they
are more likely going to read and retain the information. The Instructions do go
into a high level of depth about the software, and teaches users processes which
would become second nature. Mature audiences are more likely to be able to
solve some of the more complex instructions. The tutorial does not show the
basics of the programme, for example there is no discussion on the tabs which
allow the user to draw in 2D and then extrude into 3D. Mouse functions aren’t
explained either, important functions like how to rotate the drawing/object. Kösa
& Fatih (2017) state that the ability to rotate a 2D or 3D object in space is a vital
aspect of spatial visualisation.

This would most likely improve the users Spatial ability, something which
Contero et al (2005) stresses “Well-developed spatial skills are crucial for future
engineers, and therefore, it is essential to develop engineering students’ spatial
skills. Kösa & Karakuş conclude that completing such a task is quite difficult. To
begin with, the student must visualise the object as a whole, as well as the
separate parts of the object and the relationships between them.
2.6. Requirements of 3D learning Pack

Based on the information discussed above it is possible to define some
requirements for the 3D learning pack developed during the MPhil project.

Specifically:
•

Introduction to screen layout to be included

•

Details on setting up a new document to be included

•

Students should be told where additional internal instructions could be
found. I.e. In the tool options featured on the design tree.

•

Instructions should include the frequent use of simple graphics

•

Due to a number of differences, instructions should only be written for
a single package.

•

Video instructions should be featured
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3.0 Major Design Project Review

This chapter describes and reviews the original model on which this Master of
Philosophy Project is based. It formed part of the Major Design Project (MDP), a
60-credit module as part of the University of Bradford’s BSc Product Design
course.
This came about by research into learning methods and the inaccessibility of
current learning material (Elliot Hill. 2016).
This chapter will assess how the final product differed from the initial aims and
objectives and provide guidance for the redevelopment of the learning pack. The
review also assesses the problems which were faced when undertaking the
original project. It also looks at how these issues would need to be resolved if this
model was to be taken into schools to be used by students. The stages of learning
are displayed, discussed and analysed.
Although solutions were discussed and are viewable in appendix 3, no further
work was undertaken on the Tower Bridge learning pack as development was
taken in a different direction.
3.1 Major Design Project

The primary objective of the MDP project was to create a learning tool that
featured a physical 3D model that would be used to teach KS3 students the
basics of SolidWorks. The SolidWorks: 3D instructional model was developed for
the project. It was designed to be a learning tool which teaches students the
basics of SolidWorks using a 3D card model to aid in 3D visualisation.
The original SolidWorks teaching pack was designed to be user friendly by
incorporating as many learning styles that were applicable, so that a large
demographic of users could find their own way of completing the tutorials. Five
out of the seven main learning styles defined by Learning Styles (2014) were
heavily used. These are Visual, Physical, Logical, Social and Solitary.
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•

Visual – The learner responds well to visual stimulation, i.e. pictures,
writing and video

•

Physical – The learner appreciates using their senses to learn, i.e.
kicking a football rather than watching it, tasting food rather than being
described it.

•

Logical – Following set guidelines and rules to achieve the desired
outcome in order.

•

Social – Working as part of a group

•

Solitary – Working independently

The remaining two learning styles are Aural and Verbal. These were not a
substantial influence on the MDP project. If videos walkthroughs which featured
a voiceover were used, Aural learners would receive a greater benefit from the
pack.
This is an example of “blended learning”. Blended Learning is described by
the British Educational Communications and Technology Agency (BECTa)
as a “combination of face-to-face and on-line delivery,” which they believe
“suits a wider range of learning styles.”
A report by Gulc. E (2006), states “It is in the tutor’s best interest to provide
as many opportunities for the learner to access the educational content as
possible, and in a way that the student can learn without finding the
experience difficult or off-putting. Learners don’t just like one way to learn,
so we should provide as many ways for them to receive their educational
programme as possible”

3.1.1. Overall model

The learning material was designed to fit into a single A3 folder, figure 26.
Students work through it at their own pace. The pack features 10 large 2D nets,
which the user assembles by hand at the start of each session. This feature helps
teach card modelling as well as how 3D shapes are formed
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Figure 26: A3 Folder for SolidWorks Learning pack

Tower Bridge was chosen as it is a well-known piece of architecture, iconic to
London. No qualitative research was conducted into how well known the bridge
is, but after an image search of “famous landmarks” Tower Bridge was one of
the top hits. Initially the bridge was not the first choice for the design, it was the
Taj Mahal. After breaking down the shapes which feature in the Taj Mahal,
basically a large cube, cylindrical columns, significant intricate detail and the
defining curved roof, it was considered too greater task.
When broken down, Tower Bridge showed the promise that even without the
gothic style details the model could still be identifiable and had the potential to
feature a range of different techniques.
Each lesson includes a 2D card net, a set of objectives, a list of tools being used
in SolidWorks and the appropriate plane that student should work on.
Also included is a self-evaluation section where students can rate their progress
against a set of criteria and “personal best” time sheet. An example of the selfevaluation section is visible in figure 27.
Each constructed 3D model features a set of instructions printed on various faces
of the model. These act as a guide for the user in the reconstruction of the model
in SolidWorks. Actual SolidWorks tool icons are printed onto the model to help
students locate them in the software.
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(a)

(b)

Figure 27: Photo of documents in Module 1. Including 2D card net (top) and
objectives page (bottom) (a) Close up of the self-evaluation section which
features on the objectives page (b)

As the lesson number increased, commonly used tool icons featured less. The
idea being that students would have to rely on their knowledge gained from
previous lessons to complete tasks. The aim here was to reinforce learning and
help students self-identify problem areas.
The content of the pack was originally specified so that students could undertake
the Certified SolidWorks Associate (Dassault Systemmes. 2018). This is an
official certification provided by SolidWorks and its distributors and is commonly
used during the interview process for engineers. Although the pack does not
cover all requirements featured in the exam, 51% of what is needed is contained
in the pack. The pass mark for the exam is 70%.
The final model that was used at the 2016 summer design show is shown in
Figure 28. It featured one-half of the overall model of Tower Bridge. As visible in
the figure, there were issues with the tower construction and some parts required
adaption for the model to be viable for production.
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Figure 28: Half model of Tower Bridge teaching pack

The issues with the Tower Bridge model stemmed from the missing side on part
2- Base. The missing side reduced the structural integrity of the model as the
tower sat on this part. The aesthetic of the product was also ruined as the internal
columns could be seen.
Based on the model there were multiple adaptations which needed to be made.
The main adaptation was adding a side panel to part two. Additionally, the tower
spires were constructed in a way which made them too complicated to assemble,
leading to them being removed.

3.1.2. Learning Material Components

Figure 29 shows a schematic of the completed tower bridge card model and the
parts which were included. The parts shown in the figure are described in Table
4 including the SolidWorks tools used to create them.
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Figure 29: Tower Bridge model schematic and component parts
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Table 4: Stages of learning in SolidWorks learning pack
Component

SolidWorks Tool

Outer Road

Base

Entrance Base

Tower Bottom

Tower Middle

Entrance Arch

Tower Top

Draw Bridge
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-

Centre point rectangle

-

Extruded Boss/Base

-

Centre point rectangle

-

Circle

-

Trim

-

Extruded Boss/Base

-

Centre point rectangle

-

Extruded boss/base

-

Corner rectangle

-

Smart dimension

-

Circle

-

Trim entities

-

Extruded cut

-

Rectangle

-

Centre point arc

-

Trim

-

Extruded

-

Rectangle

-

Circle

-

Extruded cut

-

Rectangle

-

Centre point arc

-

Mirror entities

-

Trim

-

Extrude

-

Rectangle

-

Extrude

-

Line

-

Circle

-

Extruded cut

-

Rectangle

-

Circle

-

Extruded Cut

-

Rectangle

-

Polygon

-

Trim

-

Extrude

-

Line

-

Spline

-

Extrude

-

Rectangle

-

Reference Geometry – Plane

-

Lofted Boss/Base

-

Dimension

-

Extrude

-

Dimension

-

Extrude

-

Loft

-

Line

-

Spline

-

Offset entities (Bi-Directional)

-

Extrude

-

Linear Sketch Pattern

Roof Windows

-

Only dimensions provided

Walkways

-

Only dimensions provided

Columns

-

No instructions provided

Tower Roof

Octagonal Column and Spires

Suspension

3.2 SolidWorks path to learning

Defined below is the learning methodology of the tower product starting from the
first module. It covers the secondary module – Tower Base. The concept of the
learning material is demonstrated in terms of graphical and textual guides.
Module 9 – Tower Roof is also described to demonstrate the level of complexity.

3.2.1. First modelling task – Outer Road

The first learning module of the bridge part 1 - Outer road is shown in Figure 30
A typical starting path to learning would incorporate basic techniques. In this case
learning module 1 covers the use of the centre point rectangle and extrude tools.
Each tool has an associated colour coded dimensions (red for the centre point
rectangle and dark blue for extrude). The stages used in the first module are:
1. Stage 1 – Centre point rectangle
2. Stage 2 – Extruded Boss/Base
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These stages are detailed below.

Figure 30: 2D card net of part 1
Stage 1 – creation of initial rectangle
The centre point rectangle is ‘introduced’ by a graphic of the SolidWorks icon and
a text label as well as the dimensions, Figure 31.

(a)

(b)
Figure 31: Centre point rectangle tool and colour coded dimensions (a) and
associated SolidWorks model (b)

Stage 2 – Extrusion of the initial rectangle
The extrude tool is presented by a numbered text label, a graphic of the
SolidWorks icon and a full pictorial walkthrough of the whole extrusion process,
figure 32.
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(a)

(b)
Figure 32: Extrude tool walkthrough featured on card model (a) and a preview
of the extrusion on SolidWorks (b)
The students overall model after these steps should appear as in Figure 33.

(a)

(b)
Figure 33: Assembled card model (a) and completed component as seen in
SolidWorks (b)
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3.2.2. Second modelling task – Base

The second learning module of the bridge pack, Part 2 - Base is used as an
example, shown in figure 34. It can be seen that the tools covered in learning
module 2 also feature the previously used centre point rectangle and extrude
tools. The trim and circle tools are introduced in this module. The stages, which
were used in this model, were:
1. Stage 1 – Centre point rectangle
2. Stage 2 – Circle
3. Stage 3 – Trim
4. Stage 4 – Extruded Boss/Base
The stages are shown below.

Figure 34: 2D card net of Part 2 - Base, including all graphics and
instructions.
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Stage 1 – Centre point rectangle
Like module 1, the centre point rectangle is featured in this model. Again, it is
represented by a graphic, a text label and colour coded dimensions as shown in
figure 35.

(a)

(b)

Figure 35: Centre point rectangle instructions as seen on card model (a) and
first stage of SolidWorks model (b).

Stage 2 – Circle
The circle tool is introduced at this stage. On this model there is no graphical
representation for the SolidWorks tool icon. This was an error, as was the
omission of the centre point marking, all of which can be seen in figure 36.

(a)

(b)

Figure 36: Text and graphics related to stage 2 (a) and 2D SolidWorks drawing
of completed stages (b).
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Stage 3 – Trim entities
The Trim tool is introduced in module 2. Like other tools in the learning pack, it is
introduced with a label and a graphic. With this tool a 2D drawing is also featured
which shows the current stage and colour coordinated lines which show what
needs to be trimmed, figure 37.

(a)

(b)

(c)
Figure 37: Stage 3 as seen on card model, (a) close up of colour coordinated
trim lines (b) and SolidWorks drawing at stage 3 (c)

Stage 4 – Extrude
The final stage of module 2 is the ‘applied’ extrusion tool. The model features a
colour coded text label with dimensions and a graphic of the tool icon, Figure 38.

(a)

(b)

Figure 38: Extrude instructions as featured on card model (a) and preview of
extrusion shown on SolidWorks (b)
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The assembled card model and SolidWorks model should appear as shown in
figure 39.

(a)

(b)

Figure 39: Assembled card model (a) and fully defined SolidWorks model (b)

3.2.3 Module 9 –Tower Roof
The 9th learning module of the bridge product is Tower roof, shown in figure 40.
It is provided as an example of the first real use of multi-stage SolidWorks tools.
In this case learning module 9 introduces the use of tools like reference geometry
and lofted boss/base. These are complex tools in the fact they require multiple
inputs to gain a result. The stages which are used in this module are:
1. Stage 1 – Rectangle
2. Stage 2 – Reference geometry
3. Stage 3 – Rectangle
4. Stage 4 – Lofted Boss/Base
In this instance only the tools which are introduced are discussed in detail.

Figure 40: 2D card net of part 9 – tower roof

52

Stage 1 – Rectangle
The centre point rectangle is the starting point for this module, figure 41.

Figure 41: Current stage of SolidWorks model
Stage 2 – Reference Geometry
Reference Geometry is introduced within this module. Due to its complexity it
requires the user to change several variables which are both dimensional and
geometric to achieve a desired reference point. This tool is featured on one of the
faces of the card net and consists of colour coded dimensions and multiple
graphics depicting the sub stages necessary to achieve the correct reference,
figure 42

(a)

(b)

(c)

(d)

Figure 42: Instructional graphics which feature on card model (a) first sub
stage, selection of first reference (b) second sub stage, inputting dimensional
data to offset plane (c) preview of new offset plane (d)
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Stage 3 – Rectangle
The new reference plane from Stage 2 is identical to a normal plane. A centre
point rectangle is constructed, seen in figure 43.

Figure 43: SolidWorks drawing of rectangle on reference plane

Stage 4 Lofted Boss/Base
The loft tool is another multi-stage tool which is introduced in this module. It
requires selecting and changing multiple geometrics to achieve the desired
shape, figure 44.

(a)

(b)

(c)

(d)

Figure 44: Instructions for lofted boss/base featured on card model (a) selecting
sketch profiles on SolidWorks (b) preview of possible outcome of loft if reference
points are not aligned (c) preview of loft on SolidWorks (d)
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The fully assembled card model and the final SolidWorks model can be seen in
Figure 45.

