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[bookmark: _Toc98236308]Introduction
Firstly, within this assignment an investigation will be carried out comparing an analogue bourdon tube pressure gauge and a resistive strain gauge sensor. Then identify two types of position sensors for two different circumstances / environments. After that an investigation to carry out various calculations for temperature sensor characteristics. In addition, the differences between LCD and LED, as well as analogue to digital conversion. Also signal transmission will be discussed regarding current and voltage signal transmission, as well as identifying processes within measurement signals. Then the basic control systems with respect to open and closed loop control systems will be covered too.
	Comment by Tony Howles: Good to see an introduction
[bookmark: _Toc98236309]Task 1 – Pressure Sensor	Comment by Tony Howles: Include the question in your work
[image: ]An analogue bourdon tube pressure gauge works on the principle of when it is pressurised, the flattened tube either straightens or return to its circular form within the cross-section. Bourdon tubes come in various shapes, C, helical and spiral shapes. When pressure is applied to the internal space of a bourdon tube, the cross-sectional area is consequently altered into a circular shape. The stress that is created when this pressure is applied increases the radius of the c-shaped tube. Therefore, the deflected action from the end of the tube moving (2/3 millimetres) is a measure of pressure, this is then transferred to a movement, this results in a movement of the point over a scale due to linear deflection.
[image: Bourdon tube pressure gauge]Figure 1 / 2 (Reiser, n.d.)


A digital resistance strain gauge sensor is a sensor that varies its resistance when force is applied. The force, pressure, weight, tension applied is then converted into an electrical resistance which can then be measured. “When external forces are applied to a stationary object, stress and strain are the result. Stress is defined as the object's internal resisting forces, and strain is defined as the displacement and deformation that occur.” (Engineering, n.d.) 
Advantages of a bourdon tube pressure gauge is they give accurate results, low cost, simple in construction, easy to modify to give electrical outputs, and at high pressure they are safe and accurate. Disadvantages of a bourdon tube pressure gauge is that they are slow to respond to changes in pressure, sensitive to shocks and vibration, they require amplification of the free end as the bourdon tube movement is low, they are also subjective to problems of hysteresis. 
Advantages of a digital resistance strain gauge sensor is that there are no moving parts, therefore no wear. They are very precise, small, and inexpensive, it also has a high frequency bandwidth. Disadvantages of a digital resistance strain gauge are non-linear, sensitive to temperature, need to calibrate regularly. These can become costly due to manual installation.	Comment by Tony Howles: Good work


[bookmark: _Toc98236310]Task 2 – Position Sensors 
a) [bookmark: _Toc98236311]A sensor that can be used to measure the angular velocity of an electric motor from 0 to 1000 RPM would be a non-contact inductive angle encoder, this is a precision sensor that can be used in unforgiving environments, due to not knowing the environment that the electric motor is required to work in, this device should be able to cope. The sensor reacts when it detects the presence of electrical conducting metal or ferromagnetic material. Therefore, as the motor rotates the sensor will detect the presence of the conductor by way of the angular encoder through the means of transmitting coils. Due to not knowing how this sensor will be mounted to the motor, a sensor has been picked that has various means of attachment such as clamped or screwed, as illustrated in figure 4. The sensor chosen is Celera - IncOder Inductive Anglers Encoders – INC-X-300, which exceeds the criteria of 1000RPM, as it reaches 6,000RPM, as can be seen in figure 3.
[bookmark: _Toc98236312]Angle encoders measure the rotational position of a load in relation to a shaft or point. The angle encoder provides output that corresponds to displacement and the reading device (PLC, counter, etc.) processes that data into angular readings.
Figure 3 (IncOder Inductive Angle Encoders - Midi Range, n.d.) – page 34
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Description automatically generated]Figure 4 (IncOder Inductive Angle Encoders - Midi Range, n.d.) – Datasheet, page 12



 



Principle of how rotary position sensor works on the shaft (figure 5)
[image: Inductive Encoder position sensors]
Figure 5 (Inductive Sensor - A Guide, n.d.)





b) To meet the criteria stated, the position sensor chosen is a digital epic D200 digital position transmitter (Figure 6), this is a wireless valve position monitoring system, that transmits data about the valve status directly to the control system, which increases reliability and safety.  This is a rotary non-contact sensor that ranges between 30 to 330 degrees (figure 7), this cover a rotation of 300 degree or there is an option of a potentiometer with a rotation of 30 to 210 degrees, with a span of 180 degrees, either one of these can be used, as they will be able to be calibrated to the correct readable range required by the operator. A potentiometer is a measurment system that is made up of resistor components that therefore move over a length of the component, these components are used for rotary displacement. The rotary is constructed using either wound metal or wire film that is in the form of a circular track. 	Comment by Tony Howles: Good work
[image: A picture containing text, electronics

Description automatically generated]Figure 6, (Digital Position Transmitter, n.d.)




