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Curriculum analysis. 
Introduction
This critical analysis of an existing curriculum has been written as part of the Concepts of Teaching and Learning module. The curriculum being analysed in this document relates to the professional teaching experience (PTE) of the author over the past two years.(UKPSF V3,K6) The Certificate of Higher Education in Science, Technology, Engineering and Maths (CertHE STEM),(UWTSD, 2015) is delivered at level 0 to students within the Faculty of Architecture, Computing and Engineering at the University of Wales Trinity Saint David, Swansea campus. Approximately 50% of the professional teaching experience of the author is within this curriculum. The curriculum is set out within the module syllabi for the programme. 

Context of the CertHE STEM.
The CertHE STEM was developed by the University of Wales Trinity Saint David as a direct replacement for the previous foundation entry year. Although the concept and basic curriculum is largely the same as many of the foundation programmes, the CertHE STEM forms the basis of a standalone exit award and recognises much of the commonality in required knowledge and skills required by all graduates of the Faculty of Architecture, Computing and Engineering (FACE). As such the curriculum has been designed around several common core modules with introductions to stream specific subjects also studied. (UWTSD, 2015)
The award was designed in response to many applicants wishing to join the BEng and BSc courses who had non-traditional academic profiles. Although many of these applicants have good knowledge around many of the specialist subjects associated with STEM courses, it was common to find a less than adequate level of mathematics, science and literary ability amongst these learners. 
The CertHE STEM focusses on enhancing the knowledge of its learners to a level that is equivalent of school leavers with B Grade A level qualifications in the core subjects. By ensuring the learners achieve this level it enables them to confidently progress onto further studies in any of the FACE degree streams. (UWTSD, 2015)
The previous foundation programme had a very high level of student withdrawals. This had an impact on both the learners and the university. By establishing a standalone exit award there has been an increase in student retention on the programme. Learners now appear more likely to try and complete the year to gain a level of qualification rather than withdrawing early. This also has the effect of giving those learners the confidence to continue their studies after successfully completing a higher education qualification. (UKPSF K2, K3, V4)

Delivery of the CertHE STEM.
The foundation entry year has traditionally been a classroom-based programme as its main aim is to improve the theoretical knowledge of its learners to a level that allows progression onto a degree level programme. Learning has until recently occurred through a very structured programme of lectures and tutorials. The programme was seemingly successful in achieving this goal. However, student feedback was negative in some respects. particularly in that the learners had very little in the way of applied maths and science across the syllabus. There was zero workshop contact time across the entire year. It was felt that this may have been a contributing factor towards the poor retention rates amongst the learners. (UKPSF K2, K5) The CertHE STEM was developed around alleviating this issue. The syllabus of most modules within the programme now includes some practical or applied elements. Workshop sessions were also introduced and linked to the academic writing module. Learners now get hands on workshop tutorials in up to 6 different areas of applied engineering. (UWTSD, 2015) This appears to have contributed toward improved student engagement and retention. The CertHE STEM currently has fourteen hours a week of contact time in semester 1 (fig.1) and seventeen hours of contact time a week in semester 2 (fig.2). If we directly compare the timetable of the CertHE STEM with a year 1 direct entry BEng Engineering student, (fig.3) with only five to eight hours of contact per week, it becomes clear that the CertHE STEM is a more pastoral delivery and that student support during this transition is one of the core values of the programme. (UKPSF A4)
The success of the programme and its modules is monitored at several points throughout the academic year. The first opportunity for review comes four weeks into the first semester. At this point the faculty holds an attendance and attainment review. This is a detailed review of each learner and programme, the aim of which is to identify learners who may be struggling with content or attendance and address the issues. It also allows the faculty to monitor the level of learning taking place in each module and programmes (UKPSF K6). This early review allows any required actions to be carried out well before the first semester exam period in January.  Following this initial assessment module success is monitored at mid sessional exam boards and at progression exam boards at the end of the academic year. However, as the programme is primarily designed to prepare learners for progression onto a degree programme the overriding measure of success will always focus on the quantity and quality of learners progressing into the first year of a degree course.







Document content
The document appears to be based around a product model curriculum and each module within the document clearly states the modules’: -
· Aims and objectives
· Learning outcomes
· Indicative content.
· Teaching and learning strategies.
· Assessment methods.
(fig 4)
Aims and objectives. (UKPSF K1, A1, A4)
Each module sets out a clear aim for the learners. These aims provide the direction of the learning and provide context and relevance for each of the modules in the programme. The aims set within the document are incredibly brief and allow a large amount of interpretation on the part of the lecturer. This may mean that there are significant differences in the module content depending on what lecturer is leading the learning. (UWTSD, 2015)

Learning Outcomes. (UKPSF A2, A4, K1, K2)
Each module has a list of learning outcomes that the students should achieve over the course of the module. These outcomes are again quite general and allows the lecturer to direct the learning in any number of ways and on vastly different topics should they wish.  An example of this is module M4X012X Materials and Manufacturing. (UWTSD, 2015) The learning outcomes are listed as: -
Upon the successful completion of this module, the student should be able to:

1. Select suitable manufacturing technologies for real parts.
1. Demonstrate skills in CAD.
1. Demonstrate an understanding of material properties and selection

Although these outcomes provide a direction for the learning in the module the sheer number of materials and manufacturing processes associated with those materials is far too broad and allows the lecturer to follow any number of different routes through the module. This again means that there may be no consistency across groups of learners taught by different lecturers. 
Point two is very vague. there is no detail around what “CAD skills” are and could range from being able to load the program to producing very detailed models. 
There are many opportunities to improve the detail in the learning outcomes for the programme. (UKPSF V3, A5, A4, K2, V1, V2) Most notably the need to incorporate differentiation into outcomes, (Morgan. 2014) for example the inclusion of levels such as:-
· All learners should be able to
· Most learners should be able to
and 
· Some learners should be able to
This approach would allow the adoption of a strategy to suitably support learners who are struggling and enhancing the learning of students who may be advanced in the subject. (UKPSF V1, V2) (Morgan. 2014)


Indicative content.
The indicative content in the curriculum is again generally to brief and requires expansion in detail to ensure consistency across all streams regardless of the lecturer. 

Teaching and learning.
The teaching and learning section of the curriculum doesn’t really address any strategies and how they will be implemented. It generally lists minimum contact hours and methods of delivery. This section would be significantly enhanced by including suggestions on suitable teaching and learning strategies for the indicative content based upon the general learner profile of STEM students. (Ashford. et al. 2003) This could be further enhanced by including appropriate alternative strategies for non-traditional learner profiles. (UKPSF K2, K3, K4)

Assessments.
The assessment strategy is clearly defined for summative assessment of the module and provides clear examples of the assessments that should be set. This could be further enhanced by the introduction of a strategy for early assessment to drive the attendance and attainment review. Also, the inclusion of formative assessment methods that are suitable for the learner profile and indicative content would be beneficial to the lecturers when preparing a scheme of work. (UKPSF A3, K1, K5)




Conclusion.
Through analysis of the curriculum it has been noted that there are several improvements that could be made to significantly enhance the document to ensure a greater level of consistency. These are listed below.
· Clarification of the aims of the module would reduce the chance of inconsistent design and delivery across the teaching team. (UKPSF A1, A2, K1, K6)
· Improvements to the learning outcomes. These need to be less general statements and would benefit greatly from a differentiated approach. Again, consistency of delivery and assessment can be achieved by implementing this. (UKPSF A1, K3, K6)
· The indicative content should be subdivided into sections, (UKPSF V1, V2, A4) these could include; -
·  core knowledge, i.e. learning that is essential for progression in the current module, or knowledge that is required to allow understanding of a future module. 
· Suggested knowledge, such as learning that is considered most relevant to the stream being taught.
· Additional knowledge, such as learning that while relevant may only require an overview or basic understanding.
· The inclusion of common and differentiated teaching and learning strategies suitable to the module and typical learner profile. (UKPSF V1, V2)
· The inclusion of formative assessment strategies to drive ongoing module and programme review. (UKPSF A3, K5, K6)
· The introduction of a knowledge flow tracker into the curriculum. This ensures that learning takes place in a structured manner across all modules. It also ensures that learners have gained knowledge from a module that has a dependency with another in the portfolio prior to progressing. An understanding of knowledge flow also allows high level analysis to be carried out to identify any gaps in or duplication of knowledge delivery across the portfolio. (UKPSF K6, V4)
· The introduction of a structured module and programme evaluation strategy to ensure a pragmatic and measured review process can be carried out. (UKPSF K5, V3)
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Figure 1 Semester 1 CertHE STEM Timetable.
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Figure 2, Semester 2 CertHE STEM Timetable.
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Figure 3. Semester 1 BEng level 4 Timetable


. 
	MODULE CODE:
	M4X012X

	TITLE:	
	[bookmark: _Toc416695651][bookmark: _Toc416696500]Manufacturing and Materials

	DATED:	
	April 2015

	
	

	LEVEL: 
	4

	CREDITS:
	20

	
	

	JACS CODE:	
	H300

	


AIM(S)

· This module aims to enable the student to understand current manufacturing and design technologies including CAD, materials selection, manufacturing processes and rapid prototyping.

LEARNING OUTCOMES
Upon the successful completion of this module, the student should be able to:
3. Select suitable manufacturing technologies for real parts.
4. Demonstrate skills in CAD.
5. Demonstrate an understanding of material properties and selection.
INDICATIVE CONTENT
· CAD fundamentals.
· Introduction to material properties and selection.
· Introduction to manufacturing processes and selection.
· Introduction to engineering design principles.