(a)

(b)

Figure 45: Fully constructed card model (a) and SolidWorks part (b)

3.2.4 Learning path summary

Table 5 shows the learning path for all components within the bridge structure
with Introduced Tools (I) and Applied Tools (A) highlighted. Here Introduced Tools
are specified as tools which the user has not experienced before and is indicated
by both text and icon graphic. Applied tools are indicated by icon only and are
applications of previously introduced tools. In both cases, dimensions are colour
coded.
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Table 5: Learning path which users undertake when using the SolidWorks Learning Pack
Shape

1

-

Circle

-

Centre point

I

2

3

4

A

I

A

A

A

A

5

6

7

8

9

10

11

A
A

A

A

A

Rectangle
-

Corner Rectangle

-

Polygon

I
I

2D Tools
-

Trim

-

Centre point arc

-

Line

-

Spline

-

Mirror

-

Linear Sketch

I

A

A

A

I

A

A

I

A

A

I

A

I
I

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

Road
Base
Entrance Base
Tower Bottom
Tower Middle
Tower Top
Entrance Arch
Draw Bridge
Tower Roof
Octagonal Tower and
Spires
11. Suspension
12. Roof Walkways
13. Windows

Pattern
-

Offset entities

-

Smart Dimension

I
I

3D Tools
-

Extrude

-

Extruded Cut

-

Lofted Base

I

-

Reference

I

I

A

A

A

I

A

A

A

A

A

A

A

A – Applied

geometry
No. of Introduced Tools

2

1

4

1

1

1

1

1

2

2

No. of Applied Tools

0

3

3

5

4

4

3

2

1

3

56

I – Introduced

Table 5 shows the learning path which users take when undertaking modules in
the learning pack. All the tools used in the teaching pack, are featured in the left
hand column of the table, with each module number along the top. When a tool
is first introduced in the teaching pack the letter “I” is placed in the corresponding
tool and module box, any time the tool is applied in subsequent modules the letter
“A” is marked.
When looking at the table, the first module should only feature tools which are
being introduced. After this point each module should include a low, consistent
number of tools which are being introduced until all tools have been taught. Tools
which are being applied should always be greater than the tools being introduced,
except in the case of module one. Any number of tools could be being applied in
any module but should decrease when more complex tools are being introduced
as to not confuse the user.
The table is a good indication of how well the learning pack has been planned
with users in mind. If tools have been applied before being introduced, users will
be confused and think that they have missed steps. This happens with the circle
tool. As discussed in section 3.2.1 the circle tool is first seen in part 2, however it
is not formally introduced until part 3.
Figure 46 shows the number of tools which are ‘introduced’ or ‘applied’ when
following the learning path.

Figure 46: Chart comparing the number of tools, which are introduced and
applied in each module of the Learning Pack
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If the objectives for this project were being met this bar chart should show several
tools being introduced in the first module followed by a uniform amount being
introduced throughout the later modules. This would show that the lessons were
not overbearing users with information. For tools which are being applied there
should be none in the first module and then a number equal or less than the
number of tools which have previously been introduced in the preceding modules.
The applied tools should be greater than the introduced tools after lesson one but
should reduce in modules in which more complex tools are introduced.
Module 2 can be seen as an anomaly as there are more tools being applied than
introduced. Module 3 can be considered as an error due to more tools being
introduced than applied. Although module 9 also appears to break the desired
mix of introduction and application, the rectangle tool is used in two steps during
the module, skewing the results.

3.3. Physical Model Summary of Major Design Project

Prototyping is defined as problem solving. It is a kind of culture and language.
One can prototype just about anything; a new product or service, or a special
promotion. Therefore, he strongly recommends designers should frequently use
physical models in the design process (Kelley, 2001)
Since the emergence of formalised Industrial Design practice, model making, and
prototyping has been an indispensable tool for professional designers. The
comprehensive range of model making, and prototyping methods is being used
to stimulate creativity and develop the functionality and appearance of a product
before it goes into production (Hallgrimsson, 2012).
By allowing students to practice card modelling it is enabling them to develop
fundamental design skills which all designers should know. By combining this
with CAD skills it gives students a full range of necessary modelling needs.
Starting with an unopened pack of uncut card nets the overall hand cutting time
for one full model was approximately 6 hours and 45 minutes. Due to the number
of individual components and the complexity of shapes.
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The initial strategy was to use a laser cutter to reduce the overall cutting time.
Although this was not possible due to time constraints with the project.
Initial tests were done with the laser cutter but were deemed too time consuming
as the project deadline was approaching. While using a laser cutter would speed
up the cutting process, there were problems that came with it. Firstly, the laser
cutter uses “Coral Draw” software which the author had not used before meaning
time would have to be taken to learn it. Secondly even with help from a technician
line files were not transferring, leading to the files having to be re-drawn using the
new software. This may not have been such a problem if there were a small
number of simple models, but there were 13 complex line drawings to draw.
Due to the limitations of time the use of a laser cutter was scrapped in favour of
hand cutting. Although a laser cutter would have yielded a finer quality, it was not
a viable option at the time.

3.3.1 Cutting of Nets
Simple nets like module 1, were relatively straight forward to cut out with a knife
and ruler. In the following stages curves are introduce and feature heavily
throughout which increases cutting time. Without the appropriate tools curves can
cause a decrease in quality of the final physical model. When it came to the larger
circles and arcs, larger than 40mm in diameter, a cutting tool could be used to
decrease cutting time. Although this can improve the quality of the cuts, due to
the centre points not being displayed, many arcs must be cut by eye.

The cutting tool features a sharp point which allows for the knife to be rotated with
ease. Due to the arc in module 2 being convex the centre point was internal to
the outline. This meant that a hole would be made by the circle cutter tool on each
face. Due to these being 10mm each the circle cutter was less accurate. This was
due to the centre point and rotation point needing to be swapped, figure 47,
resulting in the tool being off balance and harder to make a fluent cut.
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(a)

(b)

Figure 47: Image showing the circle cutting tool being used correctly (a) Image
showing circle tool being swapped components being swapped over, making it
un-optimal to use (b)

Module 4, displayed in figure 48, is an example of a confusing net. There are
flaps which all fold in different ways. It is completely different to basic 3D shapes.

(a)

(b)

Figure 48: 2D card net of module 4 (a) close up of module 4 where one section
is required to be cut from another (b)

Module 2 includes a 3D curved section, figure 49. Research from previous
models found that a 3D shape which included a curved face could not use a
standard single gluing tab. Instead multiple tabs were required which curve to the
shape. For the full face to be attached without leaving gaps a high number of tabs
were needed. Each face had 8 tabs which added 112 small angled cuts. This
increased the cutting time of the net to around 50 minutes. This is difficult when
“students in secondary education only get an average of 40 minutes practical time
a session”. (Majid 2017, pers. comm. 18th May)
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Figure 49: Orthographic projection of 3D curved section on Module 2

3.3.2 Assembly
A problem which occurred when assembling the models could be seen from
the onset of module 1. When folding the long faces of the model the varied
depths of the score marks led to the faces becoming bowed. This also
happened in the instance of module 11. The extended length of the score line
for the tab meant that the same problem occurred.

Figure 50: Problems with assembly for Module 1 – Road

In certain models the direction of the fold was not completely apparent. Colour
was used to indicate cut and score lines but this information is not highlighted
and could lead to confusion when assembling. An example of this is on module
6. In module 6 there are parts which fold along each side. It is not initially clear
which direction they are supposed to fold, as indicated in figure 48.
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Module 10 - hexagonal columns and spires were difficult to assemble. The tabs
on these models were too small and there wasn’t enough surface area on the
spires to attach them to their neighbour, as seen in figure 51. Due to the fact they
didn’t attach the tower spires were left out of the final presentation model.

(a)

(b)

(c)
Figure 51: Image showing the glue tabs on module 10 - Columns (a) Image
showing the glue tabs on module 10 – Spires (b) Spire card model shown to
scale against a HB pencil (c)

Note: The dimensions for each side of the hexagonal faces are 20mm. In figure
52 (b) the extra section between the points are tabs. A proposed change for the
hexagonal columns can be seen in Appendix 1 – Figure 96
Additionally, there were multiple models which were incorrectly measured, which
led to some of them being scrapped. The angle of module 12 – Tower Windows
were measured incorrectly, which led to poor fitting. However, in the case of
module 11 – Suspension the measurement was wrong but the part could still be
used. A singular cut was needed to reduce the length of the part so that it would
fit, figure 52.
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(a)

(b)

(c)
Figure 52: “A-Side” tower windows held against tower roof (a) “B-Side” tower
windows held against tower roof (b) Original version of module 11 in
comparison to cut down version (c)

The columns which were used were made very quickly and didn’t have much
thought put into them. If they were made to span from the top of the hexagonal
tower to the bottom of the base they would have created a better support which
would have kept the tower upright. Another problem with the columns were that
they were made to fit exactly in the hole. This led to them being needed to be
forced into the holes.
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(a)

(b)

(c)
Figure 53: Individual column which shows double-sided tape being used. (a)
Problems with column after the back of tape was removed (b) Close up of a
column inserted into module 2 – Base (c)

Columns were assembled by roughly rolling a rectangular piece of card into a
tube. The tubes were inserted into the base holes and gradually left to unravel to
the correct diameter. Once at the “correct” diameter the rolls were secured with
white double-sided tape, figure 53. When the back of the tape was not removed,
it would eventually un-stick from the curved surface. Once removed the tape was
slightly obvious but the whole column looked more aesthetically pleasing. A
problem found was that due to the tape being double sided that the reverse side
would pick up any mess from the surrounding area.
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3.4 Additional Problems

To enable students to quickly follow and reference each step, the step number
and associated dimension were colour coded. Colour coding each instruction
helps to solve any confusion when there are multiple steps on a single face of the
model. A problem may occur if a student is colour blind or has trouble seeing
certain colours. According to community Interest Company, Colour Blind
Awareness, “Colour blindness affects approximately 1 in 12 males and 1 in 200
women in the world. In Britain this means there are about 2.7million colour blind
people.” Albany-Ward. (2008). The most common colour blindness people have
are with the colours red and green.

Module 5 is an example of how the learning pack was designed without colour
blindness being taken into consideration. The colours red and green have been
used on the same face on steps 1 and 2, Figure 54. Even though the tools and
their dimensions are identifiable due to them being definitive shapes, a colourblind user would lose the ability to quickly make the connection between the two
colours.

(a)

(b)

Figure 54: Top face of module 5 showing steps 1 and 2 (a) mock-up of
module 4 with red/green colour blindness (b)

Another problem with the colour coding in the SolidWorks Learning pack is that
none of the tools are consistently coded. As can be seen in table 6

65

Table 6: Table showing the colours which are attached to tools in each lesson.
1

2

3

Green

Orange

4

5

6

Red

Green/Red

7

8

9

10

11

Shape
-

Circle

-

Rectangle

-

Centre point

Orange
Red/Orange

Red

Cyan

Pink/Red
Green

Green/Pink

Purple

Rectangle
-

Corner Rectangle

-

Polygon

Cyan
Pink

2D Tools
-

Trim

-

Centre point arc

-

Line

-

Spline

-

Mirror

-

Linear Sketch

Pink

Pink

Purple

Purple

Green

Green

Cyan

Purple

Black

Green

Black

Purple

Black
Black

Pattern
-

Offset entities

-

Smart Dimension

Pink
Purple

3D Tools
-

Extrude

Dark

Black

Green

Pink

Brown

Black

Pink

Cyan

Orange

Red

Orange

Blue
-

Extruded Cut

-

Lofted Base

Black

-

Reference

Cyan

Black/Black

geometry
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3.5 School Visits

It was decided that the best research to benefit the development of the product
would be to take it into schools. 19 schools were contacted with 4 schools
answering. Schools responding to the project were Bingley Grammar School
(BGS), Bradford Grammar School (BFDGS), Ilkley Grammar School (IGS) and
Upper Wharfedale School (UWS). Out of these schools only three offered an
invitation to come and discuss the project further.

Two questionnaires were drafted and are shown in Appendix 2. One is directed
to how the teachers taught/how the school treated design and one about the
product itself. Alongside the questionnaires the A3 learning pack was brought as
well as a fully built 3D version of module 2. Each school visit is detailed below.

3.5.1. Bradford Grammar School

A meeting with Bradford Grammar School (BFDGS) was arranged for 17 October
2016 to meet with the head of design and technology Mr Stuart Taylor. At the
start of the meeting a tour of the design department was given with a brief outline
of the modules taught at the school. As a private grammar school they are
granted a considerably larger budget.

From the brief assessment of the product which he had, Stuart gave some very
useful feedback. On a positive note he did like the product and how it “allowed
users to gain an insight into visualising 3D shapes when designing in 2 and 3D
space”. However due to the sheer size of the model and the amount of lessons
needed to complete it, he did not think it was would be a “viable teaching option
for BFDGS”. It was stated that “We do not have the time to teach a module purely
for SolidWorks itself. If used, the pack would need to be integrated into a module
which used SolidWorks, CAD/CAM machinery and multiple materials to be
useful”. (Taylor. S 2016 pers.comm.17th October)
Stuart also stated that this would be something “students do for fun” in their own
time. He stated that this could be an option as they allow students to download
the student edition of SolidWorks at home.
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3.5.2. Upper Wharfedale School

Upper Wharfedale School (UWS) was visited on the 19th October 2016 to meet
with Mr. Andrew Marsden the head of Design and Technology. A tour of the
facilities and a brief overview of some of the projects were given. There was a
real emphasis on introducing CAM machinery into modules where available and
3D printing and laser cutters were utilised in each project.

After looking at and discussing the project in detail, Mr. Marsden thought that
there was quite a lot of potential for this product. Although it was thought that the
product was much too large to be viable, due to the number of components vs
the number of weeks in a term. He compared his personal teaching aids with the
SolidWorks pack. He used screen recordings to convey the instructions. This
involved him building the design on the computer and recording it. This allowed
students to follow his instructions at their own pace, all the time being able to
reference exactly what he was doing.

Unlike Bradford Grammar, UWS is a state-run school and runs on a budget
granted by the government. Andrew stated that “SolidWorks is too expensive, we
use Autodesk Fusion 360, which is a good tool to use and is completely free”.
(Marsden. A 2016, pers. Comm. 19th October).

From the discussion with Andrew it was found that, although the product was not
directly suitable for UWS, if the product was developed for multiple programs it
would be very useful. From observations made in the classroom, it may be
beneficial to reduce the number of modules as there were only about 8 computers
to a class size of 20 which would make teaching this in one go problematic.
Consideration would need to be taken when redeveloping the product to be
inclusive of all levels of design ability as well as trying to make an emphasis on
making the product fun, as a way of stopping students trying to disrupt the class.

Unlike the original SolidWorks teaching pack, multi-platform instructions could be
used in the updated version. Email feedback from Marsden. A (2016) stated
“Students would benefit from different learning styles, some respond positively to
Audio/visual stimulus where some prefer physical or written stimulus”.
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3.5.3. Bingley Grammar School

Bingley Grammar School (BGS) was visited on November 4th 2016. A meeting
was held with Mr. Adrian Smith. Adrian and his team were given an overview of
the product and the team gave their feedback of the product.