The datasheet for this position transmitter can be found in Appendix 2
[image: Table

Description automatically generated]
Figure 7, (EPIC, n.d.)



[bookmark: _Toc98236313]Task 3 – Temperature Sensor Characteristics 
	RTD and Voltage Divider Calculations
	
	

	
	
	
	
	

	α = 
	0.00385
	
	Vs = 
	10

	Ro= 
	100
	
	R = 
	100

	
	
	
	
	

	
	RTD
	Voltage Divider
	

	
	Temperature (℃)
	Resistance (W)
	Vo (V)
	

	
	0
	100
	5.00
	

	
	5
	101.925
	5.05
	

	
	10
	103.85
	5.09
	

	
	15
	105.775
	5.14
	

	
	20
	107.7
	5.19
	

	
	25
	109.625
	5.23
	

	
	30
	111.55
	5.27
	

	
	35
	113.475
	5.32
	

	
	40
	115.4
	5.36
	

	
	45
	117.325
	5.40
	

	
	50
	119.25
	5.44
	

	
	55
	121.175
	5.48
	

	
	60
	123.1
	5.52
	

	
	65
	125.025
	5.56
	

	
	70
	126.95
	5.59
	

	
	75
	128.875
	5.63
	

	
	80
	130.8
	5.67
	

	
	85
	132.725
	5.70
	

	
	90
	134.65
	5.74
	

	
	95
	136.575
	5.77
	

	
	100
	138.5
	5.81
	


The formulas used in part a and b are as follows:
a) 


b) 



c) 

d) 
	First Order Calculations
	
	

	
	
	
	

	
	Vs = 
	10
	

	
	t = 
	5
	mS

	
	
	
	

	
	Time (mS)
	Vo (V)
	