LEARNING AND TEACHING STRATEGY
The module will be delivered by a combination of formal lectures, tutorials and laboratory classes.
	Activity type
	Hours
	Percentage

	Scheduled learning
	60
	30%

	Independent learning
	140
	70%

	Placement learning
	0
	0%

	TOTAL
	200
	100%



ASSESSMENT
Assessment Component 1 – Coursework - 50%
Coursework (1500 words) to assess student’s ability to understand and select manufacturing processes and materials for engineering components. The coursework is used to assess the student’s understanding of material properties, their production methods and component design and manufacturing. As this module covers computed aided design using SolidWorks, the students are assessed on this as well.
Assessment Component 2 – Coursework - 50%
Coursework (1500 words equivalent) to apply computer aided design to model an engineering assembly.
Assessment Summary
	Activity type
	Percentage

	Written exam
	0%

	Coursework
	100%

	Practical
	0%

	TOTAL
	100%






EDUCATION FOR SUSTAINABLE DEVELOPMENT (ESD)

	Does the module contribute to ESD?
	Yes 


	
	No 


	If yes, please provide brief details (no more than 100 words):

Within this module, the issue of sustainability is taught in conjunction with material properties and their selection, and how sustainability impacts on manufacturing processes.






BIBLIOGRAPHY
Essential
Hawkes, B. and Abinett, R. (1984) The Engineering Design Process, Pitman
Edwards, L. and Endean, M.(1990) Manufacturing with Materials, Butterworth Heinemann
Pao, Y. C. (1984) Elements of Computer-aided Design and Manufacturing: CAD/CAM, Wiley
Background
Bird, J. O. and Ross, C. (2012) Mechanical Engineering Principles, Routledge
Haigh, M. (1985) An Introduction to Computer-Aided Design and Manufacture, Blackwell Scientific.


Figure 4 an example of UWTSD Curriculum document
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Description
As part of the Batchelor of Engineering (BEng) degree course, it has been noted that there is a skills shortfall amongst recent graduates regarding interpretation of engineering drawings. Therefore, it has been deemed necessary to prepare a new module to ensure that all new students to the course have a good working knowledge of engineering drawing at an early stage in their career development. (UKPSF K1, V4) A learning programme is to be designed to teach the principles of engineering drawing and its associated standards at level four. (UKPSF A1) The module will be delivered one session per week of two hours and will cover a 10-week period. The learning and associated assessments will carry a value of ten credits toward the BEng qualification. The delivery will take place at the University of Wales Trinity Saint David (UWTSD), SA1 Waterfront Campus beginning in October 2018.

Target Audience
The target audience for the module consists of both mechanical and manufacturing engineering students from first year of the BEng degree. The learner group is likely to be very diverse and have members from a variety of backgrounds. (UKPSF V1, V2) The BEng program appeals to both school leavers and mature students from several local engineering companies including TATA Steel, Ford Motor Company and Aston Martin Lagonda. The group are required to have an in-depth knowledge of engineering drawing (Contero et al. 2005) to assist them in all aspects of their future studies and careers. Engineering drawing interpretation is a key skill amongst mechanical engineers. (Contero et al. 2005) By completing the studies relevant to this module, the learners should gain a very high level of understanding of the topic. The learning will be designed with relevant knowledge flow considered. Many of the modules that will be studied in the future by these learners will benefit from the content of the module. These include Engineering Design (Level 4) and Design for Manufacture (DFM) (Level 5) and Major Project (Level 6). All of which rely on some level of knowledge and ability to interpret engineering drawing. (Maclaren. 2005) (UKPSF A1, A2. K1. K2, K4)
 Most of the learners will have no previous knowledge of the topic. However, some of the learners may have completed a very brief introduction to engineering drawing as part of the Science, Technology, Engineering and Maths (STEM) Certificate of Higher Education (CertHE), whilst others may have completed engineering apprenticeships in the past and as such may have a good knowledge of the subject matter. Suitable differentiation and extension activities will need to be planned into the lessons to account for this. (UKPSF V1, V2, K2)

As some of the learners will be direct entry onto the course there will be no individual learner profiles (ILP’s) for these members of the cohort. As such the first sessions will be focussed on assessing individual member’s strengths and areas of difficulty. This will be achieved using virtual questioning platforms. These emerging technologies have proven to extremely engaging in groups where learners may feel less confident. Especially in unfamiliar circumstances. (Pacansky-Brock 2013) (UKPSF K4)
The module lead will also liaise closely with programme directors and student services to identify any learner who may have special learning difficulties (SPLD’s). This will allow the module to be tailored and suitably differentiated to the learners needs as the week’s progress.  (Tomlinson, 2014) (UKPSF V1, V2)