The product came out with positive reviews, although one comment was that he
“hated the fact it was so large, otherwise it would be something we could
implement into everyday teaching”. (Smith. A 2016, pers. comm. 4th November)

BGS hold a curriculum day for technology. Students are split into groups and
undertake a full design project. The SolidWorks pack could contribute to this day.
From the meeting the main point made was that there were too many modules in
the SolidWorks pack. Although the large model wouldn’t necessarily need to be
scrapped it would just need to be re-modelled and re-marketed to be used for a
curriculum day style scenario. The possibility of creating a separate pack was
discussed, this just being a 4 or 5 module pack which taught the same tools, but
which was much more condensed. Also noted was the fact that some modules
would be impossible to teach in an hour-long session due to the amount of cutting
which students were required to do. It was stated that although the students don’t
get to use the laser cutter as and when they needed but were all shown how to
direct a file to cut and could do so under supervision.

3.5.4. Summary of school visits

A lot of useful information and ideas were given by the three teachers. The most
common was that the product was too large. This meant that they would be
unable to teach them all within a 12 week term.

The product should not only teach the user how to use SolidWorks and how to
card model but it should also teach users how to use CAD/CAM machinery.
Students could begin by cutting out at least one “class” copy of the learning pack
on a laser cutter, teaching them all they need to know about 2D CAD/CAM before
transferring those skills into 3D.
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3.6 Summary

In appendix 3 there is a detailed summary of the changes required for the further
development of the tower bridge model. Listed below are the fundamental
outcomes from the major design project review including information gathered
during school visits.
Learning Path
•

Module 1 should include only introduced tools

•

Later modules should include a constant number of introduced tools (2
maximum)

•

All modules after 1 should include more applied tools than introduced

•

Multi-platform instructions should be considered

•

Multi-media instructions should be included

•

Colour coding needs to be carefully considered and consistent

•

Multiple learning styles need to be considered

Card Model
•

Each part should be buildable in a standard class time of 40 minutes

•

Each assembly should be achievable within a maximum of 12 sessions

•

All components should be able to be cut using a laser cutter

•

All components should be able to be cut out by hand to a high accuracy

•

Large assemblies should be designed for group projects only

•

Direction of fold should be displayed on models

Additional
•

3D printable material / models could be considered

•

Online and offline work should be considered for schools with less
computing space

•

Models should include all relevant information so users can achieve
results on their own
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4.0 SolidWorks Learning Pack 2.0

Section 4 discusses how the development from the Tower Bridge learning pack
to the current model was undertaken. The development of the model is based on
the outcomes determined throughout section 3. Included in this section is a
walkthrough of individual modules as well as a review of the final product and
learning path.

4.1 Key Points for Learning Pack Re-design

The information gathered from visits to secondary schools as well as information
concluded from the product review were taken into account. From the information,
a new product specification was written. Useful features from the MDP
specification were identified and kept, these are shown in Appendix 4

4.2 Initial ideation

It was concluded that the Tower Bridge model was too large to bring into everyday
teaching. The new product needed to be completed within a maximum of twelve
sessions which equates to one lesson per week. Focus on the learning path was
needed so multiple tools were not introduced each module, ensuring that tools
were introduced to students before they were applied. The product also needed
to consist of relatable objects. This meets the requirements concluded in the
summary of section 3.

4.3 Concepts

The best concept was deemed to be a chair due to it being such a versatile object.
It is a well-known product and is easy to manipulate. However, a chair that was
buildable from card would most likely not be able to feature enough tools. For a
more complete teaching pack it was decided that more objects should be included
which fit in with the theme “chairs”.
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Upon determining that a chair would be the initial design, it was decided that other
household products would be included to create a set. The addition of these extra
items would help meet the 12-lesson requirement. The chair was the first design
to be made and featured 5 individual modules. The rest of the lessons were
designed with, using the appropriate tools and meeting the module total in mind.

As stated in section 3.5.3, the product came out with positive reviews, although
one comment was that he “hated the fact it was so large, otherwise it would be
something we could implement into everyday teaching”. This was in relation to
the fact the model features 13 different modules. Now although the aim for the
redesign was to feature 12 modules the modules would be less complex and
feature fewer instructions. This would potentially allow students to complete
multiple modules in one lesson.

4.4 Specification for learning pack redesign

The aim of the re-developed SolidWorks Learning pack was to maintain the same
level of educational points taught whilst sustaining creativity by keeping the
product fun and hands on. The product should be able to;
•

Show how to use key features of SolidWorks

•

Display how individual parts can be made to function together in an assembly.

Unlike the Tower Bridge pack, the key features were not be defined by the
Certified SolidWorks Associate Exam (CSWA) due to some tools being too
technical for an introductory course.
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Main Features
•

The learning pack features 4 models. Each model is split into multiple parts
which make up modules. The lessons introduce tools a module at a time.

•

Included within the pack are multi-media instructions for each part. These
include 3D card models and written/video instructions. This will cater for
users who benefit from multiple learning styles..

•

Unlike the Tower Bridge pack further instructions for specific tools are
included in separate documents. These instructions will meet the
requirement set in section 3.6 – Learning path.

The learning tool includes
•

4 main lessons

•

24 parts

•

12 Unique models

•

A tailored learning objectives page for each lesson

•

Written instructions for each module

•

Video instructions for each module

It will also include;
•

In depth tool instructions. These will focus on tools which require multiple
stages or tools which have multiple different versions of the same tool.

Aims

The product aims to;
•

Feature parts which can be assembled and built within 40 minutes

•

Include all relevant information so users are self-sufficient.

•

Design parts which can be 3D printed to show printer function
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Target Market

The remastered SolidWorks pack is marketed towards two audiences, the
purchaser and the consumer.

The purchaser of the product is departmental heads of Design and engineering
faculties at secondary schools. They primarily oversee the budget and ordering
of new course material. The main identified factors related to purchase are cost
and function. The product will need to be cheap when ordering in high volumes
and the product will need to succeed in students learning the software as well as
being able to transfer their knowledge elsewhere on the course.

The consumer of the product is Key Stage 3 (KS3) students. Students range in
age from 11-14 years old. In order to appeal to this audience the product will need
to be functional and engaging. If the product does not function correctly, users
will struggle to complete the task. Making the product engaging is a key point as
it will potentially improve learning outcomes.

Material

The SolidWorks 3D instructional model tutorial will be made entirely out of
250gsm, silk effect card. Card is a versatile material which is cheap to print on
and cut. Any test prints or miss cut sheets will not pose a strong financial risk to
the project. Replacement sheets will be cheap for schools to replace.

Size
Unassembled

Including the presentation folder, the dimensions are 330 x 4600mm. Excluding
the presentation folder the dimensions are 320mm x 450mm (SRA3 dimensions)

Packaging

The product will be packaged in a custom size SRA3 folder which includes all
card assemblies, instructions and information.
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Cost

Ruth Kelly at Inprint and Design located at the University of Bradford stated the
cost to print was £0.50 per A3 sheet and £0.25 per A4 sheet on the basis 100+
sheets were used.

Maintenance

As this model is completely made from card it is prone to rips and cuts. Encrypted
files and instructions will be sold for an extra cost so that the customer can
produce a number of extra prints for students if any get damaged.

Production

The SolidWorks 3D instruction pack will be manufactured in the following way.
•

Printed by external company

•

Laser cut in house / In Schools

•

Ordered and packaged

Note: Although the pack aims to be pre-cut using a laser cutter the pack should
include an un-cut card model. The un-cut lesson should be used to give users a
basic introduction to card modelling. This meets two requirements determined in
the summary of section 3 “All components should be able to be cut using a laser
cutter” and “All components should be able to be cut out by hand to a high
accuracy”
4.5. SolidWorks path to learning

Defined below is the learning methodology of the redesigned learning pack
starting from the first lesson. It covers the first module Side Table Leg and the
third module, Side Table Top. The concept of the learning material is
demonstrated in terms of graphical and textual guides. Lesson 2 Module 5 – Chair
back Leg is also defined to demonstrate a different level of complexity in modules.
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4.5.1. First modelling task – L1 M1 Side Table Leg

Lesson one is split into three teaching modules which are positioned on a single
A3 piece of card, figure 55. The first module of learning pack is the Side Table
Leg. In this example, learning module 1 covers the use of the circle and extrude
tools. Each tool has an associated colour coded dimensions.

Figure 55: Card Net for lesson 1, including module 1 (Highlighted by Red Box)

The stages used in the first module are:
1. Stage 1 – Circle
2. Stage 2 – Extruded Boss/Base

The stages are detailed below:
The centre point rectangle is ‘introduced’ by a graphic of the SolidWorks icon
and a text label as well as the dimensions, Figure 56.
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(a)

(b)

Figure 56: Circle tool as shown on lesson 1 module 1 instructions (a) How
drawing appears on SolidWorks (b)

The extrude tool is presented by a numbered text label and an icon graphic, figure
57

(a)

(b)

Figure 57: Extrude tool as shown on lesson 1 module 1 instructions (a)
Preview of extrude on SolidWorks (b)

The students overall model after these steps should appear as in Figure 58
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Figure 58: Complete SolidWorks Part

4.5.2. Third modelling task – Side Table Base

The third learning module of lesson 1 is used as an example. The line tool is
introduced in this module and the trim tool is featured. The stages used in this
model are:

1.

Stage 1 – Circle

2.

Stage 2 – Line

3.

Stage 3 – Extruded Boss/Base

4.

Stage 4 – Circle

5.

Stage 5 – Extruded Cut

The stages are shown below.
Stage 1 – Circle

Like module 1, the circle tool is featured. Again, it is represented by a graphic, a
text label and colour coded dimensions as shown in figure 59.
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(a)

(b)

Figure 59: Circle instructions as seen on card model (a) and first stage of
SolidWorks model (b).
Stage 2 – Line
The Line tool is introduced at this stage, figure 60.

(a)

(b)

Figure 60: Line tool as featured on card model (a) and 2D SolidWorks
drawing of completed stages (b).
Stage 3 –Extruded Boss/Base
The model features a colour coded text label with dimensions and a graphic of
the tool icon to display this instruction, Figure 61.
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(a)

(b)

Figure 61: Extrude instructions as featured on card model (a) and preview
of extrusion shown on SolidWorks (b)
Stage 4 – Circle

The circle tool is featured for a second time. Again, it is represented by a graphic,
a text label and colour coded dimensions as shown in figure 62.

(a)

(b)

Figure 62: Secondary circle tool as shown on lesson 1 module 3 instructions
(a) How drawing appears on SolidWorks (b)
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Stage 5 – Extruded Cut
The final stage of module 2 is the extruded cut tool. The model features a colour
coded text label with dimensions and a graphic of the tool icon, Figure 63

(a)

(b)

Figure 63: Extruded cut instructions as featured on card model (a) and
preview of extruded cut shown on SolidWorks (b)

The assembled card model and SolidWorks model should appear as shown in
figure 64.

Figure 64: Lesson 1 Module 3. Complete SolidWorks Part
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4.5.3. Seventh learning Task –Chair back Legs
The 7th learning task is lesson 2 – module 4 Chair back Legs, shown in figure
65. It is provided as an example of the first use of multi-stage SolidWorks tools.
In this case the learning module introduces the use of the linear sketch pattern
tool. This is a complex tool in the fact it requires multiple inputs to gain a result.

Figure 65: Card Net for lesson 2, including module 4 – Chair Back Legs
(Highlighted by Red Box)

The stages which are used in this module are:
1. Stage 1 – Rectangle
2. Stage 2 – Extruded Boss/Base
3. Stage 3 – Circle
4. Stage 4 – Linear sketch pattern
5. Stage 5 – Extruded Cut

In this instance only the tools which are introduced are discussed in detail.
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Stage 1 – Rectangle

The rectangle tool is introduced in the 6th module. The tool is still applied in the
7th. The instruction features text but no graphics, figure 66

(a)

(b)

Figure 66: Rectangle instructions as featured on card model (a) and instruction
shown on SolidWorks (b)
Stage 2 – Extruded Boss/Base

Stage 3 – Circle

(a)

(b)

Figure 67: Continuation of SolidWorks development. Extrude (a) Circle (b)
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Stage 4 – Extruded Cut

Stage 5 – Circle

(a)

(b)

Figure 68: Continuation of SolidWorks development. Extruded Cut preview (a)
Circle (b)
Stage 6 – Linear Sketch Pattern

The linear sketch pattern tool is the first instance where a tool with multiple inputs
is used. Students need to select an entity to pattern, select a direction, select the
number of patterns and select a distance between patterns. The instructions for
the tool feature a graphic of the design tree showing the necessary inputs. Shown
in figure 69.

(a)

(b)

Figure 69: Linear Sketch pattern instructions as shown on card model (a) Linear
sketch pattern shown on SolidWorks (b)
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Stage 7 – Extruded Cut

Figure 70: Extruded cut on Sketch Pattern Entities

The assembled card model and SolidWorks model should appear as shown in
figure 71.

Figure 71: Lesson 2 Module 4. Assembled card model (a) Complete
SolidWorks Part (b)

4.5.4 Learning Path Summary

Table 7 shows the learning path for all components within the redeveloped
learning pack. Introduced (I) and Applied (A) and used tools are highlighted.
Ideally the learning path, seen in table 7 should start with a tool being introduced
(I) followed by two modules applying the information (A). After that any tool should
be used (U) which means that there should only be text which features the tools
name alongside the dimensions.
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Table 7: Table showing the combined learning paths of each module
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After the first module no more than two tools should be introduced at a time. This
would ensure that students are not overloaded with too much information. This
was concluded from the analysis of the Tower Bridge model in section 3.
“All subsequent modules should include a uniform number of introduced tools (2
maximum)”. As can be seen in table 7, this rule is followed all the way to lesson
4 module 1. It states 4 tools are introduced in this module. When broken down
there are only two, “plane” and “Lofted Boss/Base”.

Another rule which was defined in section 3.6 was that all modules which follow
on from module 1 should feature a higher number of applied/used tools than there
are introduced. In the lesson 4 module 1, there was one tool applied and four
introduced.

A chart has been used to show a comparison between Introduced and Applied
tools. The chart is shown in figure 72
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Figure 72: Chart comparing the number of tools, which are introduced, applied
and used in each module of the Learning Pack

A review of each lesson as well as changes necessary for the completion of the
project can be found in Appendix 5
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4.6 Instructions

Included with the 2D card nets are a series of written and videos walkthroughs.
An example of which can be found at; Elliot Hill (2019)

https://www.youtube.com/channel/UC-6V5KkwDhe7Iiy3Zo1o1xw/featured

At the start of the learning pack, there is a folder which includes in depth
information about common processes. This includes starting SolidWorks, how to
smart dimension and how to assemble.