	
	0
	0.000
	

	
	1
	1.813
	

	
	2
	3.297
	

	
	3
	4.512
	

	
	4
	5.507
	

	
	5
	6.321
	

	
	6
	6.988
	

	
	7
	7.534
	

	
	8
	7.981
	

	
	9
	8.347
	

	
	10
	8.647
	

	
	11
	8.892
	

	
	12
	9.093
	

	
	13
	9.257
	

	
	14
	9.392
	

	
	15
	9.502
	

	
	16
	9.592
	

	
	17
	9.666
	

	
	18
	9.727
	

	
	19
	9.776
	

	
	20
	9.817
	

	
	21
	9.850
	

	
	22
	9.877
	

	
	23
	9.899
	

	
	24
	9.918
	

	
	25
	9.933
	

	
	26
	9.945
	

	
	27
	9.955
	

	
	28
	9.963
	

	
	29
	9.970
	

	
	30
	9.975
	

	
	31
	9.980
	

	
	32
	9.983
	

	
	33
	9.986
	

	
	34
	9.989
	

	
	35
	9.991
	

	
	36
	9.993
	

	
	37
	9.994
	

	
	38
	9.995
	

	
	39
	9.996
	

	
	40
	9.997
	

	
	41
	9.997
	

	
	42
	9.998
	

	
	43
	9.998
	

	
	44
	9.998
	

	
	45
	9.999
	

	
	46
	9.999
	

	
	47
	9.999
	

	
	48
	9.999
	

	
	49
	9.999
	

	
	50
	10.000
	


[image: ]
[bookmark: _Toc98236314]
Task 4 – Indicators
a) LED, Light Emitting Diode is a bulb that produces light. It produces light by passing an electrical current through a semiconductor, which then emits the light. Electrons within the semiconductor which recombine with the electron holes, releasing photons which is a form of energy. The light produced from an LED is forward directional lighting, not like a conventional light bulb which is Omni directional. Light Emitting Diodes are a type of semiconductor light sources as previously stated. This combines a P-type with an N-type semiconductor. A P-type has a larger hole concentration, and an N-type has a larger electron concentration. By applying enough forward voltage will then cause the holes and electrons to recombine at the P-N junction, which then releases energy to form a light. 
LCD, a Liquid Crystal Display is a flat display screen, commonly used for technology such as mobile screens, TVs, computer monitors, laptops etc. The working principle of an LCD is that they block light rather than emitting light. It is different to an LED where it emits light, an LCD uses liquid crystals to create a backlight to produce an image. To be able to initialise the interface and use of a LCD screen, parameters need to be put in place, as well as specifying the dimensions such as width and height of the display screen. 
The differences between an LED and an LCD are where an LED uses a PN junction diode, therefore when the forward bias is applied across it emits visible light. However, an LCD uses liquid crystals that are filled between glass electrodes that are used for the emission of light. An LED uses more power in comparison to an LCD, this is because of the plasma. The crystals used in LCD is made up of plasma, this requires less power.
b) An Analogue to digital conversion (ADC), analogue signals that are converted into digital usually come from sensors or transducer that obtain a signal (such as, pressure, light, radio waves, sounds), and then converted into a voltage that is proportional to the amplitude of the signal.
ADC resolution is defined by a small change in gradient of voltage that can be recognised and cause change to a digital output. This is expressed through the number of bits output from the ADC. For example, if an ADC converts the analogue signal to 12-but digital value, the resolution will therefore be 12 bits.
ADC sensitivity is a certain quantity or the smallest amount of change that can be identified by a measurement. 
“The quantization of an analogue signal by the ADC can be processed only in the finite number of steps which can be produced by the ADC. 
The quantization error is the error introduced by the process of quantization. Ideally, any analogue input voltage can be maximum of 1/2 LSB away from its nearest digital code. Therefore, the quantization error is 0.5 LSB for the ADC.” (How to Increase the Analog-to-Digital Converter Accuracy in an Application, n.d.)	Comment by Tony Howles: Well done
	 





[bookmark: _Toc98236315]Task 5 – Signal Transmission
a) There are advantages and disadvantages to both current and voltage signal transmission. Advantages to voltage transmission are it is easily measured, transmitted as well as amplified. Disadvantages to voltage transmission are that the signal can be corrupted by noise, signal weakened by high resistance joints and long transmission runs. It has high impedance as well as risk of ignition of hazardous gases. 
Advantages to current signal transmission are that there is a low risk of diminishing signal, the signal can use live zero, it also has low impedance. The disadvantages to current signal transmission are there is a risk of ignition of hazardous gases, as well as it is usually having to be converted from a voltage signal. 	Comment by Tony Howles: good
b) Signal conversion is an essential element to the condition of measurement signal and output signal from one device to another for additional processing. If the signal measurement of the input specification of the receiving device does not match, then signal conversion must be carried out. Furthermore, the overall purpose of signal conversion is so that it meets the specification requirements of the next step in the process without altering or losing the information contained within the signal.	Comment by Tony Howles: Good
Amplification is needed in measurement signal processing as it can increase the level of amplification of the signal before transmitting, furthermore this is needed so an electronic device can increase its power of signal, dependent on the amount of amplification provided by the amplifier this is measured by its gain (the ratio of output current, voltage, or power to input). An amplifier, electronic amplifier or op amps, contains multiple transistors, resistors and capacitors in order to be able to produce a high-gain / wide bandwidth amplifiers with various inputs. 	Comment by Tony Howles: Good
Elimination of noise is key to all measurements so they are not contaminated by the noise generated, this can be caused by various elements, either by electrical components of an input amplifier (called internal noise) or may be added to the signal as it travels through the wire from A to B, such as the input wire to the amplifier (called external noise). As noise cannot be completely removed from either internal or external noise, however there are methods for eliminating noise. Internal noise can be reduced by matching the amplifiers with a bandwidth with the input signal, for example a 100Hz signal into an amplifier with the range of 0 to 10MHz. “Integrating A-D converters reduce noise by integrating the signal over a period, which is effectively reducing the bandwidth.” (Ltd, n.d.)
Manipulation in measurement signals can be carried out in various ways such as through analogue signals/ digital signals, as well as continuous time, discrete time, nonlinear and statistical. Manipulation is a process where it converts one type of measurement signal into a readable measurement which can be sent to the control room for the operator.
Protection is applied to electrical equipment / components with the aim of minimising any potential faults or other abnormalities. The idea of a protection device is to isolate any components with faults from the rest of the system to prevent any further damage.	Comment by Tony Howles: How could we achieve protection?