Learning objectives / Outcomes
The learning objectives of the module have been designed to follow a progression through the standards used in engineering drawing. Starting from drawing types and layouts following through to inclusion of detailed annotations and completion of production drawings for a commercial operation. (UKPSF K1) The overarching learning outcomes for the course are discussed below. Differentiation of the tasks has resulted in three category of learning outcome. The section entitled “all learners” has been designed to support the learners who may be struggling in the subject. By identifying this learner group early on it will be possible to target their learning specifically around achieving these outcomes only. (Morgan 2014 & Tomlinson 2014) (UKPSF V1, V2, A4)
The section entitled “most learners” has been designed to stretch and engage the average learner profile within a group of engineering students. By targeting the learning of this group toward a higher level of attainment it is hoped that student enthusiasm and engagement remains high. (Morgan 2014 & Tomlinson 2014) (UKPSF V1, V2, A4)
The section entitled “some learners” has been designed to stretch the knowledge of the most able students. It is hoped that by targeting this group with the most demanding outcome that engagement, enthusiasm and attainment levels will be improved.  (Morgan 2014 & Tomlinson 2014) (UKPSF V1, V2, A4)
Upon completion of the module all learners should be able to. (UKPSF K1)
· Understand the principles of technical drawing. Learners will be introduced to common drawing standards, using a combination of discussion, demonstration and hands on experience will have the opportunity to investigate appropriate drawing styles and techniques for any given task. 
· Apply common drawing techniques to appropriate production scenarios.  Learners will be set regular computer aided design (CAD) based tasks which will encourage them to apply learning, gained in their Engineering Design module to industry focussed design challenges. 
· Recognise basic objects based on an orthographic view. Learners will have regular opportunities to view orthographic projections and determine the physical part that they are representing. This will be done through demonstration, presentation, interactive quiz and individual and group tasks and the module assignment. 
Upon completion of the module most learners should be able to. (UKPSF V1)
· Produce a full production set of drawings for a given assembly. As part of the module assignment, learners will be given the opportunity to redesign a part and produce a revised set of production drawings. These drawings will represent all the relevant drawing styles and standards that will have been highlighted through the previous weeks. 
Upon completion of this module some learners should be able to (UKPSF V1)
•	Produce complex technical drawings to support nonstandard manufacturing methods. For example, composite production. Learners will be presented with the opportunity to attempt non-standard drawing methods. These are particularly pertinent to very complex modern manufacturing technologies such as composite or additive manufacturing. 







Cross Cutting Themes
Cross cutting themes have been integrated into the module where relevant to the learners’ specialism and module content. These themes are present across all levels of the differentiated delivery and as such are equally available to all students regardless of ability. (Smith, 2014) (UKPSF A5, V1, V2, V4)
· The use of Information Technology has been heavily incorporated into the learning. (UKPSF K4) Throughout the module learners are asked to use software across a variety of platforms. The interactive quiz sessions utilise smart device technology such as mobile phones or tablets. The CAD software elements rely both on being able to use the CAD program and on drawings obtained by the learners from the cloud. The assignment is also submitted to a virtual platform in Moodle. Digital competency is a vital tool for all engineers. Using virtual modelling platforms, engineers can carry out multiple iterations of tests that would be too costly to perform physically. This reduction in material and energy costs reduces the environmental and sustainability impact of the project being carried out.
· Numeracy is incorporated varying forms throughout the module. Measurements, ratios and scales are key to producing accurate readable engineering drawings. By developing these skills, the learners will benefit throughout this and other analytical module throughout all years of study. (Smith, 2014)
· Literacy is enhanced by the learners being introduced to and gaining an understanding of several new terms each week. Report writing skills are also developed through the incorporation of supplementary information into the drawings. (Smith, 2014)



Teaching and Learning Strategy.
The module has been developed around an experiential learning theory.  Kolb’s theory of experiential learning has been applied to an andragogic learning strategy to suit the needs of a higher education setting. (Kolb 2014) (UKPSF K2, A5, V3) The module follows the theory that only the basic principle of engineering drawing needs to be formally taught. This is covered within the first half of week one. Following on from this initial introduction to the topic most of the learning takes place using a learning by doing methodology. (Gibbs, 1984) This utilises skills that will have been developed by the learners in school or foundation level entry. The learning follows the idea of students interrogating a scenario through effective problem-solving techniques until they have a solution that meets the needs of a modern engineer. The students will then be given opportunities to discuss and evaluate the effectiveness of their solutions. (Bloom,1956) This reflective practice allows constant review and improvement of the process. (Gibbs. 1984) (UKPSF K2, K3) The techniques used are learner centred and relies on the lecturer acting as a facilitator for active discussion and investigation rather than the more didactic approach that has been adopted in the past. (UKPSF A2) Through this approach the learners are encouraged to actively question the validity of the information received during the lesson. This will occur during the hands-on elements of the session where learners will actively engage in modelling and testing a variety of different problems using the CAD software. (UKPSF K4)
Through this interaction with both virtual and physical environments the learners will develop an in-depth knowledge and understanding of the topic. This learning by doing methodology has been very successful in STEM (Abdulwahed, 2009) at both further and higher education level for many years.  (UKPSF K2, K3, V3)