The use of multi-media instructions was found useful by teachers when educating
students of different abilities. Including two types of written instruction as well as
video instructions meets two of the considerations set in the summary of section
3. These are “Consideration needs to be made to design with multiple learning
styles in mind” and “Multi-media instructions should be included”

The smart dimension guide enables students to read about the tool before they
begin using the software. Alongside each piece of information there are a number
of questions relating to each topic, seen in, figure 73. These are placed to help
students understand certain differences, for example the difference between
radius and diameter.

Figure 73: Example of questions used in the Smart Dimension guide
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The assembly guide is laid out in the same format. The start page briefly
discusses what the assembly tool is for and how to begin a new assembly. The
guide then begins to discuss the different types of mates and why they are
necessary.

Each lesson set features an A4 page which has the objectives, an orthographic
image of the model, the new tools which are introduced in the upcoming modules,
the plane and a self-evaluation rating. The first sheet of a net has a reduced
version of the objectives page positioned in the top right hand corner, allowing
the user to make sure they are following the correct lesson. The pages are
numbered and show how many pages are in the module.

When it comes to the cut outs, these are also referenced. Each part has a
different code, figure 74, which is displayed on the card model itself and on the
card which is holding it in place. This code is also displayed underneath the
reduced objectives page on the sheet.

Figure 74: Example of how each cut out is referenced in case of lost parts. L1a
stands for Lesson 1 part a

To satisfy the needs of multiple learning styles, included with the 3D card models
are written walkthroughs. The walkthroughs consist of the title of the lesson and
a colour coded line drawing of the individual modules. Next to each module
walkthrough there is a 3D drawing of what the part should look like when
completed. A full version of the Chair walkthrough can be seen in Appendix 6.
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There are no tool icon graphics included on the walkthroughs. If users do not
know the location of a tool they will need to look at the model. At the end of the
walkthrough there is a 3D line drawing of the model.

Following the building walkthrough is the assembly quick guide. This is the final
stage of any lesson. An example of these walkthroughs is shown in figure 75.

Figure 75: Example of text and graphic instructions within an assembly
walkthrough

The use of colour is a key feature on the diagrams. An alternative shade is used,
shown in figure 76. The colour has been changed in order to avoid confusion.

Figure 76: Example of how different shades of colour are used to show
separate instructions

The third style of instructions are the video walkthroughs. Although highly useful
in the early stages, they are provided as a last resort. The problem with the videos
is that some students may use these to blindly follow each step.
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4.7 Summary

In appendix 7 is a collated summary of all the changes to each new lesson model
in the lesson pack. Listed below are the fundamental outcomes from the
SolidWorks Learning pack 2.0 review.
•

When searching for participants contact should be made with schools at least
3 months in advance

•

Instructions must be included for the laser cutter

•

Models to be laser cut should be provided in SRA3 format

•

User trial participants should be part of the target demographic

•

Focus on the learning path should be maintained at all times

When comparing the learning pack against the outcomes concluded in section
3.6 some of the conclusions were not met.
The outcome, “Later modules should include a constant number of introduced
tools (2 maximum)” was followed until Lesson 4 – module 1 where four tools were
introduced. This is an anomaly. Only two tools are introduced, the remaining two
introductions are buttons. Lesson 4 – Module 1 goes against the outcome “All
modules after 1 should include more applied tools than introduced”. Even with
the buttons being removed this still is not met.

Even though the learning outcome “Direction of fold should be displayed on
models” was concluded after the tower bridge analysis the point was overlooked.
The same point was concluded in the design review, seen in figure 106.
“3D printable material / models could be considered”. This point was overlooked
and no testing was made in regards to 3D printing,
“Online and offline work should be considered for schools with less computing
space”. This point was made but disregarded as the purpose of the learning pack
was to give hands on tutorials for a 3D computer modelling software.
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5.0 User trials

User trials are the best way to gain first-hand information relating to how a product
functions within the target market. Trials allow a designer to receive feedback
about problems which may not be obvious to them when designing the product.

The sections in this chapter describe the user trials which were undertaken when
developing this product for market and the methods used to record the user’s
activity.

5.1. Data Collection - Mouse tracking

Mouse tracking has been used to show how users navigate the SolidWorks
screen. It is a study in to how users interact with the software and the card model.
The mouse “maps” aim to display the different levels of SolidWorks ability.

The mouse tracking software was IOGraph. The software tracks all movements
of the mouse until it is stopped. From this information a map is created. Pauses
in movement are recorded and mapped as a circle, the longer the pause the
larger the diameter of the circle. This feature is described in section 5.3.

The expectation with the maps was that an experienced user would be more
direct (showing straight lines) with their mouse movement and would feature a
number of small circles indicating they had stopped to input numerical figures.
Whereas an inexperienced user would be more hesitant, (showing wobbly lines)
and a higher number of larger circles, indicating that they had stopped to find a
button. There would also be a lot more activity on the screen of an inexperienced
user.
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5.1.1. Control Maps
In order to analyse each subject mouse map, control maps were made. The tests
were undertaken by the student who ran the trials. The student is male and is
undertaking his Masters of Philosophy (MPhil) at the University of Bradford. The
user has 4 years’ experience of the SolidWorks software. He is also the designer
of all the models which gave him the advantage of knowing the anatomy of the
models and the most accurate way to construct them.
The “maps” which have been made, have been drawn to show a set of criteria in
a visual form. The criteria which were set to define user ability are shown below:

Criteria 1 - Straight Lines

These would show that the user has moved directly from point A to B without any
indication of hesitation. The line of a confident user would be straighter and less
‘wobbly’ than someone who lacks confidence on the programme.

Figure 77: Control “map” overlaid onto SolidWorks interface, showing how
students mouse movements between points, 1, 2 and 3 are straight and
“confident”
Criteria 2 - “Action areas”

A user who knew their way around SolidWorks would use less movement to
create the parts provided. They would only need to move between each tool and
process rather than moving around the screen. The pathways drawn would be
more direct to these areas.

93

Figure 78: Diagram showing the “action areas” of the SolidWorks interface

Action Areas are described as:
Section 1 (Green) – Work plane, All sketches begin. Where parts are constructed.
Section 2 (Blue) – “Sketch” and “features” tab location. 2/3D tool location.
Section 3 (Red) – Design Tree. When a tool is open, extra options appear here.

Criteria 3 - Small dots

Small dots indicate that the user has paused for a brief amount of time. In order
to give a rough indication of how long users hesitated

(a)
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(b)
Figure 79: Control “map” showing circle sizes after times of 5,10,15,20 and 30
seconds (a) Control “map” showing circle sizes between 45 seconds, 1 minute
and 2 minute intervals. (b)

Images in figure 79 correspond respectively to the figures in table 8.

Table 8: Diameter of the created ring in relation to time
Time

00:05

00:10

00:15

00:20

00:30

00:45

01:00

02:00

8mm

14mm

22mm

26mm

44mm

56mm

76mm -

(min:sec)

Diameter
(mm)

Note: After 2 minutes, the diameter of the circle doubles in size.
All of the users maps will be will be analysed and compared against the control.
The control map for Lesson 1 – Part 1 (Side Table Leg) is shown in figure 80.

Figure 80: Control mouse ‘map’ for lesson 1
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5.2. Description of User Trial

Each subject was asked to complete all modules of lesson 1. Whilst undertaking
the tests, users had access to the models, written and video instructions.
Participants were asked before the trial if they could be recorded. The focus of
the camera was on the iMac screen. Once the user had read the document a new
SolidWorks document was set up for them. Users were asked to start IOGraph
and begin. Although users started the programme, they were not told until after
their final test that the mouse tracking was being recorded.

5.3. Low Skilled User

Age Range:
Sex:
Occupation:
Field :
Description of
Ability:

40-55
Female
Lecturer at University of Bradford
Fine Art
Previously used the software before but due to not

Used the software:

Yes

Last use:

16 Months prior

continuing learning, those skills need recapping.”

The user had previously used the software for a user trial in the Tower Bridge
project. Although the previous trial was extensive and covered the first 6 lessons
of the pack, this trial was conducted 1 year and 4 months prior to these trials. The
subject in this test comes from an arts background her key skills lie in sketching.

The subject was asked about how computer literate she was prior to the test. She
discussed a decent understanding of Microsoft (MS) Office programmes, stating
she was proficient at using MS Word and MS PowerPoint. She knew how to
navigate directories to open files and also how to change media players when
selecting a video.

When asked about more specialist programmes for example, Adobe Suite
package she showed some knowledge of different programmes. She stated she
was able to use Adobe Illustrator to “get by on basic tasks”.
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Figure 81 shows statistics from a 2017 Ofcom study (Ofcom 2017). The report
“examines children’s media literacy. It provides detailed evidence on media use,
attitudes
and understanding among children and young people aged 5-15”.

(a)

(b)

Figure 81: Ofcom Statistics regarding multimedia device use in 8-11 year olds
(a) and 12-15 year olds (b)

The data shown in figure 81 indicates that the current generation of 11-14 year
olds do regulary use multimedia devices with online capabilities. This may show
that these children have a better understanding of computer software. However
there is no study to show how well these children identify with SolidWorks and if
the computing skills they know are transferrable to a software like that.

5.3.1. Lesson 1 – Part 1 (SideTableLeg)
Time taken to complete task: 00:04:41
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5.3.1.1. Overview of User Performance
The test subject’s overall performance is summarised below. An in-depth
description of the Users Activity can be found in Appendix 8.
•

The user struggled for a time before being able to change the view. The
user knew this was possible but couldn’t recall how to achieve it. She
clicked buttons in the same location as the desired button.

•

With the help of the model the subject was quickly able to locate the circle
tool. However despite locating the tool she struggled to use the tool.

•

When drawing the circle she did not release the mouse button

•

When drawing the circle she tried to draw the shape to the correct
diameter. This is a time consuming practice. The quickest method would
have been to input the dimension using the keyboard.

•

The subject was quick to define the shape before dimensioning it in the
design tree. The subject continued to try dimension it after the toolbar had
disappeared.

•

The subject was able to quickly retrace her steps. Despite the fact that the
previous attempts were not completed correctly, she recognised the stage
where she went wrong and corrected the error.

•

At no point did the user consult the “How to” guide which would have
instructed her how to use the tool correctly.

•

User changed the measurement using the arrows on the dimension box.

5.3.1.2. Analysis of mouse tracking
Figure 82 shows the tracked mouse movements of the low skilled user. In
comparison with the control “map” there is an increase in the amount of activity
made by the low skilled subject. The map features a lot more movement, with the
location of the movements appearing to be random and away from key areas.
The mouse map for this user showed that the workspace was the most used area.
To assess the low skilled user’s mouse activity further her activity during this test
was overlaid over the control map, figure 83. The test subject’s activity it shown
in red.
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Figure 82: Subjects mouse tracking file overlaid on to SolidWorks screen
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Figure 83: Overlay of low skilled user mouse activity compared to the control map
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By comparing the user “map” to the control map, it can be seen there are multiple
unnecessary pauses. The control map features three pauses and a direct
pathway spanning from the work plane, tool bar and the features tree. Each
pause is situated at these locations, which shows that they were made after each
instruction.

The user map shows a large amount of back and forth between the work plane
and the toolbar. The majority of pauses are made within the work space, which
is down to the user repeating instructions. It is indicated that the user attempts to
smart dimension some of the shapes using the options box in the lower left
corner.

5.3.1.3. Learning Material Changes Based on Low Skilled User Trial
There are several enhancements which could be made to the learning pack
based on the review of the low skilled user trial of the first component.
•

A diagram which annotates key areas of the work screen could be made.
This would indicate areas like the sketch and feature tabs, the viewchanging icon and the function tree.

•

Instructions on how to switch on the planes at the start of a project should
be included. This would help avoid confusion at the start of the process
and help to break down the workspace.

•

An image of a keyboard, which shows users keyboard shortcuts would
help to save time on projects.

•

A brief note should be added to the start of the learning pack telling
students that there is no time limit on each activity. This would emphasise
that the focus is to gain a full understanding of the software.

•

By strategically placing the additional “how to” tool guides in relevant
locations throughout the pack, participants could find them more readily.
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5.3.2 Lesson 1 – Part 2 (SideTableTop)
Time taken to complete task: 00:16:05

5.3.2.1 Overview of User Performance
The test subject’s overall performance is summarised below.
•

Due to no plane being selected once sketch was pressed all three planes
became visible. The user clicks the wrong plane.

•

The subject attempts to change to the correct plane. In an attempt to select
the correct plane she selects the top plane and presses the sketch button
which directs the view to the top plane.

•

The user draws a circle as close as she can get to 14mm and clicks off it.

•

The user struggles to select the shape, either single clicking the shape or
double clicking on random places on the screen.

•

Throughout both tests the user clicks the undo button. Due to the current
circle not being defined, the last defined shape would be removed.

•

By making the same mistakes the user is able to see how she went wrong.
She continued to try different techniques until she overcame the problem.

•

The user does not realise the plane is only a reference point and becomes
confused when the circle is bigger than the starting plane

•

The subject has no trouble extruding the part to the correct measurement.

•

When starting a sketch on a new plane she starts by selecting the surface
which she wants to draw on. Due to not seeing the sketch icon in the
options pop up the user begins to double click and drags the part.

•

She creates a circle from central reference point. She knew to use the
yellow quadrant markers so each of the four circles are 90 degrees apart.

•

When making the extruded cut she knew to select the parts which needed
cutting. Once all circles were selected, she commenced with the cut.

•

Once she realised she had cut wrong, she checked the model, pressed
undo and then repeated the process changing the cut distance to 10mm.

The subject’s overall performance is summarised below. It can be found in
Appendix 9.
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Figure 84: Original mouse tracking file overlaid on to SolidWorks screen
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Figure 85: Image showing users “map” (red) with control “map” overlaid (black)
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5.3.2.2 Analysis of mouse tracking
The tracked mouse movements of the low skilled user for Lesson 1 – Part 2 can
be seen in Figure 84. The map shows multiple pathways all over the screen. This
indicates that the user struggled with the increase in the number of tools in lesson
2. It is apparent that there was a lot of movement around the tools section.

5.3.2.3 Learning Material Changes Based on Low Skilled User Trial
•

Include an introduction showing how to set up a new document.

•

Include a diagram of a mouse reminding users of button functions.

•

Include text stating there is no problem with the sketch being larger than
the plane as it is only a reference point.

•

Include sketch tool icon on initial lesson.

•

Add yellow quadrant markers to the card model.

•

Change laser cutter files so circles pop out rather than fall out once cut.

5.3.3 Lesson 1 – Part 3 (SideTableShelf)
Time Taken: 00:11:12

5.3.3.1 Overview of User Performance, Lesson 1
•

User easily creates and dimensions the circle

•

She uses the reference points to create a diamond within the circle.

•

User misses out the sub step to trim the circle and extrudes the shape.