[bookmark: _Toc98236316]Task 6 – Basic Control Systems
a) An open loop system is a form of control system, where the output has no effect or influence on the control action of the input system. In an open loop control system, the output is not measured nor the feedback for comparison with the input. Therefore, an open loop system is expected to follow its input set point or command regardless of the outcome.
Within an open loop system, it has no knowledge of knowing its output condition, therefore it is unable to self-correct any errors itself, if any set value do become astray. Even in situations where there are large deviations from the pre-set value.
[image: open loop feed forward system]A simple example of an open control system is a tumble dryer, where in the case the door is opened, and heat is lost, and the machine does not compensate for this. Also, the timer controller will continue also, if it is set to 30 minutes then the dryer will stop after 30 minutes regardless of whether the clothes are dry.




Figure 8, (Open Loop Systems, n.d.)




This is where measures need to be taken to compensate for any disturbance and for reassurance that the process being carried out will be completed with the intension of what you wanted it to complete; in this case the example above being clothes and for them to be dry after the process is complete.
There are characteristics that arise from an open look system, such as there is no comparison between actual and desired values, an open loop system has no self-regulation or control action over the output value, each input setting determines a fixed operation position for the controller, and changes and disturbances in external conditions does not result in a direct output change (unless the controller setting is altered manually).
[image: ][image: ]A simple example of open loop diagrams would be a light switch and a light bulb.
				
A relatable example to industry process controls is a start/ stop switch on a pump; [image: ]
b) A closed loop system is also known as a feedback control system, where in which it uses the concept of an open loop system as its forward path but then has one or more feedback loops or paths between the output and the input. Feedback is where a portion of the output is returned to the input to form part of the systems excitation. These systems are designed to automatically achieve and maintain the desired, set output by comparing it with the current condition. It achieves this by generating an error signal which is the difference between the output and input. Therefore, it is an automatic control system in which determines its actions by being dependant on the output in some form or another.
[image: ]The main characteristics of a closed loop control system is to reduce errors by automatically adjusting the system input, to improve stability if unstable system, to increase or reduce the system sensitivity, to enhance robustness again external disturbances to the process and to produce a reliable and repeatable performance.
For a closed-loop feedback system it works by first determine the error between the actual output and the desired output. This is achieved using a summing point, also referred to as a comparison element, between the feedback loop and system input. These summing points compare systems set point to the actual value and produce a positive or negative error signal which the controller responds too.

The disadvantages of a closed loop system is that in order to provide the required amount of control, a closed loop system must be more complex by having one or more feedback paths. Also, if the gain of the controller is too sensitive to changes in its input commands or signals it can become unstable and start to oscillate as the controller tries to over-correct itself, and eventually something would break. So, we need to ‘tell’ the system how we want it to behave within some pre-defined limits.
An example of a closed loop system is cruise control within a vehicle, as it relies on feedback and a closed-loop system to make automatic adjustment without input from the user, other than creating the set point. The feedback input is the velocity of the vehicle. After comparison to the desired set point of velocity, amplification control the rate of change in velocity command (acceleration) to make the vehicle travel smoothly and consistently at the set point. 	Comment by Tony Howles: Very good overall assignment.
[image: ]
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	GUIDANCE FOR STUDENTS IN THE COMPLETION OF TASKS



NOTE: The guidance offered below is linked to the five generic assessment criteria overleaf.

1. Engagement with Literature Skills
Your work must be informed and supported by scholarly material that is relevant to and focused on the task(s) set.    You should provide evidence that you have accessed an appropriate range of sources, which may be academic, governmental and industrial; these sources may include academic journal articles, textbooks, current news articles, organisational documents, and websites.  You should consider the credibility of your sources; academic journals are normally highly credible sources while websites require careful consideration/selection and should be used sparingly.   Any sources you use should be current and up-to-date, mostly published within the last five years or so, though seminal/important works in the field may be older.  You must provide evidence of your research/own reading throughout your work, using a suitable referencing system, including in-text citations in the main body of your work and a reference list at the end of your work. 