Assessment Strategies
The module has been developed to include several differentiated assessment methods. (Heacox,2009) (UKPSF A3, K5, V3) These methods allow both assessment for learning (formative) and assessment of learning (summative). (ULPSF A3, K5)
Each assessment strategy has been carefully planned into the corresponding lesson to stimulate further learning using the teaching and learning strategy discussed above.  (Cho and Forde. 2001) (UKPSF V1, V2) Each lesson begins with an open question being posed to the class. This is to ascertain the learners’ current understanding of the topic and any areas that may need to be recapped from previous weeks. The methods of capturing the responses varies week to week but will either be an open forum promoting discussion amongst the cohort or through a virtual environment such as Kahoot. (UKPSF K4, K5) When the latter is used to collect the data then careful consideration can be given to the direction of the discussions with the group, as the most pertinent points can be projected onto the screen. This method also encourages total participation in the group. (UKPSF V2)
Kahoot has been further utilised throughout the module as a basis for recognition-based tasks and quizzes. Again, it will encourage participation for the whole cohort and brings an element of competition into the lesson. While most students will thrive under these conditions, careful consideration of the individual learner profiles is required as the added pressure from this type of task could prove detrimental to the learning of a minority of the students. (UKPSF V2)
If this is noted to be the case, then anonymity of the participants can be enabled in the dashboard of the software. (UKPSF V1)
Another method of formative assessment is peer marked activities. These are basic manual drawing tasks that can be completed individually or in small groups. The result of the task is then critiqued against industry standard criteria by another member of the class. This allows students to further their learning by seeing good and bad examples of work. The analysis of the task will further enforce the learning that has occurred. 
Summative assessment is usually in the form of a submission through Moodle of the weeks drawing files.  This serves several purposes. Firstly, it familiarises students with using the portal to submit work and prepares them for the coursework assignment. Secondly it allows the module leader to fully analyse and critique the learning that has occurred and further develop the most suitable lesson format for the coming week. (UKPSF K5, K2) This ongoing assessment allows the ILP’s to be kept updated. It also allows the module lead to identify learners who may be either struggling or are not engaging because they find the work too easy and are not stimulated by the tasks. In both cases suitable differentiated tasks can then be prepared for future lessons. (UKPSF V1, V2)
The final summative assessment of the module takes the form of a coursework submission of a full production drawing set for a given engineering task. The outcomes of this will identify areas where the program many need modification. For example, a small spread of marks or unusually high or low marks across the board would indicate that action needs to be taken. (UKPSF K6The outcomes will also be used to further inform program directors and student services of learner profiles.






Evaluation
The evaluation model to be used for the module will be the Kirkpatrick model. The model is based on four levels of evaluation: - (Kirkpatrick, 1979) Reaction. Questions such as; did the learners enjoy the module? And was the training relevant to the learner? Should be asked immediately after the completion of the learning. This will be carried out using a module feedback questionnaire. (UKPSF K5, K6, V3, A5)
The success of a module can be measured against three areas; -
1. Learning. The summative assessment can be used to answer this area of the evaluation model. The question of whether the learners have gained all the knowledge can be ascertained through analysis of both ongoing assessments and the final coursework assignment. (Kirkpatrick, 1979) (Posavac. 2015)
2. Behaviour. Have the learners changed their behaviour as a product of the learning? This question can be answered by analyzing more long-term data. Looking forward does the quality of work in modules such as Engineering Design and Design for Manufacture improve because of students implementing the learning from this module? Also do future Destination of Leavers of Higher Education (DHLE) survey results reflect an improvement in the quality of engineering graduate leaving the programme as a result? (Kirkpatrick, 1979) (Posavac. 2015)
3. Results. In much the same way as the behavioural measures, when adopted for a higher education establishment the results would mostly be measured against improvements in student grades, participation or graduate employment. (Kirkpatrick, 1979)
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Week
number
	Topic
	Aims & objectives
	Teaching and
learning activities
	Resources required
	Assessment

	








1
	





Introduction to engineering drawing. Projections, views and standards.


Lecture (2 hours)

(A1, K1, A4)

	Aims: (K1)
· To introduce the concept of technical drawing.
· To understand the main projections and views used.
· To work as a group to solve engineering problems.

Objectives: (K1, K2, V1)
· Describe the main projection standards and where they may be used.
· Understand orthographic and exploded drawing layouts.
· Apply the learning to identify basic shapes from 3 view orthographic drawings.
	
· Presentation slides.
· Worked examples.
· Individual task sheet.
· Group work task.
· Class discussion.


(A1, A4, K2,)
	
· PC Lab.
· PowerPoint presentation.
· White board.
· Handout pack 1.
	
· Open questioning to evaluate prior knowledge.
· Peer marked individual task.
· “Kahoot” based questions for group task.

(A3, K5)




	Week
number
	Topic
	Aims & objectives
	Teaching and
learning activities
	Resources required
	Assessment

	










2
	







Dimensioning and dimension standards.


Lecture (2 hours)
A1, K1, A4)
	Aims: (K1)
· To introduce the concept of dimensioning drawings. 
· To understand the standards applied to dimensioning.
· To recognize the most suitable location for a dimension on a drawing. 


Objectives: (K1, K2, V1)
· Understand the relevant standards in relation to dimensioning in engineering drawing.
· Apply prior knowledge to accurately dimension a given drawing. 
· Describe the criteria for dimension quantity and placement within a drawing. 
	
· Presentation.
· Individual work.
· Group discussion of key concepts.
· Worked examples.

(A1, A4, K2,)

	
· PC Lab.
· PowerPoint presentation. 
· White board.
· Handout pack 2.
.
	
· Questioning will be used throughout lesson to identify effectiveness of learning. 
· Group discussions will be used to identify strongest learners.
· Manual dimension handout used as AfL. 
· Solid works files submitted on Moodle, used as AofL

(A3, K5)



	Week
number
	Topic
	Aims & objectives
	Teaching and
learning activities
	Resources required
	Assessment

	










3
	







Tolerance and clearances.