•

By not closing the extrude tool the trim tool is blocked.

•

Subject attempts to use the trim tool. The subject read the “how to”
instruction before successfully utilising the trim tool to trim.

•

User draws circles in isometric view causing them to appear incorrect.

•

She uses the tool options to dimension, thus changing the radius..

•

The user selects extrude cut tool and selects all entities. She double
clicked the top of the extruded cut edit box before pressing enter.

Appendix 10 shows a summary of the users overall performance
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Figure 86: Original mouse tracking file overlaid on to SolidWorks screen (b)
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Figure 87: Overlaid images of user “map” and control “map”
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5.3.3.2 Analysis of mouse tracking
The final tracking map for the low skilled user, seen in figure 86 indicates that
there has been an increase in skill from earlier trials. This is concluded by less
pathways, fewer circles and the time taken to complete the task. The movement
has remained diagonal with the main focus being between the work plane and
the toolbar. This shows the user is starting to develop their own direct pathways
which enable them to work faster and more direct.

Another factor indicating improvement is the reduced amount of time spent idling.
There are less circles on this map showing that the user is more in control. There
are four instances where the subject pauses between 20 seconds and 2 minutes.
The circles are around the centre of the work plane showing the user avoids the
tool option panel and uses the smart dimension tool to change dimensions.

5.3.3.3 Learning Material Changes Based on Low Skilled User Trial
•

Change Trim tool to be a full instruction.

•

Add multiple instructions for extrude tool.

•

Create instructions for orthographic projection cube.

5.4 Medium skilled user

Age Range
Sex
Occupation
Field

18-24
Male
Student at University of Bradford
Product Design

Description of
Ability

“Understands the basics of the software, struggles
when more tools are needed and processes become
complex”

Used the software

Yes

Last use

2 months prior
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5.4.1 Lesson 1 – Part 1 (SideTableLeg)
Time Taken: 00:02:03

5.4.1.1 Overview of User trial
•

The subject starts by making all working planes visible.

•

User changes to a top down view using orthographic view cube.

•

He interacts with the model and struggles to find the circle dimension.

•

Subject uses part 2 to find the corresponding dimension.

•

The user draws a circle with a random diameter and uses the smart
dimension tool to change the diameter.

•

Subject extrudes the circle to the correct length.

The subject’s overall performance is summarised below. It can be found in
Appendix 11.
The mouse track map for the medium skilled user undertaking Part 1 – Test 1
can be seen in Figure 88
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Figure 88: Original mouse tracking file overlaid on to SolidWorks screen
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Figure 89: Overlaid image of user’s interaction “map” and control “map”
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5.4.1.2 Analysis of mouse tracking
The difference between the low and medium skilled user is apparent when
comparing movement maps. The medium skilled users attempt shows far less
movement. Compared to the control map, there is not really a direct path which
the user follows.

There are 4 pauses which the user made, ranging from 5 to 25 seconds. This
may have been when the user struggled to find the diameter on the first
instruction.

5.4.1.3 Learning Material Changes Based on Medium Skilled User
From the analysis some minor changes to the learning pack can be concluded.
•

Add a document showing how to turn the work planes on and off.

•

Add instructions for the orthographic projection cube.

•

Position multiple dimensions on cylindrical parts.

5.4.2 Lesson 1 – Part 2 (SideTableTop)
Time Taken: 00:15:36 (Video stopped recording at 00:11:17)

5.4.2.1 Overview of User Performance
•

The trial started with the subject creating a new sketch.

•

The subject switched each plane to visible and re-positioned the view.

•

The user diverted from the instructions and tried to build it differently

•

The subject attempts to use circular sketch patter do create 3 more circles.

•

The subject would draw circles anywhere and try to reposition them.

•

He made no attempt to use any references when positioning shapes.

•

Once introduced to the video, he was able to grasp the task better.

The subject’s overall performance is summarised below. It can be found in
Appendix 12.
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Figure 90: Users original mouse tracking file overlaid on to SolidWorks screen
113

Figure 91: Users movement “map” (red) overlaid with the control “map” (black)
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5.4.2.2 Analysis of mouse tracking
The tracking map in figure 90 shows a lot more movement in this trial than the
previous one. Although there is movement across the screen a defined pathway
is emerging. This pathway leads between all three of the defined “action areas”.

However, there are a lot of pauses. Users watching video instructions was not
taken into consideration when making the control tests. The pauses which were
taken were quite short, as the user skipped to the point in the video near a
relevant stage and then watched the video.

5.4.2.3 Learning Material Changes Based on Medium Skilled User Trial
Observations made from this trial indicate there are changes required to the
model.
•

Information about yellow quadrant markers should be given.

•

Reminders to follow the instructions should be included.

5.4.3 Lesson 1 – Part 3 (SideTableShelf)
Due to the camera, equipment failing there was no video feedback available for
this trial. The user completed the trial and a full mouse tracking “map” is available.
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Figure 92: Original mouse tracking file overlaid on to SolidWorks screen
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Figure 93: Users movement “map” (red) overlaid with control “map” (black)
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5.4.3.1 Overview of User Performance
Due to the camera being unable to record this section of the user trial. An
overview of the user’s performance is unable to be documented.
5.4.3.2 Analysis of mouse tracking
Like the previous test, there is a definite pathway which the user appears to have
followed. Although not as distinct, the path is still visible. The main action area
appears to be around the toolbar and tool options areas. A secondary, high traffic
area is around the work plane.

There are a moderate number of relatively short stops which the user makes.
These are likely down to stopping for instructions and inputting information as the
diameters are relatively small.

5.4.3.3 Learning Material Changes
As there is no recording of the medium skilled user trial for lesson 3, no changes
can be concluded from the trial.
5.5 Summary of changes
Even though the trials featured two people any live testing of the product can be
seen as useful. There are many useful adaptations to the product which can be
drawn from these conclusions.

Part 3
•

Include multiple instances of instruction three on the side faces.

•

Change the “trim” sub instruction into an actual instruction (Step 2)
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Diagrams
•

Add a simple diagram which annotates key areas of the work screen

•

Diagram showing how to turn on all three planes

•

Simple diagram of a keyboard, showing keyboard shortcuts

•

Diagram of a mouse which reminds users which button does what.

•

Diagram to show the Orthographic Projection Cube and how to use it

•

Reference table for all tools used (Including a description of tool)

New “How to” Tutorials
•

Highlight the difference between radius and diameter when using Smart

Dimension opposed to tool options panel
•

Move “how to” tool guides in relevant locations throughout the pack

Extra Instructions
•

Reminder at the start of the pack about unenforced time limit

•

Create introduction video, showing users how to set up a new document.

•

Highlight the yellow quadrant marker reference points on card nets

•

Position dimensions vertically on cylindrical parts

•

Tell users to follow the instructions until they complete the lessons.

5.6 School Visits

It was deemed important to gain an understanding of how secondary schools
taught CAD in schools. Contact was attempted to be made to technology
teachers in schools which had previously shown an interest in discussing the
product.

Another meeting with Stuart Taylor and the design team at Bradford Grammar
School was scheduled for 18th May 2017. The main aim of this meeting was to
compare how the design team-taught CAD software in comparison to how the
learning pack would teach it.

The initial meeting began with Mr. Majid, a new lecturer who was not present
during the meeting in October 2016. He had therefore not seen the product
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before. As he was unaware of the product he was given a summary of the how
the product would be introduced into a classroom environment as well how the
product aimed to promote individual learning.
(Majid 2017, pers. comm. 18th May) was interested in how the product was able
to give a tutorial about laser cutting as well as teaching rapid prototyping
techniques and SolidWorks. He stated “This was incredibly useful as at the
moment we have no timetabled slots to teach SolidWorks. A multi-functional tool
which incorporates it into a module would work perfectly to combat this problem.”

It was found that students are not officially introduced to the SolidWorks software
until at least year 9, when they start to look at castings or start to create renders
of their design. Even though the software is “not formally taught at the school” it
was mentioned that “students from years 7 – 14 all have access to a free copy of
the software for home use” and were in fact encouraged to use it.

Towards the end of the meeting Stuart had to run a class of year 12 A-Level
students. At the start of the class, he gave them a fully assembled version of
lesson 1 – Side Table. He asked the students to give their opinion of the product
and if they felt it would work.

5.6.1 CAD at Bradford Grammar School
Currently at Bradford Grammar School, there isn’t enough time to cover 12 weeks
dedicated SolidWorks teaching.

An interesting point made by teachers at Wharfedale and Bingley Grammar
school was that schools don’t have enough time to commit solely to CAD. A
useful way to market the project would be to give the pack as homework.
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5.6.2 Testing
Testing the product would help give some useful observations. Testing would
help optimise the product for schools. As well as being ready for students it would
need to be ready for teachers. Something which was stressed by (Taylor. S 2017
pers.comm.18th May) was “If we give the kids a tutorial to make one of these
models, they can make that. What they don’t do is transfer it to something else”.
This was mentioned a few times which indicates that it’s quite a common problem
in teaching. The teaching pack offers a potential solution to this problem. A focus
of the redevelopment was the Learning Path and how reinforcing processes by
showing all information early on before removing it would boost working memory.

5.6.3 Philosophy

In order to be a successful learning tool it was stated, “If students can make what
they want then you’ve mastered it. We can all get kids to follow a set of
instructions to reproduce something we’ve designed because we’ve taken all the
thinking out of the exercise for them. It’s the sequential learning which is going
on with this sort of package”. (Taylor. S 2017, pers. comm 18th May)

When comparing this statement to the actual learning pack, it is not 100% clear
that the product meets the criteria. This would only be able to be seen by testing
the product. Reworking the learning path and removing tool icons will help meet
this need. Removal of information will require users to either draw information
from their memory or return to a previous lesson to find the relevant information.
Interest was given to the “self-teaching” philosophy which the pack promotes.
Students can build their own knowledge by choosing the right instruction for them.

Another philosophy which the pack aims to convey is a zero pressure time limit.
This philosophy focuses on students learning at their own pace. Losing a time
frame aims to reduce the risk of students losing confidence in the project. In order
to achieve this philosophy, there are a small range of lessons all of which include
two to five unique modules. When handed to teachers it is stressed that students
should undertake this at their own pace.
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5.6.4 Instructions

The instructions featured in the SolidWorks learning pack are the most important
aspect of the product. In order for them to be useful they not only have to cover
all bases for the reproduction of the product, but they also need to be written in a
way that’s easy to understand by 11-14 year olds.
In regards to the instructions, (Majid 2017, pers. comm. 18th May) stated that “for
me the constant reference to the tool icons is great for our kids”. When tools are
first introduced the icon allows the user to associate the instruction with the
correct button. Although some of the sketch buttons, shown in figure 94 are selfexplanatory, some of them, for example the “straight slot”, “spline” and “polygon”
don’t immediately convey what the function of the tool.

Figure 94: Image showing SolidWorks sketch buttons

The fact that the tool icons are removed once they have been featured twice
should boost learning. Although the extra written/video instructions still give a
direct step by step description of the steps needed would eliminate a lot of the
need to learn the software.
A point made by (Majid 2017, pers. comm. 18th May) about the extra written and
video instructions is that “Videos are more useful over long text”. This is in relation
to the “How to” instructions which discuss how to use specific tools in detail. It
was stressed that video instructions were a last resort as users.
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5.6.5 Changes

Without testing the product themselves, Mr. Majid and Taylor were only able to
give feedback based on the visual stimulus.

From this feedback there are two ways in which the parts could be re-developed.
The instructions on each part could be simplified to create a more direct learning
path or there could be a section added to the end of the learning pack which asks
users to recreate previous lessons.

Changing the instructions to be more direct would be useful, as it would allow
users to learn the most straight forward ways to create a shape. Once the best
route was found then all the instructions would need to be stripped back and rewritten which would be a time consuming process. Even with a slightly longer
turnaround time the benefits appear to outweigh the negatives but there is an
implication that being that there would need to be more lessons created in order
to cover all the tools which had been cut from the process.

Designing a new set of tools would delay the project further as, the lessons would
not only have to be designed to fit the concept but also designed around the
current learning path. These lessons would then need to be tested on users within
the target market before being redeveloped from the feedback provided. As found
earlier on in the project it is difficult to arrange a time with schools to test products
out. Instead of making a new model students could receive an A4 sheet showing
an orthographic projection of each part, these would only feature the dimensions
of the part, leaving the actual creation of the shape up to the students.

To regulate this task lecturers could regard it as an exam. To mark it the design
tree can be compared to the previous lesson to see if the task has been copied.
In order to reduce the chance of students switching straight to videos the “How
to” instructions should be simplified. This would be done by reducing sentence
length and making them short and snappy.
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According to Cowan (2008) “working memory has been conceived and defined in
three different ways: as short-term memory applied to cognitive tasks, as a multicomponent system that holds and manipulates information in short-term memory,
and as the use of attention to manage short-term memory”.
The current “How to” instructions are not set out in a way which will interest or
benefit children which lack a decent working memory. In a study conducted by
Gathercole, S. E. and Alloway, T. P (2007) it was found that “children with a poor
working memory also have problems following lengthy instructions to do one thing
after another” and “As a consequence the child will not engage properly with the
normal pace of ongoing classroom activities”.
Although this being said, the “How to” instructions are not a mandatory
requirement to read. The instructions are included in case students become stuck
using a tool. Students are encouraged to find their own ways of using the tools.

In a way to appease both audiences, the instructions should be shortened so that
those with a poor working memory can follow them without being too
overwhelmed. Instead of just having one booklet included in the pack which
features all the “how to” instructions, they could all be individually bound and be
included between the lessons which they first take place. Another point of
reference could be on the objectives page.

5.7 Summary of changes
•

Change the scoring lines from complete to dashed lines

•

Allow users to create unique parts for their models. (Show examples)

•

Create additional parts which feature only dimensions to test knowledge

•

“How to” - Add material to parts

•

Simplify and shorten the “How to” instructions
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6.0 Summary and further development

The main objective of the project was to create 3D teaching material designed
to assist in classrooms for secondary education. This objective was met in part
in that a clear and concise learning path was created. However out of the four
project aims it was not possible to complete aim 4 “Asses the suitability of
version two for secondary and further education”. These trials and subsequent
review would be needed as future work.

The remainder of this chapter discusses the summaries concluded from each
section of the document in more detail. It will also look at how development of the
project would be undertaken if the project were to be continued.