Guidance specific to this assessment: You must provide evidence of individual research with respect to theory and operation and provide relevant referencing.


2. Knowledge and Understanding Skills
At level 4, you should be able to demonstrate knowledge of the underlying concepts and principles associated with your area(s) of study.  Knowledge relates to the facts, information and skills you have acquired through your learning.  You demonstrate your understanding by interpreting the meaning of the facts and information (knowledge). This means that you need to select and include in your work the concepts, techniques, models, theories, etc. appropriate to the task(s) set.  You should be able to explain the theories, concepts, etc. to show your understanding.  Your mark/grade will also depend upon the extent to which you demonstrate your knowledge and understanding. 

Guidance specific to this assessment: Your report should show you gained knowledge of measuring systems, operational characteristics and the application of instrumentation and control theory.



3. Cognitive and Intellectual Skills
You should be able to present, evaluate and interpret qualitative and quantitative data, in order to develop lines of argument and make sound judgements in accordance with basic theories and concepts of your subject(s) of study. You should be able to evaluate the appropriateness of different approaches to solving problems related to your area(s) of study and/or work. Your work must contain evidence of logical, analytical thinking. For example, to examine and break information down into parts, make inferences, compile, compare and contrast information.  This means not just describing what! But also justifying: Why? How? When? Who? Where? At what cost? You should provide justification for your arguments and judgements using evidence that you have reflected upon the ideas of others within the subject area and that you are able to make sound judgements and arguments using data and concepts.  Where relevant, alternative solutions and recommendations may be proposed.

Guidance specific to this assessment: The report should show analysis of the experimental work and calculated values.


4. Practical Skills
At level 4, you should be able to apply the basic underlying concepts and principles to evaluate and interpret these within the context of your area of study. You should be able to demonstrate how the subject-related concepts and ideas relate to real world situations and/or a particular context.  How do they work in practice?  You will deploy models, methods, techniques, and/or theories, in that context, to assess current situations, perhaps to formulate plans or solutions to solve problems, or to create artefacts.  This is likely to involve, for instance, the use of real world artefacts, examples and cases, the application of a model within an organisation and/or benchmarking one theory or organisation against others based on stated criteria.  

Guidance specific to this assessment: Correct theoretical and calculated outcomes have been achieved.


5. Transferable Skills for Life and Professional Practice 
Your work must provide evidence of the qualities and transferable skills necessary for employment requiring the exercise of some personal responsibility.  This includes demonstrating: that you can communicate the results of your study/work accurately and reliably, and with structured and coherent arguments; that you can initiate and complete tasks and procedures, whether individually and/or collaboratively; fluency of expression; clarity and effectiveness in presentation and organisation. Work should be coherent and well-structured in presentation and organisation.


Guidance specific to this assessment: Your work should be well organised and presented in a professional manner. 







	
     STUDENT FEEDBACK FORM



This section details the extent to which the assessment criteria are demonstrated by you, which in turn determines your mark. The marks available for each category of skill are shown. Lecturers will use the space provided to comment on the achievement of the task(s), including those areas in which you have performed well and areas that would benefit from development/improvement.
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	Generic Assessment Criteria 
	Marks available
	Marks 
awarded

	1. Engagement with Literature Skills
.
	
	

	
Engagement with an extensive range of relevant and credible literature. Consistently accurate application of referencing.




	20
	14

	
	
	

	2. Knowledge and Understanding Skills

	
	

	Competent knowledge of the basic underlying concepts and principles.  Exhibits very good understanding.

	20
	16

	
	
	

	3. Cognitive and Intellectual Skills

	
	

	
Ability to devise arguments using evidence to make mostly appropriate and valid judgements.
	20
	13

	
	
	

	4. Practical Application Skills

	
	

	Very good evidence of different approaches to problem-solving in particular contexts and proposes appropriate solutions.
	30
	19

	
	
	

	5. Transferable Skills for Life and Professional Practice

	
	

	Work is coherent, very fluent and is presented professionally.