Lecture (2 hours)
A1, K1, A4)
	Aims: (K1)
· To introduce the idea of engineering tolerances. 
· To understand the importance and relevance of those tolerances in an engineering process.
· To introduce the use of clearances as a vital engineering tool.


Objectives: (K1, K2, V1)

· Understand the terms tolerance and clearance.
· Describe the importance of these terms from an engineering perspective. 
· Apply the learning to a range of engineering drawings. 


	
· Presentation
· Individual working.
· Group discussion.
· Demonstration.

(A1, A4, K2,)
	
· PC Lab.
· PowerPoint presentation. 
· White board.
· Handout pack 3.


	
· Open question to stimulate a discussion around tolerance and clearance. (AfL)
· Submission of Solidworks drawings to Moodle for assessment. (AofL) 
· Analysis of drawings to determine suitable tolerances based on preexisting criteria.  (AofL)


(A3, K5)






	Week
number
	Topic
	Aims & objectives
	Teaching and
learning activities
	Resources required
	Assessment

	










4
	










Holes and hidden detail.




Lecture (2 hours)
A1, K1, A4)
	Aims: (K1)
· To introduce the ways in which holes are represented in engineering drawing. 
· To understand the importance and relevance of those proper hole callouts. 
· To link previous learning of tolerances and clearances to hole annotation.
· To introduce hidden detail in orthographic views. 


Objectives: (K1, K2, V1)

· Understand the importance of hidden detail in a drawing. 
· Describe the methods and meanings of hole callouts.
· Apply the learning to a range of engineering drawings. 


	
· Presentation
· Individual working.
· Interactive quiz.
· Group discussion.
· Demonstration.

(A1, A4, K2,)
	
· PC Lab.
· PowerPoint presentation. 
· White board.
· Handout pack 4.


	
· Open question to stimulate a discussion around tolerance and clearance. (AfL)
· Interactive “Kahoot” quiz. (AfL)
· Submission of Solidworks drawings to Moodle for assessment. (AofL) 
· Analysis of drawings to determine hole callout and hidden detail based on learning.  (AofL)


(A3, K5)








	Week
number
	Topic
	Aims & objectives
	Teaching and
learning activities
	Resources required
	Assessment

	










5
	







Surface finish and complex drawing recognition.




Lecture (2 hours)
A1, K1, A4)
	Aims: (K1)
· To introduce the subject of surface finish information in engineering drawing. 
· To understand the determination of surface finishes based on product use and lifecycle data. 
· To introduce the use of face views and complex multi-page drawings.


Objectives: (K1, K2, V1)

· Understand the meaning of surface finish from an engineering perspective. 
· Describe the importance of achieving proper surface finishes.  
· Apply the learning to a range of engineering drawings.
· Understand relevant surface finish symbols and callouts. 
· Discuss assignment criteria for the coursework handout, deadline will be week 10.


	
· Presentation
· Individual working.
· Group discussion.
· Demonstration.
· Coursework handout

(A1, A4, K2,)
	
· PC Lab.
· PowerPoint presentation. 
· White board.
· Handout pack 5.
· Coursework handout


	
· Open question to stimulate a discussion around tolerance and clearance. (AfL)
· Submission of Solidworks drawings to Moodle for assessment. (AofL) 
· Analysis of drawings to determine suitable surface finish based on preexisting criteria.  (AofL)
· Coursework will be handed out this week with a view of cementing previous learning over the coming weeks. Which allows learners to effectively produce the drawings required for the coursework element. 
(A3, K5)








	
Week
number
	Topic
	Aims & objectives
	Teaching and
learning activities
	Resources required
	Assessment

	












6
	








Sectional and cutaway views. 




Lecture (2 hours)
A1, K1, A4)
	Aims: (K1)
· To introduce sectional and cutaway views in orthographic projections. 
· To understand the importance and relevance of those views in an engineering process.

Objectives: (K1, K2, V1)

· Understand the terms sectional and cutaway view.
· Describe the importance of these terms from an engineering perspective. 
· Apply the learning to a range of engineering drawings. 
· Use previous learning to select the most appropriate use of these views in a real engineering scenario. 


	
· Presentation
· Individual working.
· Group discussion.
· Demonstration.

(A1, A4, K2,)
	
· PC Lab.
· PowerPoint presentation. 
· White board.
· Handout pack 6.


	
· Open question to stimulate a discussion around tolerance and clearance. (AfL)
· Submission of Solidworks drawings to Moodle for assessment. (AofL) 
· Analysis of drawings to determine suitable views based on preexisting criteria.  (AofL)
(A3, K5)











	Week
number
	Topic
	Aims & objectives
	Teaching and
learning activities
	Resources required
	Assessment

	












7
	








CAD model from engineering drawing.



Lecture (2 hours)
A1, K1, A4)
	Aims: (K1)
· To introduce the idea of reading engineering to produce a product using a virtual environment. 
· To understand the importance of well-presented relevant information from a production line perspective. 
· To introduce the use of 3D modelling in the engineering drawing process. 