6.1 Major Design Project

Below is the summary shown in section 3.6. The summary shows a set of rules
which were created to be used in the redevelopment of the learning pack. These
rules will be analysed and compared to the outcomes discussed in section 4.
6.1.1 Section 3 Summary

Appendix 3 shows a detailed summary changes required for the further
development of the Tower Bridge model. Listed below are the fundamental
outcomes from the MDP review including data collected during school visits.
Learning Path
•

Module 1 should include only introduced tools

•

Subsequent modules should include a maximum of 2introduced tools

•

All modules after 1 should include more applied tools than introduced

•

Multi-platform instructions should be considered

•

Multi-media instructions should be included

•

Colour coding needs to be carefully considered and consistent

•

Consideration needs to be made to design for multiple learning styles
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Card Model
•

Each part should be buildable in a standard class time of 40 minutes

•

Each assembly should be achievable within a maximum of 12 sessions

•

All components should be able to be cut using a laser cutter

•

All components should be able to be cut out by hand to a high accuracy

•

Large assemblies should be designed for group projects only

•

Direction of fold should be displayed on models with multiple appendages

•

Each component should be common knowledge so easily referenceable

Additional
•

3D printable material / models

•

Online and offline work should be considered for schools with less
computing space

•

Models should include all relevant information so users can achieve
results on their own

6.1.2 Section 3 Analysis
Section 6.1.2 analyses’ the outcomes of the MPhil project against the learning
outcomes summarised by the evaluation of the Major Design Project
The second and third learning outcomes have not been met. This appears to be
from an anomaly in module 4 lesson 1. It shows that there are 4 tools being
introduced when in fact there are only two. The remaining “introductions” are
buttons. Even with the number of introduced tools being reduced to two there is
still one more tool being introduced than applied.
Multiplatform instructions which would work across multiple packages were
considered in the early stages of development. After analysing two alternative
modelling packages it was found that there was too much difference in layout and
function. Even with each software featuring basic tools, for example the circle tool
each software has a slightly different icon for it. Although creating a generic icon
for a cross platform pack wouldn’t be too difficult, it takes away the easily
identifiable icon which features on the software. This may lead to longer times
which students take to identify the button. Alternatively, each step could feature
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tool icons from each software with generic numerical data for the student to input.
However, when adding a “preview” of how students screens should look the net
instructions would most likely become too cluttered to understand and potentially
cause confusion. Processes which use multiple tools at once would also most
likely hinder the education of students, due to the bombardment of multiple icons.
Multimedia instructions were created. These were the physical model, written
instructions and video instructions. Video instructions were a necessary addition
and were mentioned by multiple sources throughout the research stage. A copy
of all video files, 2D card nets and written instructions can be found on the CDROM provided with this dissertation. An example of a written walkthrough guide
for Lesson 2 – Chair, can be seen in Appendix 6.
All tools are colour coded in accordance to what they are. Table 4 shows this in
more detail. As discussed colours in black are tools which are complex and
require multiple inputs to work the tool.
Consideration has been taken to make sure all learning styles have been covered
in the learning pack.
•

In order to meet the “visual” style care has been taken to include colour,
images and videos to help users locate tools and instructions.

•

The Physical feature is the model which users can play. This aids in the
visualisation of the part.

•

The “Logical” aspect is covered by the inclusion of two types of numerical
instructions and also the removal of certain icons.

•

Although there is no direct “Social” side to the model, users can work side
by side or in groups to complete the learning pack. This would be ideal for
schools with few computers.

•

The whole model is meant to be done as “Solitary” work.

Although no tests were carried on the assembly times, the times taken to cut out
each model were reduced, table 7. To hand cut the models it took an experienced
person 54 minutes and 30 seconds. By introducing the parts pre-cut time would
be spared. Students would be required to glue parts in place.
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There are 12 unique models included in the pack which is 1 part per lesson. Some
lessons include a small number of steps and test results shown in section 5
indicate that even with a small amount of practise time can be reduced.
All parts were set up to be laser cut thus meeting requirement 10. As shown in
table 7 using a laser cutter reduced the cutting time from 54 minutes to 5 minutes.
Not all parts need to be laser cut, this allows teachers to use the laser to
demonstrate how it works.
Each part of the pack was designed to be furniture found in the home which allows
users to easily distinguish what the product is.
Although not directly mentioned in the learning pack, models would be able to be
3D printed to scale.
Outcome 16 “Online and offline work should be considered…” has not been met.
Most of the work is based around using the SolidWorks package so a computer
is necessary. Assembling the model is classed as offline work but doesn’t teach
he user about the software.
Between the models, walkthroughs, how to instructions and video guides there
is enough information provided to guide students from opening the package to
completing the final model.
6.2 Learning Pack Development

This section shows the summary from section 4.11. The summary concludes to
a new set of rules which mainly focus on testing and production. These rules
will be analysed and discussed in this section.
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6.2.1 Section 4 Summary

The summaries concluded in section 4 are listed below.
•

When searching for participants contact should be made with schools at
least 3 months in advance

•

Instructions must be included for the laser cutter

•

Models to be laser cut should be provided in SRA3 format

•

User trial participants should be as close to the target demographic as
possible

•

Focus on the learning path should be maintained at all times

These outcomes were concluded from the analysis of the master’s year. In
order to make sure they are met a plan for the development will be created.
6.3 User Trials

This section shows the summary from section 5.7. The summary lists any
changes which were concluded by the user trials. These changes were
necessary to parts, diagrams “How to” guides and extra instructions.

6.3.1 Section 5 summary

The summary’s shown below are the ones concluded from user trials in section
5. The summary’s here conclude changes which need to be made to the
learning pack.

Part 3
•

Include multiple instances of instruction three on the side faces.

•

Change the “trim” sub instruction into an actual instruction (Step 2)
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Diagrams
•

Add a simple diagram which annotates key areas of the work screen

•

Diagram showing how to turn on all three planes

•

Simple diagram of a keyboard, showing keyboard shortcuts

•

Diagram of a mouse which reminds users which button does what.

•

Diagram to show the Orthographic Projection Cube and how to use it

•

Reference table for all tools used (Including a description of tool)

New “How to” Tutorials
•

Highlight the difference between radius and diameter when using Smart

Dimension opposed to tool options panel
•

Move “how to” tool guides in relevant locations throughout the pack

Extra Instructions
•

Reminder at the start of the pack about unenforced time limit

•

Create introduction video, showing users how to set up a new document.

•

Highlight the yellow quadrant marker reference points on card nets

•

Position dimensions vertically on cylindrical parts

•

Tell users to follow the instructions until they complete the lessons.

These tests were conducted on two adults who both studied at the University of
Bradford. Although these participants were not members of the target audience,
the mouse tracking maps shown in sections 5.3 and 5.4 indicate that there is a
benefit to using the learning material.

Now it is fair to assume that both test subjects hold a higher knowledge of
SolidWorks than a new user in the target age group. With that in mind and the
data provided with the tracking maps it could be shown that there would be a
benefit to new students in the target market. However, for this to be proven more
user trials would need to be conducted. These trials would be primarily secondary
school students aged 11-14 years old and would take on board multiple students
in each age bracket testing each module of each lesson.
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6.4 Continuation of Development

In order to continue this project to be ready for market a plan is necessary for
any further development. This section looks at a further development plan. A
series of “rules” which have not been followed and how they will be
implemented have been drawn up and are shown in Appendix 13.

6.4.1 Further Development Plan

The first step for continuation of the product would be to organise meetings with
schools. This would allow for a large scale user trial across a range of schools
and students to get a large array of feedback. As discussed in section 4.10 it was
difficult to arrange meetings with schools.
In order to get a decent spread of information from user trials, it would be useful
to hold trials using students from different age groups and different academic
backgrounds. This would mean user trials consisting of at least 5 students from
each age group between 11-16 from a minimum of 5 different schools. In total a
range of 125 school children.
In order to get these meetings a lot more time would need to be spent at the start
of the development contacting all the local schools. Youth groups may also be a
possibility. Contact would be made by email, phone and then visiting the school
to make a personal appearance to try organise a real meeting.
If teachers were on board a date would be set to either visit the school (if the
school ran the software) or arrange for a multi school visit to a computer
laboratory at the university.
This was not done during the research due to time constraints. It was deemed
that the organisation, planning and implementation of organising “school trips” to
the university would take a lot more time than what was had. Schools would have
had to have been invited at the start of the academic year in September/October
in order to organise permission and transport etc. As mentioned in section 2.3.1,
only 4 out of 19 schools responded to the initial correspondence. University
computer suites would have had to be booked at this date. At this time in the
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project only the initial MDP project had been reviewed meaning the development
and redesign of the pack would have most likely been rushed in order to meet
deadlines for the “in-house” user trials making the research somewhat unreliable.
This may have been a good way to gain interest in the project and should be
investigated when continuing the project. It was discussed in section 5.3 that the
female test user stated her computing experience but did not actually prove this.
When continuing the project, it may be interesting to group students into literacy
groups in order to analyse the data.
If this were to be done, students would have to undertake a basic questionnaire,
perhaps based on a KS3/KS4 GCSE practice test prior to the tests.
Although ability grouping is often “motivated by the goal to preserve interest in
school and to prevent frustration, it tends to lead students in the opposite direction
towards demotivation and negative attitudes towards schooling” (Vogl & Preckel,
2014). Students would not be told their level as this may affect their performance
and invalidate the tests.
The main problem with the learning pack was the assembly of the cylindrical
parts. Both the 14mm and 25mm diameter supports were difficult to roll
accurately. Parts would either need to be completely redesigned or a die would
need to be created. Alternatively the part could be rolled around a specific type
of pen/pencil. The holes on the corresponding models would have to be changed
to meet this new diameter. For the 25mm holes a larger diameter object could be
used. These wouldn’t need to be included in the pack. They should be an object
which feature in the majority of classrooms.
Lesson 2 requires a more in-depth development. A problem found with the chair
leg supports were that they were the right length but when two were inserted at
a 90 degree angle to each other they wouldn’t fit and would cause the legs to bow
outwards. A fix is identified in figure 76 but testing would be needed in order to
see how the nets would need to be drawn and how the parts would assemble.
A new “how to” guide will be created. This will feature all relevant information on
how to open and run the package. Instructions on how to open and start a new
part will be included. Also included will be detailed images showing they key
areas of the screen, as identified in figure 78 with information relating to each
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section. A drawing of a mouse and keyboard will also be included, again this
shows the function of each relevant button.
The final large change which is required is a new how to guide. The guide will be
written about the tools; Reference Geometry – Plane and Lofted Boss/Base and
how to use them. This would take longer than usual because the how too guide
will need to be written in a way which teaches users but does not bore them.

The rest of the changes to the models are basic fixes which can all be changed
by removing text and adding graphics. There are no structural changes that need
to be made, although some parts may benefit. The arc cuts on lesson 1 module
3 could be reduced from two arcs to one. This change would tighten the model
together and secure it in place. If this were to be done, slits would need to be
added to the leg nets for lesson 1.
Once all these changes have been made. The products will then be tested in the
trials which have been organised throughout the redevelopment. All data will be
collected and analysed to see potential changes. The changes will be made.
When manufacturing the completed learning pack all A3 card nets should be
printed in SRA3 format to avoid potential miss cutting. Instructions and laser
cutter files will need to be included.
Once printed all lessons will be ordered. The “how to” guides will be placed
strategically throughout the pack in order to optimise them.
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Appendix 1: Areas for redevelopment
From the assessment of the model a lot of major changes would need to be made
if the product was to be viable for production. Some parts would need to be
adapted and some completely changed.
Starting with module 1 – Outer Road. The written dimensions for the extrude will
need to be changed to the corresponding length of the card model (350mm).
The height of the module 2 – base, will need to be reduced in height from 70mm
to 50mm, which will allow an extra side panel to be fitted onto the net. The new
side panel should also allow the columns to be inserted without the holes splitting.
This will help them to remain upright.
As module 3 – Entrance base and module 2 are the same size, the height of
these parts will also need to be reduced in height from 70mm to 50mm. Two
pieces of card with tabs on either side could be included with the net of this
module. These would span across the width of the base, as it would pull each
side in and stop the part from bowing out of shape.

The Tower Bottom is another crucial part which has caused problems. It has been
determined that the bowing is due to the arch way. The cut out means there is
only two 15mm strips of card supporting the weight of the tower. The width of the
arch should be reduced but still remain as tall which will strengthen the sides. The
heights of all towers will need to be reduced by 10mm from 80mm to 70mm to
keep the model in scale.

Another problem, which needs to be solved, is how to attach the columns to the
tower models. The curved cut out on the top face of each part could be removed.
This would make them rectangular, the cylindrical columns would have a slot cut
into them which would allow for the corner to slide in and attach to the column,
figure 95. This would only be for aesthetic purposes; the centre point arc tool
would not need to be removed from the learning pack.
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Figure 95: Removal of curved cuts from module 4 (a) top view of proposed
method for attaching columns to tower – (Red lines indicate internal parts)(b)

To make sure the columns fit properly the distance between the bottom of the
base and the top of the hexagonal tower would need to be measured. Due to both
ends of the column being covered there will be no need for caps at either end.
This means they can be rolled around an object and then secured in place. Lines
can be drawn across the whole net in line with where the slits will sit to make
cutting easier.

As module 2 will be updated there will be no need for the extra panel on module
8. This means that users will no longer have to fold up the two confusing faces
and then struggle to attach the panel into the side of the base. The proposed
change can be seen in figure 96.

Figure 96: Proposed new card net of module 8

A problem found with the hexagonal columns was that the top panel where the
spires would sit popped off. This caused the inside of the columns to be exposed
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including all the tabs. To solve this the number of tabs will need to be reduced
and the remaining tab sizes increased so they stretch across to the opposite face,
figure 97. This will give the column lid more surface area to stick too.

(a)

(b)

(c)
Figure 97: Current tabs for module 10 (a) proposed changes to hexagonal
columns tabs (without top flap) (b), proposed changes shown on the 2D card
net (c)

The tower spires will need to be completely adapted so that they will stick
together. The tabs will need to be re drawn so that there is enough surface area
for glue and to attach to the corresponding face.

The angled side of both sets of windows will need to be checked against the
corresponding angle of the roof and then changed. Tabs will need to be added to
the angled sides so that they can be stuck to the roof.
The length of module 11 – Suspension will need to be reduced so that it will fit
between module parts 4 and 6 without having to be cut down again. The curve
will have to be redrawn so it doesn’t look out of proportion.

An in depth reference guide would be very useful something which students can
reference and keep by their side if needed. These guides would go into greater
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detail about the tool, how it works and what it is useful for. As well as instructions
for tools written instructions for each part should also be available to learners who
benefit from reading rather than by using their hands. To enforce learning tool
icons which are used frequently should be enforced the first few times they. Once
enforced they should then be removed. This would give users a bit of a challenge
and indicate whether they had remembered what they have been taught.