	10
	8

	
	
	



	Assessment Mark (Assessment marks are subject to ratification at the Exam Board.  These comments and marks are to give feedback on module work and are for guidance only until they are confirmed. )
	Late Submission Penalties (tick if appropriate)
	70%

	
	Up to 1 week late (40% Max)
	
	

	
	Over 1 week late (0%)
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	GENERIC ASSESSMENT CRITERIA



	Level 4

	In accordance with the Framework for Higher Education Qualifications, at the end of Level 4 students will be expected to have demonstrated knowledge of the basic underlying concepts and principles of a subject, and an ability to evaluate and interpret these within the context of that area of study. They should be able to present, evaluate and interpret qualitative and quantitative data in order to develop lines of argument and make sound judgements in accordance with basic theories and concepts of their subject(s) of study. They will have learned how to evaluate different approaches to solving problems, and will be able to communicate the results of their study/work accurately and reliably, and with structured and coherent arguments. They will be able to undertake further training and develop new skills within a structured and managed environment and will have the qualities and transferable skills necessary for employment requiring the exercise of some personal responsibility.



	Level 4
	FAIL
	MARGINAL FAIL
	SATISFACTORY
(3rd / Pass)
	GOOD
(2.2 / Pass)
	VERY GOOD
(2.1 / Merit)
	EXCELLENT
(1st / Distinction)
	EXCEPTIONAL
(1st / Distinction)

	Category
	0-29%
	30-39%
	40-49%
	50-59%
	60-69%
	70-84%
	85-100%

	Engagement with literature (including reading, referencing,
academic conventions and
academic honesty) 
	Little or no evidence of reading and/or reliance on inappropriate sources.
Views and findings mostly unsupported and non-authoritative.
Referencing conventions used incoherently or largely absent.
	Poor engagement with essential reading. No evidence of wider reading. Reliance on inappropriate sources, and/or indiscriminate use of sources. Heavily reliant on information gained through class contact. Inconsistent and weak use of referencing.
	Engagement with a limited range of mostly relevant and credible sources but with some reliance on information gained through class contact. Some omissions and minor errors.
Referencing conventions evident though not always applied accurately or consistently.






	Engagement with an appropriate range of literature, including sources retrieved independently. Some over-reliance on texts rather than other sources. Referencing may show minor inaccuracies or inconsistencies.
	Engagement with a wide range of literature, including sources retrieved independently.
Selection of relevant and credible sources.  Generally sound referencing, with no/very few inaccuracies or inconsistencies.
	Engagement with an extensive range of relevant and credible literature. Consistently accurate application of referencing. 
	Exceptional engagement with an extensive range of relevant and credible literature. High-level referencing skills consistently applied.

	Knowledge and understanding (Knowledge of the basic underlying concepts and principles of a subject.)
	Major gaps in knowledge and understanding of the basic underlying concepts and principles of the subject matter. Inclusion of irrelevant material.  Substantial inaccuracies. 
	Gaps in knowledge of the basic underlying concepts and principles, with flawed or superficial understanding. Some significant inaccuracies and/or irrelevant material.  
	Limited knowledge and understanding of the basic underlying concepts and principles within the subject area. Some elements may be missing. 
	Knowledge of the basic underlying concepts and principles is accurate with a good understanding of the field of study but lacks depth and/or breadth.
	Competent knowledge of the basic underlying concepts and principles.  Exhibits very good understanding. 
	Excellent knowledge and understanding of the basic underlying concepts and principles of the subject. 
	Exceptional, detailed knowledge and understanding of the basic underlying concepts and principles

	Cognitive and intellectual skills 
(Evaluate underlying concepts and principles of a subject and interpret qualitative and quantitative data in order to develop lines of argument and make sound judgements.) 


	Wholly or almost wholly descriptive work. Little or no evaluation of the underlying concepts and principles.
Failure to develop arguments, leading to illogical or invalid judgements. Minimal or no use of
evidence to back up views.

	Largely descriptive work, with superficial evaluation of the underlying concepts and principles. Weak interpretation of data, flawed development of arguments and judgements. Information accepted uncritically, uses generalised statements made with scant evidence and unsubstantiated opinions. Ideas sometimes illogical and contradictory.




	Limited attempt at evaluation of the underlying concepts and principles, tending towards description.
Can interpret qualitative and quantitative data but with some errors. Some evidence to support emerging arguments and judgements but these may be underdeveloped or with a little inconsistency / mis-interpretation.