Objectives: (K1, K2, V1)

· Understand the drawing requirements of production line engineers.
· Describe the importance of well presented data.
· Apply the learning to a range of production scenarios.  


	
· Presentation
· Individual working.
· Interactive quiz.
· Group discussion.
· Demonstration.

(A1, A4, K2,)
	
· PC Lab.
· PowerPoint presentation. 
· White board.
· Handout pack 7.


	
· Open question to stimulate a discussion around tolerance and clearance. (AfL)
· Interactive “Kahoot” quiz. (AfL)
· Submission of Solidworks drawings to Moodle for assessment. (AofL) 
· Analysis of drawings to accurately model a 3D part. (AofL)

(A3, K5)









	Week
number
	Topic
	Aims & objectives
	Teaching and
learning activities
	Resources required
	Assessment

	










8
	








Change CAD models.



Lecture (2 hours)
A1, K1, A4)
	Aims: (K1)
· To introduce the idea of revising products based on market feedback.
· To understand the importance of correct revision and annotation of engineering drawings.
· Apply previous engineering design and design for manufacture knowledge to problem solve a warranty concern. 
· Accurately alter CAD models in response to feedback. 

Objectives: (K1, K2, V1)

· Understand the term revision when applied to drawings. 
· Describe the importance of this terms from an engineering perspective. 
· Apply the learning to design and apply a change to a 3D model.  


	
· Presentation
· Individual working.
· Interactive quiz.
· Group discussion.
· Demonstration.

(A1, A4, K2,)
	
· PC Lab.
· PowerPoint presentation. 
· White board.
· Handout pack 8.


	
· Open question to stimulate a discussion around tolerance and clearance. (AfL)
· Interactive “Kahoot” quiz. (AfL)
· Submission of Solidworks drawings to Moodle for assessment. (AofL) 
· Analysis of warranty concerns to re-engineer a 3D model.  (AofL)


(A3, K5)








	Week
number
	Topic
	Aims & objectives
	Teaching and
learning activities
	Resources required
	Assessment

	












9
	







Produce new engineering drawings from CAD.



Lecture (2 hours)
A1, K1, A4)
	Aims: (K1)
· To use all previous learning to produce a new set of production drawings in various formats. 
· To understand the requirements of a production line and incorporate all relevant information in a clear manner. 

Objectives: (K1, K2, V1)

· Understand the requirements of production engineering
· Describe the importance of using relevant standards when producing documents.  
· Apply the learning to produce an engineering drawing pack from a re-engineered 3D model. 


	
· Presentation
· Individual working.
· Interactive quiz.
· Group discussion.
· Demonstration.

(A1, A4, K2,)
	
· PC Lab.
· PowerPoint presentation. 
· White board.
· Handout pack 9.


	
· Open question to stimulate a discussion around tolerance and clearance. (AfL)
· Interactive “Kahoot” quiz. (AfL)
· Submission of Solidworks drawings to Moodle for assessment. (AofL) 
· Analysis of (AofL) the 3D model from weeks 7 & 8 to produce a set of drawings for submission as part of the coursework. 

(A3, K5)









	Week
number
	Topic
	Aims & objectives
	Teaching and
learning activities
	Resources required
	Assessment

	












10
	








Essential drawing annotation and revision,
Mop-up session. 




Lecture (2 hours)
A1, K1, A4)
	Aims: (K1)
· To introduce the drawing information panel and bill of materials table.
· To understand the importance and relevance of those features. 
· Use prior learning to complete the assignment drawings. 

Objectives: (K1, K2, V1)

· Understand the importance of material selection and suitable scale. 
· Describe the importance keeping accurate revision records and traceability of documents. 
· Apply the learning to complete the assignment drawings. 


	
· Presentation
· Individual working.
· Interactive quiz.
· Group discussion.
· Demonstration.

(A1, A4, K2,)
	
· PC Lab.
· PowerPoint presentation. 
· White board.
· Handout pack 10.


	
· Open question to stimulate a discussion around tolerance and clearance. (AfL)
· Interactive “Kahoot” quiz. (AfL)
· Submission of Solidworks drawings to Moodle for assessment. (AofL) 
· Completion of Assignment.  (AofL)


(A3, K5)








Indicative Reading List


· Spencer, J., 1972. Tolerances on engineering drawings. International Journal of Production Research
· Quintana, Virgilio, 2010. Will Model-based Definition replace engineering drawings throughout the product lifecycle? A global perspective from aerospace industry. Computers in Industry
· French, H.W., 1979. Technician engineering drawing 1, London: Cassell.
· Davies, K.M., 1981. Technician engineering drawing and design 2, London: Cassell.
· Parker, M., 1984. Manual of British standards in engineering drawing and design. BSI/Hutchinson.
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Academic critique of learning theory and strategies applied.
What is experiential learning?
Experiential learning is a learning theory based around learning by doing. The theory of experiential learning has been developed by many educational theorists, most notably; - Graham Gibbs in his book learning by doing (1988) and David A Kolb, Experiential learning (2014). Both theories rely on students learning through using a cyclical methodology. Whereby for each task the learner will carry out an action. reflect upon the successes and failures from the methodology used, breakdown this reflection using advanced problem-solving techniques which will provide a new methodology for the task. (Gibbs;1988, Kolb;2014)