All parts should be laser cut prior to distribution. This would be a much quicker
and a much more precise way of cutting the nets out. Tests would need to be
carried out regarding how viable this operation would be and how much the
designs would need to be changed in order to make them suitable for cutting. In
the long run it should save each user time, effort and potential injury.

Another suggestion is to stray away from making the parts specific to tower
bridge. Shapes could be generic with only a few specialised shapes for packs,
this way multiple designs could be made from every part. For example, the
instructions in Lego sets show one main way of building the set then at the end
of the booklet there is usually a few pictures of how the set has been built
differently. This is used to inspire the builder to create something completely new.
Another way of looking at this could to be create a beginner, intermediate and
experienced user pack. Similar shapes could be used but in the second level up,
instead of drawing a shape and then re drawing it over and over, mirror or sketch
pattern could be used.

The colour coding of tools should be thoroughly changed so that each tool has
its own colour so users can quickly relate between the tool and the dimensions
needed, in the cases of less common tools, which are only used once throughout
the pack a uniform colour should be used.

The colours green and red should still be used but care should be taken to not
use both colours on the same face of the 3D card instructions.
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Appendix 2: Questionnaires taken to schools.
Questions for Schools
Does the school use SolidWorks?
Which CAD Package does the school use?
How much time do students get too use CAD software?
How in depth do students go into CAD?
•

Is it a Module?

•

How many weeks?

Detailed copy of current CAD curriculum?
Copy of teaching aids which they use? CAD/Design?
How do they plan curriculum?
Funding to purchase curriculums?
Is there more funding for STEM subjects/aids?
Thoughts on SolidWorks learning tool?
Improvements?
How interested are students in Product Design?
-

Design Club?

-

Design Competitions?

-

High number of students who continue Design?

Do they praise design?
Thoughts about numbers of students who would come to taster days at UOB?
Questions for Schools – SolidWorks Instructional Model
Thoughts on SolidWorks learning tool?
Is there any areas to improve?
Would Students be interested in this?
Is this something teachers would be interested in using to teach key design skills?
Have teachers noticed that students are more engaged when doing “hands on”
practical work?
Are students more likely to produce higher standards of work if they know they
get to keep the product after the course is completed?
Does self-progression enforce learning rather than week by week progression?
When self-evaluating how honest are students?
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Appendix 3: Summary of adaptations
Tower base
•

Reduce height of part from 70mm to 50mm which will allow for an extra

side panel to fit onto A3 card net.
•

Test strength when column holes are cut out.

•

Add arrows to show direction of folding

Entrance base
•

Reduce height from 70mm to 50mm

•

Stop side panels bowing out when constructed.

Tower Bottom
•

Prototype new design where top face is rectangular and bottom face keeps

curved cut-outs
•

Reduce height from 80mm to 70mm

•

Reduce height from 80mm to 60mm

Tower Middle
•

Prototype new design where top face is rectangular and bottom face keeps

curved cut-outs
•

Reduce height from 80mm to 70mm

•

Reduce height from 80mm to 60mm

Tower Top
•

Prototype new design where top face is rectangular and bottom face keeps

linear cut-outs
•

Reduce height from 80mm to 70mm

•

Reduce height from 80mm to 60mm

Columns
•

Measure out columns from table level to top face of Tower Top

•

Design a net for new measured columns, so it can be easily assembled

and instructions are understandable when constructed.
•

Create columns with slits in to test new attachment method.

•

Are pre-assembled columns a good idea for flat packed model?

•

Create Entrance arch column.
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Draw Bridge
•

Scrap panel which fits into Tower Base

Hexagonal columns
•

Increase tab sizes to attach top face

Tower Spires
•

Redesign so spires can be assembled and attached to model

Tower Windows (A and B)
•

Change the angle of both side flaps so they sit flush with the roof

•

Add tabs so they can be attached to the roof.

Suspension
•

Re measure suspension length so it can be inserted in between parts

easily
•

Re Scale suspension height.

Orthographic drawings
•

Create orthographic drawings for each part to show what assembled 3D

card model should look like.
•

Include which SolidWorks plane each drawing is referring too.

Instructions
•

Each tool has a set colour for easy referencing

•

Red and green to be avoided on same faces of 3D instruction model

•

Mock up a quick reference guide

•

Mock up Smart Dimension instructions

•

Reduce some tools on the instructions so students have to look back on

previous knowledge rather than directly follow them
All parts
•

Look for ways of making parts less specific for tower bridge

•

Parts are taken from a “rolodex” and assembled into multiple designs

•

Vary current designs (e.g. Design A includes archways, Design B does not

include them.)
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Appendix 4: Major Design Project Specification

SolidWorks Learning Pack
The SolidWorks Learning Pack is going to be a fun but educational product
which will allow students in years 7-9 (aged 11-14) to learn the basics of
SolidWorks to the level required to pass the Certified SolidWorks Associate
Exam (CSWA). The Pack will be in the form of an A3 folder which students work
their way through. Each lesson will include a; 2D card net, a set of objectives, a
list of tools, the plane to work on, a self-evaluation marking section and
“personal best” time sheet. As Tower Bridge is symmetrical only half of the
model needs to be built in class.
Unique Selling Point
There are no other SolidWorks tutorials on the market which incorporate a 3D
model with graphical instructions to help teach the basics of SolidWorks to new
users.
Existing products are either online textbooks which can be quite tedious
especially when the target market will have been reading from textbooks all day
or online video tutorials which are very stop/start and can be quite annoying as
viewers have to switch to and from the video.
Main Features
The learning pack will feature 10 main 2D card components can be assembled
into a 3D physical model. These will become increasingly more technical as the
lessons develop. The components will help to show how to use the most
commonly used tools as well as some more unknown tools which are featured
in the CSWA exam. Four sets of “refresher” components will be included which
will challenge students to build models from content learnt earlier on in the
course.
These nets will be printed so that when assembled the model will show
instructions which tell the user how the model can be built using SolidWorks.
Extra blank nets will be included in the pack, these will allow for the student to
build the complete model and showcase it at home after they have completed
the tutorial.
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It will include
•

31 individual components which assemble into a complete model.

•

10 main instructional models

•

4 refresher models

•

A lesson plan which includes a; set of objectives, a list of tools being
used, the drawing plane, a personal marking criteria and a personal time
record.

•

A complete guide to preparing for the CSWA exam.

It will also include;
•

Optional lessons which can be completed after each component to
reinforce learning and confidence. (These will not affect the overall
model)

•

Extra information with each lesson which gives more in depth instruction
on how to use certain tools.

•

An extra copy of each model which students can use to create a fully
symmetrical model in their personal time.

As the lessons continue and more parts are made the use of ‘Assembly’ will be
used to assemble the model until the final product is complete. This will show
the users how to use the main sections of SolidWorks, “Part” and “Assembly”
Customer
The target customer for this learning pack is secondary schools across the
world with the actual product being designed for year 7-9 (11-13 years of age)
The product will be pushed harder towards technology academies due to having
more funding towards technology and engineering subjects but academies and
secondary schools with different specialities will still be sold too.
Instructions have been tested on students in this age group who appeared to
pick up the basic instructions and were able to make the model in a relatively
short period of time.
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Material
All of the nets for the 3D model are going to be made from 250gsm silk card
which will have graphics and instructions printed on them.
This card was chosen as it allows for a smooth sharp fold, card thinner than this
will not be able to hold the shape, card which is thicker starts to get larger bend
radius’ and the shape starts to become ‘off’ leaving over hanging corners.
Card has been chosen because it is a fairly cheap material to purchase and is
very easy to model with as it only requires a small amount of low tech tools to
create a neat and highly accurate model.
Card is also 100% recyclable even after it has been printed on. One of the aims
for the product is that it is very eco-friendly. As the target market is preteens/teenagers it is foreseen that the product will be thrown away after of few
weeks of being completed.
Size
The overall dimensions of the product, including folder is 315mm x 440mm
The size of the instruction booklet will be A3 (420mm x 297mm) and will be
professionally bound by an A3 presentation folder.
The dimensions of the fully assembled card model are 1600mm x 350mm x
120mm
Packaging
The packaging for this product will be simple. As they are meant to be shipped
in bulk they will be sent over in a brown corrugated shipping box which features
the company image and information.
The Front cover of the booklet will feature an image of the Completed
SolidWorks model so students know exactly what they will be building.
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Cost
Current SolidWorks teaching material retail at prices from £27 - £65 with one
product reaching £220. These are all books.
Printing at the Inprint and Design office in Richmond building of The University
of Bradford costs £0.50 per A3 sheet printed and £0.25per A4 sheet printed. In
total the pack costs £35 to produce from this manufacturer
The SolidWorks learning pack will be retailed between £55 and £65 per pack,
with files being sold at a flat rate of £2500 for 5 years.
Maintenance
As this product is made out of card there is a possibility that parts of the booklet
or some of the nets may become ripped when assembling the model, as
detailed above the purchaser can send off for extra copies of the nets which are
professionally printed on the specified card alternatively the option is there to
buy the encrypted files at an extra cost which allows them to print out unlimited
copies, although they may not be as high quality.
Marketing
As the product is to be purchased by schools but manufactured for students two
marketing strategies are going to be in place.
For the staff at schools who are in charge of managing modules they would
need to see that it is in fact endorsed by SolidWorks and that they agree it does
help teach the requirements for the CSWA examination, also feedback from test
students would be a good idea, this could be written or recorded as long as it
shows what they think of the product.
It needs to be stated that although the product does not allow the students to
achieve an overall recognisable qualification, it pushes the student towards the
level needed to pass the Certified SolidWorks Associate exam, which is
recognised in the CAD/CAM career.
For Students the tutorial pack needs to be engaging from the beginning, it will
offer the option of reward after completing the lectures, the reward will state that
it is the fully assembled 3D card model of Tower Bridge as well as new
experience which they can add to their CV’s.
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Appendix 5: Design Review
Excluding the flaws with the learning path there are still a number of problems
with the first lesson. These being the table legs and module 3.

The main problem is with the table legs. There is no way to accurately roll them
to 14mm. The current way to make them is to roll each one round a pencil and
then let it unravel until it is roughly 14mm. To do this the corresponding holes in
module 2 are used to check the diameter.

The final problem is with module 3 in general. The trim tool is only mentioned in
step 2 and not enforced.

Side Table
Summary of changes
In order for lesson 1 to be viable the following changes need to be made.

Module 1
•

Remove 2 instructions from the side table legs

Module 2
•

Include extruded cut icon graphic with corresponding text

•

Include extrude icon graphic with the corresponding text

•

Remove one of the circle icon graphics

Module 3
•

Remove the reference to the trim tool

•

Include extrude icon graphic with the corresponding text

Instructions
•

Add text stating why users only need to build two legs.

Possible changes
•

Remove the need for extruded cut tool in Module 3
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Chair
The chair model was the concept which had the most time put into designing it.
Before the current version of the chair, as seen in figure 98, there were 3 previous
concepts which were tested.

(a)

(b)

Figure 98: Lesson 2 – Chair. Card Model (a) SolidWorks Model (b)
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(a)

(b)
Figure 99: Current card model of lesson 2 – Card net of Lesson 2 (page 1) (a)
Card net of lesson 2 (page 2) (b)

The evolution to the current version can be seen throughout each stage of
development. The original idea was to use the spline tool to create an elegant
curved back. Due to the complexity in both physical and 3D modelling, the curve
was reduced. Figure 100 shows the evolution of the curved chair back from
version one to version 2.

(a)

(b)

Figure 100: Curved back from version one (a) reduced curve of version 2 (b)
Even with the reduced curve, the physical 3D model was too hard to recreate.
The idea was eventually scrapped and the part needed re-developed.
153

Version 3 saw the addition of a curved back which slotted over the chair legs,
figure 101. This idea was introduced as a secondary part which would have no
instructions, it would allow users to revisit the model after they have completed
all the tutorials and build a new piece from their newly acquired skills. This part
was eventually scrapped.

(a)

(b)

(c)

Figure 101: Back legs at current size and position (a) diagram of now scrapped
extra piece (red) and how it was applied to the model (b) Card model including
removable chair back (c)

Another change from version 1 which can be seen throughout the evolution are
the holes which the chair supports sit in, figure 102. Initially the supports would
be glued into the space in-between each leg. This idea was changed quickly as
there was no surface area on the supports to attach them to the legs. Version 2
included cut out holes to aid in attaching the supports. This change followed
through to the final version of the chair.

(a)

(b)

Figure 102: Chair Legs in version 1 (a) Chair Legs in version 2, featuring cut
out holes for chair supports
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There was a significant change made to the chair seat. In version 1 the seat is
rectangular, the front legs sat flush in line with the front corner and back legs
would attach to the backboard which attached to the seat. This is shown in figure
103

Figure 103: Diagram of how chair legs (red) were positioned with chair seat
(green) and chair back (black) in version one

The base initially stayed the same, with the slight change that the legs would sit
indented 20mm away from each edge. It wasn’t until version 3 which the current
design shown in figure 104 was created. This shape has the back of the chair
being extended by 20mm and a 20mm square being removed from each corner.

(a)

(b)

Figure 104: Position of chair legs (red) in version 2 (a) Current design of chair
base and leg location (red) (b)

The final major change to the model was to the back legs. In previous versions
the chair legs were all the same height. In version 3 of the design the back legs
were extended so that they formed the back of the chair.

A problem was found with the back legs when assembling the final version for
the first time. The two lower holes on the back legs were placed on the same card
face. This meant that when assembled both holes would face outwards, seen in
figure 105. This led to the supports not being able to be inserted.
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Figure 105: Image showing problem with back legs when lower holes are
placed on the same face.

Learning Path

There is a problem with tools being applied too many times. This allows users to
follow the instructions rather developing their own techniques. This is in reference
to the circle tool and the extrude tool. Both continue to apply the tool icon.

The linear sketch pattern tool icon is not used when introducing the tool. Instead
there is a full step by step walkthrough of each stage needed to create shapes.
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The rectangle tool is first used in this lesson. In this instance the tool is split
between the overall shape tool and two sub tools. Although the learning path
appears to be wrong, with each tool featuring its icon, the tool is positively
reinforced and no longer required more tool icons being used.

Design Review
Like lesson 1 – Side Table, there is a problem with the 14mm cylindrical supports.

Another problem with the leg supports is that they overlap inside the holes,
displayed in figure 106. This means that the front legs get pushed forward at an
angle.