	Good evaluation of the underlying concepts and principles. Can interpret qualitative and quantitative data, with minor errors.
An emerging ability to use evidence to support the argument.
Mostly valid arguments and logical judgements. 
	Sound evaluation of the underlying concepts and principles. Can interpret qualitative and quantitative data accurately. Ability to devise arguments using evidence to make mostly appropriate and valid judgements. 

	Excellent evaluation of the underlying concepts and principles. Can interpret qualitative and quantitative data accurately and with some insight. Excellent ability to devise arguments using evidence and make appropriate and valid judgements. 
	Exceptional evaluation of the underlying concepts and principles based evidence. Outstanding interpretation of qualitative and quantitative data.
Exceptional ability to devise arguments using evidence and make wholly appropriate and valid judgements. 

	Practical skills
(Different approaches to solving problems in particular contexts.)

	Limited or no use of taught, basic methods, materials, tools and/or techniques.
Little or no appreciation of the context of the application.
Very weak evidence of different approaches to problem-solving in particular contexts. 
	Rudimentary application of taught, basic methods, materials, tools and/or techniques but without consideration and competence. Flawed appreciation of the context of the application.
Weak evidence of different approaches to problem-solving in particular contexts.


	An adequate awareness and mostly appropriate application of basic methods, materials, tools and/or techniques.
Basic appreciation of the context of the application. 
Can identify problems in particular contexts and propose basic alternative approaches or solutions though there may be errors. 


















	A good and appropriate application of basic methods, materials, tools and/or techniques.
Clear appreciation of the context of the application. 
Good evidence of different approaches to problem-solving in particular contexts and proposes mostly appropriate solutions.
	A very good application of a range of basic methods, materials, tools and/or techniques.
Very good consideration of the context of the application. Very good evidence of different approaches to problem-solving in particular contexts and proposes appropriate solutions.
	An advanced application of a range of taught, basic methods, materials, tools and/or techniques.
The context of the application is well considered, and insightful.
Excellent evidence of different approaches to problem-solving in particular contexts and proposes appropriate solutions. 
	Exceptional levels of application and deployment skills in particular practical contexts. Outstanding identification of problems in particular contexts and formulation of wholly appropriate, thoughtful solutions / different approaches.

	Transferable skills for life and professional practice
(Communicate the results of their study/work accurately and reliably, and with structured and coherent arguments; the qualities needed for employment requiring the exercise of some personal responsibility within a structured and managed environment.)
	Work is poorly structured, disorganised, inaccurate and/or confusingly expressed. Very weak use of language and/or very inappropriate style. Failure to work effectively individual or as part of a group. Little or no evidence of the skills for employment requiring the exercise of some personal responsibility.


	Work is poorly presented in a disjointed manner. It is loosely, and at times incoherently, structured, with information and ideas often poorly expressed. Weak use of language and/or inappropriate style. Flawed approach to individual or group work, meeting only partial obligations to others. Limited evidence of the skills for employment requiring the exercise of some personal responsibility.
	Mostly ordered presentation and structure in which relevant ideas / concepts are reasonably expressed. Work may lack coherence and/or accuracy in places. Can work as part of a group, meeting most obligations to others but perhaps with limited involvement in group activities.
Demonstrates the basic skills for employment requiring the exercise of some personal responsibility, with some areas of minor weakness.
	Mostly coherent, organised and accurate work, in a suitable structure and is for the most part clearly expressed. Can work effectively independently and/or as part of a team, with clear contribution to group activities.
Demonstrates the skills for employment requiring the exercise of some personal responsibility, with some areas of strength and some of minor weakness.
	Work is accurate, coherent, fluent, well-structured and organised. 
Can work effectively independently and/or as part of a team, with very good contribution to group activities. Demonstrates very good skills for employment requiring the exercise of some personal responsibility, with just occasional minor weakness.
	Work is coherent, very fluent and is presented professionally. Can work effectively independently and/or as part of a team, with an excellent contribution to group activities. Demonstrates excellent skills for employment requiring the exercise of some personal responsibility with an appetite for further development.

	Work is accurate, exceptionally coherent, very fluent and presented well. Can work effectively independently and/or as part of a team, with an exceptional contribution to group activities. Demonstrates exceptional skills for employment requiring the exercise of some personal responsibility with an appetite for further development.
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