How does experiential learning relate to engineering learners?
The process of experiential learning is extremely beneficial to engineering students as it directly follows the model used by engineers when undertaking product development or fault finding. (Abdulwahed 2009) (UKPSD V3, K2) This never-ending cycle of improvement is the basis of most engineering tasks. Not only does the adoption of experiential learning help engineering students to gain knowledge but it also develops a valuable employability skill amongst the graduates. (Bucciarell, 1984) (UKPSF V4)
Is has been noted that most of engineering students are visual learners (Ashford et al; 2003). Meaning they learn best using visual stimuli for example seeing a process being carried out. Most traditional didactic engineering teaching is auditory rather than visual and as such is largely incompatible with many of the learners in the group. (Ashford et al; 2003) (UKPSF A4, K2, K3, V3). Many of these engineering learners obtain their remembered visual stimuli from carrying out a physical task. more commonly referred to as kinaesthetic learning. As such a mixed mode delivery is probably the most beneficial to engineering learners (Prithishkumar, 2014) (UKPSF A4, K2, K3, V3)

Learning strategies and experiential learning
It is widely recognised that there are five main learning styles that represent most learners. (Komarraju. 2011) These are; -
· Visual – Learners prefer pictures and other graphical representations of data. 
· Aural – Learners prefer using sounds.
· Physical – Kinaesthetic learning is achieved by carrying out a physical task. 
· Logical – Learning through logic and reasoning. Problem solving etc. 
· Verbal – Learning through speech and written word. 
Each of these styles can be further subdivided into social or solitary learners. 
Visual and kinaesthetic learning appear to be the most beneficial to most of engineering learners. (Ashford et al. 2003) As such a mixed mode delivery is probably the most beneficial to the students. (Flemming and Mills, 1992) Flemming’s multi modal method of visual, aural, reading/writing and kinaesthetic learning (VARK) has been applied to the module planning to ensure that not only are the most common learning styles nurtured but also the minority of students who don’t suit learning by doing are also supported. Each lesson in the plan utilises this method on the same basic platform. (UKPSF A1, A2, A4, K2, K3, V1, V2, V3)
· Visual learners are supported through highly detailed visual stimuli. This is achieved through the inclusion of graphical representations of physical data in the presentations. (Flemming and Mills, 1992)
· Aural learners are engaged during the discussion elements of the lesson and by the overarching explanation of the presentations. (Flemming and Mills, 1992)
· Verbal learners will be engaged by the open questioning and discussions. Also, they can take detailed notes in a format that best suits them, this can be derived from the commentary of the presentation and the ability to ask questions at any time in the programme. (Flemming and Mills, 1992)
· Kinaesthetic learners are supported by the practical elements within the lesson. This is very much the learning by doing element and will suit most of the learners. As such the lessons are planned to be largely kinaesthetic in nature. (Flemming and Mills, 1992) (Kolb, 2014)
By simultaneously adopting all these learning strategies in a mixture of individual and group learning scenarios and offering ample opportunities for logical problem solving at each stage it is hoped that all the main learning styles will be adequately engaged, supported and stimulated.  (UKPSF A1, V1, V2, V3)





Teaching strategies and experiential learning
For each of the learning styles mentioned above, a fully differentiated teaching strategy has been developed. Differentiation of abilities is clear within the learning objectives at every stage of the module. (Morgan, 2014) Whereas differentiation based around special learning difficulties (SpLD’s) is built into the program based on individual learner profiles that are developed using information from programme directors and student services. (Morgan, 2014) (UKPSF V1, V2)
Visual learners will have differentiation applied to their learning using additional visual stimuli using a white board. There additional illustrations can be used to pose new challenges at a higher level or to re-address and simplify other points for students that may be struggling. (UKPSF A4, V1, V2)
Aural and verbal learners will be differentiated through discussion topics and methods of explanation. This will be carried out during small group discussions and one to one questioning; these intimate conversations allow the lecturer to tailor the learning very specifically to each learner’s needs. 
Kinaesthetic learners will have the opportunity to carry out differentiated tasks from basic modelling through to producing highly detailed drawings. These tasks will be pre-prepared and determined to cover a range of descriptors from describe to evaluate (Bloom et al, 1956) 




Assessment strategies and experiential learning
The formative assessments use a variety of methods to suit differing learning styles. Discussion, open questioning and task-based assessments are all used at every stage of learning. It is felt that this should provide adequate differentiation for all learners. (Morgan, 2014) (UKPSF A3, K5, V1, V2)
The summative assessments primarily task based. This is because the primary module aims rely in the learners gaining the skills and knowledge to effectively carry out similar tasks. However, differentiation has been achieved by offering opportunities for learners to prove understanding, describe, analyse and evaluate each task. (Bloom et al, 1956) These levels can each be achieved using verbal, physical or visual methods. (Cho & Forde, 2001) (UKPSF A3, K5, V3)
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