(a)

(b)

Figure 106: Diagram showing how the 100mm chair support (Blue) overlaps
with the 80mm chair support (Red) inside the chair leg (a) Proposed change to
100mm chair support (blue) (b)

Module 5 features 4 flaps which appear identical but fold differently. Adding
directional arrows showing which way the piece folded would help. Making this
change benefits the summary “Direction of fold should be displayed on models
with multiple appendages” summarised in section 3.6. This proposal is shown in
figure 107

Figure 107: Proposed changes to Lesson 2 module 5
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Summary of changes
All parts
•

Remove circle tool icon

•

Remove extrude icon

Module 1
•

Find a way to evenly roll out chair supports to 14mm diameter

Module 2
•

Find a way to evenly roll out chair supports to 14mm diameter

•

Test potential ways to allow 80mm and 100m supports to overlap.

Module 3
•

Add Extruded Cut icon graphic

Module 4
•

Add Rectangle tool graphic

Module 5
•

Remove extruded cut graphic

•

Add arrows to module 5 regarding cutting/folding direction

Table
The table is the third lesson in the new SolidWorks learning pack. The lesson
features two tools which factors in multiple variables. These are the polygon tool
and the circular sketch pattern tool. The graphics printed on the card attempt to
mimic SolidWorks. This gives users a reference. Figure 108 shows this.

Figure 108: Card net (without instructions) showing, circular sketch pattern
preview (blue circle and 5 yellow circles) and polygon internal circumference
line (blue dashes)
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Learning Path

The two introduced tools in module 1 both feature without the tool icon. Instead
they are introduced with a graphic of the design tree once the tool is selected.
This is not helpful for users finding the initial location of the button.

Design Review
The second problem with lesson 3 directly relates to the table legs. Unless each
leg is the right diameter and the same length the legs will not sit straight in the
table top. This problem is shown in figure 109.

(a)

(b)

Figure 109: Completed model showing problems with loose legs (a) Image
showing gaps between leg and leg hole (b)

In the right hand hexagon, the line which is supposed to indicate the diameter
does not span all the way from centre to the blue dashed circumference line.
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Another confusing diameter line is the 75mm line showing where the circle in step
3 should be. The line and dimension are well away from the initial step number.

A problem that there seems to be within all modules is the cylindrical parts. Like
lessons 1 and 2 there is the problem with achieving the correct diameter for the
part. In this case the cylindrical parts need to be 25mm in diameter.

Summary of changes

Module 1
•

Add the polygon icon graphic

•

Add the circular sketch pattern icon graphic

•

Span the 173.2mm diameter line from the centre to the blue dashed line

•

Span the 75mm diameter line from centre to perimeter line

Module 2
•

Conceive a new way to roll table legs consistently to 25mm diameter

Lamp

Figure 110: Card net for Lesson 4 – Lamp
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The lamp is the last model in the redeveloped learning pack. The main focus of
the lesson is to teach users lofting. Lofting is described by Singh (2013) as a
“drafting technique whereby curved lines are generated, to be used in plans for
streamlined objects such as aircraft and boats”. The tool allows users to create
these complex geometries with ease.
The reference geometry “plane” tool is featured in this lesson. This enables users
to create a new plane which is offset in the X,Y or Z coordinate from the original
plane.

The lofting tool requires users to create individual 2D sketches which are offset
from each other. The tool entails each reference sketch to be selected and it will
automatically create the best path from the selected parts. If required points can
be changed in order to “straighten” out the model.

Learning Path

The learning path in lesson 4 shows that this lesson is by far the hardest. Four
tools are introduced this lesson and non are applied, meaning users have to
remember each step in the process. Although when each stage is broken down,
“Close sketch” and “reference geometry” are buttons rather than tools.
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Design Review

Overall lesson 4 – Lamp is the most poorly designed lesson in the current version
of the SolidWorks Learning Pack. The instructions have been reduced so they
will fit onto the larger square base. This means the instructions only go into a
fraction of what is necessary to teach these skills to a decent level of
understanding.

If the product were to be ready for market then the instructions for Lofted
Boss/Base and how to properly set up a reference plane would need to be
explained in much greater detail. More instructions could be printed onto the A3
page.

There is no indication that the pyramid is a lamp. It does not fit with the other
models. Initially there was an idea that the smaller pyramid should insert into the
larger pyramid as displayed in figure 111. Included with the pyramid would also
be a cylindrical stand with a base. This idea was overlooked.

(a)

(b)

Figure 111: Initial “reversed” pyramid idea (a) Initial idea including front and
side view of base and stand (b)
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Summary of changes

Instructions
•

Write instructional booklet for the tools;
-

Reference Geometry

-

Plane and Lofted

-

Boss/Base

•

Move instructions from bottom of Lesson 4 – Part 1 onto alternative faces

•

Add minimal reminders onto Lesson 4 – Part 2 to reinforce learning

Part 1
•

Add square into centre of bottom face of Lesson 4 – Part 1 to allow part 2 to
be partially inserted

•

Move some instructions from base of Lesson 4 – Part 1 onto alternative faces
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Appendix 6: Full walkthrough guide for Lesson 2 – Chair. Featuring parts
and assembly walkthrough
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Appendix 7: Collated summary of changes for all models

Side Table
Module 1
•

Remove 2 instructions from the side table legs

Module 2
•

Include extruded cut icon graphic with corresponding text

•

Include extrude icon graphic with the corresponding text

•

Remove one of the circle icon graphics

Module 3
•

Remove the reference to the trim tool

•

Include extrude icon graphic with the corresponding text

Instructions
•

Add text stating why users only need to build two legs.

Possible changes
•

Remove the need for extruded cut tool in Module 3

Chair
All parts
•

Remove circle tool icon

•

Remove extrude icon

•

Edit text, so that it does not appear blurry (e.g. Module 3 – step 2)

Module 1
•

Find a way to evenly roll out chair supports to 14mm diameter

Module 2
•

Find a way to evenly roll out chair supports to 14mm diameter

•

Test potential ways to allow 80mm and 100m supports to overlap

Module 3
•

Add Extruded Cut icon graphic

Module 4
•

Add Rectangle tool graphic

Module 5
•

Remove extruded cut graphic

•

Potential changes
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•

Add arrows to module 5 regarding cutting/folding direction

Table

Module 1
•

Add the polygon icon graphic

•

Add the circular sketch pattern icon graphic

•

Change the 173.2mm diameter line so it spans from the centre up to the blue
dashed perimeter line

•

Change the 75mm diameter line so it spans from centre to perimeter line,
rather than through circle

Module 2
•

Conceive a new way to roll table legs consistently to 25mm diameter

Lamp

Instructions
•

Write instructional booklet for the tools; Reference Geometry – Plane and
Lofted Boss/Base

•

Move some instructions off the bottom base of Lesson 4 – Part 1 onto
alternative faces

•

Add minimal reminders onto Lesson 4 – Part 2 to reinforce learning

Part 1
Add square into centre of bottom face of Lesson 4 – Part 1 to allow part 2 to be
partially inserted
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Appendix 8: Low Skilled User – Lesson 1 Module 1
In order to give an overview of user’s response to the test, her activity and general
demeanour during the test is described here. The user was observed to act
confused as to how to change views in SolidWorks so that it directly faced the
plane. She began by right clicking the work plane space to find options button.
Ultimately the correct view was found by clicking on the sketch drop down box
and selecting “sketch”.

Once the sketch plane was centred the subject quickly located the correct
instruction on the model. She found the circle tool and began to draw by holding
the mouse button and dragging.

After the circle was created the subject clicked off the shape. She saw the
dimension editor in the bottom left corner of the input window but due to
unselecting the object it disappeared. When trying to reselect the object the
subject created another circle. In order to remove this she used the undo button.
This resulted in the deletion of the original circle due to the circle not being
defined.

The user quickly retraced her steps and made a new circle. She resized the
shape closer to the 14mm diameter. Before defining the circle, the user selected
smart dimension. As the circle was not defined it disappeared.

This time the user drew the circle and opened the options before selecting smart
dimension. The user clicked randomly inside the work plane before realising that
the circle needed to be selected before the shape could be dimensioned.

With the circle the correct diameter the subject studied the model for the next
instruction. She located the features tab and the extruded boss/base button. From
here she used the arrows in the design tree to change the extrude height.
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Appendix 9: Low Skilled User – Lesson 1 Module 2
As a continuation of Lesson 1 – Part 1 the user’s response to the test is analysed
and her activity is described.

The subject uses the sketch button to focus on the plane. She selects the wrong
plane. The user attempts to deselect the plane using the left tool bar to try select
the correct plane. In the end the subject right clicks on the top plane and selects
sketch, which focuses the view to the correct plane.

She is able to locate the circle tool, possibly due to the tests being so close to
each other. As demonstrated in the last test, she clicks and drags the mouse and
then right clicks on the shape and selects smart dimension. She makes multiple
attempts to dimension by clicking on random areas around the work space. This
however leads her to click the undo button and remove the circle. She continues
by drawing another circle, this time she changes the measurement using the edit
box which appears to the left hand side of the screen when shape is selected.
The user presses undo and removes the circle.

She begins to repeat the stages and tries to smart dimension. She selects the
circle and right clicks on the outline of the shape causing the options to appear
and dimensions it. She extrudes it to 20mm.

The user starts by selecting the top plane and tries to start a new sketch. She
inadvertently holds and drags the part which changes the height of the extrude.

Due to a technical error the camera stopped recording. In the period between
starting a new video the users clicks undo and reverts back to a 20mm extruded
cylinder.

The subject drew the reference circle on the face of the cylinder and smart
dimensioned the sketch. Following this she starts drawing the leg holes using the
yellow quadrant markers as a reference. She sets all circles to the correct 14mm
diameter.
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She finds the extruded cut tool. She selects each half of the circle and in the
process selects the inner circle. She unselects it, then selects the final circles.
Once everything is selected she commences with the extrude cut. Cutting through
the whole 20mm.

She is asked if she has followed the instructions correctly and when she checks
the model, realises she has cut all the way through rather than the 10mm
required. She spends some time changing the depth of the cut before realising
she needs to select the circles first. She selects them all and makes a 10mm
cut, completing the part.
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Appendix 10: Low Skilled User – Lesson 1 Module 3
The final trial begins with the subject interacting with the model and finding the
first instruction. She manages to draw and dimension the reference circle. She
locates the line tool and draws the four lines. She can be seen finding the
quadrant marker on the circle before drawing the lines. She extrudes the shape

Upon re-checking the model she realises that she needs to trim the circle before
extruding. She switches to the sketch tab and the tool is unavailable. It takes her
a moment to realise that extrude needs to be closed before using a new tool.

She selects the trim tool. After a brief attempt to use the tool, she read the trim
instructions, which were provided. Once she had read the instructions, she
managed to trim the circle without any problems.

Once trimmed she extruded the diamond shape. Continuing on to step 4, the
subject manages to sketch the first two circles onto the corners of the surface.

The user draws the final two circles. They appear to be different sizes so she
removes them. The final corner causes some problems when dimensioning. The
subject uses the design tree and forgets that the tool measures in diameter not
radius. This causes the circle have a radius of 3.5mm (7mm diameter). Instead
of removing the small circle like she had in previous tests, the user double clicks
on the shape using smart dimension and correctly dimensions the shape.

The user appears to forget how to use the extruded cut tool. The preview was
shown and she began clicking the top of the extrude cut bar rather than the
green tick. After 45 seconds she presses the enter button which finalises the
cut.
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Appendix 11: Medium Skilled User – Lesson 1 Module 1
At the beginning of the trial, the user immediately begins to turn each of the three
view planes from hidden to visible.

He changed to a top down view using the view cube. The subject struggled to
find the diameter on the card model and asked for help. The subject navigated to
the sketch tab and drew a random circle. From there he chose the smart
dimension tool and changed the dimension.

Once the diameter of the circle had been found the subject quickly extruded the
shape to the correct length and completed the task.
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Appendix 12: Medium Skilled User – Lesson 1 Module 2
The user starts a new sketch and switches all the work planes on, he changes
the view to be “face on” with the required working plane.

The user identifies step 1 as being a circle. He draws random sized circle and
dimensions it. He extrudes the circle, using the model to find the required size.

From there the test subject rotated the object using the central mouse button and
selected what he believed was the correct face. Following instruction 3 he choose
the perimeter circle tool, something, which is not described.
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Appendix 13: Implementation of “rules” and changes

Multiple changes are needed in order for the product to be fully functioning.
These changes were concluded in sections 4 and 5 after analysing and testing
the product.
Lesson 1 – Module 1
•

Remove 2 instructions from the side table legs

Module 2
•

Include extruded cut icon graphic with corresponding text

•

Include extrude icon graphic with the corresponding text

•

Remove one of the circle icon graphics

Module 3
•

Include extrude icon graphic with the corresponding text

•

Include multiple instances of instruction three on the side faces.

•

Change the “trim” sub instruction into an actual instruction (Step 2)

Instructions
•

Add text stating why users only need to build two legs.

Possible changes
•

Remove the need for extruded cut tool in Module 3

Lesson 2 – Module 1
•

Find a way to evenly roll out chair supports to 14mm diameter

Module 2
•

Find a way to evenly roll out chair supports to 14mm diameter

•

Test potential ways to allow 80mm and 100m supports to overlap inside
chair legs

Module 3
•

Add Extruded Cut icon graphic

Module 4
•

Add Rectangle tool graphic

Module 5
•

Remove extruded cut graphic
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Potential changes
•

Add arrows to module 5 regarding cutting/folding direction (not necessary
if being laser cut)

All parts
•

Remove circle tool icon

•

Remove extrude icon

•

Edit text, so that it does not appear blurry (e.g. Module 3 – step 2)

Lesson 3 – Module 1
•

Add the polygon icon graphic

•

Add the circular sketch pattern icon graphic

•

Change the 173.2mm diameter line so it spans from the centre up to the blue
dashed perimeter line

•

Change the 75mm diameter line so it spans from centre to perimeter line,
rather than through circle

Module 2
•

Conceive a new way to roll table legs consistently to 25mm diameter

Lesson 4 – Part 1
•

Add square into centre of bottom face of Lesson 4 – Part 1 to allow part 2 to
be partially inserted

Instructions
•

Write instructional booklet for the tools; Reference Geometry – Plane and
Lofted Boss/Base

•

Move some instructions off the bottom base of Lesson 4 – Part 1 onto
alternative faces

•

Add minimal reminders onto Lesson 4 – Part 2 to reinforce learning

Part 1
•

Add square into centre of bottom face of Lesson 4 – Part 1 to allow part 2 to
be partially inserted.

New “How to” Tutorials
•

Add a simple diagram which annotates key areas of the work screen
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•

Diagram showing how to turn on all three planes

•

Simple diagram of a keyboard, showing keyboard shortcuts

•

Diagram of a mouse which reminds users which button does what.

•

Diagram to show the Orthographic Projection Cube and how to use it

•

Reference table for all tools used (Including a description of tool)

•

Move “how to” tool guides in relevant locations throughout the pack

Also included are the summaries featured in section 6.2.1. and 6.3.1
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